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10.5 AOC 609, Service Station, Building 1346 I 

AOC 609 is the former gasoline station, automotive repair and maintenance shop at Building 1346, 2 

which was built in 1962. The focus of the RFI is the waste oil UST at Building 1346. Materials 3 

released, stored or disposed of at the site included gasoline, diesel fuel, rnotor/lubricating oils, 4 

degreasing solvents, antifreeze and various automotive products. 5 

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 defrne the 

horizontal and vertical extent of groundwater c o n ~ t i o n .  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 resuIts confirming previous 

findings. A source well near the site exhibited concentrations of benzene (36,100 ,ug/L), toluene 

(47,800 pg/L), ethylbenzene (3,620 ,ug/L), xylene (16,800 pg/L) and methyl tertiary butyl ether 

(62,200 pglL). 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, Charieston Zone. 

The 560 gallon steel waste oil UST on the west side of the building being assessed in this RFI was 19 

removed in 1996. This tank received waste oil from floor drains in the maintenance garage, 20 

and was periodically emptied by suctioning to a waste oil truck. This removal was 21 

performed by the Supervisor of Shipbuilding, Conversion and Repair, USN, Portsmouth 22 

Detachment Environmental, Charleston, SC (SPORTENVDETCHASN). The UST Assessment 23 

Report, UST 1346, Naval Buse Charleston, Charleston, SC (SPORTENVDETCHASN, 24 
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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 

leah, 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 petroleum 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 

(SME007 and SMEOOS; 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 asphalt 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 SME004 was 

0.089 Wday. The horizontal gradient, based on Figure 10.5-2 is 3.5E-03. The horizontal flow 

velocity was calculated at 8.7E-04 ftlday in the shallow aquifer at AOC 6W. 
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10.5.2 Field Investigation Approach 

The objectives of the field investigation at AOC 609 were to: (1) confm 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 aiternatives, 

if required. Media sampled within the investigation area included 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 miscelheous 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 AOC 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 HI. Three upper interval duplicate soil samples were also 

collected for Appendix IX analyses at DQO Level N. Table 10.5.1 summarizes the AOC 609 soil 

samples and analyses. 
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Table 10.5.1 
AOC 609 

W Sample0 and Adym 

609SBOM 609SBOMo1 U P P ~ ~  9R7/% NO~CS in 
609CB00201* *Duplicate sample 
609SBOMQ2 Lower 

91301% Note 1 Luwer interval not 
sampled because of 
abstruction 

609SB006 609-1 Upper 91301% Nore 1 Lower interval wt 
ympled because of 

Notes: 
1 = SW-846 (metals, SVOAs. and V0As)at DQO Level III 
2 = Appendix IX suite: Apperdix IX (pcsticideslPCBs, herbicides, SVOAs. VOAs); SW-846 (metals, dioxins, OP-pesticides); cyanide: 

hex-chrome at DQO Lcvel IV 
I Duplicate sample collcctcd 

10.5.3.1 Nature of Contamination in Soil 1 

Organic compound analytical results for soil are !immmkd in Table 10.5.2. Inorganic analytical 2 

results for soil are summarized in Table 10.5.3. Table 10.5.4 summarizes all analytes detected 3 

in soil at AOC 609. Appendix D contains a complete analytical data report for all Zone F samples 4 

collected. 5 

Volatile Organic Compounds in Soil 6 

Six VOCs were detected in surface soil samples; all were below their respective RBCs. Two 7 

VOCs were detected in subsurface soil. All subsurface detections were also below their respective 8 

SSLs. 9 
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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 AOC 609 area 

(Figure 10.5-1) were sampled during the field investigation to: (1) assess groundwater quality, 
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and (2) identify contamitmts 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 (SMEOOS) was completed with a four- 

inch diameter riser. The deep well (SMEW) 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 El. Table 10.5.5 

summarizes groundwater samples and analyses at AOC 609. 

Table 10.5.5 
AOC 609 Groundwater Samples 

SME003 Shallow SME00301 11/13/96 e * Note 1 

SMEBW Shaflow , SME00401 11J21M Note 1 

S M W 5  Shallow SME0050 I 11/13/96 Note 1 

SMEao6 Deep SME00601 11/13/96 Note 1 

SME007 Shallow SMEOO70 1 * 11/13/96 Notes *Duplicate sample 
H 

111211% N& 1 

Notes: 
1 = SW-846 (metals, pesticides/PCBs, SVOAs, and VOAs); cyanides Level I11 
2 = Appendix IX suite: Appendix DC @esticides/PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins. 

OP-pesticides); cyanide; hexchrome Level IV 
* = Duplicate sample collected 
SMEOO2 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 Sample 

Five VOCs were detected in shallow groundwater. Benzene, chlorobenzene, ethytbenzene, 

toluene, and xylene, exceeded their respective tap water RBCs in the first quarter sampling, No 

VOCs were detected in the first quarter sample collected 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 2,4dimethylphenol, 

2-methylphenol, 4-methylphenol, and naphthalene, exceeded their respective tap water RBCs in 

fust quarter samples. Figures 10.5-14 through 10.5-17 present the distribution of these SVOCs 

in shallow groundwater at AOC 609 during the fust 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 R33C 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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- - --  - CONTOUR INTERVAL - 0.1 FOOT - - FLOW DIRECTION 

- < 0.36 pg/L 
- > 0.36 pg/t 

---- - APPROXIMATE EXTENT 
NOTES: 

- 0.36 pg/L = TAP RBC FOR 
BENZENE (USEPA 1996b) 

- ND = NOT DETECTED 
- RESULTS IN @ g / ~  

SCALE FED 

FIGURE 10.5-9 
BENZENE IN SHALLOW GROUNDWATEF 

AOC #609 
SERVICE STATION, BUILDING 1346 



LEGEND 
8 - ADJACENT SHALLOW MONITORING 

WELL NOT INSTALLED BY ENSAFE 
- -. - - CONTOUR INTERVAL - 0.1 FOOT - - FLOW DIRECTION 

I-J - < 3.9 w / L  
- > 3.9 pg /L  

---- - APPROXIMATE EXTENT 
NOTES: 

- 3.9 pg/L = TAP RBC FOR 
CHLOROBENZENE (USEPA 1996b) 

- THIS DEPICTION ASSUMES 
HOMOGENEOUS SOIL CONDITIONS 

- ND = NOT DETECTED 
- RESULTS IN p j /L  

SCALE FEET 

I 
- -  

FIGURE 10.5- 10 
CHLOROBENZENE IN 

SHALLOW GROU NO WATER 
AOC #609 



LEGEND b 
8 - ADJACENT SHALLOW MONITORING 

WELL NOT INSTALLED BY ENSAFE 
- 

- - - CONTOUR INTERVAL - 0.1 FOOT - - FLOW DIRECTION 

- < 130 / ~ g / t  
- > 130 w/L 

---- - APPROXIMATE EXTENT 
NOTES: 

- 130 w/L = TAP RBC FOR 
ETHYLBENZENE (USEPA 1996b) 

- ND = NOT DETECTED 
- RESULTS IN p g / ~  

1 00 0 1 00 

SCALE FEET 

ZONE F 

CMRLESTON, S.C. 

FIGURE 10.5- 1 1 
ETHYLBENZENE IN 

SHALLOW GROUNDWATER 
AOC #609 





MAINTENANCE 

WELL NOT INSTALLED BY ENSAFE 
- CONTOUR INTERVAL - 0.1 FOOT 
- FLOW DIRECTION 

- < 73 w/L INVESTIGATION REPORT 
Ed - > 73 w9/L NAVAL BASE CHARLESTON 

------ - APPROXIMATE EXTENT 

- 73 M/L = TAP RBC FOR 
2.4-DIM€THYLPHENOL (USEPA 1996b) 

- ND = NOT DETECTED 
- RESULTS IN pg/L 



- MAINTENANCE 

WELL NOT INSTALLED BY ENSAFE 
- - - CONTOUR INTERVAL - 0.1 FOOT 

- FLOW D1RECTION 

C] - < I80 +q/L INVESTIGATION REPORT 
- > 180 ,uq/L NAVAL BASE CHARLESTON 

---- - APPROXIMATE EXTENT 

- 180 pg/L = TAP RBC FOR 
2-METHYLPHENOL (USEPA 1996b) 

- ND = NOT DETECTED 
- RESULTS IN pg/L 



-- 

- - MAINTENANCE 

- - - CONTOUR INTERVAL - 0.1 FOOT - - FLOW DIRECTION 
RCRA FACILITY 

- < 18 P ~ / L  INVESTIGATION REPORT 
- > 18 p g / L  NAVAL BASE CHARLESTON 

- - - - - - - APPROXIMATE EXTENT CHARLESTON, S.C. 
NOTES. - 18 pq/L = TAP RBC FOR 

4-METHYLPHENOL (USEPA 1996b) 
- ND = NOT DETECTED SHALLOW GROUNDWATER 
- RESULTS IN ~ / t  



- MAINTENANCE 

8 - ADJACENT SHALLOW MONITORING 
WELL NOT INSTALLED BY ENSAFE 

- - - CONTOUR INTERVAL - 0.1 fOOT - - FLOW DIRECTION 

- < 150 pg/L INVESTIGATION REPORT 
- > 150 j ~ g / L  NAVAL BASE CHARLESTON 

- - - - - - - APPROXIMATE EXTENT 
NOTES. 

- 150 p g / t  = TAP RBC FOR 
NAPTHALENE (USEPA 1996b) 

- ND = NOT DETECTED 
- RESULTS IN j q / L  



SME008 "* 

- * MAINTENANCE 

APPROXIMATE LOCATION 
OF WASTE OIL UST 

- CONTOUR INTERVAL - 0.1 FOOT 
- FLOW DIRECTION RCRA FACILITY 
- < 3.700 ~ / t  INVESTIGATION REPORT 
- > 3,700 w/L 

- - - - - - - APPROXIMATE EXTENT 

- 3,700 pg/L = TAP RBC FOR 
ALUMINUM (USEPA 1996b) 

- ND = NOT DETECTED 
- RESULTS IN p q / L  



- - CONTOUR INTERVAL - 0.1 FOOT 
- FLOW DIRECTION 
- < 16.7 p g / L  RCRA FACILITY a - > 16.7 pq/L 

---- - APPROXIMATE EXTENT 

- 16.7 wg/L = ZONE F BACKGROUND 
CONCENTRATION FOR ARSENIC IN 
SHALLOW GROUNDWATER FIGURE 10.5- 1 

- ND = NOT DETECTED 
- RESULTS IN pg/L 



APPROXIMATE LOCATION 
OF WASTE OIL UST 

-. 

LEGEND 
0 - DEEP MONITORING WELL - - FLOW DIRECTION 

0 - < 16.2 MIL 
- > 16.2 &/L 

---- - APPROXIMATE EXTENT 
NOTES: INVESTIGATION REPORT 

- 16.2 pg/L = ZONE F BACKGROUND NAVAL BASE CHARLESTON 
CONCENTRATION FOR ARSENIC IN 
DEEP GROUNDWATER 

- ND = NOT DETECTED 
- RESULTS IN pg/L 
- WELL SME006 INSTALLED IN DEEPER 

PORTION OF SURFlClAL AQUlFlER 



LEGEND 
Q - DEEP MONITORING WELL - - - FLOW DIRECTION 

- < 1,260 p g / L  
- > 1,260 pg/L  

---- - APPROXIMATE EXTENT 
NOTES: 

- 1.260 p,g/L = ZONE F BACKGROUND 
CONCENTRATION FOR MANGANESE IN 
DEEP GROUNDWATER 

- ND = NOT D€TECTED 
- RESULTS IN w/L 
- WELL SMEOO6 INSTALLED IN DEEPER 

PORTION OF SURFlClAL AQUlFlER 

SCALE FEET 

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 leveis 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 (DM =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. 



Table 10.5.9 
Chemicals Detected in Surface Soil. Subsurface Soil, Shallow Groundwater, and Dttp Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic smming  Levels, and Background Concemations 
NAVBASE ~harl*non, Zone F: AOC 609 
Charleston, South Carolina 

Ground- Surface 
Water Water 

Leaching Migration Migratior 
Potential Concern Concern 

NO NO NO 
NO NO NO 
NO YES YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO YES YES 
NO YES YES 
NO NO NO 
NO YES NO 

Screening CoIKrnUation 
Soil to Salhvater 
GW Tap Water Surf Wm. 
SSL RBC Chronic 

16000 3700 NA 
2940 730 0.55 

30 0.36 
7900 1900 NA 

32000 I000 NA 
1000 39 105 

23000 810 
13000 1300 4.3 
12000 750 37 

60 1.6 NA 
142000 12000 NA 

Max. Concentration 

Shallow Deep 
GW GW 

ND ND 
ND ND 

34000 ND 
ND ND 
ND ND 

I I ND 
ND ND 

2400 ND 
56000 ND 

ND ND 
15000 ND 

Parameter 

Volatile Organic Compounds 
Acetone 
Acmlein 
Benzcne 
2-Butanone (MEK) 
Carbon disulfide 
Chlorobcnzene 
I .I-Dichloroethcne 
Ethyl-c 
Toluene 
Trichloroethene 
Xylme (total) 

Soil Water 
Units Uniu 

u r n  uoh 
UGKG wi t  

1 0 9 u m  uwr 
u o ~ c  u w ~  
WG uw 
 KG uw 

N A u w r c  uw 
ucn* u w  
UWKG UWL 

VWI:C u a  
UGKG uw 

Max. Conmmtion 

Surface Subs& 
Soil Soil 

860 ND 
89 N A 

ND ND 
8 7 
3 ND 

ND ND 
4 ND 

ND ND 
ND ND 

4 7 
ND ND 

400000 150000 NA 
4.66EM8 1500 NA 

2000 0.092 NA 
8000 0.0092 NA 
5000 0.092 NA 

49000 0.92 NA 
160000 9.2 NA 

2000 0.0092 NA 
14000 0.092 NA 

930000 7300 29.4 
2300000 3700 3.4 

9000 730 NA 
3600000 4.8 NA 
4300000 1500 1.6 

126000 1500 NA 
15000 1800 NA 
1380 180 NA 

84000 1500 
1380000 I500 NA 
100000 22000 58 

4200000 1100 NA 

16000 0.28 0.025 
54000 0.2 

1900 0.43 10 

1000000 37000 NA 
5 15 NA 

29 16.7 36 
1600 2600 NA 

63 0.66 NA 
B 18 9.3 

38 180 50 
ZOO0 2200 NA 
920 1500 2.9 
40 730 4.3 

400 15 8.5 
1100 2010 NA 

420 ND 
ND ND 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
380 ND 
ND ND 
ND ND 
48 ND 

I000 ND 
970 ND 
540 ND 
ND ND 
810 ND 
ND ND 

ND ND 
ND ND 

ND NA 

7750 ND 
ND ND 

65.2 38.7 
61.9 64.6 
ND ND 
ND ND 
14.3 ND 
2.8 1 
6.6 ND 
8.B ND 
8.8 ND 

647 1300 

Semivolatile Organic Compou~ds 
Benzoic acid 
Benzo(g,h,i)perylene 
Benx4(11)pyrcne equivalents 

Benim(a)anthraccne 
& n z o ( a ) p ~ e  
Bcnzo(b)iluoranthcne 
Benzo(k)fluoranthene 
Chryscnc 
Dibenzo(a,h)anthracene 
Indeno( l,2,3-cd)pyme 

Butylbenzylphthalau 
Di-n-butylphthalate 
2,CDimethy lphmol 
bis(2-Ethy1htxyl)phlhalate (BEHP) 
Fluorantfiene 
2-Methylnaphthalene 
2-Methylphenol (o-crcsol) 
4-Methylphenol (p-cresol) 
Naphthalene 
Phenanthrme 
Phenol 
Pyrene 

PerticidezlPCB Compoundr 
4,4'-DDD 
4,C-DDE 

Dioxin Compo~nds 
Dioxin (TCDD TEQ) 

Inoqnnic Compo~nds 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
Copper 
Cyanide 
Lead 
Manganese 

52 ND 
124 ND 

150 ND 
160 81 
150 ND 
135 ND 
I80 ND 
60 ND 

104 ND 
ND 56 
40 42 

ND ND 
84 58 

340 ND 
55 ND 

ND ND 
ND ND 
ND ND 
160 ND 
ND ND 
300 ND 

29 N A 
84 N A 

0.686 N A 

16700 9880 
12.2 ND 
114 6.4 

88.9 24.5 
1.45 ND 
047  0.12 
37.8 20~1 
18.5 2 
120 ND 

0.27 N A 
320 14.3 
393 76 1 

MG u r n  
UGKG uw 

UWKG UOL 

u o ~ o  u a  
u o ~ o  u r n  
UWKG u r n  
UWKG UWL 

~ G K G  u r n  
u o r ~  u r n  
UWKG UWL 

UGKG u r n  
UGKG u a  
~ G K G  u a  
u w r ~  u o z  
ucnrc uw 
UW*G UWL 

UGKG u r n  
2 3 . 5 ~ ~  uor 

umc u w  
u w  u a  
WG uw 

WG uoh 
0 . 1 4 u ~ 1 t c  v w  

NWKG 

MUKG UCR. 

MMG w 
MWWG vw 
M ~ G  w ; ~  

UWG u w  
WG ucn 
MMG UWL 

MMG u r n  
MWKG UWL 

MGXG u r n  
MWKG UOL 

M ~ ~ K G  u w  

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO YES NO 
NO NO YES 
NO NO NO 
NO NO YES 
NO NO NO 

NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
YES NO NO 
YES YES YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO YES 
NO NO YES 
NO NO YES 
NO NO NO 



Table 10.5.9 
Chemicals Datcltd in Surface Soil. S u b s u r f a ~ ~  Soil, Shallow Groundw-, and Deep Groundwater 
Comparison to SSLs, f ap Watcr RBCs, Slrlhkgter Surface Water Chmnic Srraning Levels, and Background Co-ons 
NAVBASE Charleston, Zone F: AOC 609 
Charleston, South Carolina 

* Screening Conccnaatim: 
Soil to GW - Generic SSLs based on DAF = 20, from 19% Soil Screening Guidance or calculated using d u e s  from Table 6.4 
Tap Water RBC - Fmm EPA Region 111 Risk-Basad Concnrrration Table. June 3.19% 
Salhkglcr Surface Watcr Chronic - From EPA Supplemental Guidance RAGS: Region 4 Bulletins. Ecological Risk Assessment. November 1995; fable 2 

For inorganics, the value shown is the greater of the relevant screening value or the comsponding background reference value. 

NA - Not availablehlot applicable 
ND - Not detected 
DAF - Dilution and attenuation factor 
GW - Groundwater 
RBC - Risk based concmuation 
SSL - Soil screening level 
MG/KG - Milligrams per kilogram 
NGtKG - Nanograms per kilogram 
PGL - Picognuns per liter 
UGIKG - Micrograms per kilogram 
UG/L - Micrograms per liter 

Soil Watcr 
Units Units 

UVKG UGL 

MG ucn 
MGKG uor 
M ~ G  uur 
WKG ucn 
M ~ ; G  urn 
MWG uwr 

Screening Concentration 
Soil to Saltwater 
GW Tap Watcr Surf, We. 
SSL RBC Chronic 

2 11 0.025 
130 730 61.1 

5 180 71 
34 180 2.7 

11000 22000 NA 
6000 260 NA 

12000 11OOO 86 

Parameter 

Mercury 
hickel 
Selenium 
Silva 
Tin 
Vanadium 
Zinc 

A 

Ground- Surface 
Water Water 

Leaching Migration Migration 
Potential Concern Concun 

NO NO YES 
NO NU NO 
NO N O  NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

Max. Concentration 

Surface Subsurfac 
Soil Soil 

0.45 0.06 
28.4 3.4 
ND ND 
ND ND 
25 ND 
44 28.4 

716 34.8 

Max. C o n a n d o n  

Shallow Deep 
GW GW 

0.22 ND 
5.6 9.3 

13.5 ND 
2.7 ND 
ND ND 
19.3 ND 
20.7 6.2 
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Two inorganic constituents - antimony and arsenic - were detected in soil samples above their 1 

respective groundwater protection SSLs or background vafues. Specifically, antimony was 2 

detected above the SSL in only one surface soil sample, but was not detected in the associated 3 

subsurface sample. Arsenic was detected above screening criteria in all six surface soil samples, 4 

but was below the SSL in all subsurface soil samples. The absence of inorganic constituents in 5 

subsurface soil above SSLs invalidates the soil to groundwater pathway. 6 

10.5.5.2 Groundwater-to-Sur face 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, 

napthafene, 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 Limited 

horizontally to location SMEOOS; 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 SMEOOS 
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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 thud quarter; however , they dl 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 24 

inorganic transport at levels exceeding both RBCs and surface water discharge criteria. However, u 
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the groundwater in the surficial aquifer is not currently used for consumption, nor is it anticipated 1 

to be used in the future, thus invalidating the risk-based exposure pathway. Additionally, the 2 

nearest surface water body is the Cooper River, which lies approximately 1,800 feet to the 3 

northeast, while groundwater at AOC 609 flows to the southeast (see Section 2). Consequently, 4 

there is no likelihood of site groundwater discharging to surface water within reasonable proximity 5 

at concentrations deleterious to ecological receptors. 6 

f 0.5.5.3 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 ZButanone were present 

at levels exceeding volatilization criteria; however, the entire site is covered with pavement andlor 

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 andlor 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 q m r s  

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 



Table 10.5.10 
Soil to Air VolatiIization Screening Analysis 
NAVBASE Charleston, Zone F: AOC 609 
Charleston, South Carolina 

* - 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 111 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 10.5.1 1, 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), 2,4dimethylphenol, 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. 



Table 10.5.11 
C h e m W  P r m t  in S i  Samples 
AOC 609 - Surface Soil 
NAVBASE C-, F 
Charlarton. !som camlii 

Panmeter 

Carcinegenic PAHa 
B(a)P Equiv. 
muo(a)mrafanr 
eenzo(b)nuonurthsns 
Chryaene 
Dibenz(a.h)anthracsrm 
Indeno(l,2,3d)pymna 
Banzo(k)fluonnthem 
b n z o ( a ) ~ m m  

TCDO Equivaknts 
Dioxin Equiv. 
123467aHpCOD 
123478H~CDD 
f2367kHxCDD 
12378&HxCDD 
23487BHxCDF 
12347&HxCDF 
OCDD 

lrwganics 
Aluminum (AI) 
AnSmonY (Sb) 
h n i c  (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Calcium (Ca) N 
Chmmium (Cr) 
Cobalt (Co) 
Copper (Cu) 
Cyanide (CN) 
Iron (fe) N 
Lead (Pb) 
Magnesium (4) N 
Manganaso (Mn) 
Mercury (Ha 
Nidel (Ni) 
Potassium (K) N 
nn (sn) 
Vad ium M 
frnc (Zn) 

Pesticides 
4.4'-ODD 
4.4'-DDE 

SamwIatik Organig 
Benzo(o,h,i)psr~bns 
Benroic add 
bir(2-Ethyltwyl)phthalate 
D i l p h t h a l e t e  
Flwranthene 
2-Methylnaphthabna 
P h n M m  
Pyrefia 

.h 

R a w  
of 

SQL 

439.08 473.755 
l w  230 
180 n o  
180 230 
190 230 
1W 230 
IW n o  
180 205 

NA NA 
NA NA 

0.0035 0.1385 
0.0805 O.lO1 
0.063 0.1055 

NA MA 
0.037 0.037 
2.03 2.03 

NA NA 
0.17 0.75 
NA NA 
NA NA 

0.185 0.2 
0.025 0.025 

NA M4 
NA NA 

0.455 0.455 
0.7 16.1 

0.055 0.055 
MA NA 
NA NA 
NA NA 
NA NA 

0.02 0.02 
NA N4 

113.5 113.5 
0.5 4.65 
MA HA 
4.6 4 .  

1.4 1.4 
NA MA 

190 230 
950 1100 
190 SO 
190 230 
180 230 
1W 230 
190 230 
180 230 

Fwuancy 
of 

Detecbon 

3 6 
1 6 
i 8 
2 8 
1 6  
1 6 
I 6 
3 6 

3 3 
3 3 
1 3 
1 3 
1 3 
3 3 
2 3 
2 3 

6 6 
1 6 
6 6 
6 6 
4 6 
4 6 
6 6 
6 6 
5 8 
3 6 
2 3 
6 6 
8 6 
6 6 
6 6 
5 6 
6 6 
5 6 
2 8 
6 6 
5 8 

2 3 
3 3 

2 6 
1 6 
3 6  
1 6 
2 8  
1 6 
2 6 
2 6 

Suaening 
C h m m m h s  
RBC Refannra 

88 NA 
880 NA 
eao NA 

88000 NA 
88 NA 

880 NA 
seoa NA 

88 NA 

?Do0 NA 
N4 NA 
NA MA 
NA NA 
NA NA 
MA NA 
NA NA 
N4 NA 

7800 18500 
3.1 

0.43 19.9 
550 61.5 
0.15 1.05 
3.8 0.26 
NA NA 
39 34.8 

470 15.1 
310 48.2 
160 0.28 
NA NA 
400 180 
MA NA 
180 307 
2.3 0.62 
160 12.6 
NA NA 

4700 8.38 
55 48.9 

2300 198 

2700 NA 
1800 NA 

310000 NA 
3100000(3 NA 

NA 
780000 NA 
310000 NA 
310000 N4 
310000 NA 
230000 

-- 
NA 

b w  AW'WO 
of lktsdsd 

DetecUm Cone. 

4.1.0515 261.88 118 
150 150 150 
150 150 150 

51.5 180 116 
6 0 6 0  BO 

103.5 103.5 104 
135 135 135 
44 160 84 

0.0848 0.8856 0.40 
3.13 15.4 11 
0.19 0.19 0.19 

0.375 0.375 0.38 
0.866 0.086 0.87 
0.335 0.837 0.58 
0.842 0.848 0.85 

173 220 197 

4620 16650 9748 
12.2 12.2 12.20 
2.9 113.8 25.73 

16.4 88.85 42.48 
0.58 1.45 0.92 
0.08 0.47 0.26 

873.5 33900 10980 
4.1 37.8 20.77 
3.5 18.5 9.59 

40.4 119.8 69.70 
0.13 0.27 0.20 

3120 22050 13345 
10.5 320 110 

303.5 2490 1488 
65.6 392.5 204 
0.06 0.45 0.22 
2.4 28.4 12.76 
445 1380 817 

18.25 25 22.13 
6.15 44 27.19 
120 715.5 291 

3.9 28 16.45 
4.4 84 34.47 

44 123.5 83.75 
52 52 52 
4 3 8 4  &( 

40 40 40 
5 4 3 4 0  187 
55 55 55 

50.5 160 109.75 
52.5 300 176.25 

Units 

UGIKG 
UGMG 
UG~KG 
UGMG 
UGNG 
UGMG 
UGMG 
UGMG 

NGlKG 
N W G  
NGKG 
NGiUG 
NGMG 
NGIUG 
NOlKG 
NGKG 

MGlKG 
0.79MGKG 

MGlKG 
MGIKG 
MGlKG 
MGtKG 
MGlKG 
MGMG 
M W G  
MGMG 
MG/KG 
MGMG 
MGlKG 
M@KG 
M M G  
M W G  
MOlKG 
MOlKG 
MWKG 
MGMG 
M W G  

UG/KG 
UGIKG 

UGMG 
WlKG 
UGWG 
VGlKG 
UGNG 
UGKG 
UGMG 
U W G  

Number 
E x w i n g  
RBC Ref. 

1 

1 

5 
1 1 
6 1 

1 
4 1 

2 

1 
1 
2 

1 

3 ? 

2 

2 

3 



TaMe 10.5.1 1 
Chemicals PIsssnt in Site Samples 
AOC 609 - SuHaa, Soil 
NAVBASE - cher(aston. zone F 
Chslieaton, South Carolina 

- Identified as a COPC 
N - Essential nutrient 
SQL - Semple quantitation limit 
MGIKG - millpram per kilogram 
U W  - -ram per kilogram 
NGKG - MMgram p t  kilogram 
NA - Not applicabk 

Parameter 

Volatile Organics 
AcstDne 
Aaorein 
2-BUtanOne 
Carbon diulfide 
I .I-DichlomeM%ne 
Trichloroethene 

Range 
of 

SQL 

6 70 
30 30 
6 80 
3 3.5 
3 3.5 
3 3.5 

Frequency 
of 

Dmcbon 

2 8 
2 3 
2 6 
3 6 
1 8  
2 6 

Range Average 
of w 

DeteUm Conr 

6 2 8 8 0  481 
48 89 68.5 
7 8 7.5 
2 3 2.67 
4 4 4 
2 4 3 

Scnening 
Concbntntions 
RBC Refemm 

780000 NA 
180000 NA 
47W000 NA 
7M1000 NA 

1100 NA 
58000 NA 

Unb 

UGMG 
UGMG 
UOlKG 
U W  
UGKG 
UGMG 

Number 
Excwding 

RBC Ref. 



Table 10.5.12 
Chemical Present in Site Samples 
AOC 609 - Groundwater 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

' - Identified as a COPC 
N - Essential nutrient 
SQL - Sample quantitation limit 
UGIL - micrograms per liter 
NA - Not applicable 

Parameter 

Inorganics 
Aluminum (Al) " 
Arsenic (As) 

Barium (Ba) 7 7 5.9 64.6 36.73 NA NA 260 94.3 UGlL 

,CDirnethylphenol 
-Methylnaphthalene 

Frequency 
of 

Detection 

6 7 
7 7 

Range Average 
of Detected 

Detection Cmc. 

116 7745 2173 
5.2 65.2 27.36 

Range 
of 

SQL 

18 l a  
NA NA 

Screening 
Concentration 

RBC Referen- 

3700 224 
0.045 

Units 

UG/L 
16.7UGlL 

Number 
Exceeding 
RBC Ref. 

2 3 
7 4 
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Exposure Pathways I 

Exposure pathways for the hypothetical future site residents are dermal contact and incidental 2 

ingestion of surface soils. The groundwater pathway for the hypothetical future site residents is 3 

incidental ingestion and inhalation of groundwater. The exposure pathways for future site workers 4 

are the same as those for the future site residents. For the soil pathways, uniform exposure was 5 

assumed for all sample locations. Table 10.5.13 presents the justification for exposure pathways 6 

assessed in this HHRA. 7 

Table 10.S.U 
Exposure Psthways Summtuy - AOC 609 

NAVBASE - h e  F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
for Evaluation? Reason for Selection or Exclusion 

Current Land Usts 

NO " '- - %&ad &sport did not identify 
Worker-) cop~tamhants emanating my COPCs for this iodiG exposun 

fnnm mil W W I Y C ?  

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

> + W o w W - ,  No Shllawpmmd~ismotulrre~ltlyused 
l&&n~fm,ml&m& ~*..rmacc.of*ku& 
-POqe Or g d  wrtuatAOC609. -;; 

+U8C - ? ,+Y a 

Shallow groundwater. No Shallow groundwater is not cumntly used 
Inhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at AOC 609. 
contaminants . -I." n c  3- 

+* 
S o i l , M W  ingestion N o ( Q u r l i  ~ s i t e ; o s e i s # m s b b e i c b ~ y  

. . i* . , - rrgnsmtuivcdmm~b~d~., ."+, 

Soil, Dermal contact No (Qualified) Fume site use is considered conservatively 
representative of cumnt sire use. 



Zone F RCUA Facility Investigattatton Report 
NA VBASE CharLeston 

Section 10 - Site-Specific Ev&ons 

Table 10.5.U 
Exposure Pathways Summary - AOC 609 

N A V B m  - Zone F 
ChorIcstoa, South ca ron  

Potentially Exposed Medium nnd Exposure W w a y  Selected 
for Emhtion? Reasan for Selection or Exclusion 

Air, Inhalation of 
chemicals entrained in 

No This exposure pathway was considered 
iosignificant compared to the other 

Shallow groundwater, Yes Volatile COPCs were idmtifKd subsequent 
Inhalation of volatilized to risk-based screening comparisons. 
contaminants during 
domestic use 

Sail. Dermal contact Yes COPCs were identified subsequent to risk- 
based and background screening 
comparisons. 

0-*1 < \ ' + * '  T-. 

- WiId-game or domestic No Wor 
" , mirmls,hgcstionoftissue - ' fhoms*i&pmbibI@k$tbbthe 

limpoaod by media aurtwtox+ South h T m a  city iimik, . ' 
A'- - conamination 

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 pathways assesstd. 

Exposure Point Concentrations 1 

Since less than ten surface soil samples were collected, maximum detected concentrations were 2 

used as EPCs, as discussed in Section 7 of this RFI. Maximum detected concentrations reported 3 

in the frrst-quarter sampling event were used as EPCs for groundwater. 4 
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Quantification of Exposure 

Soil 

CDIs 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 riskfhazard 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- 

containing 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/kgday. The aesthetic- 

based secondary MCL (SMCL) for drinking water is 50 to 200 pg/L. 



Table 10.5.14 
Chronic Daily Intakes 
Incidental Ingestion of Surface Soil 
AOC 609 
NAVBASE - Charleston. Zone F 
Charleston. South Carolina 

Fraction Exposure 
Ingested h m  Point 
Contaminated Concentration 

Chemical Source (m@g) 

Inorg~nics 
Antimony 1 12.2 
Arsenic 1 113.8 
Beryllium 1 1.45 
Manganese I 392.5 

NOTES: 
Iwa Lifetime weighted average; used to calculate carcinogenic CDI. RAGS Parts A and B 

CDI Chronic Daily Intake in mg/kg-day 
H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 

* Reflects the estimated h a i o n  of the site impacted by the corresponding COPC. 

Future Future Future 
Resident adult Resident child Resident lwp 

H-CDI H-CDI C-CDI 
(m&-day) (mgkg-day) (m%kgday) 

Scmivolatile Organics 
Benzo(a)pyrcnc Equivalen 1 0.26 3.56E-07 3.32E-06 4.078-07 

Future Future 
Worker aduh Worker adult 

H-CDI C-CDI 
(m&g-day) (mg/kg-day) 

1.678-05 1.56E-04 1.91E-05 
1.56E-04 1.45E-03 1.78E-04 
1.99E-06 1.85E-05 2.27E-06 
5.38E-3-04 5.028-03 6.14E-04 

1.278-07 4.54E-08 

5.97E-06 2.13E-06 
5.57E-05 1 .WE-05 
7.09E-07 2.53E-07 
1.92E-04 6.86E-05 



Table 10.5. IS 
Chronic Daily Intakes 
Dermal Contact with Surface Soil 
AOC 609 
NAVBASE - Chdeoton, Zone F 
Charleston. South Carolina 

Exposure Fraction Dermal 
Point Contacted from Absorption 

Concentration Contaminated Factor 
Chemical (mS/k~) Source (unitless) 

lnorgnnics 
Antimony 12.2 1 0.001 
Arsenic 113.8 1 0.W l 
Beryllium 1.45 1 0.001 
Manganese 392.5 1 0.001 

NOTES: 
CDI Chronic Daily Intake in rngkg-day 

H-CDI CDI for hazard quotient 
C-CDI CDI for excess cancer risk 

- Ihe dermal absorption factor was applied to the exposure point concenmtion 
to nflect the different trans-dcnnal migration of inorganic versus organic chemicals 

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

Future Rture Future 
Resident adult Resident child Resident Iwa 
H-CDI H-CDI C-CDI 

(m&-day) (mgkg-day) (mgkgday) 

Semivolatile Organics 
Benzo(a)pyrene Equivalen 0.26 I 0.01 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 
(mgkg-day) (mg/lcg-day) 

6.858-07 226E-06 4.29E-07 
6.39E-06 2.1 1E-05 4.00E-06 
8.14E-08 2.69E-07 5.10E-08 
2.20E-05 7.28E-05 1.388-05 

4.89E-07 1.75E-07 
4.57E-06 1.63E-06 
5.82E-08 2.08E-08 
1.57E-05 5.628-06 

1.46E-07 4.82E-07 9.148-08 1.04E-07 3.73E-08 



Table 10.5.16 
Chronic Daily 
hgestion of COPCs in Gm~ndwntcr 
AOC 609 
NAVBASE - Charleston. Zone F 
Charleston, South C m l b  

Chemical 

laorganics 
Aluminum (Al) 
Arsenic (As) 

Semivolatile Organics 
2,4-Dimcthylpbenol 
2-Methylphenol 
4-Methylphenol 
Naphthalene 

Volatile Organics 
Benzene 
Chlorobcnzcne 
Ethylbenzene 
Tolucnc 
Xy lene (total) 

NOTES: 
lwa Lifetime weighted avcragc 

CDI Chronic Daily Intake 
H-CDI Noncarcinogenic hazard based Chronic Daily intake 
C-CDI Carcinogenic risk based Chronic Daily Intake 

Future Futurt 
Worker adult Worker adult 

H-CDI C-CDI 

Exposure 
Point 

Conceaertior 

Futurr F u m  Futurc 
Resident adult Rwidcnt child Resident lwa 

H-CDI H-CDI C-CDI 
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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 w e n t  industrial use, the primary exposure route for antimony 

to the general population is food. Antimony is also a common air poIlutant from industrial 

emissions. USEPA has not classified antimony as a carcinogen, and the oral Rfl) is 

0.0004 mglkg-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 ,ug/kg-day as the RfD for arsenic 

based on a NOAEL of 0.8 pg/kgday 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 (mgfkgday)" 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 pglL 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/kgdayJ1; 

an oral RfD has not been set. Occupational inhalation exposure to benzene is acceptable by the 

OSHA at concentrations of 3.25 m g / d  or 1 ppm in air Preisbach et al; 1987; NIOSH, 1990). 

BEQs include the following list of PAHs: 

Benzo(a)anthracene 

Benzo(b) fluoranthene 

Dibenz(a, h)anthracene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Chry sene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

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 PAWS 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/kgdayjl. TEF, 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 I32 

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. Methernoglobhernia 

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 rng/kgday (Dreisbach, et al., 1987). 

EthyUlenzene 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, neurological 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 ftom a long-term (20 years) study 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 

RfDi of 2.86E-01 by USEPA (IRIS, 1996) 

Manganese is an essential nutrient, but chronic exposure (0.8mglkgday) 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 

@laassen 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 fwd. The RfDs 

used are 0.047 and 0.023 mglkgday. Inhalation of manganese dust causes neurological effects 

and increased incidence of pneumonia. An inhalation RfD was set to 0.0000143 rng/kg-day. 

According to USEPA, manganese cannot be classified as to its carcinogenicity. Therefore, the 

cancer class for manganese is group D. As lis~ed 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 mgfrd. 

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 "CVn USEPA'S 

weight of evidence. An RfDo of 5.OE-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 glkg (Chan et al., 1971). Autopsies of people who died following cresol 1 

exposure revealed gross lesions in the lungs, pancreas, liver, and kidneys, although these data 2 

cannot be considered reliable indicators of target organ effects. Studies in animafs have shown 3 

that cresols can be lethal when exposure is through the inhalation, oral, or dermal routes. 4 

4-Methylphenol is classified "C" in USEPA's weight of evidence. An RfDo of 5,OE-03 has been 5 

issued for 4-methylphenol (USEPA 19960. 6 

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 Rfi) to be 0.4 mg/d and 0.01 mgkg-day, respectively. As listed in INS, 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 frres. 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 dennal exposure (Gosseiin et al., 1984; Abu al Raghep 

et aI., 1986; Bemardelli and Gennari, 1987). Acute studies have demonstrated that xylene is 

irritates the skin and eyes. Xylene inhalation has also 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 fuatre 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 andlor 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 



Tablc 10.5.18 
Hazard Quotients and lacrcrncntal Lifetime Cancer Risks 
Jncidmtal Surface Soil Ingestion 
AOC 609 
NAWASE - Chdeston. Zone F 
Charleston, South Carolina 

NOTES: 
NA Not available 
ND Not Dctcnnined due to lack of  available information 
Iwa Lifetime weighted average; used to calculate excess carcinogenic rislr derived from RAGS Part A 

ILCR Incremental Lifetime Cancer Risk 

OralIUD M S F  
Uscd Used 

Chcmid (mgkg-day) (mg/kgday>l 

Inorganin 
Antimony 0.0004 NA 
Arsenic 0.0003 1.5 
Beryllium 0.005 4.3 
Manganese 0.047 NA 

Semivolatilt Organics 
Bcnzo(a)pyrcne Equivalcn N A 7.3 

SUM Hazard IndcXm.CR I 

Fuhuc Future Futurc 
Rcsidcnt adult Resident child Resident 1- 

Hazard Quotiat Hazard Quotient ILCR 

0.042 0.39 ND 
0.52 4.8 2.7E-04 

0.00040 0.0037 9.88-06 
0.01 1 0.11 ND 

ND M) 3.OE-06 

0.6 5 3E-04 

Future Future 
Worker adult Worker adult 

Huard Quotient ILCR 

0.015 ND 
0.19 3.OE-05 

0.00014 1 .lE-06 
0 . 0 4  I Nf) 

ND 3.3E-07 

0.2 3E-05 



Table 10.5.19 
Hazard Quotients and Incremcnd Lifethe Cancer Risks 
Dmnal Contact With Surface !bit 
AOC 609 
NAVBASE - Charleston. Zone F 
Charleston. Sou& Carolina 

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 - Dennal to absorbed dose adjustment factor is applicd to adjust for Onl SF and RfD (i.e., the oral Rfl) is based 
on oral absorption efficiency which should not be applied to dermal exposure and dermal CDI) 

OralRfD OralSF 
Dermal Used Used 

Chemical Adjuslment (mw-day) (m&-day)-l 

Inorganics 
Antimony 0.2 8505 N A 
Arsenic 0.2 6E-05 7.5 
Beryllium 0.2 0.001 21.5 
Manganese 0.2 0.0094 N A 

Semivolntilc Organics 
Bcnzo(a)pyrene Equivdm 0.5 N A 14.6 

SUM Hazard IndcxiILCR 

Futurc Future Future 
Resident adult Resident child Resident lwa 

Hazard Quotient Hazard Quotient ILCR 

0.0086 0.0283 ND 
0.1 i 0.35 3.0E-05 

0.000081 0.00027 1.1E-06 
0.0023 0.0077 ND 

ND ND 1.3E-06 

0.1 0.4 3E-05 

F u m  Future 
Worker adult Worker adult 

Hazar& Quotient ILCR 

0.006 1 ND 
0.076 12E-05 

0.000058 4.5E-07 
0.0017 ND 

ND 5.4E-07 

0.08 1E-05 
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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 cbild 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 dermai 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 recreational 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 HIS 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 2 1 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, Zmethylphenol, 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 inhalation pathway. 

Hypoihetica 1 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 

cumulative risk for the groundwater pathways. Arsenic was a secondary contributor to risk 

projections for the ingestion pathway. 



Table 10.5.20 
Hazard Quotients and h ~ m c n l a l  Lifetime Cancer Risks 
Groundwater Ingestion 
AOC 609 
Naval Base Charleston. Zone F 
Charleston, South Carolina 

NA Not available 
ND Not Dctemined due to lack of available information 
Iwa Lifetime weighted average; used to calculate excess carcinogenic risk derived h m  RAGS Part A 

ILCR Incremental Lifetime Cancer Risk 

Onl IUD Oral SF 
Used Used 

Chemical (mg~kg-day) (mg/lrg-day)-1 

Inorganics 
Aluminum CAI) 1 N A 
Arsenic (As) 0.0003 1.5 

Scmivotatilc Organics 
2.4-Dimtthylphmol 0.02 NA 
2-Methylphenol 0.05 NA 
4-Methylphenol 0.005 N A 
Naphthalene 0.04 N A 

Volatilc Organics 
Benzene NA 0.029 
Chlorobcnzcne 0.02 N A 
Ethylbenzene 0.1 N A 
Toluene 0.2 N A 
Xyltnc (total) 2 NA 

SUM Hazard Index/lLCR 

FuRuc F u m  Futun 
Resident adult Resident child Rcsidtnt Iwa 

Hazard Quotient Hazard Quotient ILCR 

0.21 0.50 ND 
6.0 14 I .5E-03 

0.52 1.2 MI 
0.55 1.3 ND 
5.3 12 ND 

0.37 0.86 ND 

ND ND 1 SE-02 
0.015 0.035 ND 
0.66 1 .S ND 
7.7 18 ND 

0.21 0.48 ND 

21 50 2E-02 

Futurc Future 
Worker adult Workcr adult 

Hazard Quotient ILCR 

0.076 Ni3 
2.1 3.4E-04 

0.19 ND 
0.20 ND 

1.9 ND 
0.13 ND 

ND 3.4E-03 
0.0054 ND 

0.23 ND 
2.7 ND 

0.073 ND 

8 4E-03 



Table 10.5.2 1 
Hazard Quotients and incremental Lifetime Cancer Risks 
Inhalation of Contaminants in Groundwater Resulting Born Domestic Use 
AOC 607 
Naval Base Charleston. Zone F 
Chsrleston. South Carolina 

NOTES: 
NA Not available 
ND Not Determined due to lack of available information 

Inhalation Rf Inhalation SF 
Used Used 

Chemical (mgfkg-day) (mglkg-day)-1 

Volatile Organics 
Benzene 0.0017I 0.029 
Chlorobenrene 0.00571 NA 
Ethylbcnzmc 0.268 N A 
Toluene 0.1 14 NA 
Xylenc (total) N A N A 

SUM Hazard IndcxlILCR 

lwa Lifetime weighted average; used to calculak excess carcinogenic risk derived from RAGS Part A 
ILCR l a m e n t a l  Lifetime Cancer Risk 

Future Future Future 
Resident adult Resident child Resident lwa 

Hazard Quotient b d  Quotient ILCR 

545 1271 I .5E-02 
0.053 0.12 ND 
0.25 0.57 ND 

13 3 1 ND 
ND ND ND 

558 1303 I E-02 

Future Futurc 
Worker adult Worker adult 

Hazard Quotient ILCR 

I95 3.4E-03 
0.019 ND 
0.088 ND 

4.8 ND 
ND ND 

1 99 3E-03 
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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 HIS for the groundwater 

ingestion pathway, and 2,4dimethylphenol, 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 IE-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 IE-04 (and individual L C R  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 cumulative 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 pglkg). Arsenic was detected above its RBC (0.43 mglkg) 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 mglkg) in four of six surface soil samples. BerylIium exceeded 

its background value (1.05 mglkg) in one surface soil sample. Antimony was detected in one of 

six surface soil samples exceeding its RBC (3.1 mgikg). Manganese exceeded its RBC (180 

mglkg) in three of six surface soil samples, and exceeded its background value (307 mglkg) in 

only one surface soil sample. 

First QuaHer Groundwafer 

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 xy lene 

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



Tablc 10.5.22 
Summary of Risk and H d - b a s e d  COCs 
AOC 609 
NAVBASE - Chwlcston. Zone F 
Charleston. South Carolina 

F u h m  Future Futurc 
Exposure Rcsidcnt Adult Resident Child Resident Iwa 

Medium Pathway Hazard Quotient Harafd Quotient ILCR 
Surfice Soil Incidental Inoqaniu 

Ingestion Antimony 0.042 0.39 ND 
Arsenic 0.52 4.8 2.7E-04 
BtrylIium 0.00090 0.0037 9.8846 
Manganese 0.01 1 0.1 1 ND 

Semivolatile Orgnnics 
Bcnzo(a)pyrtnt Equivalents ND ND 3.0E-06 

h a 1  Inorganics 
Contact Antimony 0.0086 0.028 ND 

Arscnic 0.1 1 0.35 3.0E-05 
Beryllium 0.00008 1 0.00027 1.1E-06 
Mangnncse 0.0023 0.0077 ND 

Fume Site W d e r  
Hazard Quotient ILCR 

0.015 N D I  
0.19 3.OE-05 

0.00014 l.lE-06 
0.0041 ND 

ND 3.3E-07 

Semivolatile Organics 
Bcnzo(a)pyrene Equivalents ND ND 1.3E-06 

Identification 
of COCs 

1 2 4 
2 4 

I 

2 

0.0061 ND 
0.076 1.2E-05 

0.000058 4.58-07 
0.0017 ND 

/surface Soil Pathway Sum 0.7 6 3E-04 
Groundwater Ingestion 

I 2 4 
2 

ND 5.4E-07 

0.3 4E-05 

Pathways lnorgnnics 
Aluminum (AI) 0.2 1 0.50 ND 
Arsenic (As) 6.0 14 1.5E-03 

Volatile Organics 
Benzene ND ND 1.5E-02 
Chlombcnzene 0.015 0.035 ND 
Ethylbenzcne 0.66 1.5 ND 
Toluene 7.7 18 ND 
Xylme (tom]) 0.21 0.48 ND 

2 

Semivolatile Organics 
2,4-Dirncthy iphenol 0.52 1.2 ND 
2-Methylphenol 0.55 1.3 ND 
4Methylphenol 5.3 12.4 ND 
Naphthalene 0.37 0.86 ND 

0.076 ND 
2.1 3.4E-04 

1 
1 2 3 4 

0.19 ND 
0.20 ND 

1.9 N D 1  
0.13 ND 

Inhalation Volatile Orgrnics 
Benzene 545 1271 1.5E-02 
Chlorobenrme 0.053 0.12 ND 
Ethylbmzcne 0.25 0.57 ND 
Toluene 13 31 ND 
Xylcnc (toral) ND ND ND 

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 projcctcd future resident lifetime ILCR 
3- Chemical is a COC by vimc of projected site worker non-carcinogenic hazard. 
4- Chemical is a COC by virtue of projected site workcr ILCR 

1 3 
1 3 

3 
I 3 

Groundwater Pathway Sum 580 1353 3E-02 
Sum of All Pathways 58 1 1359 3E-02 

195 3.4E-03 
0.019 ND 
0.088 ND 

5 N D 1  
ND ND 

207 7E-03 
207 7E-03 

1 2 3 4 
I 
1 

3 
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Future Site Workers 

Arsenic and benzene were identified as COCs based on their contribution to cumulative 

risk projections. Arsenic, benzene, 2,4dimethylphenol, ethylbenzene, 2-methylphenol, 

4-methylphenol, naphthalene, and toluene were identified as COC based on their contribution to 

cumulative 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. Gluminurn was 

detected in two of seven first quarter groundwater samples at concentrations above its RBC. 

Except for chlorobenzene, d l  of the organic COCs detections (benzene, 2,4dimethylphenoI, 

ethylbenzene, 2-methylphenol, 4-methylphenol, naphthalene, toluene, and xyIene) were reported 

in the first quarter groundwater sample collected from monitoring well SMEOOS only. 

Chlorobenzene was reported in the first quarter groundwater sample collected from monitoring 

well SME004. 

10.5.6.6 RiskUncertainty 

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 andlor 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 Erposure 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 (609SBOO2 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 defmed. For groundwater, the only detections of organic COCs 

were reported in monitoring well SMEOOS, 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 Sp& Distribution 

BEQ compounds were detected in only one surface soil sample 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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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 identi@ 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 MC). 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 also 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 1 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 2 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 3 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 4 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would 5 

preclude this aquifer from being an acceptable potable water source. 6 

Subsequent groundwater sampling rounds generally produced lower reported concentrations of 7 

COCs than were reported in the first quarter. However, except for aluminum and chlorobenzene, 8 

reported concentrations of all COCs remained greater than RBCs. 9 

Background-Related Risk 

Soil 

Aluminum was detected in AOC 6O!J 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 unusuaI for 

naturally occurring or background concentrations of some elements to exceed RBCs. It is the risk 

assessment's function to identify excess risk andlor hazard, or that which is above background 

levels. The following is a discussion of the residential scenario riskhazard associated with 

background concentrations. 

The maximum surface soil concentration of aluminum (16,650 mgikg) for AOC 609 equals a 19 

hazard quotient of 0.2 for the residential child. The maximum concentration of manganese in 20 

groundwater (1,300 pg1L) for AOC 609 equals a hazard quotient of 4, however the background 21 

concentration of manganese (2,010 pg/L) equals a hazard quotient of 6. 22 
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10.5.6.7 Risk Summary 1 

The risk and hazard posed by contaminants at AOC 609 were assessed for future site workers and 2 

future site residents under RME assumptions. For surface soils, the incidental ingestion and 3 

dermal contact pathways were assessed in this HHRA. For groundwater the ingestion and 4 

inhalation pathways were assessed. Table 10.5.23 presents the risk summary for each 5 

pathwaylreceptor group evaluated for AOC 609. 6 

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 berylIium are the primary contributors to risk, accounting for 90% or more of the 

cumulative 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 h r e  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. 





Table 10.5.23 
Summary of Risk and Hazard 
AOC 609 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Notes: 
ND Indicates not dettnnined due to tbe lack of available risk information. 
ILCR Indicates incremental lifetime cancer risk 
HI Indicatcs hazard index 

Exposure 
Medium Patbway 
Surfacc Soil Incidental 

Ingestion 

Dermal Contact 

Groundwater Ingestion 

Inhalation of VOCs 

Sum of All Pathways 

HI HI ILCR 
(Adult) (Child) (LWA) 

0.6 5 3E-04 

0.118 0.39 3E-05 

21 50 2E-02 

558 1303 1E-02 

58 1 1359 3E02 

tn ILCR 
(Worker) (Worker) 

0.2 3E-05 

0.084 I E-05 

8 4E-03 

1 99 3E-03 

207 7E-03 



fable 10.5.24 
Point Estimates of Risk and Hazard - Soil Pathways 
Residential Scenario 
AOC 609 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index %HI Risk (E-06) % Risk 

609 001 Antimony (Sb) ND MGlKG NA NA 
609 001 Amnic (As) 14.5 MG/KG 0.6628 84.99 37.8740 76.96 
609 001 B(a)P Equiv. 261.88 UGMG NA 4.3368 8.81 
609 001 Bsryllium (Re) 0.935 MOlKG 0.0026 0.33 7.0010 14.23 
609 001 Manganese (Mn) 392.5 MGlKG 0.1145 14.68 NA 

Total 0.7798 49.2119 

609 002 Antimony (Sb) 12.2 MWKG 0.4182 7.32 NA 
609 002 Arsenic (As) 1 t 3.8 MGMG 5.2015 91.05 297.2457 96.25 
609 002 B(a)P Equiv. 44.0515 UGMG NA 0.7295 0.24 
609 002 Beryllium (Re) 1.45 MGIKG 0.0040 0.07 10.8572 3.52 
609 002 Manganese (Mn) 305 MGIKG 0.0890 f .56 NA 

T otat 5.7127 308.8324 

609 003 Antimony (Sb) ND MGKG NA NA 
609 003 Amenic(k) 2.9 MGIKG 0.1326 75.62 73748 100.00 
609 003 B(a)P Equiv. ND UGJKG NA NA 

609 003 ~angane& ( ~ n )  146.5 MGlKG 0.0427 24.38 NA 
Total 0.1753 7.5748 

609 004 Antimony (Sb) ND MGIKG NA NA 
609 004 Arsenic(As) 7.2 MGMG 0.3291 85.82 18.8064 78.49 
609 004 B(a)P Equiv. 49 UGKG NA 0.8115 3.39 
609 004 Beryllium (Be) 0.58 MGlKG 0.0016 0.41 4.3429 18.13 
609 004 ~anganese (Mn) 

Total 
181 MGMG 0.0528 13.77 NA 

0.3835 23.9607 

609 005 Antimony (Sb) ND MGlKG NA NA 
609 005 Arsenic (As) 7.4 MGMG 0.3382 94.63 19.3288 100.00 
609 005 B(a)P Equiv. ND UGKG NA NA 
609 005 Beryllium (Be) ND MGMG NA NA 
609 005 ~anganese (Mn) 

Total 
65.8 MGIKG 0.0192 5.37 NA 

0.3574 19.3288 

609 OD6 Antimony (Sb) ND MGIKG NA NA 
609 006 Arsenic (As) 8.6 MGtKG 0.3931 90.60 22.4632 80.65 
609 006 B(a)P Equiv. NO UGlKG NA NA 
609 006 Beryllium (Bs) 0.72 MG/KG 0.0020 0.46 5.3912 19.35 
609 006 Manganese (Mn) 

Total 
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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 

indusmal 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 beryflium 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 SMEOOS. Benzene was the most significant contributor to risk and hazard estimates 

associated with the groundwater sample collected from SMEOS. Ethylbenzene, toluene, 2,4- 

dimethylphenol, 2-methylphenol, and 4-methylphenol were all secondary contributors to hazard 

projections at location SMEOO5, Risk estimates ranged from 1E-04 (SMElW7) to 3E-02 (SMEOOS) 

with a mean risk of 5E-03. Hazard estimates ranged from 1 (SME003) to 2619 (SMEOOS) with 

a mean hazard of 44 1. 
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Tabk 10.5.25 
Point Estimates of Risk and H u r d  - Surface Soil Pathways 
Industrial Scenario 
AOC 609 
NABASE - Charleston 
Charleston. South Camlina 

Site Location Parameter Concentration Unik Hazard Index % tll Risk (€46) % Risk 

609 001 Arsenic (As) 14.5 MGMG 0.0333 99.61 5.3579 84.40 
609 001 Beryllium (Be) 0.935 MG/KG 0.00013 0.39 0.9904 15.60 

Total 0.03347 6.3483 

609 002 Arsenic (As) 113.8 MGlKG 0.2617 99.92 42.0499 96.48 
609 002 Beryllium (00) 

Total 

609 003 Anenic(As) 2.9 MWKG 0.0067 100.00 1.0716 16.88 
609 003 Beryllium (Be) ND MGMG NA NA 

Total 0.00667 1.0716 

609 004 Arsenic(As) 7.2 MGKG 0.0166 99.52 2.6605 81.24 
609 004 Beryllium (Be) 0.58 MGlKG 0.000080 0.48 0.6144 18.76 

Total 0.01663 3.2748 

609 005 Beryllium (Be) 
Total 

609 006 Arsenic(As) 8.6 MGIKG 0.0198 99.50 3.1778 80.65 
609 006 Beryllium (Be) 0.72 MGIKG 0.000~0 0.50 0.7627 19.35 

Total 0.01987 3.9404 



Tabb 10.5.26 
point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 609 
NAVBASE - Charleston 
Charleston, South Carolina 

Location Parameter concentration Units Hazard Quotient % I Risk (E-06) 

SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 

2.4-Dimethylphenol 
2-Methylphenol (0-Cresol) 
4-Methylphenol (pCmso1) 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Chlorobenrene 
Ethylbenzene 
Naphthalene 
Toluene 
Xylene (Total) 

Total 

ND UG/L 
NO UG/L 
ND UGA 

4450 UGA 
65.2 UGlL 
ND UOlL 
ND UGR 
ND UOR 
ND UGR 
ND UGR 
ND UGL 

SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 

2,4-Dimsthylphnol 
2-Methylphenol (o-Cresol) 
CMettrylphenol (p-Cresol) 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Chlorobsnzene 
Ethylbenzene 
Naphthalene 
Toluene 

ND UOR 
ND UGL 
NO UGR 
127 UGR 
6.5 UGR 
ND UGA 
ND UGA 
ND UGA 
NO UGA 
ND UGR 

SME 003 Xylene (Total) ND UGL NA 
Total 1.3932 

SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 

2.4-Dimethylphenol 
2-Methylphenol (0-Cresol) 
4-Methylphenol (p-Cresol) 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Chlorobenzene 
Ethylbenzene 
Naphthalene 
Toluene 

ND UGR 
ND UGR 
ND UGR 
f16 UGL 
15.9 UOR 
ND UGR 
11 UGL 

ND UOR 
ND UGR 
ND UG/L 
NO U r n  Xylene (Total) 

Total 

SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 

2,4-Dimethylphenol 
2-Methylphenol (cbCresol) 
eMethylphenol (pCresol) 
Aluminum (At) 
Arsenic (As) 
Benzene 
Chlorobenzene 
Ethylbenzene 
Naphthalene 
Toluene 

380 UG/L 
tow UGIL 
970 UGlL 
458 UGlL 
41.6 UGlL 

34000 UGlL 
ND UGR 

2400 UGlL 
540 UGlL 

56000 UGlL 
15000 UGR Xylene (Total) 

Total 

2,CDimethylphenol 
2-Methylphenol (o-Cmsol) 
4-Methylphenol (pCmsol) 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Chlombenxene 
Ethylbenzene 
Naphthalene 
Toluene 

SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 

ND UGR 
ND UGL 
NO UGA 

7745 UGlL 
5.2 UGR 
ND UG/L 
NO UGlL 
ND UGlt 
ND UGlt 
ND UGR 

SME 007 Xylene (Total) 
Total 



SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 
SME 

2,4Dimbthyrphenol 
2-Methylphenol (0-Clssol) 
CMethylphenol (pcmsol) 
Aluminum (Al) 
Ansnic (As) 
Benzene 
Chlorobenzene 
Ethybenzsne 
Naphthalane 
Toluene 
Xylens Cfotal) 

Total 

ND UG/L 
ND UG/L 
ND UGR 
142 UGR 

18.4 UGA 
ND UGR 
ND UGA 
ND UGA 
ND UGR 
ND UG/L 
ND UGR 
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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). 



Table 10.5.27 
Rcmed'd Goal Options Surface Soil 
AOC 609 
NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

Residcntinl-Bawd Rcmtdhl Coal Options 

Inorganics 
Antimony 
Arsenic 
Beryllium 
Manganese 

Semivolatile Organics 
Benzo(a)pyrcnc Equivalent 7.3 NA 0.26 ND ND ND I 0.060 0.60 6.0 I NA 

Worker-Baned kmcdia l  Goal Options 

Arscnic 
Beryllium 

Slope Refmnce 
Factor Dose EPC 

Hazard-Bwd 
Rcmcdial Goal Options 

3 1 0.1 

NOTES: 
EPC Exposure point concentration 
NA Not applicable 
ND Not determined - Remedial goal options were based on the residential lifetime weighted average for catcinogcns 

and the child resident or site worker for nonwchogens 

Chemical (mglkg&y)-l (mgfltg-da~) mg/kg mglkg mgEkg mg/Lr& 

Risk-Based 
b e d i a l  Goal Options 
1E06 1E05 1E-04 
m%kg mg/kg mg/kg 

Background 
Concenmtion 

mi344 



Table 10.5.28 
Remedial Goal Options Groundwater 
AOC 609 
NAVBASE - Charleston. Zone F 
Charleston. South Carolina 

Residentid-Based Remedid Goal Options 

Inorganics 
Aluminum (Al) N A 1 7.745 
Arsenic (As) 1.5 0.0003 0.0652 

Semivolatile Organics 
2-4-Dimethylphenol N A 0.02 0.38 
2-Mcthylphenol N A  0.05 1 
4-Methylphenol NA 0.005 0.97 
Naphthalene N A 0.04 0.54 

Background 
Concentratio MCL 

mpn mgA 

Volatile Organics 
Benzene 0.029 N A 34 
Chlorobenzenc NA 0.02 0.01 1 
Ethylbenzene NA 0.1 2.4 
folucnc N A 0.2 56 
Xylene (total) N A 2 15 

Risk-Based 
Rcmcdial Goal Options 
1E-06 leO5 1E-04 

mgA m@ m f l  

Oral Oral 
SF R.tD EPC 

Chemical (mgflrg-da~)- (mg/kg-da~) m%l 

Hazard-Based 
Remedial Goal Options 
0.1 1.0 3 

mgil mgil mgn 

0.0011 0.011 0.11 
ND ND ND 
N D N D N D  
N D N D N D  
ND ND ND 

0.031 0.31 0.94 
0.078 0.78 2.3 

0.0078 0.078 0.23 
0.063 0.63 1.9 

Worker-Based Remedial Coal Options 

ND ND ND 
ND ND ND 
N D N D N D  
N D N D N D  

N A  N A  
NA NA 
NA NA 
NA NA 

Oral Oral 
SF RfD EPC 

Chemical (mgkg-day)- (mg/kg-day) mgh 

Inorganics 
Arsenic (As) 1.5 0.0003 0.0652 

Hauud-Based 
Remedial Goal Options 
0.1 1.0 3 

mgA mg/l m d  

Semivolatile Organics 
2,4-Dimethylphcnol N A  0.02 0.38 
2-Methy lphcnol N A 0.05 1 
4-Methy iphcnol N A 0.005 0.97 
Naphthalene N A 0.04 0.54 

NOTES: 
EPC Exposure point concentration 
N A  Not applicable 
ND Not determined - Remedial god options were based on the residential lifetime wcightcd average for carcinogens 

and the child resident or site worker for noncereinogcns 

0.0031 0.031 0.0921 0.00019 0.0019 0.019 

Volatile Organics 
Bmzcne 0.029 N A 34 
Chlombcnzcnc N A 0.02 0.011 
Ethylbenzene N A 0.1 2.4 
Toluene N A 0.2 56 
Xylcne (total) N A 2 I5 

Risk-Based 
Rcmedial Goal Options 

lE-06 1E-05 1E-04 
mgA m u  mgfl 

0.167 0.05 

0.20 2.0 6.1 
0.51 5.1 15 

0.051 0.51 1.5 
0.41 4.1 12 

Background 
Concmbation MCL 

m f l  mgA 

0.0027 0.027 0.080 
0.0069 0.069 0.21 

0.11 1.1 3.4 
0.11 1.1 3.4 
3.1 31 94 

ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

NA NA 
NA NA 
NA NA 
NA NA 

0.0049 0.049 0.49 
ND ND ND 
ND ND ND 
N D N D N D  
ND ND ND 

N A  0.005 
NA NA 
NA 0.7 
N A 1 
N A 10 
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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 mgikg, respectively, based on a target risk of 1E-06. Hazard-based RGOs for 

surface soil for antimony and manganese are 29 and 3,428 mgkg, respectively, based on a target 

HI of I. Potential corrective measures, in addition to no further action for soil and respective 

COCs, are presented in Table 10.5.29. 

Aluminum, arsenic, 2,4dimethylphenol, 2-methylphenol, 4-methylphenol, naphthalene, 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 SMEOOS. This 

risk is above USEPA's acceptable risk of 1E-04 (Table 10.5.22). 

Table 10.5.29 
Potential ComcUve Measures for AOC 609 

Shallow Groundwater Aluminum, arsenic, 2,441mcthylphtno1, a) No Acdon 
2-methylpheno1. 4methylpheml. b) hlrhsic  med dint ion md monitoring 
naphthalene, knzcn, chlorobenzcne. C) In-sihl, biological, chemical Md physical 
ethylbenzene, toluene. a d  xylenc treatment 

d) Ex-situ, biological. chemical a d  

Aluminum, arsenic, 2,4-dimethylphenoI , 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 rng/L, respectively, based on 

a target of 1 E-06. The hazard-based RGOs for aluminum, 2,4dimethylphenol, 2-methylphenol, 
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4-methylphenol, naphthalene, chlorobenzene , ethylbenzene, toluene, and xylene (total) are 16, 1 

0.31, 0.78, 0.078, 0.63, 0.069, 1 .1 ,  1 .1 ,  and 31 m g 5 ,  respectively, based on a target HI of 1 2 

(Table 10.5.22). 3 

Potential corrective measures for the shallow groundwater and respective COCs are presented in 4 

Table 10.5.29. Corrective measures for AOC 609 are detailed in Section 9. 5 
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10.6 AOC 611, Grease Rack and Hobby Shop, Former Building 1264 1 

A CSI site, AOC 61 1 is the site is the former Building 1264, a small garage size structure which 2 

was used as an automotive hobby shop from the late 1950s to the early 1960s. The building has 3 

since been demolished and the site incorporated into a partially asphalt paved and grass covered 4 

area. Materials potentially released, stored, or disposed of at the site include petroleum products, s 

antifreeze, isopropyl alcohol, solvents, degreasers , enamel paint, paint thinner, battery acid, and 6 

lead. 7 

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 61 1. 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 61 1 was to: (1) confim the presence or absence 

of contamhation in the site area; (2) delineate any contamhation 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 61 1 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 d l  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 III. 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 61 1 

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 61 1. Appendix D contains a complete analytical data report for a11 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 AOC 61 1. 

Semivolatile Organic Compounds in Soil 

Benzo(a)anthracene , benzo(a)p yrene , benzo(b)fluoranthene , dibenz(a, h)anthracene , and 

indeno(l,2,3-cdlpyrene 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 

Sail Samples and Analyses 

6 1 1 s m  61 lSB00201 Upper 91241% Notc I 

611SB004 61tSB00401 Upper 9/24/% Notc 1 
61 f SB00402 Lower 

611S3006 611SB00601 U W ~  1109/97 Note 2 Secord-rod sample 
611SB00602 Lowcr 

"- -2- , . "  . - : i ** r ; ' zm r--+ " , P .a(cyq~=. -$~r*~s .?" '~ :~~~1 'CP9 'cp9" .  ^ " +: " - -  *. . . .*t . . , .m. .  .. . , v", %-, ~ ~ ~. :, . ,. t-- .-*.. 
C"t > %  XSS-"~ 

61mt: . '" , +:-s:.'m.*ii"i, ; " . I , 

" -. . . . . 
, ",%.~; ">LG7G~*r;:r " "  a", : :.wppcr. ,- '";-< . ' ' " . "  ; ~ , * 1rropm2:; ?.::2s"y."?: x . o  & ,, ' . ,  " ", , . ; z ~ ~ N ~ ~ ' .  , ,:%a; :.;"%hq,;,;$c, a?>* ", 1 .,:. ; .scsod.w9mpI~ 
, . , . 

> .  ,": ,. ,' mx-l*$e',: : ~. -, " ; ". -.: 2:.:!:. > ; ,;. < L  " *;-. :z:z3z: ",.!, k7*- ." .. ", -. "- n, ' ~ i *  ." FFF.b'l:-.rra, -7 -"'-4*,.:j:j. " , . ,.,-,: .4;:,, ' 4hplic$irC ampb 
." *. *...*(. . y;  ~: ,, ,"", " * .. , . .- - - '':*&" "1." ' . '. w .: . ' 

. " . , . . , .;::<kr: id. *.t .; . 
- 

. . , "7 ," 

Notes: 

2 
= SW-846 (mtnls. SVOAs, a d  VOAs) at DQO Lcvcl Ill; pH. 

3 
= SW-845 (meals Md SVOAs) at DQO Level m. 
= ~ppeniix M a: Apperdix M @csdcidcslPCBs. heiticidcs, SVOAs. VOAs); SW-84-6 (metals, dioxins. OPpsticidcs): cypnide; hex- 

chrome at DQO Level lV. 
* = Duplicate sample 
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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 61 1 .  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 10.6-1 1 show 

surface/subsurface metals concentrations that exceeded both their respective RBCISSL 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 61 1 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 @AF= 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 61TSB002 and 

6 1 1 SB007. Chromium was detected in 6 1 1 SB005. 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 



Table 10.6.5 
Chemiolh Detsctad in Surface md S M m  Soil 
Comp.riron to SSLr, Tap water RBt3, Wt wltcr S w f u  WJer &mio s e g  mL, and hkgroclod ConcenWd(~~~ 
NAVBASE W e  Zonc F: AOC 611 
C h i a m  Sod CPolina 

Ground- Sllrf*~ 
Wblu Wllcr 

Loching Miptim Mgntim 
Potential concern Conoem. 

NO NO NO 
NO NO N o  
NO NO NO 
NO NO NO 

88.5 12000 
625 7400 

PeatlcidaPCB Compounda 

Dlorin Compounds 

Inorganic Compounda 
14300 15200 

29 16.7 
In 34.5 
0.49 0.47 63 0.66 

920 1500 

567 70.8 

Soil Water 
Unita Unila 

m a  
uc~lco u ~ .  

ucvKo uM. 

u m o  U G ~  

Pirsmctcr 

Vohtllt Orjmlc Compaundr 
Carbon dimffidc 
Ethyibenzcnc 
Toluene 
Xylmc (told) 

Semlvolntile Oqmnlt Compounda 

MmLcuUxntmliar 

Shllow I)sep 
GW OW 

N A NA 
NA NA 
NA NA 
N A NA 

 on 

Sllrfre S M L O C  
Soil Soil 

ND 2 
16 11 
3 ND 

100 50 

Saaningcaaocntrtion* 
wto s.ltwuu 
GW Tv Water Surf. Wtr. 
SSL RBC !Zlu&c 

32000 1000 NA 
13000 1300 4.3 
12000 750 37 
142000 12000 NA 



Table 10.6.5 
Chcmiab Delecttd in Stnf.0~ md Submdaoe Soil 
CompafisOn to S S 4  Tap Water m(h, Wt Water Surf& W . h  Chmnic S d g  k k  md Bvolrgwnd ~ ~ h a t i o a a  
NAWASE Chuledno, Zme F: AOC 61 1 
h.rlcrtm. South c.rOlinr 

Saoming chncmbho(u: 
Soil to GW - Crnaio SSIA b u d  on DM = 20, li-an 1996 Soil !hrechg G u i b  or doul*tcd using vrlua %m Table 6.4 
Tap Water RBC - Fmm EPA Rcgion In W-Bvad Cmcm!dm T&Ih June 3.1996 
Saltwater Surf- Wakr Chrmio - From EPA Suppld~nhl Guidrnce to RAGS: Region 4 BuUctinr. Ecological Rirk hsmracni, November 1995; Table 2 

For inorganic#, the d u e  shown u the grclscr of the relevant d g  d u e  a the referenoc value. 

NA - Not av.illbldNol qprppliwblc 
ND - Not dctcolod 
DAF -Dilution and . t t codon  f.clor 
GW - GmMd* 
RBC - Rirk bucd -irdon 
SSL - Soil l a # n i n g  lcvcl 

Ground- Surface 
Wm&r Water 

Luchmg Migration M i g t ~ o n  
Potential Cmccm Concern 

NO NO NO 

MGKG - ~ i l l i p &  per kilogram 
NOKG - N.nopm per kii- 

Soil Wrtcr 
Unib Units 

w o  UM. 

SrreftringCarocntdon' 
Soil to hltwrrcr 
GW Tap Water S d .  Wtr. 
SSL RBC M c  

12000 11000 86 

M.xConcmtxation 

Shallow Deep 
GW GW 

N A NA 

P.nmckr 

Zinc 

MucCoaocnlntion 

S u f w  Subauf.oe 
Soil Soil 

1100 394 
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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 lead. 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 Iists 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 



Table 10.6.6 
Soil to Air Volatilization Screening Analysis . . 

NAVBASE Charleston, Zone F: AOC 61 1 
Charleston, South Carolina 

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

NA - Not avadable 
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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 61 1. 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 

AOC 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 producl , antifreeze, isopropy 1 alcohol, solvents, degreasers , enamel 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 an seven boring locations were used to quantitatively 

assess soil exposure pathways. Section 10.6.3 provides a summary of the sampling effort for 

AOC 61 1 soil. 
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10.6.5.2 COPC Identification 1 

Based on the screening comparisons described in Section 7 of this RFI and presented in 2 

Table 10.6,7, COPCs identified in surface soil include Aroclor-1260, benzo(a)pyrene equivalents, 3 

arsenic, cadmium, chromium, copper, lead, and mercury. Wilcoxon rank sum test analyses did 4 

not result in the inclusion of any parameter that had been screened out on the basis of background s 

concentration. 6 

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 

instaIlation. At least half of the site is covered with asphalt, which would prevent direct contact 

with soil and would inhibit migration of potential conraminants 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 site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed quantitatively 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. 



Table 10.6.7 
Chemicals Present in Site Samples 
AOC dl  l - Surface Soil 
NAVBASE - Charleston 
Charleston, South Carolina 

Number 
Exceeding 
RBC Ref. 

1 

3 

123678-WxCDD 

Units 

UGKG 

N A U G K G  

Parameter 

PCBs 
Aroclor- 1260 

Carcinogenic PAHs 
B(a)P Equiv. * 

Range 
of 

SQL 

NA NA 

450.645 473.755 

creening Concenwtion 

RBC Refnznce 

320 NA 

88 

Frequency 
of 

Detection 

* I 1  

4 7 

Range Average 
of Detected 

Detection Conc. 

370 370 370 

4.945 4317.6 1152 



Table 10.6.7 
Chemicals Present in Site Samples 
AOC 61 1 - Surface Soil 
NAVBASE - Charleston 
Charleston, South Carolina 

* - identified as a COPC 
N - Essential nutrient 
UGKG - microgram per kilogram 
MGXG - milligram per kilogram 
NGKG - nanogram per kilogram 
SQL - Sample quantitation limit 
NA - Not applicable 

* 

N 

hallium (TI) 
Vanadium (V) 

inc (Zn) 

Pesticides 
ammeChlordane 

Dieldrin 

Semivolatile Organics 
Acenaphthylene 
Anthracene 
Benzo(g,h,i)perylene 
Benzoic acid 
Di-n-butylphthalate 
Di-n-octyl phthalate 
Fluoranthene 
2-Methylnaphthalene 

aphthalme 
Phenanthrene 
Pyrene 

Votatile Organics 
Ethy lbenzene 
Toluene 
Xylene (Total) 

Range 
of 
SQL 

0.02 0.02 
NA NA 
119 119 
NA NA 

0.105 0.115 
62.5 186 
0.19 0.21 
NA NA 
NA NA 

NA NA 
NA NA 

185 205 
185 205 
185 195 
900 
185 205 
185 195 
195 205 
185 205 
185 205 
185 205 
195 205 

3 3 
3 3 
3 3 

Frequency 
of 

Detection 

6 7 
7 7 
6 7 
7 7 
1 7  

N 3 7  
1 7 
7 7 
7 7 

1 1  
I I 

2 7 
3 7 
4 7 
2 7 
1 7  
2 7 
4 7 
1 7 
1 7 
3 7 
4 7 

1 5  
1 5  
2 5 

creening Concentration 

RBC Reference 

2.3 0.62 
1 60 12.6 
NA NA 
3 9 1.15 
39 1.85 

N A NA 
0.63 NA 

55 48.9 
2300 198 

490 NA 
40 NA 

310000 NA 
2300000 NA 
310000 NA 

100031000000 NA 
780000 NA 
I60000 NA 
310000 NA 
310000 NA 
310000 NA 
310000 NA 
230000 NA 

780000 NA 
1600000 NA 

16000000 NA 

Range Average 
of Detected 

Detection Conc. 

0.07 16.7 4.07 
2.9 140.35 25.6 
322 594 432 
0.39 I 0.65 

1.7 1.7 1.70 
238 245 242 

0.51 0.51 0.51 
20.4 29.2 25.1 
10.9 1100 238 

7.6 7.6 7.60 
20 20 20.0 

50.5 720 385 
44.5 540 213 

44 1400 434 
61 110 85.5 
65 65 65.0 
54 240 147 
50 1600 491 

88.5 88.5 88.5 
62.5 62.5 62.5 

71 140 99.3 
41 4100 1103 

16 16 16.0 
3 3 3.00 
2 100 51.0 

Units 

MGKG 
MGXG 
MGKG 
MGKG 
MGIKG 
MGKG 
MGKG 
MGKG 
MGKG 

UGKG 
UGKG 

UGKG 
UGKG 
UGKG 
UGKG 
UGKG 
UGKG 
UGMG 
UGKG 
UGKG 
UGKG 
UGKG 

UGKG 
UGKG 
UGKG 

Number 
Exceeding 
RBC Ref. 

2 5 
1 

2 

i 
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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 hture 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. TabIe 10.6.8 presents the justification for exposure pathways assessed in this 

HHRA. 

Table 10.6.8 
Exposure Pathways Summary - AOC 611 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Current Site Air, Inhallrinn of gaseous No Fate Pnd transport smuhg did not identify 
U-a contminant$cm~Wing any COPCs for this indim e m  

from soil @my. 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Little surface soil is exposed at AOC 61 1. 
inhibiting fugitive dust generation. 
Therefore, this exposure pathway was 
considered insignificant compared to the 
other pathways. 

Shdfow groundwater, No Sbaflow groundwater is not c u r r d y  used ~~ of amaminants as a source of potable or MU-residential 
during potabIc or general water at AOC 61 1. 
USC 

Shallow groundwater. No Shallow groundwater is not currently used 
Inhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at AOC 61 1. 
contaminants 

Soil. Incidental ingwtion No (Qualified) Future l a d  use assusment i s  consided to 
bc rcpmxmivc of current receptors. 

Soil. Dermal concact No (Qualified) Future land use assessment is considered to 
be representative of current receutors. 
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Table 10.6.8 
Expure Pathways Summary - AOC 611 

NAVBASE - Zane F 
Chnrleston, South Carolina 

Potatidly Exposed Medium and Exposure Pathway Selected 
for Evaluation? Reason for Seiection or Exclusion 

Air. Inhalation of No Little surface soil is exposed at AOC 61 1. 
chemicals entrained in inhibiting fugitive dust generation. 
fugitive dust Therefore, this exposure pathway was 

considered insignificant compared to the 
other pathways. 

Shallow groundwater. No Fate and transport screening did not identify 
Inhalation of volatilized any COPCs for this pathway. 
contaminants during 
domestic use 

Yes COPCs were identified nrbsequtnt to risk- 
-Md-scrrening 
comparisws. 

Soil, Dermal contact Yes COPCs were identified subsequent to risk- 
based and background screening 
comp!risons. - , - % ~  

/ *- 

No H- of gmtc N o r  raising 
e livestock is prohibited within the 

CharIcston, Soah Carolina, city limits. 

Fruits and vegetables, No The potential for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
rown in media exposure pathways assessed. g 

Exposure Point Concentrations 1 

Since less than ten samples were collected in surface soil, maximum detected concentrations were 2 

used EPCs, as discussed in Section 7 of this RFI. 3 
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Quantification of Exposure 1 

CDIs for ingestion and dermal contact with surface sods are shown in Tables 10.6.9 and 10.6.10, 2 

respectively. 3 

10.6.5.4 Toxicity Assessment 4 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.6.1 1 5 

presents toxicological information specific to COPCs identified at AOC 61 1. This information 6 

was used in the quantification of risklhazard associated with surface soil contaminants. Brief 7 

toxicological profiles for COPCs are provided below: 8 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 9 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular lo 

effects (Klaassen et al., 1986). USEPA set 0.3 pglkgday as the RfD for arsenic based on a 1 1  

NOAEL of 0.8 pglkg-day in a human exposure study. Arsenic's effects on the nervous and 12 

cardiovascular systems are primarily associated with acute exposure to higher concentrations. ts 

Exposure to arseniccontaining materials has been shown to cause cancer in humans. Inhaling 14 

these materials can lead to increased lung cancer risk, and ingestion is associated with increased is 

skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, which set the 16 

1.5 (mglkg-day)" SF for arsenic. As listed in IRIS, the classification is based on sufficient 17 

evidence from human data. An increased lung cancer mortality was observed in multipie human 18 

populations exposed primarily through inhalation. Also, increased mortality from multiple internal 19 

organ cancers (liver, kidney, lung, and bladder) and an increased incidence of skin cancer were 20 

observed in populations consuming drinking water high in inorganic arsenic. Human milk 21 

contains about 3 pg/L of arsenic. As listed in IFUS, the critical effect of this chemical is 22 

hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor 23 

was 3 and the modifying factor was 1. 24 
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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 (mglkgday) 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 mgkgday. For inhalation exposure, cadmium has been classified by USEPA as a 

group 31, or probable human carcinogen, based on limifed 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 occupationa1 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 chemicaI 

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

Chromium exists in two stable, natural forms: trivalent (m) and hexavalent 0. 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 Iung 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 
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5E-03 (mglkgday). For trivalent chromium, the RfD is based on liver toxicity in the rat. For 

the hexavalent fonn, the Rfi) is based on unspecified pathological cbanges observed in rat studies. 

In addition, hexavalent chromium is considered a group A carcinogen for inhalation exposures, 

and a SFo of 42 (mg/kgday)-' 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 (In). 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 mglkgday, which is 2.6 mglday for the average adult (70 kg). In 

typical vitamin supplements, 2 mglday 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 mglkg. USEPA's Office of Water has established a 

treatment technique action level of 15 pglL. As listed in IRIS, the classification is base on 

sufficient animal evidence. Ten rat bioassays and one mouse assay have shown statisticafly 

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 multiple 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: elementaI, 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 mglkgday (inorganic form). Mercury is liquid at room 

temperature, and is poorly absorbed in this form if ingested. Typical daily exposure is less than 

I pglL-day (Klaassen, et al., 1986) (Dreisbach, et a]., 1987). 
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Benzo(a)pyrene equivalents include the following Iist of PAHs: 

Benzo(a)anthracene TEF 0.1 

Benzo(b)fluoranthene TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

Indeno(l,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 fisted 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 (mglkgday]'. 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 32 

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 quantitative estimate in terms of either risk per pg/L drinking water or risk per 

pglm3 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 detaiis 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)anrhracene 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)fluormthene 

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 aI,, 1986). 

PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclors-12-48, 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 chloracne, and decreased birth weight of infants in heavily exposed workerfmothers. 

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 (mglkgday]' 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-dayrl 

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 (mglkg- day^' and 

is appropriate for PCB congener mixtures with congeners having more than four chlorines 

comprising less than 112% of the mixture. 

10.6.5.5 Risk Characterization 13 

Surface Soil Pathways 14 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 1s 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 16 

were evaluated. Hazard was computed separately to address child and adult exposure. 17 

Tables 10.6.12 and 10.6.13 present the computed HQs associated with the incidental ingestion of 18 

and dermal contact with site surface soils, respectively. 19 

Hypothetical Site Residents 20 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 61 1 surface 21 

soils is 4E-04. The dermal pathway ILCR is 6E-05. Arsenic was the primary contributor to ILCR 22 

projections for the ingestion and dermal pathways. Benzo(a)pyrene equivalents and Aroclor-1260 23 

were secondary contributors. 24 
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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 E R s  are 4E-05 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 (ail 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 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 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 61 1 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 mglkg) in all seven surface soil samples; however, arsenic only 

exceeded its background value (19.9 mglkg) in one surface soil sample (611SB002) with a 

concentration of 145 mgkg. BEQs exceeded their RBC (88 pgkg) in three of seven surface soil 

samples. Chromium exceeded its RBC (39 mgtkg) and its background value (34.8 mglkg) in one 

of seven surface soil samples (61 1SB005) with a concentration of 61.4 mglkg. Copper exceeded 

its RF3C (310 mgtkg) in one of seven surface soil samples (611SB002) with a concentration of 

746 mg/kg. Copper also exceed its background value (48.2 mgjkg) in two additional surface soiI 
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samples (61 1 SB006 and 61 1 SB007). Mercury exceeded its RBC (2.3 mglkg) in two of seven 

surface soil samples (61 1SB001 and 61 1SB002). Mercury also exceeded its background value 

(0.62 mg/kg) in three additional surface soil samples (6 1 1 SB005, 6 1 1 SB006, and 6 1 1 SB007). 

Aroclor-1260 exceeded its RBC (320 pg/kg) in the single duplicate surface soil sample analyzed 

for PCBs (6 1 1 SB007) with a concentration of 370 pglkg . 

Lead 

Lead exceeded its residential screening value (400 mglkg) in two of seven surface soil samples 

(611SB002 and 611SB007), and exceeded its background value (180 mgikg) in one additional 

surface soil sample (6llSB006). Since neither a RfD nor a SF has been determined for lead by 

USEPA, it cannot be quantified in the risk assessment. However, AOC 61 1 is relatively small in 

area, and the mean lead concentration for the site is 201 mglkg, which is below its residential 

screening value. Sample designations 61 1SB002, 61 1SB006, and 61 1SB007 are in the northeast 

portion of AOC 61 1. The mean lead concentration from 61 1SB002, 61 1SB006, and 61 1SB007 

is 425 mgikg, 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 cornrnercial/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 1 

as represented by samples collected during the CSI would not be likely under a true future 2 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA would 3 

generally overestimate the risk and hazard posed to current and future site workers and future site 4 

residents. 5 

Determination of Exposure Point Concenlnalions 6 

The maximum detected soil constituent concentrations were used as the EPCs for this site. Use 7 

of maximum detected concentrations represent conservative assumptions when applied as the EPC, a 

such that it is unlikely for the maximum detected concentration to be representative of all soil 9 

constituents throughout the site. However, the lack of delineation leaves the possibility that the lo 

maximum detected concentration does not equal the maximum present concentration; therefore I 1 

underestimating actual concentrations. 12 

Frequency of Detection and Spaiial Distn'bution 13 

BEQs were detected in four of seven surface soil samples. Aroclor-1260 was detected in the 14 

single duplicate surface soil sample analyzed for PCBs. Arsenic, chromium, copper, and lead 15 

were detected in all seven surface soil samples. Cadmium was detected in four of seven surface 16 

soil samples, and mercury was detected in six of seven surface soil samples. Because inorganic 17 

COCs at AOC 61 1 were detected in nearly all surface soil samples, this would indicate either a 1s 

source of contamination exists onsite (detected concentrations predominantly greater than 19 

background values), and/or that concentrations are representative of ambient conditions (detected 20 

concentrations predominantly less than background values). 2 1 

Quantification of RisWHazard 22 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process is 23 

great. In addition, many site-specific factors have affected the uncertainty of this assessment that 24 
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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 61 1. 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 riskfhazard based on eliminated CPSSs. Of the CPSSs screened and 

eIirninated 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 risWhazard associated with background concentrations of these elements. 

The maximum surface soil concentrations of aluminum (14,300 mgkg) and beryllium (0.49 mgkg) 

for AOC 61 1 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 rng/kg) equates with an ILCR of 8E-06. 

10.6.5.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 61 1 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 pathwaylreceptor group evaluated for AOC 61 1. 

Soil - Residential Scenario 

Residential soil pathway COCs identified for AOC 61 1 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 hture 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 ~t area) rather than specific points. With this in 

mind, risk maps supplemented by the tables are useful in that they allow the reader to visuaIize 

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 61 1SB006, and secondary contributors to risk at three 

other surface soil sample locations (61 1SB002, 611SB005, and 6llSB007). Aroclor-1260 was 

also a secondary contributor to the risk estimate at 61 1SB007. Risk estimates ranged from 1E-05 

(61 1SB003) to 4E-04 (61 1 SB002). The mean risk estimate is 8E-05. 
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Table 10.6.16 
Point Estimates of Risk and Hazard - Soil Pathways 
Residential Scenario 
AOC 61 1 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 

611 001 Arsenic (As) 7.9 MGIKG 0.361 1 68.31 20.6348 100.00 
611 001 B(a)P Equiv. ND UGlKG NA NA 
611 001 Cadmium (Cd) ND MGIKG NA NA 
611 001 Chromium (Cr) 20.1 MGIKG 0.0551 10.43 NA 
611 001 Copper (Cu) 21.1 MGlKG 0.0072 1.37 NA 
611 001 Lead (Pb) 19.6 MGIKG NA NA 
611 001 Mercury (Hg) 

Total 
2.3 MGIKG 0.1 051 19.89 NA 

0.5286 20.6348 

611 002 Arsenic (As) 145 MGIKG 6.6276 84.90 378-7404 99.17 
611 002 B(a)P Equiv. 191.15 UGlKG NA 3.1655 0.83 
61 t 002 Cadmium (Cd) 4.9 MGIKG 0.0671 0.86 NA 
611 002 Chromium (Cr) 33.9 MGlKG 0.0930 1.19 NA 
61 1 002 Copper (Cu) 746 MGlKG 0.2557 3.28 NA 
611 002 Lead (Pb) 400 MGlKG NA NA 
611 002 Mercury (Hg) 16.7 MGIKG 0.7633 9.78 NA 

Total 7.8068 381 .go56 

611 003 Arsenic (As) 
611 003 B(a)P Equiv. 
611 003 Cadmium (Cd) 
611 003 Chromium (Cr) 
611 003 Copper (Cu) 
6.tl 003 Lead (P b) 
611 003 Mercury (Hg) 

Total 

Arsenic (As) 
B(a)P Equiv. 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Mercury (Hg) 

Total 

Arsenic (As) 
B(a)P Equiv. 
Cadmium (Cd) 

5.3 MGIKG 0.2423 
ND UGIKG NA 
ND MGIKG NA 
17 MGIKG 0.0466 

5.5 MGIKG 0.0019 
22.9 MGIKG NA 
ND MGlKG NA 

0.2908 

5.9 MGIKG 0.2697 
ND UGIKG NA 
ND MGIKG NA 

14.8 MGIKG 0.0406 
0.94 MGIKG 0.0003 
7.1 MGlKG NA 

0.07 MGIKG 0.0032 
0.31 38 

7.2 MGlKG 0.3291 
4.945 UGlKG NA 
0.24 MGIKG 0.0033 



Table 10.6.16 
Point Estimates of Risk and Hatard - Soil Pathways 
Residential Scenario 
AOC 61 1 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 

611 005 Chromium (Cr) 61.4 MGIKG 0.1 684 28.67 NA 
61t 005 Copper (Cu) 38.9 MGIKG 0.0133 2.27 NA 
611 005 Lead (Pb) 84.8 MGIKG NA NA 
611 005 Mercury (Hg) 1.6 MGlKG 0.0731 12.45 NA 

Total 0.5872 18.8883 

Arsenic (As) 
B(a)P Equiv. 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Mercury (Hg) 

Total 

Aroclor-1260 
Arsenic (As) 
B(a)P Equiv. 
Cadmium (Cd) 
Chromium (Cr) 
Copper (Cu) 
Lead (Pb) 
Mercury (Hg) 

Total 

11.5 MGIKG 0.5256 
4317.6 UGIKG NA 

0.92 MGlKG 0.0126 
23.4 MGlKG 0.0642 
78.2 MGIKG 0.0268 
309 MGfKG NA 
2.2 MGIKG 0.1006 

0.7298 

UGIKG NA 
MGIKG 0.5736 
UGlKG NA 
MGIKG 0.0199 
MGIKG 0.0562 
MGIKG 0.01 88 
MGIKG NA 
MGIKG 0.0708 

0.7394 
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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 (61 1 SB002). Secondary contributors consisted of cadmium, chromium, copper, and mercury. 

HI estimates ranged from 0.3 (61 1 SB003) to 8 (6 1 1 SB002), 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 industrid scenario at AOC 61 1, and a secondary contributor at one surface 

soil sample location (61 1SB006). BEQs were primary contributors to risk at 61 1SB006, and 

secondary contributors at 61 1SB002,611 SB005, and 61 1 SB007. Risk estimates ranged from 2E- 

06 (61 1SB003) to SE-05 (61 1SB002). 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 (6llSB002). 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 61 1 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk (E-06) % Risk 

611 001 Arsenic (As) 7.9 MGlKG 0.0182 1 00 2.9191 100 
611 001 B(a)P Equiv. ND UGlKG NA NA 

Total 0.0182 2.9191 

611 002 Arsenic (As) 
611 002 B(a)P Equiv. 

Total 

611 003 Arsenic (As) 
611 003 B(a)P Equiv. 

Total 

611 004 Arsenic (As) 
611 004 B(a)P Equiv. 

Total 

641 005 Arsenic (As) 
611 005 B(a)P Equiv. 

Total 

61 1 006 Arsenic (As) 
611 006 B(alP Eauiv. 

Total 

61 1 007 Arsenic (As) 
611 007 B(a)P Equiv. 

Total 

145 MGlKG 0.3334 100 53.5785 98.81 
191.15 UGlKG NA 0.6436 1.19 

0.3334 54.2221 

5.3 MGlKG 0.0122 100 1.9584 100 
ND UGtKG NA NA - 

0.01 22 1.9584 

5.9 MGlKG 0.0136 100 2.1801 100 
NO UG/KG NA NA 

0.01 36 2.1801 

7.2 MGlKG 0.0166 100 2.6605 99.38 
4.945 UGlKG NA 0.0167 0.62 

0.0166 2.6771 

1 1.5 MGlKG 0.0264 100 4.2493 22.62 
4317.6 UGIKG NA 14.5380 77.38 

0.0264 18.7873 

93.196 UGIKG NA 0.3138 6.34 
0.0289 4.951 1 
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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 61 1, 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 comrnercial/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 61 1. Soil concentrations 

ranged from 7.1 to 566.5 mg/kg. Only two of seven samples exceeded the residential cleanup 

level of 400 mgtkg, 61 1 SB007 and 6 11SB002. 

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-M. 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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Potential corrective measures, in addition to no further action for soil and respective COCs, are 1 

presented in Table 10.6.19. Corrective measures are described in Section 9. 2 

Table 10.6.19 
Potential Corrective Measures for AOC 611 
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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 Rm work plan called for a w t e  investigation for SWMU 175, these 

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

similar COPCs. 

AOC 61 3 (a RFI site) is located at the former Building 11 69, a former locomotive and crane 

repair facility which operated from the 1930s until 1985, when the budding was demolished. 

Maintenance activities included changing oil, repairing h y h u i c  systems and equipment overhaul. 

Materials released, stored, or drsposed of at the site included oil, grease, diesel fuel, and cleaning 

solvents. Numerous spills we= reported, some to the stom 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 reIeased, 

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 &eased, stored, or disposed of at the site included blast media, paint constituents, heavy 

metals, lead, acetone, xylene, and toluene. 



Zone F RCRA Facilq Investigation Report 
NA WASE Charleston 

Senion 10 - Site-Speciic Evaluations 
Revision: 0 

During 1996, the Commissioners of Public Works for the City of Charleston, SC, requested that 

GEL, Inc., conduct a pxe-lease evaluation of baseline environmental conditions at a 10.1 acre area 

encompassing most of AOCs 613 and 615. This evaluation consisted of a modifled 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 Lase  Areas, Former 

Charleston Nawl 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 (GELU14), 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 GeoIogy and Hydrogeology 

The Dm soil and groundwater sample locations associated with AOCs 6131615 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 brings were used to characterize the stratigraphy at AOCs 613 and 615 and 

S'WMU 175. The stratigmphy 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 welt borings was 36.0 ft bgs 

(61 302D). 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 6131615 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 GEL008 and 613003 is unknown. The hydraulic conductivity 

of the clay and sand deposits, calculated from slug testing, varied from 0.32 to 1.0 ftlday. 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 Mday to 2.4E-02 Mday 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 ftlday. The horizontal hydraulic gradient, based on Figure 10.7-6 was 

5.9E-04. The horizontal flow velocity was calculated at 7.1E-05 ftlday 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 I 

of the hollow stem auger procedures used for shallow well installation; the Rotasonic drilling 2 

procedures used for the onsite deep well; the DPT sampling procedures used for soil and 3 

groundwater screening sample collection; sediment and groundwater sampling procedures; and 4 

miscellaneous procedures used during the field investigation. Also discussed are the analytical 5 

protocols for sample analyses. 6 

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 6131615 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 IU. Though the work plan called for soil 

analyses to include asbestos, this analysis was not performed. Groundwater samples were 

collected at nodes which yielded 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 f m l  RFI work plan proposed the screening survey results be used to optimize I 

placement of the 10 discrete soil borings, and the three shallow and one deep monitoring wells 2 

proposed for this investigation. However, the soil screening data was of sufficient quality, and 3 

site coverage extensive enough, for this data to be used in lieu of the proposed discrete soil 4 

sampling. Therefore, no discrete soil samples were collected. Soil and groundwater screening 5 

data were used for monitoring well placement as planned. Table 10.7.1 summarizes the 6 

AOCs 613/615 and SWMU 175 screening samples and analyses. 7 

Table 10.7.1 
AOCs 6131615 and SWMU 175 
Scree* Samples Pnd Analyses 

Screening Sample Date 
Location Identiher Matrix CoUrcted Analyses Remnrks 

613SP001 61XP00101 Soil ~ 1 m  Noct 1 
SIJCPOOtOl* Note 2 h p l i i  SampIc 
6130P00101 Gmudwaer 

613SP002 613SP00201 Soil 91 13/96 Note 1 GP002-SVOAs. VOAs 
613GP00201 Groundwater See remarks only 

613SW03 613SW0301 Soil 81291% Note 1 
6i3GP00301 Groundwater 

613SP004 613SP00401 Soil 101M/% Note 1 
613GFQ0401 Groundwater 

613SP005 613SW50I Soil 101031% No@ 1 GP005-VOA$ d y  
613Gl'IMSOl G d w a t e r  See &m&r]rs 

613SP006 613SP00601 Soil 101041% Note 1 GW06-metals. SVOAs 
613GP00601 Groundwater See remarks only 

613SP@# 6i3SP00701 Soil 91121% Note 1 
51 3OW0701 Gmdwater  

613SP008 613SP00801 SOB 91131% Note 1 GWOS-VOAS only 
613GWOS01 Groundwater See remarks 

613SP009 613Spa0901 So0 81291% Note 1 UP009-VDAs only 
613GW0901 Groundwater See remarks 

613SP010 613SP01001 Soil 10/021% Note 1 
613GP01001 Groundwater 

6135PDI2 613SP01201 Soil 10110f96 Note l 
613CPU1201* Note 2 DupIicas Sample 
6t3GP01201 Gmundwakr Scc remarks 

GPOL2-VOA6 only 
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Table 10.7.1 
AOCs 6131615 and SWMU 175 
Screening Samples -& AnJysea 

scm sample Date 
Location ldentifiet Matrix Collected Analyses Remarks 

613SP013 613SP01301 Soil 10/07/96 Note 1 
613(3FO1301 aroundwater 

613SP017 613SP01701 Soil 10/03/96 Note 1 GKI 17-VOAs only 
613GP01701 Groundwater See remarks 

613SP0r8 61~POlS01  Soil lO/Q4/96 Note I 

613SP019 613SPOl901 Soil 10/07196 Note 1 
613GP01901 Groundwatex 10108/96 

513SP020 613S#12001 Soil 9fL f 196 Note 1 UwUrVOAs only 
5f 3Gf02001 Cicoundwat~r 9 1 1 2 ~  See rerrmrks 

613SP021 613SP02101 Soil 8/29/96 Note 1 
613GFW2101 Groundwater 

613SPMZ 613SPOU01 Sail 9/ 151% Nats l WVX!-VOAs only 
613GP02201 Ommiwater See remarks 

613SW23 613SPOuOl Soil 91 14/96 Note 1 

6 1 3 ~ ~ ~ 4  613SPOZ401 Soil 911 1/96 Nae 1 GPO24-metsls, VOAm 
613GKI2401 Groundwater See mmrrLs 0nb 

613SP025 613SW2501 Soil 8/28/96 Note 1 GFQ2S-SVOAs, VOAs 
613GWZH)l Groundwater 8/29/96 See remarks only 

613~~1x6 613SP02601 Soil 91151% Note 1 GeO16-VOib only 
613GW2601 Groundwater See mrrmds 

613SPO27 613SP02701 Soil 9\14/96 Note 1 GP027-VOAs only 
613GP02701 Groundwater 9/15/96 See remarls 

613SW28 613SP01801 Soil 911 11% Note 1 
6130W08l  Onxmdwater 

613SRJ29 613SW2901 Soil m8/96 Note l 
613GFQ2901 Groundwater 

613SP030 613SW3001 Soil 93281% Note 1 
613QP03001 Gmndwater 

613HP03001' Note 2 Duplicate Sample 

613SP031 613SP03101 Soil 9/14/96 Note 1 Om3 1 -metals, VOAs 
613GP03101 Groundwater See remarks only 

613SP032 613SKI3201 Soil 9110196 Note 1 
6130P03201 Grwndwnter 

613SP033 613SP03301 Soil 8/28/96 Note 1 
613GP03301 Groundwater 
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Table 10.7.1 
AOCs 6131615 and SWMU 175 
ScFeening Sampies and Analyses 

screening w f l e  Date 
Location Idf!aMer Matrix Collected Analyses Rennrlrs 

613SW34 613SPM401 Soil 9lZ%I% Nots 1 
6i3GP03401 (3mundw&r 

613SP035 613SP03501 Soil 91 16/96 Note l 
613GP03501 Groundwrter 

613SW36 613SPM601 Soil 91091% Note 1 
6136803601 Ci&wnter 

613SW37 613SP03701 Soil 8130196 Note 1 
613GP03701 Groundwater 

6f35W38 6l3SPO3801 Sail 8DW% Nota 1 
6t3QP03801 (3-w&r 9/16/96 

613SP039 613SW3901 Soil 909196 Note 1 GW31-metals, VOAs 
613GW3901 Groundwater See remarks only 

613SFQ40 613SW4001 Soil 9/13/96 Nc& 1 
613QP04001 Groundwater 

613SFQ41 613SP04101 Soil 91101% Note 1 
613GP04101 Groundwater 

613HW0101* Note 2 Duplicate Sample 

613SPOr12 613SP04201 Soil 9/03/% Note 1 
6130W4201 Groundwater 

613SW43 61 3SFQ4301 Soil 9/09/96 Note 1 
613QP04301 Groundwater 

6 1 3 S W  613Spo.4401 Soil 8/27&6 Note l 
6I3GW4401 Groundwater 

613SP045 613SFQ4501 Soil 9/29/96 Note l 

613SP046 613SP04601 Soil 10/09/96 Note 1 
6130P0460I Groundwater 

613SFU47 613SP04701 Soil 10/08/96 Note 1 
6130P04701 Groundwater 

613SP048 613SF04801 Soi I 91 101% Note 1 
6130W4801 Groundwater 

613SP049 613SFW901 Soil 9/09/96 Note 1 
613GP04901 Groundwater 

613SW50 613SPO5001 Soil 9/04/96 Note 1 
6130e05001 Cjmundwrter 

613HP05001* Note 2 DupIicrtc Sample 

613SP051 613SP05101 Soil 8/27/96 Note l 
613GP05101 Groundwater 
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Table 10.7.1 
AOCs 6131615 a d  mYMU 175 
Screening Samples and Annlyss 

screening Sam& Date 
Laation ldea6iher Matrix Collected Analyses RemarLs 

6f3SPOS2 6I3SFU5201 Soil 10/D9/96 Note 1 
6i36~05201 Omundwrtdr 

613SP053 613SP05301 Soil 9/17/96 Note 1 OP053-VOAs only 
613GP05301 aroundwater See remarks 

613SP054 613SP05401 Soil 91171% Notc 1 OP054-VOAs only 
623GP05401 t3cinmdwltcr See mmnrka 

613SP055 613SP05501 Soil 9/13/96 Note 1 

613SPO56 613SKJMOl Soil 91031% Note i OP056-VOAp only 
6l3C3FO5601 t3mundwaw.r Set remorka 

613SP057 613SKl5701 Soil 8/30/96 Note 1 
613GP05701 Groundwater 

6 13SW59 613SP05901 Soil 9/03/96 Note 1 
613GP05901 Groundwater 

613s- 613SP06001 Soil 9/03/96 Note I 
613GPaM101 Grwndwakt 9/04/!?6 

613SW61 613SP06101 Soil 9/16/96 Note 1 

613SFQ62 613SP06201 Soil 9J 1 6/96 Note I 

613SP063 613SFQ6301 Soil 10116/96 Note l 
613OP06301 Groundwater 

Soil 10lI5/96 Note 1 
Groundwater 

Soil 10114196 Note 1 
Note 2 Duplicate Sample 

Groundwater Note 1 
Note 2 Duplicale Sample 

Soil 10/13/96 Note 1 
Note 2 Dupficate Sample 

Groundwater 

613SP067 613SP06701 Soil lot1 1/96 Note 1 
613CPO6701* Note 2 Duplicate Sample 
613GP06701 Groundwater 10/12196 
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Table 10.7.1 
AOCs 6131615 and SWMU 175 
Screening Samples md Analyses 

Screening Sample Date 
~acatioa ~dentifiu Matrix Collected Analyses Remarks 

6t3SW68 613Sm01 Soil lD/1OISi4 Nore 1 l3PCJa-W 
613CP06801* Nott2 I)lrplktc Sampk 
61 3GPQ6801 Oioundwnter IO/lt1% See #math VOAs fly. 
6t3-1* N e Z  Duplbtc SmpIe 

Notec 
1 
2 

= SW-846 (metals. SVOAs, VOAs) at DQO Level 111. 
= Appendix IX suite: Appendix IX (pesticideslPCBs, herbicides, SVOAs. VOAs); SW-846 (metals, dioxins. OP-pesticides): cyanides; 

hexchrome at DQO Level W. 
= Duplicate sample. 

10.7.3.1 Nature of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.7.2. Inorganic analpcal 

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 6131615 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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Revision: 0 

Pesticides and PCBs in SoiI 

No pesticides or PCBs were detected in soil samples collected at the combined sites. 

Other Organic Compounds in Soil 

Dioxin (2,3,7,8-TCDD TEQ) was detected in one surface soil duplicate sample below its RBC. 

Inorganic Elements in Soil 

Twenty-three metals were detected in surface soil samples. Concentrations of aluminum, arsenic, 

beryllium, chromium, iron, manganese, thallium, and vanadium exceeded their respective RBCs. 

Figures 10.7-10 through 10.7-16 illustrates the distribution of these metals in surface soil at the 

combined site. No metals were detected in the subsurface soil sample exceeding SSLs. 

10.7.4 Sediment Sampling and Analysis 

The approved final RFI work plan proposed three sediment samples to assess the impact of 

contaminants reportedly introduced via disposal through drains to the sanitary sewer system 

traversing the area. Two sediment samples (613M0001 and 613M0002) were collected during the 

investigation, as depicted in Figure 10.7-2. Sediment samples were analyzed for metals, cyanide, 

SVOAs, and VOAs at DQO Level 111, as specified for in the approved f m l  RFl work plan. 

Asbestos analyses were not performed. One duplicate sample was analyzed for Appendix IX 

parameters at DQO Level IV. Table 10.7.4 summarizes the AOCs 6131615 and SWMU 175 

sediment samples and analyses. 

10.7.4.1 Nature of Contamination in Sediment 

Organic compound analytical results for sediment are summarized in Table 10.7.5. Inorganic 

analytical results for soil are summarized in Table 10.7.6. Table 10.7.7 summarizes anafytes 

detected in sediment at the combined site. 



L
E

G
E

N
D

: 
-
 

D
P

T 
LO

C
A

TIO
N

 

1
1

9
.9

 
m

g
/k

g
 

>
19.9 

m
g

/k
g

 

/
*
 7 

A
P

P
R

O
X

IM
P

,TE
 

E
X

TE
N

T 
l

-
~

 

N
O

T
E

S
: 

1
9

.9
 

m
g

/kg
 

=
 

Z
O

N
E

 
F

 
B

A
C

K
G

R
O

U
N

D
 

C
O

N
- 

C
E

N
rR

A
T

lO
N

 
FO

R
 

A
R

S
E

N
IC

 
IN

 
S

U
R

F
A

C
E

 
S

O
lL 

T
H

IS
 

D
E

P
IC

TIO
N

 
A

S
S

U
M

E
S

 
H

O
M

O
G

E
N

O
U

S
 

S
O

lL 
C

O
N

D
ITIO

N
S

 

A
LL 

R
E

S
U

LT
S

 
IN

 
m

g
/kg

 

N
T 

=
 

S
A

M
P

LE
 

N
O

T T
A

K
E

N
 

1
0
0
 

0
 

1
0

0
 

S
C

A
LE

 
IN

 
FEET 

Z
O

N
E

 F
 

R
C

R
A

 F
A

C
IL

IT
Y

 
IN

V
E

S
T

1
 G

A
T

1
 O

N
 R

E
P

O
R

T
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
L

E
S

T
O

N
 

C
H

A
R

L
E

S
T

O
N

, S
.C

. 

F
IG

U
R

E
 10.7-11 

A
R

S
E

N
IC

 IN
 S

U
R

F
A

C
E

 S
O

IL
 

A
O

C
 613 

8r 
615 

A
N

D
 

S
W

M
U

 1
7

5
 

D
ate: 

18 
D

E
C

 9
7

 
I D

w
G

 N
am

e: 29F
N

E
W

O
 



L
E

G
E

N
D

 
-
 

D
P

T
 

LO
C

A
TIC

N
 

0
 

1
1

.0
5

 m
g

/kg
 

>
1

.0
5

 
rn

g
/h

g
 

7
 

A
P

P
R

O
X

IM
A

TE
 

E
X

TE
N

T 

N
O

T
E

S
: 

1
.0

5
 

m
g

/k
g

 
=

 
Z

O
N

E
 

F
 

B
A

C
K

G
R

O
U

N
D

 
C

O
N

- 
C

E
N

TR
A

TIO
N

 
FO

R
 

B
E

R
Y

LLIU
M

 
IK

 
S

U
R

F
A

C
E

 
S

O
lL 

-H
IS

 
D

E
P

IC
TIO

N
 

A
S

S
U

M
E

S
 

H
O

M
O

G
E

N
O

U
S

 
S

O
lL 

C
O

N
D

ITIO
N

S
. 

A
LL 

R
E

S
U

LTS
 

IN
 

m
g

/kg
 

N
T 

=
 

S
A

M
P

LE
 

N
O

T 
TA

K
E

N
 

N
D

 
=

 
N

O
T 

D
E

TE
C

TE
D

 

1
0
0
 

0
 

1
0
0
 

S
C

A
LE

 
IN

 
FE

E
T 

Z
O

N
E

 F
 

R
C

R
A

 F
A

C
IL

IT
Y

 
l N

V
E

S
T

lG
A

T
l O

N
 R

E
P

O
R

T
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
L

E
S

T
O

N
 

C
H

A
R

L
E

S
T

O
N

, S
.C

. 

F
IG

U
R

E
 10.7-12 

B
E

R
Y

L
L

IU
M

 IN
 S

U
R

F
A

C
E

 S
O

IL
 

A
O

C
 6

1
3

 &
 6

1
5

 
A

N
D

 S
W

M
U

 175 
D

ate: 
18 

D
E

C
 9

7
 

D
W

C
 

N
a

m
e

: 
2

9
F

N
E

W
O

! 



L
E

G
E

N
D

: 
-
 

-
 

D
P

T
 

LO
C

A
TIO

N
 

//-
; 

A
P

P
R

O
X

IM
A

TE
 

E
X

T
E

N
T

 
(
-
 '
 

N
O

T
E

S
: 

m
g

/k
g

 
=

 
R

B
C

 
FO

R
 

S
U

R
F

A
C

E
 

S
O

IL(U
S

E
P

A
 H

E
X

A
V

A
LE

N
T

 C
H

R
O

M
IC

 
1

9
9

6
b

). 

T
H

IS
 

D
E

P
IC

TIO
N

 
A

S
S

U
M

E
S

 
H

O
M

O
G

E
N

O
U

S
 

S
O

lL 
C

O
N

D
ITIO

N
S

. 

A
LL 

R
E

S
U

LT
S

 
IN

 
m

g
/k

g
 

N
T 

=
 

S
A

M
P

LE
 

N
O

T 
TA

K
E

N
 

N
D

 
=

 
N

O
T 

D
E

TE
C

TE
D

 

S
C

A
LE

 
IN

 
FE

E
T 

Z
O

N
E

 F
 

R
C

R
A

 F
A

C
IL

IT
Y

 
IN

V
E

S
T

IG
A

T
IO

N
 R

E
P

O
R

T
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
L

E
S

T
O

N
 

C
H

A
R

L
E

S
T

O
N

, S
.C

. 

F
IG

U
R

E
 10.7-13 

C
H

R
O

M
IU

M
 IN

 S
U

R
F

A
C

E
 S

O
lL

 
A

O
C

 613 8
 615 

A
N

D
 S

W
M

U
 175 

D
ote: 

18 
D

E
C

 9
7

 
I DW

G
 

N
a

m
e

: 2
9

F
N

E
W

O
 



L
E

G
E

N
D

: 
-
 

-
 

D
P

T
 

LO
C

A
TIO

N
 

0
 

1
3

0
7

 
m

g
/k

g
 

>
3

0
7

 
rn

g
/kg

 

/
 

A
P

P
R

O
X

IM
A

T
E

 
E

X
TE

N
T 

i
d

/
 

N
O

T
E

S
: 

-
-
 

3
0

7
 

m
g

/k
g

 
=

 
Z

O
N

E
 

F 
B

A
C

K
G

R
O

U
N

D
 

C
O

N
- 

C
E

N
TR

A
TIO

N
 

FO
R

 
M

A
N

G
A

N
E

S
E

 
IN

 
S

U
R

F
A

C
E

 
SO

1 

T
H

IS
 

D
E

P
IC

T
IO

N
 A

S
S

U
M

E
S

 
H

O
M

O
G

E
N

O
U

S
 

S
O

lL 
C

O
N

D
IT

IO
N

S
 

A
LL 

R
E

S
U

LT
S

 
IN

 
rn

g
/kg

 

N
T 

=
 

S
A

M
P

LE
 

N
O

T 
TA

K
E

N
 

N
D

 
=

 
N

O
T

 
D

E
TE

C
TE

D
 

1
0
0
 

0 
100 

S
C

A
LE

 
IN

 
FE

E
T 

Z
O

N
E

 F
 

R
C

R
A

 F
A

C
IL

IT
Y

 
IN

V
E

S
T

IG
A

T
IO

N
 R

E
P

O
R

T
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
L

E
S

T
O

N
 

C
H

A
R

L
E

S
T

O
N

, S
.C

. 

F
IG

U
R

E
 10.7-14 

M
A

N
G

A
N

E
S

E
 IN

 S
U

R
F

A
C

E
 S

O
IL

 
A

O
C

 6
1

3
 &

 615 
A

N
D

 S
W

M
U

 1
7

5
 

D
ate 

18 
D

E
C

 9
7

 
I DW

G
 

N
am

e 
Z

B
F

N
E

W
O

 



L
E

G
E

N
D

: 
-
-
-
 

-
 

D
P

T
 

LO
C

A
TIO

N
 

/ @
 -, 

A
P

P
R

O
X

IM
A

TE
 

E
X

TE
N

T 
(

-
4

 

N
O

T
E

S
: 

0
.6

3
 

m
g

/k
g

 
=

 
R

B
C

 
FO

R
 

T
H

A
LLIU

M
 

IN
 

S
U

R
F

A
C

 
S

O
lL 

(U
S

E
P

A
 

1
9

9
6

b
). 

T
H

IS
 

D
E

P
IC

T
IO

N
 A

S
S

U
M

E
S

 
H

O
M

O
G

E
N

O
U

S
 

S
O

lL 
C

O
N

D
IT

IO
N

S
. 

A
LL 

R
E

S
U

LT
S

 
IN

 
m

g
/kg

 

N
T 

=
 

S
A

M
P

LE
 

N
O

T 
TA

K
E

N
 

N
D

 
=

 
N

O
T 

D
E

TE
C

TE
D

 1
0
0
 

3 
1
0
0
 

S
C

A
LE

 
IN

 
FE

E
T 

Z
O

N
E

 F
 

R
C

R
A

 F
A

C
IL

IT
Y

 
IN

V
E

S
T

IG
A

T
IO

N
 R

E
P

O
R

T
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
L

E
S

T
O

N
 

C
H

A
R

L
E

S
T

O
N

. S
.C

. 

F
IG

U
R

E
 10.7-15 

T
H

A
L

L
IU

M
 IN

 S
U

R
F

A
C

E
 S

O
IL

 
A

O
C

 6
1

3
 &

 615 
A

N
D

 S
W

M
U

 1
7

5
 

D
ate: 

18 
D

E
C

 9
7

 
I DW

G
 

N
am

e: 2
9

F
N

E
W

O
I 



L
E

G
E

N
D

: 
-
-
-
 

-
 

D
P

T
 

LO
C

A
TIO

N
 

0
 

1
5

5
 w

l/k
g

 

a
 

>
5

5
 

m
q

/k
g

 
/
@

 7 
A

P
P

R
O

X
IM

A
TE

 
E

X
TE

N
T 

l
d
/
 

N
O

T
E

S
: 

-
-
 

5
5

 
m

 
/kg

 
=

 
R

B
C

 
FO

R
 

V
A

N
A

D
IU

M
 

IN
 

S
U

R
FA

C
F 

S
O

IL 
?U

S
E

P
A

 
1

9
9

6
b

). 

T
H

IS
 

D
E

P
IC

T
IO

N
 A

S
S

U
M

E
S

 
H

O
M

O
G

E
N

O
U

S
 

S
O

lL 
C

O
N

D
IT

IO
N

S
. 

A
LL 

R
E

S
U

LT
S

 
IN

 
m

g
/kg

 

N
T 

=
 

S
A

M
P

LE
 

N
O

T
 T

A
K

E
N

 

N
D

 
=

 
N

O
T

 
D

E
TE

C
TE

D
 

1
0

0
 

0 
100 

S
C

A
LE

 
IN

 
FEET 

Z
O

N
E

 F
 

F
IG

U
R

E
 10.7-16 

R
C

R
A

 F
A

C
IL

IT
Y

 
V

A
N

A
D

IU
M

 IN
 S

U
R

F
A

C
E

 S
O

lL
 

IN
V

E
S

T
IG

A
T

IO
N

 R
E

P
O

R
T

 
A

O
C

 6
1

3
 8r 

6
1

5
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
L

E
S

T
O

N
 

C
H

A
R

L
E

S
T

O
N

, S
.C

. 
D

ate: 
18 

D
E

C
 9

7
 

DW
G

 
N

am
e: 29F

N
E

W
O

5 



L
E

G
E

N
D

: 
-
 

D
P

T 
LO

C
A

TIO
N

 

/
*
 '; 

A
P

P
R

O
X

IM
A

TE
 

E
X

TE
N

T 
\-' 

N
O

T
E

S
: 

-
-
 

1
8

5
0

0
 m

g
/k

g
 

=
 

Z
O

N
E

 
F

 
B

A
C

K
G

R
O

U
N

D
 

C
O

N
- 

C
E

N
TR

A
TIO

N
 

FO
R

 
A

LU
M

IN
U

M
 

IN
 

S
U

R
F

A
C

E
 

S
O

IL. 

T
H

IS
 

D
E

P
IC

T
IO

N
 

A
S

S
U

M
E

S
 

H
O

M
O

G
E

N
O

U
S

 
S

O
lL 

C
O

N
D

IT
IO

N
S

. 

A
LL 

R
E

S
U

LT
S

 
IN

 
m

g
/kg

 

h
T

 
=

 
S

A
M

P
LE

 
N

O
T T

A
K

E
N

 

1
0

0
 

0
 

1
0
0
 

S
C

A
LE

 
IN

 
FE

E
T 

Z
O

N
E

 F
 

R
C

R
A

 F
A

C
IL

IT
Y

 
IN

V
E

S
T

IG
A

T
IO

N
 R

E
P

O
R

T
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
L

E
S

T
O

N
 

C
H

A
R

L
E

S
T

O
N

. S
.C

. 

F
IG

U
R

E
 10.7-10 

A
L

U
M

IN
U

M
 

IN
 S

U
R

F
A

C
E

 S
O

IL
 

A
O

C
 6

1
3

 &
 6

1
5

 
A

N
D

 S
W

M
U

 175 
D

ate: 
16 

D
E

C
 9

7
 

I D
W

G
 

N
am

e: 
2

9
F

N
E

W
( 



Zone F RCRQ Facility Investigation Repon 
NAVBASE Charleston 
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Table 10.7.4a 
Zone F 

AOCs 6131615 and SWMU 175 
Sediment Samples and Analyses 

Boring Location Sample Idenifier Date Collected Analyses Remarks 

Note 1 
Note 2 Duplicate Sample 

613MOW2 613M000201 9/27/96 Note f 

61 3M0003 N A N A N A Not Sampled 

Notes: 
1 = SW-846 (metals. SVOAs, VOAs); cyanides at DQO Level III 
2 = Appendix M suite: Appendix IX @esticideslPCBs, herbicides, SVOAs, VOAs): SW-846 (metals. dioxins. 

OP-pesticides); cyanide; hex-chrome at DQO Level IV 
* = Duplicate sample 

Table 10.7.5 
Zone F 

AOC 6131615 and SWMU 175 
Organic Compound Analytical Results for Sediment 

Frequency Range of Mean of 
of Detections Detections 

Parameters Detection bgflrg) bglkg) 

Volatile Organic Compounds (Ccgkg) 

Trichloroethene 1/2 2.00 2.00 

Semivolatile Organic Compounds (pglkg) 

B(a)P Equiv. 2R 122 - 568 345 

Acenaphthene 112 71.0 71.0 

Bemoic acid 1 12 51 .O 51.0 
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Section 10 - Site-Specific E v a ~ o n s  
Revision: 0 

Table 10.7.5 
Zone F 

AOC 6131615 and SWMU 175 
Organic Compound Analytical Results for Sediment 

Frequency Range of Mean of 
of Detections Detections 

Parameters Detection ww 

Chry sene 212 115 - 470 293 

Fluorene 112 72.0 72.0 

Phenanthrene 212 109 - 520 3 15 

Dioxin (2+3,7,8-TCDD TEQ') 111 1.15 1.15 

Notes: 
1 = Calculated from methods described in USEPA Interim Supplemenfa1 Guidance to RAGS: Human Health Risk 

Assessmenr. Bulletin 2 (USEPA. 1995b) 
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Table 10.7.6 
Zone F 

AOC 613/615 and SWMU 175 
Inorganic Analytical Results for Sediment 

Frequency Range of Mean of 
of Detections Detections 

Paramenters Detection b%kg) (dh$ 

Inorganics (2 Samples Plus 1 Duplicate Sample) (m%kg) 

Alummum 212 3970 - 12200 8090 

Arsenic 212 4.25 - 11.7 7.98 

Cadmium 212 0.820 - 0.900 0.860 

Chrom~um 212 19.0 - 27.3 23.1 

Cobalt 2f2 3.20 - 3.35 3.28 

Copper 1 I2 58.6 58.6 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 112 0.0550 0.0550 

Nick1 2l2 15.6 - 41.3 28.5 

Potassium 

Vanadium 
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Table 10.7.7 
Zone F 

AOC 6131615 and SWMU 175 
Analytes Detected in Sediment Samples 

Parameters Loeation Concentration 

Volatile Organic Compounds W g )  

Trichloroethene 613MOOM 2.0000 

Semivolatile Organic Compounds (Crglkg) 

Ace~taphthene 613MootYz 71.0000 

Anthracene 613M0002 140.0000 

Benzo(a)py rene 

Benzoic acid 613M0001 51.0000 

Chrysene 

Fluoranthene 

Fluorene 

Phenanthrene 
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Table 10.7.7 
Zone F 

AOC 6131615 and SWMU 175 
Analytes Detected in Sediment Samples 

Parameters Location Concentration 

Pyrene 613M0001 165.0000 
613M0002 880.0000 

Pesticides 

4.4 '-DDE 613M0001 10.0000 

Heptachlor epoxide 613M0001 1.6000 

Inorganics (mgkg) 

Aluminum (Al) 613MOOO1 3970.0000 
613MOOM 12200.0000 

Arsenic (As) 613MOQ01 4.2500 
613MOo(n 11.7000 

Barium (Ba) 

Cadmium (Cd) 

Calcium (Ca) 

Chromium (Cr) 613M0091 18.9500 
613M0002 27.3000 

Cobalt (Co) 

Cyanide (CN) 6 13M000 1 1 ,0950 

iron (Fe) 

Lead(Pb) 
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Table 10.7.7 
Zone F 

AOC 6131615 and SWMU 175 
Anatytes Detected in Sediment Samples 

Parameters Locoltion Concentration 

Manganese (Mn) 

Nickel (Ni) 

Vanadium (V) 

Zinc CZn) 613M0001 100.2000 
613M0002 90.2000 

The following sections discuss sediment sample analytical results relative to detected soil 

parameters as an indication of soil contaminant migration via storm water flow. Given that this 

sediment was collected from engineered structures (storm catch basins, storm water culverts, etc.), 

it is not true sediment generated in a native setting, and therefore, is not compared to reference 

concentrations or other criteria. The storm sewer system will be addressed in the Zone L RFI. 

Volatile Organic Compounds in Sediment 

Trichloroethene was the only VOC detected in sediment. This VOC was also detected in nine of 

the soil samples. 

Semivolatile Organic Compounds in Sediment 

Eighteen SVOCs were detected in sediment samples. Each of the compounds was also present in 

site soil samples. 
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Pesticides and PCBs in Sediment 

Three pesticides, 4,4'-DDE, heptachlor epoxide and gamma-chlordane were detected in sediment 

samples. No pesticides were detected in soil samples at the combined site. PCBs were not 

detected in the duplicate sediment sample. 

Other Organic Compounds in Sediment 

Dioxin (2,3,7,8-TCDD TEQ') was detected in the duplicate sample. Dioxin was also detected in 

soil samples at the site. 

Inorganic Elements in Sediment 

Seventeen metals and cyanide were detected in sediment samples. Cyanide was the only analyte 

detected in sediment that was not detected in site soil samples. 

10.7.5 Groundwater Sampling and Analysis 

The approved final RFI work plan proposed the installation and sampling of three shallow and one 

deep monitoring well within the AOCs 6131615 and SWMU 175 area to: (1) assess groundwater 

quality, and (2) identify contaminants which may be migrating fiom the site in the shallow aquifer. 

Four shallow and one deep wells were actually installed. Shallow wells were installed at 

approximately 1 2 4  bgs in an upper sand layer of the Wando Formation. The deep well was 

installed to about 2 9 3  bgs. Nine existing shallow monitoring wells, installed during GEL'S 

investigation of the AOCs 613/615 and SWMU 175 area were also included in the investigation 

(see Figure 10.7-2). In accordance with the approved final RFI work plan, groundwater samples 

were analyzed at DQO Level 111 for metals, SVOAs, and VOAs. Table 10.7.8 summarizes the 

groundwater samples and analyses at these sites. 
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Table 10.7.8 
Zone F 

AOCs 613/615 and SWMU 175 
Groundwater Samples and Analyses 

Well Number Well Depth Sample Identifier Date Sampled Analyses Remarks 

613001 Shallow 61300101* 1 t /2Q#% Notes 1/2* 

6 1302D &P 61302D01 11/21/96 Note I 

613003 Shallow 6 130030 1 11/18/% Note 1 

613004 Shallow 61300401 11/12/96 Note 1 

613005 Shallow 61300501 l l/Uf/% Note 1 

240003 Shallow 24000301 11/18/96 Note 1 

G E W S  Sallow GEux1501 11/18/96 Note 1 

GEL006 Shallow GEL0060 1 11/12/96 Note 1 

GEL007 Shallow GEL0070 f 1 i /10/96 Note 1 

GELOO8 Shallow GEL00801 11110/96 Note 1 

1 1/12/96 Note 1 
* 

GEL012 Shallow ~ ~ ~ 1 2 0 1 *  11/12/96 Notes 112 

GEL013 Shallow GEL01301 11/12196 Note1 

Notes: 
1 = SW-846 (metals, SVOAs, VOAs) at DQO Level 111. 
2 = Appendix IX suite: Appendix IX (pesticideslPCBs, herbicides, SVOAs, VOAs); SW-846 (metals, 

dioxins, OP-pesticides); cyanide; hex-chrome at DQO Level IV. 
* = Duplicate sample collected. 

10.7.5.1 Nature of Contamination in Groundwater I 

Organic analytical results for groundwater are summarized in Table 10.7.9. Inorganic analytical 2 

results for groundwater are summarized in Table 10.7.10. Table 10.7.1 1 presents a summary of 3 

the analytes detected at the combined site. 4 



Zo
ne
 F

 R
C

R
A

 F
ac

ili
ty

 Z
nv

es
tig

ar
io

n 
R

ep
or

t 
N

A 
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
10

 -
 Si

te
-S

pe
cf

lc
 E

va
lw

at
io

nr
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
7.

9 
Zo
ne
 F

 
A

O
C

 6
13

16
15

 a
nd

 S
W

M
U

 1
75

 
O

rg
an

ic
 A

na
ly

lic
al

 R
es
ul
ts
 l

or
 S

h8
llo

w
 a

nd
 D

ee
p 

G
ro

un
dw

at
er

 

Nu
mb
er
 o

f 
F

re
q

u
en

cy
 

R
an

ge
 o

f 
M

ea
n
 o

f 
T

ap
 W

at
er

 
Sa

m
pl

es
 

of
 

D
et

ec
tio

ns
 

D
et

ec
tio

ns
 

RB
C'
 

M
C

W
SM

C
L

' 
E

xc
ee

di
ng

 
P

ar
am

et
er

s 
In

te
rn

al
 

D
et

ec
tio

n 
( 
c(

sl
W

 
( 

~
@

k
g

) 
b

f
i 

b
d

b
9 

R
B
C
 

V
ol

at
ile

 O
rg

an
ic

 C
or

np
on

ds
 ( 

pg
/k

g)
 

1,
l-

D
ic

hl
om

th
an

o 
Sh

al
lo

w
 

1.
13

 
2.

00
 

2.
00

 
81

 
N
L
 

0 
D

~C
P

 
O

li 
N
D
 

N
D
 

0 

1.
2-

D
ic

N
or

oe
th

en
e (

to
ta

l) 

B
en

ze
ne

 

C
ar

bo
n 

di
su

lfi
de

 

Sh
al

lo
w

 
3/

13
 

D
ee

p 
01

 1
 

Sh
al

lo
w

 
1/

13
 

38
00

 
38

00
 

0.
36

 
5 

D
ee

p 
01

 1
 

N
D
 

NJ
) 

Sh
al

lo
w

 
1/

13
 

D
ee

p 
11

1 

Sh
al

lo
w

 
1/

13
 

B
P

 
01

1 

Sh
al

lo
w

 
1/

13
 

D
ee

p 
01

 1 

T
ol

ue
ne

 
S

M
b

w
 

3,
13

 
1.o

oO
 - 4

90
0 

16
30

 
75

 
If

lo
o

 
I
 

D
ee

p 
11

1 
24

.0
 

24
.0

 
0 

Sh
al

lo
w

 
1/

13
 

D
ee

p 
W

1 



Zo
ne

 F
 R

C
R

A
 F
ac
il
it
y 

In
ve

st
ig

at
io

n 
R

ep
on

 
N

A
 V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
I0

 -
 Sit

e-
Sp

ec
if

ic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 

0
 

T
ab

le
 1

0.
7.

9 
Z

on
e 
F 

A
O

C
 6

13
16

15
 a

nd
 S

W
M

U
 1

75
 

O
rg

an
ic

 A
na

ly
tic

al
 R
es
ul
ts
 f

or
 S

ha
llo

w
 a

nd
 D

ee
p 

G
ro

un
dw

at
er

 

Nu
mb
er
 o
f
 

F
re

qu
en

cy
 

R
a
n
g
e
 o

f 
M
e
a
n
 o

f 
T

ap
 W

at
er

 
Sa

m
pl

es
 

of
 

D
et

ec
tio

ns
 

~e
te

ct
io

n
s 

R
B
C
*
 

M
C

L
IS

M
C

L
' 

P
ar

am
et

er
s 

L
nt

er
va

l 
D

et
ec

tio
n 

( 
~

d
k

g
)

 
( 

&
!flu

!) 
b

%
L

 
(c

cg
lk

g)
 

R
B
C
 

Se
m

iv
ol

at
ile

 O
rg

an
ic

 C
om
po
un
ds
 (

 ~
~
l
k
g
)
 

A
ce

na
ph

th
cn

e 
Sh

al
lo

w
 

1/
13

 
21

00
00

 
21

00
00

 
22
0 

N
L
 

1 
D

ee
p 

01
 1

 
N

D
 

N
D

 
0 

B
en

zo
ic

 a
ci

d 

bi
~(

2-
et

hy
lh

ex
yl

)p
hW

at
c 

N
ap

ht
ha

le
ne

 

Sh
al

lo
w

 
1/

13
 

1 .
oo
o 

&P
 

01
1 

N
D
 

S
ha

llo
w

 
11

13
 

D
~

P
 

01
 1 

Sh
al

lo
w

 
21

 13
 

1.
00

0 
- 3

40
00

0 
17

00
00

 
15

0 
N

L
 

M
P
 

01
 1

 
N
D
 

N
D
 

S
ha

llo
w

 
1/

13
 

D
ee

p 
01

 1 

Sh
al

lo
w

 
1/

13
 

D
ee

r,
 

01
 1

 



Zo
ne

 F
 R
CR
A 

F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
or

t 
N
A
V
B
A
S
E
 C

ha
rl

es
to

n 
Se
ct
io
n 
10
 -
 Sit

e-
Sp
ec
ij
ic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
7.

9 
Z

on
e 

F 
A

O
C

 6
13

/6
15

 a
nd

 S
W

M
U

 1
75

 
O

rg
an

ic
 A

na
ly

tic
al

 R
es

ul
ts

 fo
r 
Sh
al
lo
w 

pn
d 

D
ee

p 
G

ro
un

dw
at

er
 

N
um

be
r 

of
 

Fr
eq

ue
nc

y 
R

Pn
ge

 o
f 

Me
an
 o

f 
T

ap
 W

at
er

 
Sa

m
pi

w
 

of
 

D
et

ec
tio

ns
 

D
et

ec
tio

ns
 

RB
C'
 

M
C

L
IS

M
C

L
' 

E
xm

di
nd

 
P

ar
am

et
er

s 
In

te
rv

al
 

D
et

ec
tio

n 
( 

~
d

lr
g

) 
( 
@k
g)
 

(r
cg

/L
 

Lu
%

k!d
 

R
B
C
 

T
P
H
 

G
as

ol
in

e 
S

M
lo

w
 

11
1 

19
50

00
0 

19
50

00
Q

 
N
L
 

N
L
 

N
A
 

D
ee

p 
01

0 
N
A
 

N
A

 
N
A
 

N
 A

 
N

A
 

-
.

 
-
 

D
io

xi
n 
(n
gl
kg
) 

D
io

xi
n 

(2
.3

.7
.6

-T
C

D
D

 T
EQ
')
 

Sh
al

lo
w

 
ID
 

0.
30

5 
0.

30
6 

D
ee

p 
OE

O 
N
A
 

N
A

 
N
A
 

N 
A

 
N
A
 

N
ot

es
: 

N
L
 

=
 

N
ot

 li
st

ed
 

N
A

 
=

 
N

ot
 a

pp
lic

ab
le

 
=

 
T

ap
 w

at
er

 R
BC
s 

(T
H

Q
=0

.1
) 

an
d 

M
C

L
sI

SM
C

L
s w

er
e 

us
ed

 a
s 

re
fe

re
nc

e 
co

nc
en

tr
at

io
ns

. 



Zo
ne

 F
 R
CR
A 

F
ac

ili
ty

 I
nv

es
tig

at
io

n 
R

ep
or

t 
N

A
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
10

 -
 Si

te
-S

pe
c@

= E
va

lu
at

io
ns

 
-
 

~
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
7.

10
 

Zo
ne

 F
 

A
O

C
 6

13
16

15
 a

nd
 S

W
M

U
 1

75
 

In
or

ga
ni

c 
A

na
ly

tic
al

 R
es
ul
ts
 f

or
 S

ha
llo

w
 a
nd
 D

ee
p 

G
ro

un
dw

at
er

 

h
t

3
e

 
Me
an
 

N
um

be
r 

of
 

F
re

qu
en

cy
 

of
 

of
 

T
ap

 W
at

er
 

Sa
m

pl
es

 
of

 
D

et
ec

ti
on

s 
D

et
ec

lio
m

 
R

B
C

* 
M

C
L

~S
M

C
L

* 
EX
- 

P
ar

am
et

er
s 

In
te

rv
al

 
D

et
ec

ti
on

 
(m

%
w

 
(m

gl
kg

) 
b
d
L

) 
(@
kg
) 

R
B

C
s 

In
or

ga
ni

a(
5 

D
ee

p 
Sn

m
pl

es
) 

()r
g/

L)
 

A
lu

m
in

um
 

Sh
al

lo
w

 
13

/1
3 

0.
91

0 
- 2a

oo
O

 
45

30
 

37
00
 

Jo
 

3 
D

ew
 

11
1 

46
5 

4
5
 

0 

A
nt

im
on

y 

A
rs

en
ic

 

Ba
ri

um
 

B
er

yl
liu

m
 

C
ad

m
iu

m
 

C
hr

om
iu

m
 

Sh
al

lo
w

 
11

13
 

D
ee

p 
01

 I 

Sh
al

lo
w

 
12

11
3 

1 .
M 

- 72
.0

 
14

.7
 

0.
04

5 
D

ee
p 

11
1 

4.
70

 
4.

70
 

Sh
al

lo
w

 
13

11
3 

1.
20

 - 
11

1 
D

ee
p 

11
1 

23
2 

Sh
al

lo
w

 
2/

13
 

1.
m

- 1
.9

0 
D

ee
p 

11
1 

0.
77

0 

Sh
al

lo
w

 
3/

13
 

0.
30

0 
- 2

.7
0 

1.
31

 
1.

8 
5 

1 
D

ee
p 

01
 1 

N
D

 
N

D
 

0
 

Sh
al

lo
w

 
81

13
 

0.
27

0 
- 4

2.
7 

12
.6

 
18

 
10

0 
2 

D
ee

p 
It

1 
3.

40
 

3.
40

 
0 

S
h

al
l~

w
 

7/
13

 
2.

00
 - 

10
4 

2
8

2
 

22
0 

N
L
 

0 
D

ee
p 

01
 1

 
m

 
N
D
 

0
 

Sh
al

lo
w

 
4/

13
 

3.
30

 - 
19

.8
 

11
.4

 
15

0 
lo

o
0
 

0 
D

ee
p 

01
 1 

N
D

 
N
D
 

0 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

on
 

N
A

 V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

10
 -
 Sit

e-
Sp

ec
if

ic
 E

va
lu

at
io

nr
 

R
ev

is
io

n:
 

0 

T
ab

le
 1

0.
7.

10
 

Z
on

e 
F

 
A

O
C

 6
13

14
15

 a
nd

 S
W

M
U

 1
75

 
In

or
ga

ni
c 

A
na

ly
tic

al
 R

es
ul

ts
 fo

r 
Sh

aU
ow

 a
nd

 D
ee

p 
G

ro
un

dw
at

er
 

R
an

ge
 

M
e
a
n
 

Nu
mb

er
 o

f 
F

re
qu

en
cy

 
of

 
of

 
T

ap
 W

at
er

 
Sa

m
pl

es
 

of
 

D
et

ec
tio

ns
 

D
E

te
di

on
s 

R
B
C
*
 

M
C

W
SM

C
L

' 
~

x
c

c
td

~
n

g
 

P
ar

am
et

er
s 

In
te

rv
al

 
D

et
ec

ti
on

 
(m

gl
kg

) 
(m

g/
kg

) 
b
%

L
) 

(&
kg

) 
R

B
C

s 

c~
an

id
t 

sh
al

lo
w

 
1
0
 

2.
m

 
2.

00
 

73
 

20
0 

o 
N

P
 

Of
0 

N
D
 

N
D
 

0 

Ir
on

 

L
ea

d 

M
ag

ne
siu

m
 

M
an

ga
ne

se
 

M
er

cu
ry

 

N
ic

ke
l 

Po
ta

ss
iu

m
 

Se
le

ni
um

 

So
di

um
 

Sh
al

lo
w

 
13
/1
3 

16
.6
 - 

51
50

0 
23
90
0 

1 l
o0
 

30
0 

12
 

D
ee

p 
11

1 
73
8 

73
8 

0 

Sh
al
lo
w 

8/
13
 

D
ee

p 
01

1 

Sh
al

lo
w

 
13

/1
3 

1.
80
 

- 3
62
00
0 

10
70
00
 

N
L
 

N
L
 

N
 A
 

D
ee

p 
11

1 
8 1
.4
oo
o 

81
40
00
 

N 
A
 

Sh
al

lo
w

 
13
/1
3 

D
ee

p 
IES

 

Sh
al

lo
w

 
5/

13
 

0.
01

00
0 

- 0
.2

40
 

0.
13

4 
1.

1 
2 

0 
D

ee
p 

O/
l 

N
D

 
N

D
 

0
 

S
h

ll
ow

 
11
/1
3 

0.
8W
 
58
.9
 

12
.0

 
73

 
10

0 
D

ee
p 

Il
l 

3.
20
 

3.
20
 

Sh
al

lo
w

 
12
/1
3 

23
00

 - I
72
00
0 

45
40

0 
N
L
 

N
L
 

N 
A 

De
ep
 

11
1 

17
70
00
 

17
70

00
 

N 
A 

Sh
al

lo
w

 
13
/1
3 

10
90

00
0 

N
L

 
N

L
 

N 
A

 
28
.1
 - 
36
30
00
0 

D
ee

u 
11

1 
61
50
00
0 

61
50

00
0 

N
 A
 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

fy
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

10
 -
 Sit

e-
Sp

ec
ifi

c 
E

va
lu

at
io

ns
 

R
ev

is
io

n:
 
0
 

T
ab

le
 1

0.
7.

10
 

Zo
ne

 F
 

A
O
C
 6

13
16

15
 a

nd
 S

W
M

U
 1

75
 

In
or

ga
ni

c 
A

nn
lfl

ic
al

 R
es
ul
ts
 f

or
 S

ha
lto

w
 a

nd
 D

ee
p 

G
ro

un
dw

at
er

 

R
an

ge
 

M
ea

n 
Nu

mb
er

 o
f 

F
re

qu
en

cy
 

of
 

of
 

T
ap

 W
at

er
 

Sa
m

pl
es

 
of

 
D

et
ec

ti
on

s 
D

et
ec

ti
on

s 
R
B
C
*
 

M
C

W
SM

C
L

* 
E

xc
ee

di
ng

 
P

ar
am

et
er

s 
ln

te
rv

al
 

D
et

ec
ti

on
 

(m
g
/L

g
) 

(m
gl

kl
!) 

b
s
/L

) 
(

m
m

 
R

B
C

s 

T
ha

lli
um

 
Sh
al
lo
w 

2/
13
 

4.
40
 - 6.

90
 

5.
6$

 
0

2
9

 
2 

2 
B

eP
 

O/
 1

 
N
D
 

N
D
 

0
 

V
an

ad
iu

m
 

Sh
al
lo
w 

9/
13
 

2.
00
 - 6

8.
3 

17
.4

 
26

 
N

L
 

N
 A

 
D

ee
p 

11
1 

4.
20
 

4.
20

 
N
 A
 

Zi
nc

 
Sh
al
lo
w 

8/
13
 

7.
00
 - l

44
0 

20
9 

11
00

 
H

I0
0 

1 
m

eP
 

01
1 

N
D
 

N
D
 

0 

N
ot

es
: 

I;
 

=
 

T
ap

 w
at

er
 W

C
s 

(T
H

Q
=O

. I
) (

U
SE

PA
, 

1%
b)

 
an
d 
MC
Ls
lS
MC
Ls
 (
US
EP
A,
 1

M
)

 w
er

e 
us

ed
 a

s 
re

fe
re

nc
e 

co
nc

cn
m

tio
ns

 
N
L
 

=
 

N
ot

 li
st

ed
. 

N
A

 
=

 
N

ot
 a

pp
lic

ab
le

. 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 Z

nv
es

tig
at

io
rt 

R
ep

oH
 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

I0
 -
 Si

te
-S

pe
ci

fi
c E

va
lu

at
io

ns
 

T
ab

le
 1

0.
7.

11
 

Z
on

e 
F

 
A

O
C

 6
13
/6
15
 an
d 

SW
M

U
 1
75
 

A
na

ly
te

s 
D

et
ec

te
d 

in
 G

ro
un

dw
at

er
 

1"
 Q

ua
rt

er
 

2"
 Q

ua
rt

er
 

3"
 

Q
ua

rt
er

 
T

ap
 W
a
t
e
r
 R
BC
' 

M
C

L
IS

M
C

L
s'

 
P

ar
nm

et
er

s 
L

oc
at

io
n 

C
on

c.
 

C
on

c.
 

C
on

d
 

b
g/

L
) 

b
d

L
) 

B
ac

kg
ro

un
d 

V
ol

at
ile

 O
re

an
ic

 C
om

w
u

n
d

s 
I u

dk
rl

 

1.
2-

D
ic

ht
om

th
en

e (
to

ta
l) 

6
1
3
0
W
 

24
 

39
 

35
 

5.
5 

70
 

GE
L0
07
 

3 
3 

N
D

 
G

E
M

12
 

2 
N

D
 

N
D

 

B
en

ze
ne

 

C
ar

bo
n 

di
nr

lfi
de

 
LO
O 

T
ol

ue
ne

 

V
in

yl
 c

hl
or

id
e 

61
30

04
 

N
D

 
7 

N
D
 

0.
01

9 
2 

N
 A

 

X
yl

en
e 
(
m
a
)
 

61
M0
3 

1 .O
 

N
D
 

N
D
 

f Z
OO

 
lo

o0
0 

N
 A

 
G

E
W

8 
4.

0 
N
D
 

N
D
 

N 
A

 
G

EL
01

 I 
3 .

O 
N
D
 

N
D
 

N 
A 

Se
m

iv
ol

at
ir

e O
r

e
c

 C
or

np
ow

&
 

(p
fl

) 

2-
C

hl
or

op
he

no
l 

6
1
3
M
t
)
 

N
D

 
N

D
 

2 
18

 
N
L
 

N
 A

 
GE
L0
13
 

N
D

 
N
D
 

2 
N

A
 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 In

ve
st

ig
ar

io
n 

R
ep

or
t 

N
A

 V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

I0
 -
 Si

te
-S

pe
c&

 
E

va
lu

ar
io

ns
 

R
ev

is
io

n:
 0
 

T
ab

le
 1

0.
7.

11
 

h
o

e
 F

 
A

O
C

 6
13

16
15

 a
nd

 S
W

M
U

 1
75

 
A

na
ly

te
s 

D
et

ec
te

d 
in

 G
ro

un
dw

at
er

 

1' 
Q

ua
rt

er
 

2M
 Q

ua
rt

er
 

3*
 Q

ua
rt

er
 

T
ap

 W
at

er
 R
BC
' 

M
C

L
IS

M
C

L
s'

 
P

ar
am

et
er

s 
L

oc
at

io
n 

C
on

c.
 

C
on

e.
 

C
o

ac
t 

b
%

L
) 

(r
cf

dL
) 

B
ac

kg
ro

un
d 

2-
Me
th
yl
na
ph
th
al
en
e 

GE
L0
05
 

N
D
 

4
 

N
D
 

15
0 

N
L
 

N 
A

 
G

E
M

14
 

24
00

00
0 

44
 

59
0 

N
 A

 

A
nt

hr
ac

en
e 

B
en

zo
ic

 a
ci

d 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
af

io
n R

ep
on

 
N

A
V

B
A

SE
 C

ha
rl

es
to

n 
S

e
c

rh
 1

0 
-
 Si

te
-S

pe
ci

fc
 E

va
lu

aC
io

nr
 

R
ev

is
io

n:
 

0 

T
ab

le
 1

0.
7.

11
 

Z
on

e 
F

 
A

O
C

 6
13

16
15

 a
nd

 S
W

M
U

 1
75

 
A

na
ly

te
s 

D
et

ec
te

d 
in

 G
ro

un
dw

at
er

 

t"
 Q

u
ar

te
r 

td
 Q

u
ar

te
r 

Q
u

ar
te

r 
T

ap
 W

at
er

 R
B

C
* 

M
C

L
IS

M
C

L
r'

 
P

ar
am

et
er

s 
L

oc
at

io
n 

C
o
n
c.

 
C

on
c.

 
C

on
cf

 
b

g
lL

) 
b
d
L
) 

B
ac

kg
ro

un
d 

N
ap

ht
ha

le
ne

 
61

30
01

 
N

D
 

2 
N
D
 

LM
 

N
L
 

N 
A

 
G

E
L

00
5 

3 
N

D
 

N
D

 

Pe
nt

ac
hl

or
op

he
m

l 
G

E
M

13
 

N
D

 
N

D
 

2 
0.
56
 

1 
N

 A
 

G
E

L
00

5 
N

D
 

N
D

 
G

E
M

 13
 

N
D

 
N

D
 

G
E

M
14

 
24
00
 

N
 D

 

D
io

xi
n 

(n
g
lL

g
) 

D
io

xi
n 

(2
,3

.7
,8

-T
C

D
D

 TE
Q'
) 

61
3S

P0
01

 
0.

03
61

 
lo

o0
 

N
 A

 
N
D
 

19
00

 
N

A
 

In
or

ga
ni

cs
 b

%
L
) 

A
lu

m
in

um
 (A

l)
 

24
00

03
 

M
3.

00
 

N
D

 
t5

8.
00

 
37
QQ
 

50
 

22
4 

61
30

01
 

35
85

.0
0 

21
00

.0
 

20
10

.0
0 

61
 30

03
 

47
2.

00
 

N
D

 
16

1.
00

 
61

 30
04

 
36

40
.0

0 
26

7.
0 

N
D

 
6

1
3

m
 

54
9.

00
 

32
2.

0 
40
4.
00
 

G
EL

O
DS

 
65

00
+0

0 
31

6.
0 

21
80

.0
0 

G
EM

O
G

 
83

1.
00

 
19

8.
0 

1W
.W

 
GE

L€
@

?' 
25

90
.0

0 
N

D
 

N
D

 
G

EL
O

O
S 

U)
00
(1
.0
0 

28
9.

0 
N

D
 

G
E

M
1 1

 
17

O
00

.0
0 

58
.3

 
N

D
 

G
E

M
12

 
67

9.
00

 
t4
1.
0 

27
0.

00
 

G
E

M
13

 
21
90
.0
0 

37
9.

0 
12

9.
00

 
G

E
M

14
 

0.
91

 
39
1.
0 

N
D
 

61
30

2D
 

46
5.
W 

N
D

 
N

D
 

77
.7
 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

10
 -
 Si

te
-S

pe
ci

fic
 E

va
lu

a~
io

ns
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
7.

11
 

Z
o

n
e 

F
 

A
O

C
 6

13
16

15
 a

nd
 S

W
M

U
 1

75
 

A
na

ly
te

s 
D

et
ec

te
d 

in
 G

ro
un

dw
at

er
 

1. 
Q

ua
rt

er
 

21
6 Q

ua
rt

er
 

3-
 

Q
ua

rt
er

 
T

ap
 W

at
er

 R
BC
' 

M
C

L
IS

M
C

L
s'

 
P

ar
am

et
em

 
L
ac

at
io

n
 

C
on

c.
 

C
on

c.
 

C
on

cl
 

(r
c%

L
) 

b
d
L
) 

B
ac

 Itg
ro

un
d 

A
nt

im
on

y 
(S

b)
 

61
30
01
 

N
D
 

N
D
 

2.
80
 

2.
5 

6
 

N
L
 

61
30
04
 

N
D
 

2.
00
 

N
D
 

G
E

m
 

N
D
 

2.
90
 

N
D
 

GE
L0
1 
1 

N
D
 

3.
60
 

N
D
 

GE
L0
12
 

N
D
 

3.
90
 

N
D

 
G
E
M
1
3
 

N
D
 

2.
80
 

N
D
 

G
E

U
14

 
0.
15
 

4.
60
 

N
D
 

A
rs

en
ic

 (
A

s)
 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct
io
n 

10
 -
 Si

re
-S

pe
ci

fi
c E

va
lu

ar
io

ns
 

R
ev

is
io

n:
 

0
 

T
ab

le
 1

0.
7.

11
 

Z
on

e 
F

 
A

O
C

 6
13

f6
15

 a
nd

 S
W

M
U

 1
75

 
A

na
ly

te
s 

D
et

ec
te

d 
in
 G

ro
un

dw
at

er
 

1"
 Q

ua
rt

er
 

2*
 

Q
ua

rt
er

 
3d

 Q
ua

rt
er

 
T

ap
 W

at
er

 R
S

C
' 

M
C

L
IS

M
C

L
5'

 
P

ar
am

et
er

s 
L

oc
at

io
n 

C
on

c.
 

C
on

e.
 

C
on

cl
 

bC
I%

L)
 

b
d

L
) 

Ba
ck
gr
ou
nd
 

B
ar

iu
m

 (B
a)

 

Be
ry

lli
um

 (B
e)

 

C
ad

m
iu

m
 (

C
d)

 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ry
 ln

ve
sr

ig
at

io
n 

R
ep

or
t 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
cr

io
n 

10
 -
 Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 
0
 

T
ab

le
 1

0.
7.

11
 

Z
on

e 
F

 
A

O
C

 6
13

16
15

 a
nd

 S
W

M
U

 1
75

 
A

na
ly

te
s 

D
et

ec
te

d 
in

 G
ro

un
dw

at
er

 

1"
 Q

ua
rt

er
 

2*
 

Q
ua

rt
er

 
3-

 
Q

ua
rt

er
 

T
ap

 W
at

er
 R
BC
' 

M
C

L
IS

M
C

L
S'

 
P

ar
am

et
er

s 
L

oe
at

io
n 

C
on

c.
 

C
on

c.
 

C
on

e/
 

(r
cg

/L
) 

b
gl

L
) 

B
ac

kg
ro

un
d 

C
al

ci
um

 (C
a)

 
24

00
03

 
58

20
0 

56
00

0 
51

60
0 

N
L
 

N
L
 

N
L
 

61
30

01
 

3
3

m
 

33
40

00
 

m
50
0 

61
 U

X
)3

 
17

60
00

 
17

60
00

 
16

4a
JO

 
61

 3
00

4 
78

00
0 

6lO
O

O
 

$M
oo

 
61
 3

00
5 

iS
U

X
30

 
10

1~
00

 
Il

iO
OO

 
G

EL
00

5 
73

70
0 

11
40

00
 

lO
OO

DO
 

G
E

L
00

6 
22
30
0 

90
50
 

24
40

0 
GE
L0
07
 

12
10

00
 

1 B
2W

 
41

50
00

 
G

EU
)O

B 
1 9

50
00

 
16

10
00

 
15

20
00

 
G

E
L

01
 1 

24
20

00
 

2 1
00

00
 

la
43
30
 

G
EL

01
 2 

34
55

0 
29

15
0 

39
83
3 

GE
L0
13
 

19
80

00
 

l8
SO
OO
 

1t
l3
m 

G
E

L
01

4 
28

.3
 

42
70

0 
35

10
0 

6t
M

Z
D

 
2!

M
m

l 
27

40
00

 
27

00
00

 

C
hr

om
iu

m
 (
Cr
) 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

on
 

NA
 V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
I

0
 -
 Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 

0 

T
ab

fe
 1

0.
7.

11
 

Z
on

e 
F
 

A
O

C
 6

13
16

15
 a

nd
 S

W
M

U
 1

75
 

A
na

ly
te

s 
D

et
ec

te
d 

in
 G

ro
un

dw
at

er
 

1"
 Q

ua
rl

er
 

Zd
 Q

ua
rt

er
 

3"
 Q

ua
rt

er
 

T
ap

 W
at

er
 R
BC
' 

M
C

L
IS

M
C

L
S*

 
P

ar
am

et
er

s 
L

a
c

o
ti

n
 

C
on

c.
 

C
on

c.
 

C
on

cl
 

b
d
L
) 

b
g/

L
) 

B
ac

kg
ro

un
d 

C
ob

al
t (

C
o)

 

C
ya

ni
de

 (
C
N
)
 

G
E

M
12

 
2 

.W
 

N
T 

N
T
 

73
 

20
0 

3.
3 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

fy
 In

ve
st

ig
ar

io
n 

R
ep

or
t 

N
A

 V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

10
 -
 Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
7.

11
 

Zo
ne

 F
 

A
O

C
 6

13
16

15
 a

nd
 S

W
M

U
 1

75
 

A
na

ly
te

s 
D

et
ec

te
d 

in
 G

ro
un

dw
at

er
 

I*
 Q

ua
rt

er
 

2.1
 Q

ua
rt

er
 

3d
 Q

u
a

rt
e

r 
T

ap
 W

at
er

 R
BC
' 

M
C

L
IS

M
C

L
S'

 
P

ar
am

et
er

s 
L

oc
al

io
n 

C
on

c.
 

C
O

N
. 

C
on

cl
 

b&
) 

(I
cg

/L
) 

B
ac

kg
ro

un
d 

Ir
on

 (
Fe
) 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A

 V
B

A
SE

 C
ha

rle
sto

n 
Se

ct
io

n 
10

 -
 Si

te
-S

pe
ci

fic
 E

va
lu

at
io

ns
 

R
ev

is
io

n:
 0

 

T
ab

le
 1

0.
7.

11
 

Zo
ne

 F
 

A
O

C
 6

13
/6

15
 a

nd
 S

W
M

U
 1

75
 

A
na

ly
te

s 
D

et
ec

te
d 

in
 G

ro
un

dw
at

er
 

1' 
Q

ua
rt

er
 

Zd
 Q

ua
rt

er
 

3"
 Q

u
ar

te
r 

T
ap

 W
at

er
 R
BC
' 

M
C
L
I
S
M
C
L
S
'
 

P
ar

am
et

er
s 

Lo
ea
ti
on
 

C
on

c.
 

C
o
w
.
 

Co
nc
l 

b
%

L
) 

(C
tg

lL
) 

Ba
ck
gr
ou
nd
 

M
ag

ne
si

um
 (
M
g
)
 

24
00

03
 

28
20

0 
25

00
0 

22
90

0 
N
L
 

N
L

 
N

 L
 

61
30

01
 

I8
45

00
 

17
60

00
 

21
 1

50
0 

61
30

03
 

65
70

0 
32

00
0 

44
20

0 
61

30
04

 
26

00
0 

22
10

0 
19

80
0 

61
30

05
 

27
00

00
 

21
80

00
 

21
M

10
 

G
E

L
00

5 
31

20
0 

21
 1

00
 

24
40

0 
G

E
L

00
6 

27
20

 
28

70
 

41
20

 
G

E
M

O
7 

26
30

0 
41

 1
00

 
95

60
0 

G
E

L
00

8 
36

20
00

 
27

40
00

 
24

80
00

 
G

E
L

01
 1 

21
 1

00
0 

18
80

00
 

14
60

00
 

GE
L0
12
 

25
75

0 
23

10
0 

30
90

0 
G

E
M

13
 

16
40

00
 

32
90

00
 

54
20

0 
G

E
L

01
4 

1.
8 

14
90

0 
15

70
0 

61
30

2D
 

81
40

00
 

74
50

00
 

59
40

00
 

M
an

ga
ne

se
 (
Mn
) 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

I0
 -
 Si

te
-S

pe
ci

fc
 E

va
lu

nt
io

ns
 

R
ev

is
io

n:
 

0
 

T
ab

le
 1

0.
7.

11
 

Z
o
n
e
 F

 
A

O
C

 6
13

/6
15

 a
nd

 S
W

M
U

 1
75

 
A

na
ly

te
s 

D
et

ec
te

d 
h

 G
ro

un
dw

at
er

 

1' 
Q

ua
rt

er
 

2*
 

Q
u

ar
te

r 
3-

 Q
ua

rt
er

 
T

ap
 W

at
er

 R
BC
' 

M
C

L
IS

M
C

L
S'

 
P

ar
am

et
er

s 
L

oe
nt

io
n 

C
on

c.
 

C
on

e.
 

C
o

n
cl

 
b
d
L
) 

b
%

L
) 

B
ac

kg
ro

un
d 

N
ic

ke
l 
(N
i)
 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ry
 I

nv
es

tig
at

io
n 

R
ep

or
t 

N
A

 V
B

A
SE

 C
ha

rl
es

ro
n 

Se
ct

io
n 

I0
 -
 Si

te
-S

pe
ci

fi
c E

va
lu

at
io

ns
 

R
ev

is
io

n:
 
0
 

T
ab

le
 1

0.
7.

11
 

Zo
ne

 F
 

A
O

C
 6

13
16

15
 a

nd
 S

W
M

U
 1

75
 

A
d

y
te

s 
D

et
ec

te
d 

in
 G

ro
un

dw
at

er
 

1' 
Q

u
ar

te
r 

Zd
 Q

ua
rt

er
 

3-
 Q

ua
rt

er
 

T
ap

 W
at

er
 R
BC
' 

M
C

L
IS

M
C

L
S'

 
P

ar
am

et
er

s 
to

ca
ti

on
 

C
on

c.
 

C
on

c.
 

C
on

cl
 

b
%

L
) 

(I
rg

/L
) 

B
ac

kg
ro

un
d 

Po
ta

ss
iu

m
 (
K
)
 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 i

nv
es

tig
at

io
n 

R
ep

or
t 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

I0
 -
 Si

te
-S

pe
ci

fi
c E

va
lu

at
io

ns
 

.
 

-
 

R
ev

is
io

n:
 

0 

T
ab

le
 1

0.
7.

11
 

Zo
ne
 F

 
A

O
C

 6
13

16
15

 a
nd

 S
W

M
U

 1
75

 
A

nd
yt

es
 D

et
ec

te
d 

In
 G

ro
un

dw
at

er
 

1"
 Q

ua
rt

er
 

2d
 Q

ua
rt

er
 

3"
 

Q
u

ar
te

r 
T

ap
 W

at
er

 R
B

C
' 

M
C

L
IS

M
C

L
s' 

P
ar

am
et

er
s 

h
a

ti
o

n
 

C
on

c.
 

C
on

c.
 

C
on

cl
 

W
L

)
 

b
gl

L
) 

B
ac

kg
ro

un
d 

So
di

um
 (

N
a)

 

T
ha

lli
um

 (
TI
) 



Zo
ne

 F
 R

C
R

A
 F

ac
ili

ty
 I

nv
es

tig
at

io
n 

R
ep

on
 

N
A

V
B

A
SE

 C
ha

rl
es

to
n 

Se
ct

io
n 

10
 -
 Si

te
-S

pe
ci

fi
c 

E
va

lu
al

io
ns

 
R

ev
is

io
n:

 
0
 

T
ab

le
 1

0.
7.

11
 

Z
on

e 
F 

A
O

C
 6

13
16

15
 a
nd
 S

W
M

U
 1

75
 

A
na

ly
te

s 
D

et
ec

te
d 

in
 G

ro
un

dw
at

er
 

1"
 Q

ua
rt

er
 

2- 
Q

ua
rt

er
 

3d
 Q

ua
rt

er
 

T
ap

 W
at

er
 R
BC
' 

M
C

L
IS

M
C

L
s'

 
P

ar
am

et
er

s 
L

oc
at

io
n 

C
on

c.
 

C
on

c.
 

C
on

cl
 

b
d

L
) 

b
g

lL
) 

B
ac

kg
ro

un
d 

V
an

ad
iu

m
 (

V
) 

24
00

03
 

N
D

 
N

D
 

1.
30

 
26

 
N
L
 

1.
58

 
61
30
01
 

N
D

 
1 .
%

I 
2.

25
 

61
30

03
 

N
D

 
1.

90
 

5.
10

 
61
30
04
 

8.
20

 
1.

30
 

N
D

 
61

30
05

 
N

D
 

1.
10

 
1.

20
 

G
E

U
X

I5
 

23
.6

0 
8.

70
 

15
.8

0 
GE
L0
06
 

2.
00

 
N

D
 

N
D

 
GE
L0
07
 

5.
60
 

1.
20

 
N

D
 

G
E

U
lO

8 
68
.3
0 

3
.
2
0
 

11
.1

0 
G

E
M

1 
1 

30
.0

0 
N

D
 

N
D

 
G

E
M

12
 

2.
20

 
N

 D
 

1.
10

 
G

E
W

I 3
 

11
.1

0 
5.

90
 

6.
50

 
G

E
M

14
 

5.
20

 
4.

30
 

4.
20

 
61

 3
02

D
 

4.
20

 
1.

3 
N

D
 

1.
13

 

Z
in

c 
(Z
n)
 

61
30

01
 

1M
.M

 
93

.8
5 

10
8.

50
 

1
 lo
0 

50
00

 
N
L
 

61
 30

03
 

N
D
 

9.
00

 
N
D
 

61
 30
04
 

16
.9

0 
N
D
 

8.
90

 
61

30
05

 
N
D
 

13
.6

0 
N

D
 

G
EU

X
)5

 
12

.8
0 

N
D
 

22
.8
0 

Gm
@6
 

65
.0

0 
N
D
 

8.
60

 
G

B
iA

37
 

N
D
 

N
D
 

26
.4
0 

G
E

W
 

N
D
 

N
D
 

9
.9

 
G

E
L

01
 1 

14
40

 
N

D
 

35
.7

0 
G

E
U

fl
2 

16
.7

5 
N
D
 

15
.8

0 
G

EM
13

 
15

.0
0 

N
D
 

20
.4
0 

G
E

U
)1

4 
7.

00
 

N
D
 

21
.2
0 



Zo
ne

 F
 R

C
R

A
 F
ac
il
it
y 

In
ve

st
ig

at
io

n 
R

ep
or

t 
N

A
V

B
A

SE
 C

ha
rl

es
to

n 
Se

ct
io

n 
I0

 -
 Si
re
-S
pe
ci
fi
c E

va
lu

at
io

ns
 

Re
vi
si
on
: 

0 

N
ot

es
: 

* 
=

 
T

ap
 w

at
er

 R
B

C
s 

(T
H

Q
-0

.1
) 

an
d 

M
C

L
sI

SM
C

L
s 

w
er

e 
us

ed
 a

s 
re

fe
re

nc
e 

co
nc

en
tr

at
io

ns
 

N
T

 
=

 
N

ot
 ta

ke
n 

N
L

 
=

 
N

ot
 l

is
te

d 
N 

A
 

=
 

N
ot

 a
pp

lic
ab

le
 

B
ol

de
d 

co
nc

en
tr

at
io

ns
 e

xc
ee

d 
bo

th
 t

he
 r

ef
er

en
ce

 c
on

ce
nt

ra
tio

n 
(R

B
C

 o
r 
SS
L)
 an

d 
th

e 
to

ne
 b
ac
kg
ro
un
d.
 

A
ll 

ba
ck

gr
ou

nd
 re

fe
re

nc
e 

va
lu

es
 f

or
 Z

on
e 

F 
ar

e 
ba

se
d 

on
 n

vi
ce

 th
e 

m
ea

ns
 o

f 
th

e 
gr

id
 s

am
pl

e 
co

nc
en

tr
at

io
ns

. 
O

ne
 g

ri
d 

sa
m

pl
e 

fr
om

 Z
on

e 
E

 i
s 

in
cl

ud
ed

 i
n 

ea
ch

 g
ro

up
. 

B
ac

kg
ro

un
d 

re
fe

re
nc

e 
va

lu
es

 f
or

 
gr

ou
nd

w
at

er
 a

re
 b

as
ed

 o
n 

tw
o 

sa
m

pl
in

g 
ro

un
ds

 in
 tw

o 
w

el
ls

 a
t e

ac
h 

de
pt

h.
 



Zone F RCRA Facility Investigation Report 
NA B A S E  Charleston 

Section 10 - Site-Specific Evaluuriom 
Revision: 0 

Volatile Organic Compounds in Groundwater 

None VOCs were detected in groundwater samples during the initial groundwater sampling event, 

six of these VOCs exceeded their respective tap water WCs. 1,2dichloroethene (total), benzene, 

chloromethane, tetrachloroethene, toluene, and trichloroethene a11 exceeded their respective tap 

water RBC. No VOCs were exceeded in the deep well sample during the initial sampling. 

Figures 10.7-16a through 10.7-21 illustrate the VOCs detected during the initial groundwater 

sampling that exceeded their respective tap water RBCs. 

Semivolatile Organic Compounds in Groundwater 

Nine SVOCs were detected in groundwater samples during initial sampling event. Six of these 

SVOCs exceeded their respective tap water RBCs in the shallow groundwater sample from 

GEL0 14. 2-methylnapthalene, acenaphthene, bis(2-ethylhexyl)phthaIate, fluorene, phenanthrene, 

and pyrene each exceeded their respective tap water RBCs. Benzoic acid was detected in the deep 

well sample far below its RBC. Figures 10.7-22 through 10.7-27 illustrate the distribution of 

SVOCs detected during the initial groundwater sampling that exceeded their respective tap water 

RBCs. 

Inorganic Elements in Groundwater 

Twenty-two metal and cyanide were detected in AOC 61 3/61 5 and SWMU 175 groundwater 

samples during the initial sampling event. Aluminum, arsenic, beryllium, cadmium, chromium, lead, 

manganese, thallium, and vanadium exceeded both their respective tap water RBCs and shallow 

groundwater background concentrations. In the deep groundwater sample beryllium exceeded its 

RE3C and the deep groundwater background concentration. Iron, lead and zinc exceeded their RBCs, 

but no background is available for these metals in Zone F groundwater. Figures 1 0.7-28 through 

10.7-37 illustrate the distribution of these metals detected during the initial groundwater sampling 

that exceeded both their respective tap water RBCs and background concentrations. 
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10.7.6 Fate and Transport Assessment I 

Environmental media sampled as part of this investigation include surface soil, subsurface soil, 2 

shallow and deep groundwater, and storm sewer sediment. Potential constituent migration 3 

pathways investigated for AOCs 6131615 and SWMU 175 include soil-to-groundwater, 4 

groundwater-to-surface water, surface soil-to-sediment, and emission of volatiles from surface soil 5 

to air. 6 

10.7.6.1 Soil-to-Groundwater Cross-Media Transport 7 

Table 10.7.12 compares maximum detected organic constituent concentrations in surface soil and 8 

subsurface soil samples to risk-based soil screening levels considered protective of groundwater. 9 

For inorganics, maximum concenuations in soil are compared to the greater of (a) risk-based soil lo 

screening levels, or @) background concentrations. To provide a conservative screen, generic soil 11 

screening levels are used; leachate entering the aquifer is assumed to be diluted by a ratio of 20:1, 12 

with no attenuation of constituents in soil (DAF=20). 13 

Three organics - 1,1,2,2 tetrachloroethane, methylene chloride, and benzo(a)anthracene - were 

detected in surface soil exceeding their respective SSLs. Benzo(a)anthracene was the only organic 

exceedance repeated in subsurface soil. Notably, none of these constituents were present in 

shallow groundwater. The vertical distribution of detected organics provides that VOCs were 

detected at higher concentrations in surface soil, while SVOCs were observed at significantly 

higher concentrations in subsurface soil. These distributions may reflect a secondary enrichment 

of VOCs via volatilization without an exit path (pavement covers the area), while the SVOC 

distribution may reflect selective degradation (possibly biological) favorable to shallow horizons, 

or alternatively, a subsurface source such as a UST. Three inorganics - arsenic, chromium, and 

thallium - were present in surface soil at concentrations exceeding their SSLs. No inorganics 

were detected exceeding their SSLs in subsurface soil. These three inorganics were also present 

at elevated levels (exceedances) in shallow groundwater. The general vertical distribution of 



Tablc 10 7 12 
Ch-rals ~ s w o m d  m Surfwas So~l ,  Subsmf.rs Sod Shallow Omlmdwater, a n d h c p  (h0mdwrt.r 
Compmm to SSL. Tap Water RE&. Salt Wakr Surf= Watcr Chroluc S c m g  Lnst.. n d  B m k g n a d  Con~~ntnt tonr  
NAVBASE Ck l sa loh  Zone F AOC 613, A m  615, and S M W  175 
C h a r l n b ~ ~  South Cmlms  

Gmund- Surfaos 
W ~ t n  Watsr 

Lemhmg Mimtion Mgmt~on 
Potential C o n m  Conssm 

NO NO NO 
NO YES YES 
NO NO NO 
NO NO NO 
NO YES NO 

Y E  NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO YES NO 
NO YES YES 
NO YES NO 
NO NO NO 
NO NO NO 

NO YES YES 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO YES NO 
NO NO NO 
NO YES NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO YES NO 
NO YES NO 

NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 

YES YES YES 
NO NO h O  
NO YES KO 

Soil Water 
Umu U N ~  

urn0 u w  
UWG uw 
u m G  utin 

N A U W G  UGL 

u m o  uw 
UMG u w  
vaK0 

u m a  uw 
UmG urn 
U m G  uun 
tlciuc. lim 

uonto u w  
UOKG MM 

U m G  UGn 

u m o  urn 
N A u W o  won 

urn0 urn 

u w o  urn 
urnti u r n  
v w o  uon 
"onto u w  
u m o  vw 

N A U G K G  L G ~  

u m o  LGL 

UontG L O h  

vonro LOL 

u m o  u r n  
uonto urn 
uuna u r n  
uoxo u w  

N A u m c  ron 
"anto ron 
uoxo urn 
u m o  LGL 

" m a  uan 
UuXo uon 
u m c  uan 
u m c  "on 
"ma uan 
"ma uw. 

NWG PO& 

uWo urn 

MWI(G urn 
M ~ O  uGn 
h l o ~ o  "on 
MWO u w  
~ w a  uw 

Smming Canmtrr t~on ' 
Soil to S.ltw.ter 
GW Tap Water S d .  W v  
SSL RBC Chrnus 

16000 3700 NA 
30 0.36 109 

7900 1900 NA 
32000 1000 

6.6 1.4 NA 
3 0 052 90.2 

23000 810 NA 
60 0044 2240 

400 55 NA 
13000 1300 4.3 
27600 2900 NA 

20 4.1 2560 
60 1.1 45 

12000 750 37 
60 1.6 NA 
10 0019 

142000 12000 NA 

570000 2200 9.7 
293000 1500 NA 

12000000 11000 NA 
400000 150000 NA 

4.66E+08 1500 NA 

2000 0092 
8000 0.0092 NA 
5000 0 092 NA 

49000 0 92 NA 
160000 9.2 NA 

2000 0.0092 NA 
14000 0092 NA 

930000 7300 29.4 
240000 150 

2300000 3700 3.4 
3600000 4.8 NA 
4300000 1500 1.6 

560000 1500 NA 
126000 1300 NA 

1380 180 NA 
84000 1500 23.5 

13%0000 I500 NA 
4200000 1100 NA 

1900 0.43 10 

NA NA NA 

I000000 37000 NA 
5 15 NA 

29 16.7 36 
1600 2600 NA 

63 0.66 NA 

M- canrenht~on 

Shallow l&p 
GW GW 

ND ND 
3800 ND 

ND ND 
1 3 
2 ND 

3 2 N D N D N D  
2 ND 

ND ND 
24 ND 

ND ND 
ND ND 
ND ND 

2 ND 
4900 24 

3 ND 
ND ND 

4 ND 

210000 ND 
ND ND 

I ND 
3 1 

ND NO 

ND NO 
ND ND 
ND ND 
ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND NO 
NU NO 

40000 NO 

ND ND 
340000 ND 

2400000 ND 

ND ND 
3 ND 

570000 ND 
24000 ND 

0306 NA 

1950000 NA 

20000 465 
0.15 ND 

72 4 7 
111 232 
1 9  0.77 
2.7 ND 

Parmetn 

VoI.tlle O q s n l r  Compounds 
A w n s  
Bnvms  
2-Bu1.nanc W K )  
Cvbon disvlfids 
Chlmmcthms 
I,L.2.2.Tcuachlomthans 
1.1-Dichlorosthuls 
I.l.D~chlorosthrns 
1,2-Dichlaracthrnc (toul) 
Elhylbmrsns 
2-Hemone 
Methylme chloride 
Tstnchlorosthms 
Tolums 
Trishlorosthms 
Vmyl chlonds 
Xylms (total) 

Semivolatile O q m i e  Compounds 
Armaphthens 
Acenaphfhylms 
AnUvscms 
Bmoic  aced 
B-o(&ht)p=r~lmc 
B m o ( a ) p p e  equwslmu 

Bsluo(a)anUuscrns 
Bsluo(a)pyrms 
Bmro(b)fluoranlhm. 
Bmro(k)fluoranIhme 
Chryrrnc 
Dnbnuo(&h)anthmosns 
Indcno(l,2,3sd)pynns 

Bulylbmrylphthalatc 
D i k o h  
Di-n-bniylphlkalatc 
bis(2-Ethylhs~yl)phL~I1ts (BEHP) 
Fluoranthms 
Pluorms 
2-MeLhyhsphLalcne 
4-Msthylphenol @crsaol) 
NsphUulens 
PhsnvlUums 

UlorlnCompaunds 
Dnoxin (TCDD TEQ) 

TPE - Gp.ollne Range Organin 
Garollns 

Inoqnnlr Compounds 
Aluroinvm 
Antimony 

Anrmc 
Banm 
Bsryll~um 
Cadmrum 

~ s r  Concmtrat~on n 

Surfs t  Subsurfme 
Soil Soil 

170 ND 
11 ND 
J )  ND 

110 14 
ND ND 

2 ND 
3 ND 

14 ND 
30 32 
18 ND 
50 ND 

ND ND 
26 ND 
23 ND 

2 ND 
I20 46 

540 55000 
120 ND 

3800 26000 
100 ND 
250 360 

2400 5300 
1200 I200 
1800 2700 
1500 ND 
3000 3300 

130 270 
280 450 
170 ND 
470 46000 

74 ND 
780 Nn 

4500 32000 
1100 60000 
6800 43000 

81 ND 
81 38000 

3100 110000 
8500 18000 

0.0361 NA 

NA NA 

26700 I0000 
1.1 ND 

44 X l i  
48 186 
1 7  0.78 
I S  021  



Thlc  10.7.12 
Chrmiuls Dstsctcd in Sufultr Sail, Subadace Soil, Shallow &oundwater, and a;Fp Dromdrvater 
C e  to SSb.  Tap Water RBCI Salt Water Surfme Water Chronio Smeaing Lsvch, n d  Backgrand Concentnrt#a. 
NAVBASE Chvlctlcq Zone F. AOC 613, AOC 615, and SWMV 175 
Charlsltoh SOUL k l m a  

U Maumum urnsentrations for mil -snt DPT uunpls mull. 

* Scrssning consmtralion.: 
So11 to OW - Omms S S b  bucd on DAF = 20. adspled h m  1996 Soil Sc-E Guidance or a~lculstcd ulng ~ l u a  6- Table 6 4 

Tap Watsr RBC - From EPA ReDan I11 Risk-Bucd Cmcsntntton Table, Jms 3, 1% 
Saltwarn Surface Wusr C k m c  -From EPA hupplnnmt.1 Gu~d.ncc to RAGS: Reson 4 Bull+ Ewlogioal Risk Aucurmmt, Novrmbcr 1995; Tsblc 2 

For morganica, Ihc vduc show i* L c  p r t a  of Ihc mlcvvlt sremhg vduc or L s  oorrnpadlng bvkgmlad rc fmrs  valvs 

NA - Not availabldNot applicable 
ND - Not &t.olsd 
DAF - Dilutson n d  anmution faota 
RBC - h r k  baa~d wnomtnlton 
SSL - Sod a m m g  level 
MCKC - Milli- pr kilogram 
NOKG - Nmo- pcr kilogram 
PGiL - Pioo- pn. lltn 
UGKO - Mioragr- p n  liilogam 
UG'L . Mlomgnma per liter 



Zone F RCRA Facility Investigarion Report 
NAVBASE Charlesron 

Section 10 - Site-Specific Evduatiom 
Revision: 0 

detected inorganics shows a significant reduction in concentrations with depth. This distribution 

is consistent with a surface source and the general tendency for attenuation with depth as a result 

of adsorption. In general, all of the detected soil contaminants are consistent with past site 

activities. Importantly, there are a number of parameters, primarily SVOCs, and inorganics which 

were detected at concentrations exceeding respective screening levels in groundwater which were 

also present in site soil, this suggests that the use of generic SSLs at this site may underestimate 

the viability of the soil-to-groundwater pathway. At any rate, the presence of coupled-media 

(linked presences) contaminants indicates the soil-to-groundwater pathway may have merit at this 

site, but is not accurately predicted through the use of generic soil SSLs. 

10.7.6.2 AOCs 6131615 and SWMU 175 Groundwater-to-Surface Water Cross-Media 

Transport 

Table 10.7.12 also compares maximum detected organic constituent concentrations in shallow and 

deep groundwater samples to risk-based concentrations for drinking water, 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) risk-based drinking water concentrations, or (b) background concentrations for 

groundwater, as well as to the saltwaterlsurface water chronic values. To provide a conservative 

screen, no attenuation or dilution of constituents in groundwater is assumed before comparison to 

the relevant standards. 

Eleven organic species - benzene, chloromethane, PCE, toluene, TCE, acenapthene, bis(2- 20 

ethylhexy1)phthalate. fluorene, 2-methylnapthalene, phenanthrene, and pyrene - were detected in 21 

shallow groundwater at concentrations above screening criteria. None of these exceedances were 22 

repeated in deep groundwater; in fact, toluene, benzoic acid, and carbon disulfide were the only 23 

organic paramctcrs detected in the deep groundwater. Benzene and tulurnc: were significantly 24 

above the RBCs and saltwater screening criteria; the remaining VOCs were only slightly above 25 
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the RBC. All of the SVOCs greatly exceeded the RBCs, while only acenapthene exceeded the 

saltwater criteria. Notably, benzene, chloromethane, PCE, toluene, and TCE, and the SVOC 

bis(2-ethylhexy1)phthalate were not detected in subsurface soil, suggesting their provenance may 

be resident in a smear zone or in an undetected upgradient location. The organic compounds 

detected are consistent with past site activities; and in particular petroleum related activities. 

Solvent constituents were present only at vely low concentrations. The presence of toluene in deep 

groundwater suggests that the potential for contaminant migration to the deep zone is probable. 

Seven inorganics - arsenic, beryllium, lead, manganese, mercury, thallium, and zinc - exceeded 

the RBCs. Only arsenic, lead, mercury, zinc, and copper exceeded saltwater screening criteria. 

With the exception of thallium, all of these were detected in subsurface soil; however, only arsenic 

was present above its SSL. In groundwater, there are significant depletions in concentrations of 

detections as a function of depth, which is consistent with an overlying, or matrix- resident 

provenance. The presence of these constituents is also consistent with past site activities; exotic 

mixes of inorganics are charcteristic of waste oil. The presence of these inorganics above 

screening levels in groundwater, but less than SSLs in soil, suggests that generic SSLs do not 

approximate the true leaching potential. The absence of thallium in subsurface soil implies that 

the source of thallium is aquifer matrix, an undetected upgradient source, or reflective of ambient 

conditions. 

Overall, there are a significant number of constituents at elevated concentrations in groundwater 

to indicate that the groundwater migration pathway has merit. However, there are no current or 

planned future users of site groundwater, so a risk-based pathway to human receptors is invalid. 

As for surface water migration, the Cooper River lies approximately 600 feet to the northeast; 

there is a minor component of northeastward flow locally in the shallow zone, centered near 

AOC 615. The distance to discharge, based on aquifer parameters for this site, require 

approximately 68 years for advcctivc transport alone. Howevel, adveciive transport is a concept 

not entirely based in reality. For example, it does not account for attenuation through natural and 
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mechanical processes (biological, natural half-life, and three-dimensional dispersion). Primary 1 

constituents (those posing a potential risk) would undoubtedly be affected by these processes. 2 

Additionally, dilutional effects at the discharge point would further reduce exposure concentrations 3 

to ecological receptors. As a result, the groundwater pathway is not considered to be significant 4 

at this site. s 

10.7.6.3 Soil-to-Sediment Cross Media Transport 6 

Two sediment samples were collected from stomwater catch basins that drain the general site 7 

area. Table 10.7.7 summarized the analytes detected in sediment samples. The onc VOC, 8 

trichloroethene, detected in the sediment was also detected in site soils at similar concentrations. 9 

Nineteen SVOCs were detected in the site sediment samples. These were also detected at 10 

concentrations comparable to those of the soil samples. Three pesticides were also detected in the I I 

sediment sample 613M001. Pesticides were not detected in site soil. The absence of the 12 

pesticides in site soil and the other sediment sample suggest a source other than the site. Possibly 13 

from past application near the buildings adjacent to 619M001. For the inorganics, nearly all the 14 

analytes detected in soil samples were present were also detected in sediment. Cyanide, detected IS 

in 619M001, was not detected in site soil samples of the 23 species present in soil, 17 were also 16 

detected in the sediment samples at the same order of magnitude. This relationship links surface 17 

soil and sediment, and implies either that surface soil is the primary source of these constituents 18 

in sediment, or at least contributes to the sediment load present in the stomwater drainage system. 19 

The exception to this link are the pesticides and cyanide. 20 

10.7.6.4 Soil-to-Air Cross-Media Transport 21 

Table 10.7.13 compares the VOCs detected in surface soil samples collected at this sitc with 22 

corresponding soil-to-air volatilization screening levels. Little or no surface soil is exposed at 23 

AOC 6131615 and SWMU 175. In addition, none of he VOCs was reported at a maximum 24 

concentration exceeding its corresponding soil-to-air volatilization screening level. As a result, 25 

the soil-to-air migration pathway is not valid at the site. 26 



Table 10.7.13 
Soil to Air Volatilization Screemng Analysis 
NAVBASE Charleston, Zone F: AOC 613, AOC 615, and SWMU 175 
Charleston, South Carolina 

Concentranon Sol1 to 

170 l00000OOO UGKG NO 
800 UGKG NO 

110 720000 UGKG N o  
600 UGKG NO 

2 1300000 IIGKG NO 
70 UGKG NO 

14 1200000 UGKG N o  
30 400000 UGKG NO 
18 10000 UGKG NO 
50 13000 UGKG NO 
26 650000 UGKG NO 

5000 UGKG NO 
30 UGKG NO 

120 410000 UGKG NO 

* - Soil scrcening levels for transfers fro111 soil lo 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 TIT Risk-Based Concentration Table, June 1996. Values for 2-Butanone and 
2-Hexanone were estimated 

NA - Not available 
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10.7.6.5 Fate and Transport Summary 1 

Only three organics and three inorganics were present in site soil at concentrations exceeding 2 

SSLs. Only one - arsenic - was also present in groundwater at concentrations exceeding screening 3 

levels. However, a number of constituents exceeding screening levels were present in 4 

groundwater but did not exceed soil screening levels; this clearly suggests that generic SSLs may 5 

not present true leaching potential at this site. In soil, both VOCs and inorganics exhibited 6 

significant attenuation with depth, while SVOCs exhibited significant e~ i~hInen t .  The nature of 7 

contaminants are consistent with past site activities; the vertical distributions are complex but 8 

suggest that biodegradation of organics, adsorption of inorganics, and secondary enrichment of Y 

SVOCs may be occurring. 10 

Numerous organics and inorganics were present in groundwater above screening criteria. Without I I  

exception, attenuation with depth was a common feature. Most constituents were also present in 12 

site soils, indicating that leachability from overlying soil or aquifer matrix is probable, and not 13 

adequately quantified using generic SSLs. However, the risk-based exposure pathway is invalid 14 

due to non-use of the resource. The surface water migration pathway has some merit; however, 15 

consideration of attenuation mechanisms as well as dilutional effects at discharge points provide 16 

that this pathway is expected to be insignificant at this site. 17 

10.7.7 Human Health Risk Assessment 18 

10.7.7.1 Site Background and Investigative Approach 19 

SWMU 175 is the former crane painting area near Building 1277. AOC 613 is the former 20 

locomotive repair shop at the former Building 1169. AOC 615 is the old chain locker at the 21 

former Building 1391. The investigation of these sites was combined due to their close proximity rr 

and anticipated similar COPCs. Nearly all of the site area is covered by buildings and pavement. 23 

Materials rclcased, stored, or disposed of at the sib include blast media, paint constituents, heavy zr 
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metals, lead acetone, xylene, toluene, gasoline, oils, grease, cleaning solvents, epoxys, and resins. 

The following text refers to these sites as combined AOC 613. 

During the CSI, 65 DPT soil samples from the upper soil interval and one subsurface sample were 

collected to identify potential impacts resulting from the activities listed above. Surface soil 

samples from all 65 boring locations were used to quantitatively assess soil exposure pathways. 

Subsurface soil is addressed in the previous section, Fate and Transport Assessment for combined 

AOC 613. Eight existing shallow monitoring wells and six monitoring wells (five shallow; one 

deep) installed during the Zone F RFI were sampled, and data from the fust quarter sampling 

event were used to quantitatively assess groundwater exposure pathways. Sections 10.7.3 and 

10.7.5 provide summaries of the sampling effon for combined AOC 613 soil and groundwater. 

10.7.7.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.7.14, BEQs, aluminum, arsenic, beryllium, chromium, manganese, thallium, and 

vanadium were identified as COPCs in surface soil. 

Groundwater 

As shown in Table 10.7.15, acenaphthene, aluminum, arsenic, benzene, beryllium, cadmium, 

chloromethane, chromium, 1.2d'ichloroethene (total), bis(2ethylhexyl)phthalate, fluorene, lead, 

manganese, 2-methylnaphthalene, phenanthrene, pyrene, PCE, thallium, toluene, trichloroethene, 

vanadium, and zinc were identified as a COPCs for groundwater at combined AOC 613. 



Table 107.14 
Chernl~ls Present m sne Samples 
SWMU 175: and AOCs 613and 615 - SurFace So11 
NAVBASE - Chakton  - Zone F 

TCDD Equivalents 

51 100 69 



SWMU 175 and AOCS 613 an; 615 - S-ttaca Sol 
NAVBASE - ChansstJn - Zons F 
Charleston Soutn Ca.olna 

- Identified a$ a COPC 
N - Essential nutrient 
SQL - Sample quantiiion limit 
MGlKG - millgnm per kilogram 
UGlKG - microgram p r  kilogram 
NGlKG - nanonnm per lologram 
NA - Not spplcable 



Table 10.7.15 
Chemic.Is Present In Site Samples 
SWMU 175; AOCs 6t3and 615 -Shallow and Daep Groundwater 
NAVBASE -Charleston, Zone F 
Charleston, South Carolina 

+ -Identified ar a COPC 
N - Essential nutr~ent 
SQL - Sample quanlilalion limtt 
UGIL - mocrwram per leer 
PGlL - picooram per liter 
NA - Not appbsabk 
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10.7.7.3 Exposure Assessment I 

Exposure Setting 2 

The combined site is located in an industrial setting on the former naval base. Building 242 is 3 

currently situated roughly in the middle of this site which is surrounded by paved parking areas. 4 

A portion of this site is currently being transferred to the City of Charleston for the maintanence 5 

of municipal vehicles. Nearly 100 percent of the site area is covered by the building and 6 

surrounding pavement. 7 

Potentially Exposed Populations 8 

Potentially exposed populations are current and future site workers. Additional potentially 9 

exposed populations are hypothetical future site residents, although chances are remote since the lo 

site is currently being leased to the City of Charleston. Future worker exposure scenarios were I I  

addressed quantitatively in this risk assessment, and as a conservative measure a site resident 12 

exposure scenario was also assessed. The future site resident scenario was built on the premise 13 

that existing features would be removed and replaced with dwellings. Current exposure to workers 14 

is discussed qualitatively in relation to the future workers. The hypothetical future site worker IS 

scenario assumes continuous exposure to surface soil conditions. Current site workers exposure 16 

would be less than that assumed for the hypothetical future site worker scenario because of their 17 

limited soil contact (the paved surfacing would prevent direct contact with soil over almost all of 18 

the site). Therefore, future worker assessment is considered to be conservatively representative 19 

of current site users. 20 

Exposure Pathways 21 

Exposure pathways for the site workers are dermal contact with contaminated surface soil, 22 

incidental ingestion of surface soils, ingestion of groundwater through potable use, and inhalation 23 

of VOCs resulting from domestic and process uses of groundwater. The exposure pathways for 24 

future residential land use are the same as those for the future site worker. Uniform exposure was 25 
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assumed for all sample locations. Table 10.7.16 presents the justification for exposure pathways 

assessed in this HHRA. 

Since NAVBASE has readily available municipal water, it is highly unlikely that the aquifer will 

be used as a source of potable or process water. Groundwater exposure pathways would not be 

completed if the municipal water supply is kept in place. As a highly conservative estimate of 

potential risWhazard due to groundwater pathways, a residential scenario and an industrial 

scenario were considered for combined AOC 613. Since there is no clear confining layer 

separating the shallow and deep aquifers, all groundwater data from the surficial aquifer were 

combined in evaluating the groundwater pathways. 

Table 10.7.16 
Exposure Pathways Summary -Combined AOC 613 

NAVBASE - Zone F 
Charleston, South Carollna 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection o r  Exclusion 

Current Users (Site Air. Inhalat~on of gaseous No Fate and transport meenlng dld not tdent~fy 
Worker) fontamtnants emanatrng any COPCs for thts lnd~rect exposure 

from SOTI pathway. 

Alr, Inhalat~on of No This exposure pathway was cons~dered 
chemicals enrralned ~n mslgnlficanr compared to the other 
fuglttve dust pathways 

Shallow groundwater. No Shallow groundwater 1s not currently used 
Ingest~on of contammants as a sounx af potable or nonresadential 
durlng polable or general water at comb~ned AOC 613. 
use 

Shallow groundwater No Shallow groundwater IS not currently used 
Inhalat~on of volat~lued as a source of potable or nonres~dent~al 
shallow groundwater water at combmed AOC 613 
cnntamlnants 

Soil, Incidental mgestlon No (Qualied) Future slte use IS mnsidered consewat~vely 
representative of current slte use 

Sod, Dermal contact No (Qualified) Future sfle use IS cons~dered conservat~vely 
rellresentattve of current slte use 
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Table 10.7.16 
Exposure Ppthwnys Summary - Combiied AOC 613 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
for Evaluation? Reason for Selection or Exclusion 

Future Site Atr. hhalatton of gaseous No Fate and tnnspon screentng dtd not identtfy 
Residents, Site contaminants emanattng any COPCs for thls tnd~rect exposure 
Workers from so11 pathway. 

As,  Inhalatton of No This exposure pathway was canstdered 
chemicals entra~ned in tnsignificant compand to the other 
fugitive dust pathways. 

Shallow groundwater. Yes Shallow groundwater is not likely to be used 
Ingestion of contaminants as a source of potable or nonresidential 
during potable or general water at combined ADC 613. This pathway 
ux was addressed as a conservative meisure. - 
Shallow groundwater, Yes Volatile COPCs were idenittied subsequent 
Inbatatton of volat~tized to nsk-basd screening comparisons. 
contammants dur~ng 
domeslte use 

Sotl, Inctdental Ingestton Yes COPCs were identified subsequent to risk- 
based aid bdckground xreenlng 
cornpartsons 

Soil, Dermal contact Yes COPCs were identified subsequent m risk. 
based and backgrotmi screening 
cornparasons 

Wild game or domests No Hunringltaking of game andlor raising 
animals. Ingestion of tissue ltvestock is prohibited within the 
impacted by media Charleston. South Caroltna city limits 
contamination 

Fmtu and vegetahlec. No The pentiat for s~gnifcant exposure via 
lngest~on of pfant tissues thts pathway is tow relative to that of other 
vrpyyay~pedta exno- 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for datasets consisting of at 

least 10 samples. Table 10.7.17 summarizes the statistical analysis performed on surface soil data 

and shows the 95% 1JCT.s calc~~lated for the soil COPCs. Although the site comprises 

approximately six acres representing multiple potential exposure unit areas, one UCL was 
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calculated for each COPC to represent the entire site. This was done because COPCs identified 

for surface soil were evenly distributed across the site, with no definable "hot spots". As a result, 

the 95% UCL calculated on the entire surface soil data set was considered to represent the 

reasonable upper-bound average for any conceivable one-half acre exposure unit area within 

combined AOC 613. 

Table 10.7.18 summarizes the determination of the groundwater EPC. Current EPA guidance 

favors the use of the arithmetic mean in the most concentrated area of the plume as the EPC for 

groundwater COPCs. The most concentrated area of thc plume is defined separately for certain 

COPC groups since one plume could not be defined for all of the COPCs identified in 

groundwater. A plume of petroleum-related chemicals was represented using data generated from 

the first quarter sample collected from monitoring well GEL014. The EPCs for these COPCs 

(acenaphthene, benzene, bis(2ethylhexyI)phthalate, fluorene, 2-methylnaphthalene, phenanthrene, 

pyrene, and toluene) were set equal to the concentration reported for the first quarter sample 

collected from this monitoring well (considered the "most concentrated area" of the petroleum- 

related chemicals plume). The highest concenttations of inorganic COPCs (except for beryllium, 

cadmium, manganese) were reported in the first quarter groundwater samples collected from 

monitoring wells GEL007, GEL008 and GELOl1. The EPCs for these COPCs were calculated 

as the arithmetic mean of the concentrations reported for the first quarter groundwater samples 

collected from these wells. The highest concentration of cadmium was reported in the 

groundwater sample collected from monitoring well GELOl1, and as a result, the EPC for 

cadmium was set equal to the first quarter result from this well. The highest concentration for 

beryllium was reported for the groundwater samples collected from monitoring wells 613001 and 

GEL008, and as a result the EPC for beryllium was set cqual to the arithmetic mean of 

concentrations reported in the first quarter samples collected from these monitoring wells. The 

highest concentration for manganese was reported for the groundwater samples collected from 

monitoring wells 613001 and 613003, and as a result the EPC for manganese was set equal to the 



Table 10.7.18 
Uetermlnahon of Groundwater EPCs 
SWMU 175 andAOCs613 and 615 
NAVBASE -Charleston, Zone F 
Charleston, South Carolina 

Parameter 

Inorgnnlcs 
Aluminum (Al) 
Arjcn1c (As) 
Beryll~um (Be) 

Cadm~um (Cd) 
Chromlum (Cr) 
Lead (Pb) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 
Zinc (Zn) 

Semivolatile Organics 
Acenaphthene 
bis(2-Ethy1hcxyl)phthaIaU 
Fluarene 
2-Methylnaphthalene 
Phenanthnne 

Pyrcne 

Volatile Organir\ 
Benzene 
Chioromethane 
12-Dichloroethene (total) 
Tetrachloroethene 
Toluene 
Tnchlorocthcne 

Average Average 
Detcctcd Maximum Concentratton 

Concentration Concentration m Plume* 

13.2 13.2 Mean ~n Plume #I 
0.036 0.036 Mean ln Plume U l 

0 0019 0.0019 Men, in Plulnc #? 

0 0027 0.0027 Mean in Plume #3 
0.027 0.027 Mean in Plume #l 
0.022 0.022 Mean in Plume #l 

5 04 5.04 Mean in Plume M 
0 0045 0.0045 Mean ln Plume #l 

0.035 0.035 Mean in Plume #I 
0.50 0 50 Mem inPlumc#l 

210 210 210 
40 40 40 

170 340 340 
2400 2400 2400 

570 570 570 
24 24 24 

- Arithmetic mean m the most concentrated area of the plume as defined by (assume '/, SQL for nondetecta): 
Plumc # 1 -First quarter data from monitoring wells GEL007, GELOO8. GEL01 1 
Plumc #2 - First quarter data from monitoring wells 613001, GEL008 
Plume #3 - hrst quarter data from monltonng well GELD1 I 
Plumc #4 - Ftist quarlcr dala from monlloring wells 613001, bl3UU3 
Plume # 5  -First quarter data from monitonne well GEL014 
Plume #6 -First quarter data from monitoring well 613007 
Plume #7 - First quarter data from monitoring well 613004 

210Mean1nPlumc#5 
40 Mean ln Plume #5 

340 Mcan in Plume #5 
2400 M a n  tn Plume #5 

570 Mean ~n Plume # 5  
24 Mean in Plume #5 

3.8 3.8 3 8 
0.0020 0 002 0 0020 

0010 0 024 0.024 
0 0020 0 002 0.0020 

I ?  1.9 4 9 
0.0030 0.003 0 0030 

3 8 Mean in Plume #5 
0.0020 Mean in Plums #6 

0.024 Mean in Plume #7 
O.002D Mean 1nPlume #7 

4.9 Mean in Plume #5 
0.003U Mean ~n Plume #1 



Zone FRCRA Facilify Invesligaion Repon 
NAVBASE Charleston 

Section 10 - Sire-Spec@c Evaluafl'ons 
Revision: 0 

arithmetic mean of concentrations reported in the first quarter samples collected from these 

monitoring wells. The highest concentrations of chlorinated VOCs were reported in groundwater 

samples collected from either monitoring well 613004 (1,2dichloroethene, tetrachloroethene, and 

trichloroethene) or GEL007 (chloromethane). As a result, their EPCs were set equal to the 

concentration reported for the first quarter groundwater samples collected from these COPC's 

respective monitoring wells. 

Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.7.19 and 10.7.20, 

respectively. 

Groundwater 

CDIs for the groundwater pathway are shown in Table 10.7.21. 

10.7.7.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.7.22 

presents toxicological information specific to each COPC identified at combined AOC 613. This 

information was used in the quantification of riswhazard associated with soil contaminants. Brief 

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

Acenaphthene is a hydrocarbon. In 1989, the USEPA conducted an oral subchronic study on the 

effects of acenaphthene on mice. Four groups of CD-1 mice were given daily doses of 0, 175, 

350, or 700 mglkg-day acenaphthene for 90 days. The toxicological evaluatio~ls of his study 

included body weight changes, food consumption, mortality, clinical weights, and 

histopathological evaluations of target organs. The results of Ulis study indicated no 

treatment-related effects on survival, clinical signs, body weight changes, total food intake, and 



Table 107.19 
Chronic Daily Intakes 
Incidental Ingest~on of Surface Soil 
SWMU175sndAOCs613 and615 
Naval Base Charleston. Zanc F 
Charlcston, South Carolina 

Inorganics 
Aluminum (At) 
Arsenic (As) 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallnurn (TI) 
Vanadium (V) 

NOTES: 
Iwa Llfetlme wclghted average; used to calculate carclnogenlc CDI, RAGS Parts A and B 

CDI Chronic Daily Intakc in rngikgday 
H-CDI CDI for hazard quotient 
CCDI CDI for excess cancer risk 

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



Tablc 10.7.20 
Chron~c Daily Intakes 
Dermal Contact urth Surface Sod 
SWMU 175andAOCs613andh15 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

Exposure Dermal 
Point Absorption 

Concentratlan Factor 
Chemival FUFC ( m ~ k g )  (un~tless) 

Semivolatile Orgasics 
Benzda)pyrcnc cquivalcnts 1 0 77 0 01 

lnorganirs 
Alum~num (Al) 1 14050 0001 
Arsenic (AS) 1 13.1 0001 
Beryllium (Be) I 0.84 0001 
Chrom~um (Cr) I 26 2 0001 
Manganex (Mn) 1 328 0001 
I hallium ( I  I) 1 0.53 0.001 
Vanadium (V) I 44 6 0001 

Future Future Future 
Resident adult Resident chlld Resident lwa 

H-CDI H-CDI C-CDI 
(mgikgday) (mgikgda)) (mgikgday) 

4.3E-07 1.4E46 2.iE-07 

Future Future 
Worker adult Worker adult 

HCDI CCDI 
(mgikgda)) (mpjkgday) 

3.lE-07 l lE-07 

NOTES 
CDI Chrontc Daily Intake i n  mglkgday 

H-CDI CDI far h a r d  quotient 
C-CDl CDI far excess cancer risk 

Reflects tha estimated fraction of the site ~mpacted by the corresponding COPC 
- The dermal absorption factor was applied to thc exposure point concentration 

to reflect the abll~ly for trans-dermal m~gration of ~norganic and organlc chem~cals 

7 98-04 2 68-03 4.9E-M 
7 . 3 ~ - 0 7  2 . 4 ~ 4 6  4 h ~ n 7  
4.7E-08 l.6E-07 3.OE-08 
I.5E-06 4.9E-06 9 2E-07 
1.8E-05 6.lE-05 1.2E-05 
3.OE-08 9 8E-08 1.9E-08 
2 SE-06 8 3E-06 1.6E-06 

5 6E-04 2.0E-M 
s z ~ n 7  I 9 ~ n 7  
3.4E-08 12E-08 
l.lE-06 3.8E47 
1.3E-05 4 7 8 6 6  
2.lE-08 7.5E-09 
18E-06 6.4E-07 



Table 10 7.21 
Chron~c Dally Intakes 
Ingestion of COPCs in Groundwakt 
SWMU 175 and AOC 613 and 615 
Naval Base Charleston Zone F 
Charleston, South Carolina 

Chemical 

loorganics 
Nurn~num (N) 
Arsenlc (As) 
Beryllium @e) 
Cadmlum (Cd) 
Chromlum (Cr) 

(Pb) 
Manganese (Mn) 
Thalllum (TI) 
Vanad~um (V) 
Ztnc (Zn) 

Exposure 
Point 

Concentration 
(mgilitcr) 

Future Future Future 
Rcsidcnt adult Rcsidcnt child Rcsidcnt lwa 

HCDI H-CDI CCDI 

(mgkg-day) (mgkgday) (mgkpday) 

Volatile Organics 
Bemne 3 8 
Chlorornethane 0 002 
I ,2-D~chloroethene (totsl) 0.024 
Tetrachlor~cthcne 0 002 
Toluene 4 9 

Tnchloroethene 0.003 

Semlvolsrile Organics 
Accnaphthenc 210 
b1~(2-EthylhexyI)phthalate 40 
Ruorene 340 
2-Methylnaphthalene 2400 
Phenanthrene 570 
Pyrene 24 

Future Fuhlre 
Worker adult Worker adult 

H-CDI C-CDI 
(mgkgday) (mpkgday) 

5.75E+00 134E+OI 3 16EMO 
l.lOEM0 2 56E+00 6 038-01 
9.32EM0 2.17EMI 5 12EM0 
6.58EKll 1.53EN2 3.62EKlI 
1.56EMl 3.64ENl 8.59E+00 
6.58E-01 1.53E+00 3 ,62501 

NOTES. 
Iwa l~fetlme weighted average 

CDI Chronic Dally hrtakc 
H-CDI Non-carelnogenic hazard based Chronic Dally Intake 
C-CDI Carcinogenic nsk based Chronic Daily Intake 
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ophthalmological alterations. Liver weight changes accompanied by microscopic alterations 

(cellular hypertrophy) were noted in both mid- and high-dose animals and seemed to be dose- 

dependent. Additionally, high-dose males and mid- and highdose females showed significant 

increases in cholesterol levels. Although increased liver levels were also observed at the low dose, 

this change was considered to be adaptive and was not considered adverse. The LOAEL is 350 

mglkg-day based on hepatotoxicity; the NOAEL is 175 mglkg-day. The oral RfD for 

acenaphthene is 6E-02. An uncertainty factor of 3,000 reflects 10 each for inter- and intraspecies 

variability, 10 for the use of a subchronic study for chronic RfD derivation, and 3 for the lack of 

adequate data in a second species and reproductiveldevelopmental data (IRIS). 

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- 

containing 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 (alurninosis) maassen, 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 mglkg-day. The 

aesthetic-based SMCL for drinking water is 50 to 200 pg1L. 

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 pglkg-day as the RfD for arsenic 
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based on a NOAEL of 0.8 pglkgday 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 (mglkgday" 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 iricidence of 

skin cancer were observed in populations consuming drinking water high in inorganic arsenic. 

Human milk contains about 3 pglL 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 CNS, and chronic exposure depresses bone 

marrow. The oral SF for benzene was set by USEPA as 2.9E-02 (mglkg-day]'; an oral RtD of 

0.003 has been set. Occupational inhalation exposure to benzene is acceptable by the Occupational 

Safety and Health Administration (OSHA) at concentrations of 3.25 milligrams per cubic meter 

(mglm)' or 1 ppm in air (Dreisbach et al; 1987; NIOSH, 1990). 

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)anthracelle TEF 1.0 

Benzo(k)fluoranthene TEF 0.01 
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Benzo(a)pyrene TEF 1.0 

Indeno(l,2,3-cdlpyrene 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 arc 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 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 

quantitative estimate in temls of eithe~ risk per pg/L drinking water or risk per pg/m3 air breathed. 

The third form in which risk is presented is drinking water or air concentration providing cancer 
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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 

listcd in IRIS, thc basis for thc bcnzo(a)anthracene B2 classification is no human data and sufficierit 

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). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, kidney and 

blood. This group of PAHs includes compounds such as pyrene, acenaphthylene, 

benzo(g,h,i)perylene, and phenanthrene. USEPA determined RfDs for only two of these 

compounds: pyrene's RfDo of 0.03 mglkg-day is also used as a surrogate RfDo for phenanthrene. 

The RfDo for acenaphthene was 0.06 mglkg-day. 

Beryllium exposure via the inhalation route can inflame the lungs, a condition known as Acute 

Beryllium Disease, as a result of short-term exposure to high concentrations. Removal from 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 
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or beryllium oxide by inhalation has been reported to cause chronic beryllium disease, with 

symptoms including shortness of breath, scarring of the lungs, and berylliosis, which is 

noncancerous growths in the lungs of humans. Both f o m  of beryllium disease can be fatal, 

depending on the severity of the exposure. Additionally, a skin allergy may develop when soluble 

beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 1991). 

An oral RfD of 0.0054 mglkg-day has been set for beryllium based on a chronic oral bioassay (rats 

were the study species) which detennined an NOAEL of 0.54 mglkg-day. Beryllium has been 

classified by USEPA as a group B2 carcinogen based on animal studies. Human epidemiology 

studies of beryllium arc inadcquate. As listed in IRIS, classification is based on beryllium being 

shown to induce lung cancer via inhalation in rats and monkeys and to induce osteosarcomas in 

rabbits via intravenous or intramedullary injection. An inhalation SF of 8.4 (mglkg-dayJ1 and an 

oral SF of 4.3 (mglkg-day).' have been set by USEPA. The uncertainty factor was 100 and the 

modifying factor was 1. The IRIS RfD in drinking water is 0.005 mglkg-day. 

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 (mglkg-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 mglkgday. For inhalation exposure, cadmium has been classified by USEPA as a 

group B1, or probable human carcinogen, based on limited evidence from epidelniological 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 
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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. 

Chlorornethnne is a clear, colorless gas that Ins a hinUy sweet, nonirritating odor at high levels 

in the air. A naturally occurring chemical, it is made in large amounts in the oceans and is 

produced by some plants and rotting wood and when such materials as grass, wood, charcoal, and 

coal hum. Chloromethane is also produced industrially, but most of it is destroyed during use. 

It is used mainly in the production of other chemicals such as silicones (72%). agricultural 

chemicals (8 %) , quaternary mines, and butyl rubber. 

Case reports of humans exposed acutely to high concentrations of chloromethane have described 

severe neurological effects, sometimes followed by death. Effects on the cardiovascular system, 

liver, and kidney have also been described in the case reports of humans exposed for brief periods 

or for more prolonged periods occupationally (Gummart, 1961; McNally , 1946; Spevak et al., 

1976). Numerous acute inhalation studies have identified the liver and kidney as target organs in 

rats and mice, the spleen in mice and dogs, and the testes and epididymides as target organs in 

rats. These studies have shown that species differences in susceptibility exist and that generally 

animals are more susceptible to relatively low exposures given continuously than to relatively high 

exposures given intermittently (ATSDR, 1990). USEPA has ranked chloromethane as a group C 

carcinogen (USEPA, 1993). Chloromethane has an oral SF as well as an inhalation SF that are 

1.3E-02 and 6.3E-03 mglkg-day, respectively (USEPA, 1996f). 
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Chromium exists in two stable, natural forms: trivalent @I) 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 @US, 1995). Oral RfD values for both forms of chromium are 1.0 and 

5E-3 (mglkgday). 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, hcxavalcnt chromium is considered a group A carcinogen for inhalation exposures, 

and a SFo of 42 (mgkgday]' 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 (In). 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 

I,2-Dichloroethene is a halogenated hydrocarbon associated with toxicity to the mucous 

membrane, skin, lung, cornea (irritation), and liver. This compound is less toxic than its alkane 

counterparts, and is neither mutagenic nor carcinogenic. There is no USEPA carcinogenicity 

listing for this compound (Dreisbach et al., 1987). However, the RfDo has been set to 

1E-02 mglkg-day for the cis-isomer. and at 2E-02 mgkg-day for the trans-isomer hy USEPA 

(USEPA 1996f and IRIS, 1996). 

bis(2-Ethylhexy1)phthalate. otherwise known as BEHP, is a plasticizer used in virtually every 

major product category. Phthalate esters are ubiquitously distributed in the environment. 

Although the toxicity of this compound is relatively low, it is a carcinogen. Reproductive effects 

are also possible (indicated in animal studies) due to chronic exposure to BEHP. This compound 
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is classified as a B2 carcinogen, and USEPA set the RfDo and SFo to 0.02 mglkg-day and 

0.014 (mglkg-day).', respectively (Klaassen et al., 1986) 

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 mglkg. USEPA's Office of Water has established a 

treatment technique action level of 15 gg/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 

lead salts. Animal assays provide reproducible results in several laboratories, in multiple 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 maassen et al., 1986). 

Manganese is an essential nutrient, but chronic exposure (0.8 mglkg-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). USEPA determined the RfD to be 0.14 mglkgday 

based on Jiekiry uptake. USEPA recommended using a modifying factor of 3 when estimating 

intake from soil and water. In addition, the body is roughly twice as efficient absorbing 
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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 mglkg-day. Inhalation of manganese dust causes neurological effects 

and increased incidence of pneumonia. An inhalation RfD was set to 0.0000143 mglkg-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 

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 mglday . As 

listed in IRIS, the critical effects of this chemical in water in the oral summary arc 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 mgid.  

Naphthalene and 2-methylnaphthalene 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 l i t  for naphthalene is 10 ppm (Dreisbach et al., 1987). 

The RfDo for naphthalene is 4E-02 mglkg-day (USEPA ,1996f). 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 
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remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 

USEPA's RtDo for Thallium is 0.00008 mglkgday (Klaassen, et al, 1986) (Dreisbach, et al, 

Tetrachloroethene (PCE) has been used as a solvent in industry and occurs as a volatile 

constituent in other chlorinated hydrocarbons. Tetrachloroethene exposure can result in 

long-lasting narcosis with delayed onset and damage to the liver and kidneys. The principal 

manifestations of overexposure to h s  halogenated hydrocarbon are coma, jaundice, oliguria, and 

irritation of the eyes and nose followed by headache and nausea. Cyanosis and CNS depression 

progressing to coma appear one to four hours after the short-term exposure. Liver and kidney 

damage after apparent recovery or after repeated exposures cause acute symptoms as nausea, 

vomiting, abdominal pain, jaundice, oliguria, and uremia. PCE exposure via the inhalation 

andlor skin absorption exposure pathways could result in headache, tremor, dizziness, peripheral 

paresthesia, hypesthesia or anesthesia. PCE is a carcinogen, but is currently under review by 

USEPA; it is currently classified as a B2-C carcinogen. The RtDo has been set to 0.01 mglkg- 

day, and the SFo and SFi have been set to 0.052 and 0.0023 (mglkg-day)', respectively, by 

USEPA (Dreisbach et al., 1987). An oral RfD uncertainty factor of 1 0 0  has been issued for PCE 

as well as a modifying factor of 1 (IRIS, 1996). 

Trichloroethene is a mobile, volatile liquid which has the characteristic odor of chloroform. 

Inhalation, intravenous, and subcutaneous routes are all viable exposure pathways for this 

compound. TCE is a strong skin and eye irritant that is relatively less toxic if ingested. Inhaling 

high concentrations causes narcosis and anesthesia. This compound targets the liver and other 

organs. TCE is a B2 carcinogen, and the SFo and SFi have been set by USEPA to 0.011 and 

0.006 (mglkgday)", respectively. USEPA also set the RfDo to 0.006 mglkgday (Dreisbach et 

al., 1987). 
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Vanodium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 

It is also a by-product of petroleum refining. Vanadium is soluble in fats and oils (Klaassen et al., 

1986). Municipal water supplies contain 0.001 to 0.006 mglL. The target organ is unclear, and 

the primary focus of toxicological information is inhalation of vanadium dust. Typical vitamin 

supplements contain approximately 0.010 mg in a daily dose. The RfDo set by USEPA is 

0.007 mglkg-day . 

Zinc is an essential, ubiquitous element present in food, water, and soil. The average American 

daily intake is approximately 12 to 15 mg, and thc rccommended daily allowance is 15 mg. 

Excessive exposure to zinc is relatively uncommon and requires exposure to high concentrations. 

This element does not accumulate under chronic exposure conditions, and body content is 

self-regulated by zinc liver concentrations and absorption mechanisms. Inhaling zinc dust can 

cause metal fume fever, and the primary effect of zinc ingestion (at toxic concentrations) is 

gastrointestinal disturbance and irritation. Other effects on the blood, liver, and kidney are 

possible at higher concentrations. Twelve grams of elemental zinc per day were not shown to 

elicit effects other than gastrointestinal disturbances over two days (or 48 hours). Experimental 

animals have been given 100 times the dietary requirements without discernible effects. USEPA 

determined that the RfDo is 0.3 mglkg-day (Klaassen et al., 1986). 

10.7.7.5 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 residcnts, hazard was 

computed separately to address child and adult exposure. Tables 10.7.23 and 10.7.24 present the 

computed carcinogenic risks andfor HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 
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Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for combined AOC 

613 surface soils is 5E-05. The dermal pathway ILCR is 8E-06. Arsenic and BEQs were the 

primary contributors to ILCR projections for the ingestion and dermal pathways, accounting for 

close to 90% of the cumulative soil pathway risk. Beryllium was a secondary contributors to the 

ingestion pathway. 

The ingestion HIS projected for the adult and child receptors are 0.1 and 1, respectively. The 

dermal pathway HIS were 0.02 for the adult resident receptor and 0.08 for the child resident 

receptor. Arsenic and aluminum were the primary contributor to hazard index projections for the 

ingestion pathway. 

Hypothetical Site Workers 

Site worker ILCRs are 5E-06 for the ingestion pathway and 3E-06 for the dermal contact pathway. 

Arsenic was the primary contributor to risk for both pathways, while BEQs were secondary 

contributors to the dermal pathway. 

Site worker HIS are 0.04 for the ingestion pathway and 0.02 for the dermal pathway. 

Groundwater Pathways 

Exposure to groundwater onsite was evaluated under a residential and site worker scenarios based 

on the results of the fust quarter sampling event. The ingestion exposure pathway was evaluated 

assuming the site groundwater will be used for potable andlor domestic purposes and that an 

unfiltered well, drawing from thc surficial aquifer, will be installed. For noncarcinogenic 

contaminants evaluated relative to future site residents, hazard was computed separately for child 

and adult receptors. Tables 10.7.25 and 10.7.26 present the risk and hazard for the ingestion and 

inhalation pathways, respectively. 



Table 10.7.25 
Hazard Quoflents and Incremental Lrfetlmc Cancer Risks 
Groundwater Ingcstian 
SWMII 175andAOC hl?and615 
Naval Bssc Charleston Zonc F 
Charleston, South Carol~na 

NOTES 
NA Not available 
Iwa lifetime weighted average: used to calculate excess carcinogenic nsk derived from RAGS Part A 

LLCR Incremental Lifet~me excess Cancer Risk 

Oral RtD Oral SF 
Used Used 

Chemical (mgkgday) (mpikg4ay)-l 

lnorgsnics 
Alurnxnum (A) 1 NA 
Arsenic (h) 0 0003 1.5 
Beryllium (Be) 0.005 4.3 
Cadmium (Cd) 0.0005 N A 
Chromium (Cr) U 005 NA 
Lead (Pb) NA NA 
Manganese (Mn) 0.023 NA 
Thallium (TI) 8EbS NA 
Vanadium (V) 0 007 NA 

Future Future Future 
Resident adult Resident child Resident lwa 

Hazard Quot~ent Hazard Quotient ILCR 

0.36 0 84 ND 
3.2 7 6  R O E 4  

0.010 0.024 1 . 2 W  
0 15 0.35 ND 
0.15 0.34 ND 
ND ND ND 
6.0 14 ND 
I 5  3 6  ND 

I 0.14 0.32 ND 

Future Futurc 
Worker adult Worker adult 

Hszard Quotient UCR 

0.13 ND 
1 2 2 6E-04 

0 0036 3.8E-05 
0.053 ND 
0.052 ND 

ND Nu 
2.1 ND 

0 55 ND 
0.048 ND 
0.016 ND 

34 ND 
20 2.78-03 
83 ND 

587 ND 
139 ND 
7.8 ND 

12 5 3E-04 
ND 1.3E-07 

0.026 ND 
0.0020 S.0E-07 

0 24 ND 
0.0049 1.6E-07 

888 4 u  

Z~nc (Zn) 0.3 0.046 0.11 ND 

Semivolatile Organics 
Accnnphthene 0.06 NA NAi 96 224 

ND 
bis(2-Ethylhcxy1)phthalate 0.02 0 014 55 128 84E-03 
Fluorene 0 04 NA 
?-Methylnaphthalene 0 04 NA 
Phenanthrene U 04 N A 
Pycnc 0.03 NA 

Volatile Organics 
Bcmcnc 0.003 0.029 
Chloromethanc NA 0 013 
1.2-Dtchlorcethene (total) 0 009 N A 
Tetrnohloroethcnc 0 01 0.052 
Toluene 0.2 NA 
Trichloroethene 0.006 0.011 

 SUM Hazard Index/lLCR 

233 543 ND 
1644 3836 ND 
390 911 ND 
22 51 ND 

35 81 17E-03 
ND ND 3.9M7 

0.073 0.17 ND 
0 0055 0.013 1.6E-06 

0.67 1.6 ND 
0 014 0.032 5 0E07 

2487 5803 l M 2  



Table 10.7.26 
Hazard Quohents and Incremental Llfetime Cancer Risks 
Inhalation or Contam~nants in Groundwater Resulting from Domestic Usc 
SWMU 175 and AOC 613 nnd 615 
Nawl Base Charleston, Zone F 
Charleston. South Carolina 

NOTES 
N A  Not avallable 
ND Not Determlncd due to lack of avallable Informahon 
Iwa Lifchmc weighted average, used to calculate excess carcinogenic risk denved from RAGS Pan A 

ILCR Incremental Lifetime Cancer Risk 

Inhalatton F5D Inhalatnon SF 
Used Used 

Chemical (mgikgday) (mp/kgday>l 

Volnrile Organics 
Dcmcnc 0.00171 0 029 
Chloromethanc N A  0.0063 
12-Dichlomthene (total) 0.009 N A  
Tctrachlorcethene 0.01 0.00203 
Toluene 0.114 N A  
Trichloroethene 0.006 0 006 

RIM Hnznrd Indefl .CR 

Future Future Future 
Resident adult Resident child Resident lwa 

Hazard Quotient Hazard Quotient ILCR 

61 142 1.7E-03 
ND ND 1.9Ed7 

0.073 0.17 ND 
0 0055 0.013 6.1E-08 

1.2 2.7 ND 
0 014 0.032 2.7E-07 

62 145 2E-03 

Future Future 
Worker adult Worker adult 

Hazard Quotient ILCR 

22 5 3E-04 
ND 6.1E-08 

0 026 ND 
0.0020 2.OEd8 

0.42 ND 
0.0049 8.7E-08 

22 5E-04 
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Hypothetical Site Residents 

The projected ILCR for the future residential scenario is 1E-02 for the ingestion pathway and 

2E-03 for the inhalation pathway. Benzene and bis(2-ethyhexy1)phthalate were the primary 

contributors to risk projections for both pathways, accounting for approximately 95% of the 

cumulative risk for the groundwater pathway. Arsenic, beryllium. and PCE were secondary 

contributors to ILCR projections for the groundwater ingestion pathway. 

The projected hazard indices for the adult and child resident are 2,487 and 5,803, respectively, 

for the ingestion pathway. Acenaphthene, benzene, bis(2-ethylhcxyl)phthalate, fluorene, 

manganese, 2-methylnaphthalene, phenanthrene, and pyrene were primary contributors to the 

ingestion pathway, accounting for nearly 100% of the projected HI estmates for the ingestion 

pathway. Aluminum, arsenic, cadmium, chromium, 1,2dichloroethene (total), thallium, toluene, 

vanadium, and zinc were secondary contributors to the ingestion pathway. The projected hazard 

indices for the adult and child resident are 62 and 145 for the inhalation pathway. Benzene was 

the primary contributor for the inhalation pathway, accounting for over 97% of the projected HI 

estimates. Toluene and 1,2dichloroethene were secondary contributors to HI projections for the 

inhalation pathway. 

Hypothetical Site Workers 

The projected groundwater ingestion pathway ILCR for the site worker scenario is 4E-03. Benzene 

and bis(2-ethy1hexyl)phthlate were the primary contributors to both pathways, accounting for 

approximately 97% of the cumulative risk for the groundwater pathways. Arsenic and beryllium 

were secondary contributors to risk projections for the ingestion pathway. 

The projected site worker HI for the groundwater ingestion pathway is 888. Acenapthene, 

benzene, bis(2-ethyhexyl)phthalate, fluorerir, 2-methylnaphthalene, phenanthrene, and pyrene 

were primary contributors to projected HIS for the groundwater ingestion pathway, and aluminum, 
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arsenic, manganese, thallium, and toluene were secondary contributors to the ingestion pathway. 

The projected site worker HI for the inhalation pathway is 22. Benzene was the primary 

contributor to the inhalation pathway, and toluene was a secondary contributor. 

Current Site Workers 

Groundwater is not currently used as a source for potable or process water at combined AOC 613 

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. 

Lead Toxicity 

Background 

Currently, USEPA has not established an oral SF or reference dose for lead. USEPA believes that 

the available studies in animals and humans do not provide sufficient quantitative information for 

their calculation. Although lead is currently classified as a B2 carcinogen, USEPA considers the 

noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 

establishing health-based environmental cleanup objectives. The neurotoxic effects of chronic low- 

level lead exposure in children may occur at blood levels as low as 10 pgldL. 

In the absence of lead health criteria, USEPA Region IV's Office of Health Assessment sanctions 

the use of the Lead UptakelBiokinetics Model (Version 0.99d) (Lead Model) to predict mean 

blood lead levels in children based on exposure to impacted environmental media. The model was 

used to assess the potential health effects of elevated lead levels reported in groundwater at 

combined AOC 613. 

Future Residential Scenario 

The Lead Model default couceutratiuns are used for exposure to air (0.1 Pb grams per cubic meter 

[g1m3]) and maternal blood lead level (2.5 Pb per pgldL). In the case of combined AOC 613 
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surface soil, the maximum reported concentration (103 mglkg) did not exceed the 400 mglkg 

cleanup level established for lead. As a result, the maximum lead surface soil concentration was 

averaged with the lead concentrations from adjacent surface soil samples representing an area of 

approximately one-half acre (613SFQ44,613SPO45,613SP051,613SP052,613SP053 ,613SP065, 

613SP066, 613SP067, 613SP068). The average lead concentration of this "worst case" half acre 

parcel (57.8 mglkg) was used as the input for soil and house dust. The arithmetic mean 

groundwater concentration of lead (22 pg1L) in the most concentrated area of the plume (as 

defined by the first quarter groundwater samples collected from monitoring well GEL008 and 

GELO11) was used as the input for drinking water. The Lead Model was run for a child ages 

0-7 years using the inputs listed above. Table 10.7.27 summarizes the Lead Model results under 

these exposure conditions. 

Figure 10.7-38 shows the probability percentage of blood lead levels for a child 0 to 7 years old. 

Based on this model output using the mean soil lead concentration in the "worst case half-acre" and 

mean groundwater concentration in the most concentrated area of the plume, the geometric mean 

blood concentrations is estimated to be 3.5 pgIdL, and the probability of blood lead concentration 

exceeding 10 pg1dL is 1.23 % . USEPA generally considers that media concentrations resulting 

in probability percentage estimates of 5% or less sufficiently protect potential child receptors. As 

a result, groundwater lead would not require corrective action under this hypothetical exposure 

scenario. 

COCs Identified 

Chemicals of concern 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 .O (unity). As recommended by SCDHEC, 

a COC was considered to be any chemical contributing to a cumulative risk level of 1E-06 or 

greater andlor a cumulative hazard index above 1 .O, and whose individual ILCR exceeds 1E-06 



Table 10.7.27 
Lead Model Results - SWMU 175 and AOC 613 and 615 

NAVBASE - Charleston, Zone F 
Charleston, South Carolina 

AIR CONCENTRATION: 0.100 ug Pblm3 DEFAULT 
Indoor AIR Pb Conc: 30.0 percent of outdoor. 
Other AIR Parameters: 

Age T i e  Outdoors (hr) Vent. Rate (m31day) Lung Abs. (%) 
0- 1 1 .O 2.0 32.0 
1-2 2.0 3.0 32.0 
2-3 3.0 5.0 32.0 
3-4 4.0 5.0 32.0 
4-5 4.0 5.0 32.0 
5-6 4.0 7.0 32.0 
6-7 4.0 7.0 32.0 

DIET: DEFAULT 
DRINKING WATER Conc: 22.00 ug PblL 

WATER Consumption: DEFAULT 

son, sr DUST: 
Soil: constant conc. 
Dust: constant conc. 

Age Soil (ug Pblg) 
0-1 57.8 
1-2 57.8 
2-3 57.8 
3 4  57.8 
4-5 57.8 
5-6 57.8 
6-7 57.8 

House Dust (ug Pblg) 
57.8 
57.8 
57.8 
57.8 
57.8 
57.8 
57.8 

Additional Dust Sources: None DEFAULT 
PAINT Intake: 0.m ug Pblday DEFAULT 

MATERNAL CONTRIBUTION: Infant Model 
Maternal Blood Conc: 2.50 ug PbldL 

CALCULATED BLOOD Pb and Pb UPTAKES: 
Blood Level Total Uptake Soil+Dust Uptake Diet Uptake 

YEAR (ug1dL) (uglday) (uglday) (uglday) 
Water Uptake 

(uglday) 
Paint Uptake 

(uglday) 
Air Uptake 

(uglday) 
- - -. - - -- - - 

0.02 
0.03 
0.06 
0.07 
0.07 
0.09 
0.09 



LERD 8 .99d  BLOOD LERD CONCENTRr=lTION <ug/dL) 
0 to 84 Months 

1 

FIGURE 10.7-38 
PROBABlLllY DISTRIBUTION OF BLOOD L H G  

LEVELS FOR CHILD 0-7 YEARS - RESlDEMlU 
SCENARIO - swnu 17s AND noc 61s a 61s - 10 Dec 97 lm m zekttr lu 
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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 remedial goal options development 

process. Table 10.7.28 presents the COCs identified for combined AOC 613 surface soil and 

groundwater. 

Surface Soils 

Future Site Residents 

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

to cumulative residential ILCR projections. Aluminum and arsenic were identified as COCs based 

on their contribution to cumulative residential HI projections. 

Future Site Workers 

BEQs and arsenic were identified as soil pathway COCs based on their contribution to cumulative 

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 15 of 65 surface soil samples at concentrations above 

its residential RBC (88 pgkg). Arsenic was detected at concentrations exceeding its RBC (0.43 

mglkg) in all 65 surface soil samples; however, arsenic exceeded its background value (19.9 

mgikg) in eight surface soil samples. Beryllium was detected at concentrations exceeding its RBC 

(0.15 mgikg) in 53 of 65 surface soil samples. Beryllium exceeded its background value 

(1.05 mg/kg) in 12 surface soil samples. Aluminum was detected at concentrations exceeding its 



fable 10.7.28 
Summary of Rsk and Hazard-based COCs 
SWMU175andAOC613and615 
Naval Base Charleston, Zone F 
Charleston. South Carolina 

Future Future Futun 
Exposure Resident Adult Resident Child Resident lwa / Futurc Site Worker l~dentilcation 

Inorganin 
Alum~num (Al) 0.019 0.18 ND 
Arscnnc (As) 0 060 0.56 3.1E-05 
Rrryllium (Be) 0.00023 0.0022 5.7B06 
Chrorn~um (Cr) 0.0072 0 067 ND 
Manganese (Mn) 0.010 0.089 ND 
Thallium (TI) 0 0090 0 084 ND 
Vanadium (V) 0 0087 0.081 ND 

Mcdium Pathway Hazard Quotient Hazard Quotlent ILCR 
Surface Sail Incidental Semivolatile Organics 

Ingestion Benzo(a)ppne equivalents ND ND 888-06 

Dermal Semivolatile Organic. 
Beru$a)pyrene equivalents ND Nn 39Enh ND 16E-06, 2 4 

m r d  Quotient ILCR 

ND 9.8E-07 

I 
Surface Soil Pathway Sum 0.1 1 5 ~ 4 5  1 0.06 8E-06 

of COCs 

2 

Inorganin 
Aluminum (Al) 0.0039 0.013 ND 
Arsenio (As) 0.012 0 040 3.4E-06 
Beryllium (Be) 0 000047 000016 6.4E-07 
Chrom~um (Cr) 0.0015 0 0049 ND 
Manganese (Mn) 0 0020 0.0065 ND 
Thall~um (Ti) 0.0018 0.0061 ND 
Vanadium (V) 0.0018 0 0059 ND 

00028 ND 
00087 1.4E46 

0.000034 2.6E-07 
00011 ND 
00014 ND 
00013 ND 
00013 ND 

2 4 
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RBC (7,800 mglkg) in 53 of 65 surface soil samples, and exceeded its background value 

(18,500 mglkg) in 11 surface soil samples. 

First Quarter Groundwater 

Future Site Residents 

Arsenic, beryllium, benzene, bis(2ethylhexyl)phthaIate, and PCE were identified as COCs based 

on their contribution to cumulative groundwater pathway risk projections. Acenaphthene, 

aluminum, arsenic, benzene, cadmium, chromium, 1,2-dichloroethene (total), bis(2- 

ethylhexyl)phthalate, fluorene, manganese, 2-methylnaphthalcnc, phcnanthrene, pyrene, thallium, 

toluene, vanadium, and zinc were identified as COCs based on their contribution to cumulative 

HI projections. 

Future Site Workers 

Arsenic, beryllium, benzene, and bis(2-ethy1hexyl)phthalate were identified as COCs based on 

their contribution to cumulative risk projections. Acenaphthene, aluminum, arsenic, benzene, 

bis(2-ethylhexy1)phthalate. fluorene, manganese, 2-methylnaphthalene, phenanthrene, pyrene, 

thallium, and toluene were identified as COC based on their contribution to cumulative HI 

projections. 

The highest concentrations of inorganic COC were reported in the first quarter groundwater 

samples collected from monitoring wells 613001, GELOO7, GELOO8, and GEM1 1, located along 

the southwest perimeter of the site. The only detections of petroleum-related chemicals 

(acenaphthene, benzene, bis(2-ethylhexyl)phthalate, pyrene, phenanthrene, 2-methylnaphthalene, 

fluorene, and toluene were reported in the first quarter groundwater sample collected from 

monitoring well GEL014. The only detections of chlorinated VOCs were reported in the first 

quarter groundwakr samples collected from either monitoring well 613004 or GEL007. 
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10.7.7.6 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, since the property is being currently being 

transferred to the City of Charleston. If this area were to bc uscd as a residential site, the surface 

soil conditions would likely change - the soils could be covered with landscaping soil andlor 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. The entire site is 

either paved or is occupied by buildings. These factors indicate that 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 combined AOC 613 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, groundwater 

would not be expected to be used under future site use scenarios, and associated pathways are nnt 

expected to be completed in the future. 

Defenninalion of Exposure Point Concentrotions 

Exposure point concentrations for soil pathways were set equal to the 95% UCL for each soil 

COPC. Although the soil sampling grid covered more than six acres comprising many smaller 

potential exposure unit areas, no "hot spot" or definable areas of grossly elevated concentrations 

could be defined for any of the soil COPCs. Therefore the 95% UCL was considered to provide 
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a reasonable upper-bound EPC for all potential exposure unit areas for combined AOC 613. UCLs 

are upper-bound estimates of the m e  mean of a dataset and commonly results in an overestimation 

of risk and hazard. 

Exposure point concentrations for groundwater were set equal to the arithmetic mean in "the most 

concentrated area of the plume", which was defined separately for each COPC or group of 

COPCs. For purposes of conservatism in the risk assessment, these "plumes" were assumed to 

be colocated, although in some cases they represent different areas of the surficial aquifer. As a 

result, simultaneous cxposue to each COPC at the EPC is unlikely and this approach would tend 

to result in an overestimation of risk and hazard. 

Quantification of RiskIHazard 

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 combined AOC 613. 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 risklhazard based on eliminated CPSSs. Of the CPSSs screened 

and eliminated from formal assessment, none was reported at a concentration near its RBC (e.g. 

within 10% of its RBC). 
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Groundwaier 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none was reported at a concentration close to its 

RBC (e.g. within 10% of its RBC). 

Second quarter sample results for the groundwater sample collected from monitoring well GEL014 

indicated a significant drop in the concentrations of petroleum-related chemicals (acenaphthene, 

benzene, bis(Zethylhexyl)phthalate, fluorene, 2-methylnaphthalene, phenanthrene, and pyrene). 

Acenaphthene, bis(2~thylhexyl)phthalate, pyrene, and toluenie were all reported as nondetects in 

the second quarter sample. The concentrations of other petroleum related chemicals dropped 

between two and four orders of magnitude between the fust and second quarter sampling events. 

Similarly, some of the inorganics showed a significant drop in concentration between the fust and 

second quarter groundwater samples. Except for chloromethane, the concentrations of chlorinated 

volatiles were consistent between fust and second quarter sampling events. Since the groundwater 

risk assessment was based solely on first quarter data, it is highly recommended that subsequent 

quarterly groundwater data be thouroughly evaluated prior to any risk management decisions based 

on the results to the groundwater risk assessment. 

Groundwater is not currently used as a potable water source at combined AOC 613, nor 1s 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 potable-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. 

10.7.7.7 Risk Summary 

The risk and hazard posed by contaminants at combined AOC 613 were assessed for future site 

workers and future site residents under reasonable maximum exposure assumptions. For surface 

10.7.193 
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soils, the incidental ingestion and dermal contact pathways were assessed in this HHRA. For 

groundwater the ingestion and inhalation pathways were assessed, Table 10.7.29 presents the risk 

summary for each pathwaylreceptor group evaluated for combined AOC 613. 

Soil - Residential Scenario 

Residentid soil pathway COCs identified for combined AOC 613 are aluminum, arsenic, BEQs, 

and beryllium. Figure 10.7-39 illustrates point risk estimates for combined AOC 613 based on 

soil exposure pathways under a future residential scenario. Table 10.7.30 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 visuaIize 

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

Arsenic and beryllium are the primary contributors to risk, accounting for nearly all of the 

cumulative risk at each surface soil sample location. BEQs were a significant contributor to risk 

estimates associated with surface soil sample locations (613SP009, 613SP021, 613SP022, 

613SP029, 613SP05 1,  and 613SP061). Risk estimates ranged from 3E-06 (613SB048) to IE-04 

(613SB024). The mean risk estimate is 3E-05. 

Figure 10.7-40 illustrates point estimates for hazard at combined AOC 613 based on soil exposure 

pathways under a future residential scenario. Aluminum, arsenic, chromium, manganese, thallium, 

and vanadium contributed to hazard estimates above unity at 21 of 65 surface soil locations. 

Hazard index estimates ranged from 0.1 (613SB039) to 3 (613SB024). The mean hazard estimate 

is 0.9. 







Table 10.7.29 
Summary of &sk and Hazard 
SWMU 175 and AOCs 613 and 615 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

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

HI ILCR 
(Worker) (Worker) 

0.04 5E-06 

0.02 3E-06 

Exposure 
Medi urn Pathway 
Surface Soil Incidental 

Ingestion 

Dermal Contact 

HI HI ILCR 
(Adult) (Child) (LWA) 

0.1 1 SE-05 

0.02 0.08 8E-06 

Sum of Soil Pathways 0.1 1 5E-05 1 0.06 8E-06 
Groundwater Ingestion 

Inhalation 

Sum of Groundwater Pathways 
Sum of A11 Pathways 

2487 5803 1 E-02 

62 145 2E-03 

2487 5803 1E-02 
2487 5 804 1 E-02 

888 4E03 

22 5E-04 

888 4E-03 
888 4E-03 



Table 10.7.30 
Point Estimates of Risk and Hazard - Surface Soil Pathways 
Residential Scenario 
SWMU 175 and AOCs 613 and 615 
NAVBASE - Charleston 
Charleston, South Carolina 

Location Parameter Concentration Units Hazard Quotient % HI a s k  @-06) % Risk 

Aluminum (A) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium fl) 
Vanadium (V) 

Total 

6 13 SP002 Aluminum (Al) 
6 13 SP002 Arsenic (As) 
6 13 SP002 B(a)P Equiv. 
6 13 SW02 Beryllium (Be) 
6 13 SP002 Chromium (Cr) 
6 13 SP002 Manganese @An) 
6 13 SP002 Thallium (TI) 
6 13 SP002 Vanadium (V) 

Total 

14550 m& 
7.85 mgkg 

ugkg 
0.49 mgkg 
25.4 mgkg 

42.05 mgkg 
0.875 mgkg 

43 mgfkg 

9460 mgkg 
5.7 mgkg 
ND ugkg 

0.57 mgtkg 
12.2 mgkg 
43.3 mgkg 

m&g 
19.7 mgkg 

Aluminum (Al) 8620 mgkg 0.1182 21.93 NA 
Arsenic (As) 4.3 mgkg 0.1965 36.47 11.2316 68.18 
B(a)P Equiv. ND 4% NA NA 
Beryllium (Be) 0.7 m&g 0.0019 0.36 5.2414 31.82 
Chromium (Cr) 27.2 mgkg 0.0746 13.84 NA 
Manganese @In) 55.3 mgkg 0.0161 2.99 NA 
Thallium (TI) 0.53 mgkg 0.0908 16.85 NA 
Vanadium (V) 20.8 mgkg 0.0407 7.56 NA 

Total 0.5390 16.4730 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (h4n) 
Thallium (TI) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium 

Total 

23200 mgkg 
17.4 mgkg 
ND u&g 
1.5 mgkg 

41.6 mgkg 
414 mgkg 
ND mgkg 

80.6 mgkg 

18600 mgkg 
17.5 mgkg 
ND ui3k  
1.3 mgkg 

39.1 mgkg 
650 m a g  

m d k  
60.5 mgkg - 

6 1 3 SP006 Alumhum (Al) 8650 m a g  0.1 186 17.60 NA 



6 13 SP006 Arsenic (As) 
6 13 SP006 B(a)P Equiv. 
6 13 SP006 Beryllium (Be) 
6 13  SF006 chromium (Cr) 
6 13 SF006 Manganese (Mn) 
6 1 3 SP006 Thallium (TI) 

8.7 mgkg 0.3977 
ug/icg NA 

0.65 m&g 0.00 18 
19.3 mgkg 0.0529 
95.6 mgkg 0.0279 

mgflcg NA 
38.4 mgkg 0.0752 

0.674 1 
6 13 SP006 Vanadium (V) 

Total 

24800 mgkg 0.340 1 
21.5 mglkg 0.9827 

NA 
1.7 mgkg 0.0047 

42.4 mgkg 0.1163 
344 m&g 0.1003 
0.73 mgkg 0.1251 
72.4 mgkg 0.1418 

1.81 10 

6 1 3 SP007 Aluminum (Al) 
6 1 3 SP007 Arsenic (As) 
6 13 SP007 B(a)P Equiv. 
6 13SP007 Beryllium (Be) 
6 13 SP007 Chromium (Ct) 
6 13SF907 Manganese (Mn) 
6 13 SP007 Thallium (TI) 
6 1 3 SP007 Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

25400 mgkg 0.3483 
20.2 mgkg 0.9233 

w"kl3 NA 
1.5 mgikg 0.004 1 

38.4 mgkg 0.1053 
234 mgkg 0.0683 

mgflcg NA 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 

8030 mgkg 0.1 101 

4 mgk3 0.1828 
226.23 ugkg NA 

0.19 mgkg 0.0005 
9.2 mgkg 0.0252 

87.8 mgkg 0.0256 

m&i? NA 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium fJ1) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chrornium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

6 13 SP0 13 Aluminum (Al) 



6 1 3 SPO 13 Arsenic (AS) 
6 13SP013 B(a)P Equiv. 
6 1 3 SP0 13 Beryllium (Be) 
6 13 SPO 13 Chromium (Cr) 
6 13 SP0 13 Manganese (Mn) 
6 13SPO 13 Thallium (TI) 
6 13 SP0 1 3 Vanadium (V) 

Total 

10.2 mgkg 

0.66 mgkg 
18.7 mgkg 
1 14 mgtkg 
ND mg/kg 
31.3 mgkg 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium 03 

Total 

Aluminum ('41) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

9200 m&g 

4 m&g 
ug'k 

ND mgkg 
9.9 mgkg 

1 1.6 mgkg 
mg/kg 

33.4 m a g  

Aluminum (A) 
Arsenic (As) 
B(a)P Equiv. 
BeryIlium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 

17200 mgkg 
19.4 mg/kg 
ND ugk3 

1 mgkg 
33.7 mgkg 
556 mg/kg 

0.85 mg/kg 
48 mg/kg Vanadium rV) 

Total 



Arsenic (As) 
B(a)P Equiv. 
Beryllium (J3e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium 01) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 

Chromium (Cr) 
Manganese (Mn) 
Thallium Ql) 
Vanadium (V) 

Total 

Aluminum (A) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Ete) 
Chromium (Cr) 
Manganese (Mn) 
Thallium 01) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium Q1) 
Vanadium (V) 

Total 

I7500 mgkg 
44.8 mgkg 

108.23 ug/kg 
1.2 mgkg 

35.6 mglkg 
755 mglkg 
0.7 mglkg 

71.3 m a g  

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 

Chromium (Cr) 
Manganese (Mn) 
Thallium 01) 
Vanadium (V) 

Total 

7640 mglkg 
2.3 mgkg 

ugflrg 
0.14 mglkg 

8.6 mg/kg 
15.2 mgfkg 
0.52 mg/kg 
12.6 m a g  

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

6 13SP027 Aluminum (Al) 



Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium Or) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium Q1) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium IV) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese @An) 
Thallium (Tl) 
Vanadium CV) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 



Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chomium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

1.8 mgkg 0.0823 
ND W k  NA 
0.11 mgkg 0.0003 
7.7 m a g  0.02 1 1 
8.4 mgkg 0.0025 

ND mgkg NA 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Ah) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

Aluminum ('41) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Ti) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

7400 mg/kg 
2.1 m&g 

u&J3 
0.13 mg/kg 

8.1 rngkg 
8,5 mgkg 
F.lD ~pnck! 
14.5 mgkg 

6 13SP039 Aluminum (Al) 





6 1 3 SP04 5 Arsenic (As) 
61 3SP045 B(a)P Equiv. 
6 1 3 SP045 Beryllium @e) 
6 13SP045 Chromium (Cr) 
6 13 SP045 Manganese (Mn) 
6 13 SP045 Thallium (Tl) 
6 1 3 SP045 Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 

Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum ('41) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (A]) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Bqllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

6 13 SP050 Aluminum (Al) 
6 13 SP050 Arsenic (As) 
6 13SP050 B(a)P Equiv. 
6 13 SP050 Beryllium (Be) 
6 13SP050 Chromium (Cr) 
6 1 3 SP050 Manganese (Mn) 
6 13SP050 Thallium (Tl) 
6 1 3 SP050 Vanadium Or) 

Total 

6 1 3 SPO5 1 Aluminum (Al) 



Arsenic (AS) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 

6.1 mg/kg 0.2788 
1775.3 ugkg NA 

0.18 mgkg 0.0005 
14.6 m@g 0.0400 
40.3 mgkg 0.01 18 
0.55 mgkg 0.0943 
13.1 mg/kg 0.0257 

0.5106 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium 0 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium CV) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium PI) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

13100 mgkg  0.1796 



Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 

Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 

14.4 mgkg 0.6582 
ND u&g NA 

0.85 mgkg 0.0023 
24 mgk3 0.0658 

189 mgkg 0.0551 
0.9 mgkg 0.1543 

39.2 mgkg 0.0768 
1.1922 

Vanadium (V) 
Total 

Aluminum ('41) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium 0) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (hln) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum ('41) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium 03 

Total 

6 1 3 SP063 Aluminum (Al) 



Arsenic (As) 
B(a)P Equiv. 
Beryllium me) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

t4hlinum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (M~I) 
Thallium (Tl) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (TI) 
Vanadium (V) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium (Be) 
Chromium (Cr) 
Manganese (Mn) 
Thallium (Tl) 
Vanadium Or) 

Total 

Aluminum (Al) 
Arsenic (As) 
B(a)P Equiv. 
Beryllium @e) 
Chromium (Cr) 
Manganese (Mn) 
ThaIlium (T1) 
Vanadium (V) 

Total 
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Soil - Site Worker Scenario 

Industrial soil pathway COCs identified for combined AOC 613 were arsenic and BEQs, 

Figure 10.7-41 illustrates point risk estimates for combined AOC 613 based on soil exposure 

pathways under a future industrial scenario. Table 10.7.31 surmarizes 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, and BEQs were significant contributors at 

surface soil locations 613SP021, 613SP022, and 613SP05 1 .  Risk estimates ranged from 4E-07 

(613SB048) to 2E-05 (61 3SB024). The mean risk estimate is 5E-06. 

Hazard estimates ranged from 0.002 (613SB048) to 0.1 (613SB024). 

Groundwater - Residential Scenario 

Acenaphthene, aluminum, arsenic, benzene, beryllium, cadmium, chromium, 1,2-dichloroethene 

(total), bis(2ethylhexyl)phthalate, fluorene, manganese, 2-methylnaphthalene, thallium, vanadium, 

phenanthrene, pyrene, PCE, toluene, and zinc were identified as groundwater pathway COCs. 

Figure 10.742 and 10.7-43 illustrates point risk and hazard estimates for combined AOC 613 

based on groundwater exposure pathways under a future residential scenario. As shown in 

Table 10.7.32, arsenic was the most widespread contributor to risk estimates associated with the 

groundwater pathway, contributing to risk estimates above 1E-06 in 12 of 14 first quarter 

groundwater samples. Beryllium was the sole contributor to risk estimates associated with the 

groundwater sample collected from the deep well (61302D) and also contributed significantly to 

risk projections associated with groundwater samples collected from monitoring well 6 13001 and 

GEU)08. Benzene and bis(2-ethylhexy1)phthalate were significant contributors to risk projections 

associated with the groundwater sample collected from monitoring well GEL014. Risk estimates 

ranged from 1E-02 (GEL014) to 5E-05 (GEL02D) with a mean risk of 1E-03. 
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Table 10.7.3 1 
Point Estimates of Risk and Hazard - surface Soil Pathways 
Industrial Scenario 
SWMU 175 and AOCs 613 and 615 
NAVBASE - Charleston 
Charleston, South Carolina 

Location Parameter Concentration Units Hazard Index HI Risk @-06) % Risk 

6 13 SPOO 1 Arsenic (As) 7.85 mg/kg 0.0180 99.63 2.9006 84.82 
6 13SP001 B(a)P Equiv. ND NA NA 
6 13 SP00 1 Beryllium (Be) 0.49 mgkg 0.00007 0.37 0.5190 15.18 

Total 0.0181 3.4197 

6 13 SP002 Arsenic (As) 5.7 mpkg 0.0131 99.40 2.1062 77.72 
6 13 SP002 B(a)P Equiv. ug/kg NA NA 
6 13 SP002 Beryllium (Be) 

Total 

6 13 SP003 Arsenic (As) 4.3 mgikg 0.0099 99.03 1.5889 68.18 
6 13 SP003 B(a)P Equiv. lm upkg NA NA 
6 13 SP003 Beryllium (Be) 0.7 m a g  0.00010 0.97 0.7415 31.82 

Total 0.0100 2.3304 

6 1 3 SP004 Arsenic (As) 17.4 mgkg 0.0400 99.49 6.4294 80.18 
613SP004 B(a)P Equiv. ug-kg NA NA 
6 13 SP004 Beryllium (Be) l .5 rngtkg 0.00021 0.51 1.5889 19.82 

Total 0.0402 8.0183 

6 13 SP005 Arsenic (As) 17.5 mgkg 0.0402 99.56 6.4664 82.44 
613SP005 B(a)P Equiv. ugkg NA NA 
6 13 SP005 Beryllium (Be) 1.3 mgkg 0.00018 0.44 1.3770 17.56 

Total 0.0404 7.8434 

6 13 SP006 Arsenic (As) 8.7 mgkg 0.0200 99.55 3.2147 82.36 
6 13 SP006 B(a)P Equiv. ND ugIki3 NA NA 
6 13SP006 Beryllium (Be) 0.65 m a g  0.00009 0.45 0.6885 17.64 

Total 0.020 1 3.9032 

6 1 3 SP007 Arsenic (As) 21.5 mg/kg 0.0494 99.53 7.9444 81.52 
6 1 3 SP007 B(a)P Equiv. ND ug/kg NA NA 
6 1 3 SP007 Beiyllium (Be) 1.7 mgkg 0.00023 0.47 1.8007 18.48 

Total 0.0497 9.7451 

6 1 3 SP008 Arsenic (As) 20.2 mgkg 0.0464 99.56 7.4640 82.45 
6 1 3 SP008 B(a)P Equiv. u&g NA NA 
6 1 3 SP008 Beryllium (J3e) 

Total 
1.5 mgkg 0.00021 0.44 1.5889 17.55 

0.0467 9.0529 

6 1 3 SP009 Arsenic (As) 4 mgIki3 0.0092 99.72 1.4780 60.55 
6 1 3 SP009 B(a)P Equiv. 226.23 ugkg NA 0.7617 31.21 
6 1 3 SP009 Beryllium (Be) 0.19 mglkg 0.00003 0.28 0.2013 8.24 

Total 0.0092 2.4410 

6 1 3 SPO I0 Arsenic (As) 15.6 mgkg 0.0359 99.64 5.7643 81.00 
6 13SP010 B(a)P Equiv. 105.86 ugkg NA 0.3564 5.01 
6 13 SP0 10 Beryllium (Be) 0.94 mgkg 0.000 13 0.36 0.9957 13.99 

Total 0.0360 7.1 165 

6 1 3 SPO I2 Arsenic (As) 26.95 mgkg 0.0620 99.68 9.9582 84.28 



6 13 SP0 12 B(a)P Equiv. . ,  - 
6 13 SP0 12 Beryllium (Be) 

Total 

10.2 mgkg 0.0235 

u g h  NA 
0.66 mgkg 0.00009 

0.0235 

6 13 SP0 13 Arsenic (AS) 
6 13SP013 B(a)P Equiv. 
6 13 SP0 13 Beryllium (Be) 

Total 

613SP0 14 Arsenic (As) 
6 1 3 SP0 14 B(a)P Equiv. 
6 1 3 SP0 14 Beryllium (Be) 

Total 

21.3 mgkg 0.0490 

ND ugkg NA 
1.4 mgkg 0.00019 

0.0492 

6 13SP017 Arsenic (As) 
6 1 3 SP0 17 B(a)P Equiv. 

Total 

6 13 SP0 18 Arsenic (As) 
6 13 SPO I8 B(a)P Equiv. 
6 13 SP0 18 Beryllium (Be) 

Total 

6 13 SF0 19 Arsenic (As) 
6 13 SP0 19 B(a)P Equiv. 
6 1 3 SP0 19 Beryllium (Be) 

Total 

6 1 3 SP020 Arsenic (As) 
6 1 3 SP020 B(a)P Equiv. 
6 1 3 SP020 Beryllium (Be) 

Total 

6 I 3 SP02 1 Arsenic (As) 
61 3SP021 B(a)P Equiv. 
6 I 3 SP02 1 Beryllium (Be) 

Total 

2 mgflcg 0.0046 
1086.4 ugkg NA 

0.14 mgkg 0.00002 
0.0046 

613SP022 Arsenic (As) 
6 13 SP022 B(a)P Equiv. 
6 13 SP022 Beryllium (Be) 

Total 

613SW23 Arsenic(As) 
6 13SP023 B(a)P Equiv. 
6 13 SP023 Beryllium P e )  

Total 

2.8 mgkg 0.0064 

u&g NA 
ND mgkg NA 

0.0064 

6 13SP024 Arsenic (As) 
6 13 SP024 B(a)P Equiv. 
6 1 3 SP024 Beryllium (Be) 

Total 

6 13 SP025 Arsenic (As) 
6 13 SP025 B(a)P Equiv. 
6 13 SP025 Beryllium (Be) 

Total 

2.3 m&g 0.0053 

ugIh3 NA 
0.14 mgkg 0.00002 

0.0053 

6 1 3 SP026 Arsenic (As) 



6 1 3 SP026 B(a)P Equiv. 
6 13SP026 Beryllium (Be) 

Total 

ND vk3 NA 
0.6 mgkg 0.00008 

0.0196 

6 13 SF027 Arsenic (As) 
6 13 SP027 B(a)P Equiv. 
6 13 SF027 Beryllium @e) 

Total 

4.5 mgkg 0.0103 
ND W‘kg NA , 

6 13SW28 Arsenic (As) 
6 13 SW28 B(a)P Equiv. 
6 13 SF028 Beryllium (Be) 

Total 

11.6 mgkg 0.0267 

ND ugkg NA 
0.76 mgkg 0.00010 

0.0268 

6 13 SP029 Arsenic (As) 
6 13 SP029 B(a)P Equiv. 
6 13SP029 Beryllium (Be) 

Total 

2.2 mgkg 0.005 1 
564.78 ugtkg NA 

0.13 mglkg 0.00002 
0.005 1 

613SW30 Arsenic(As) 
613SW30 B(a)P Equiv. 
613SW30 Beryllium (J3e) 

Total 

613SP031 Arsenic(As) 
6 13SP03 1 B(a)P Equiv. 
61 3SP03 1 Bervllium (Be) 

8.5 mgkg 0.0195 
5.98 ugkg NA 
0.51 mgkg 0.00007 

0.0196 Total 

613SP032 Arsenic (As) 
6 13 SP03 2 B(a)P Equiv. 
6 13SP032 Beryllium (Be) 

Total 

6 13 SP033 Arsenic (As) 
61 3SP033 B(a)P Equiv. 
6 13SP033 Beryllium (Be) 

Total 

613SP034 Arsenic (As) 
613SP034 B(a)P Equiv. 
61 3SP034 Beryllium (Be) 

Total 

613SP035 Arsenic(As) 
6 13SW35 B(a)P Equiv. 
6 1 3 SP03 5 Beryllium (3e) 

Total 

6 13 SP036 Arsenic (As) 
6 1 3 SP036 B(a)P Equiv. 
6 13SP036 Beryllium (Be) 

Total 

6 13 SP037 Arsenic (As) 
6 13 SP037 B(a)P Equiv. 
6 13SP037 Beryllium (Be) 

Total 

6 13SP038 Arsenic (As) 



6 13SPO38 B(a)P Equiv. 
6 1 3SP03 8 Beryllium ( l i e )  

Total 

6 13SP03 9 Arsenic (As) 
6 1 3 SP03 9 B(a)P Equiv. 
6 13SP039 Beryllium (Be) 

Total 

6.3 mgkg 0.0145 
MI u f l g  NA 
0.68 mgkg 0.00009 

0.0146 

6 13 SP040 Arsenic (As) 
6 13 SP040 B(a)P Equiv. 
6 13 SP040 Beryllium @e) 

Total 

6 13 SP04 1 Arsenic (As) 
6 1 3 SP04 1 B(a)P Equiv. 
6 1 3 SP04 1 Beryllium (Be) 

Total 

6 1 3 SP042 Arsenic (As) 
6 13SW42 B(a)P Equiv. 
6 1 3SP042 Beryllium (Be) 

Total 

5.6 mgkg 0.0129 
ND u&g NA 
0.25 m@g 0.00003 

0.0129 

6 13SW43 Arsenic (As) 
6 13 SP043 B(a)P Equiv. 
6 13 SP043 Beryllium @e) 

Total 

6 1 3 SP044 Arsenic (As) 
6 13SW44 B(a)P Equiv. 
613SP044 Beryllium (Be) 

Total 

6 1 3 SP045 Arsenic (As) 
6 1 3 SP045 B(a)P Equiv. 
6 1 3SP045 Beryllium (Be) 

Total 

6 13 SP046 Arsenic (As) 
6 13 SP046 B(a)P Equiv. 
6 13 SP046 Beryllium (Be) 

Total 

6 13 SP047 Arsenic (As) 
61 3SP047 B(a)P Equiv. 
6 1 3 SP047 Beryllium (Be) 

Total 

6 13 SP048 Arsenic (As) 
6 13SW48 B(a)P Equiv. 
6 13SP048 Beryllium (3e) 

Total 

0.71 m&g 0.0016 

ugk3  NA 
0.14 mgkg 0.00002 

0.00 1 7 

6 13 SP049 Arsenic (As) 
61 3SP049 B(a)P Equiv. 
6 13SP049 Beryllium (Be) 

Total 

3.5 mgkg 0.0080 

ng/lcg NA 
0.23 mgkg 0.00003 

0.008 1 

6 13 SP050 Arsenic (As) 17.4 mgikg 0.0400 



613SP050 B(a)P Equiv. 
6 13 SP050 Beryllium (Be) 

Total 

6.1 mgkg 0.0140 
1775.3 ugkg NA 

0.18 mgkg 0.00002 
0.0141 

6 13 SP05 1 Arsenic (AS) 
6 13SP05 1 B(a)P Equiv. 
6 13SP05 1 Beryllium (J3e) 

Total 

613SW52 Arsenic (As) 
6 13SP052 B(a)P Equiv. 
6 13SP052 Beryllium (%e) 

Total 

21.9 mgkg 0.0504 
7.8 ugkg N A  
1.4 mgkg 0.000 19 

0.0505 

6 13SP053 Arsenic (As) 
6 13SP053 B(a)P Equiv. 
613SW53 Beryllium (Be) 

Total 

17.6 mglkg 0.0405 
243.82 ug/kg NA 

1.2 mgkg 0.00017 
0.0406 

613SP054 Arsenic (As) 
613SP054 B(a)P Equiv. 
6 13 SP054 Beryllium (Be) 

Total 

3.5 mgkg 0.0080 
56.395 u& NA 

0.44 mg/kg 0.00006 
0.0081 

6 13SP055 Arsenic (As) 
6 13SP055 B(a)P Equiv. 
6 13 SP05 5 Beryllium (Be) 

Total 

6.4 mgkg 0.0147 

ugkg NA 
0.71 m@g 0.00010 

0.0 148 

6 13 SF956 Arsenic (As) 
6 13 SP056 B(a)P Equiv. 
6 13 SF056 Beryllium (Be) 

Total 

15.2 mgkg 0.0349 

uglkg NA 
1.4 mgkg 0.000 1 9 

0.035 1 

6 13SP057 Arsenic (As) 
6 13SP057 B(a)P Equiv. 
6 13SP057 Beryllium (Be) 

Total 

14.4 mgkg 0.033 1 

W/kg NA 
0.85 mgkg 0.00012 

0.0332 

6 1 3 SP058 Arsenic (As) 
6 13SP058 B(a)P Equiv. 
6 I3SW58 Beryllium (Be) 

Total 

6 13SP059 Arsenic (As) 
6 13SP059 B(a)P Equiv. 
6 13SP059 Beryllium (Be) 

Total 

8.1 mglkg 0.0186 
NA 

0.35 mgkg 0.00005 
0.0187 

6 1 3SP060 Arsenic (As) 
6 13 SP060 B(a)P Equiv. 
613SW60 Beryllium (Eie) 

Total 

6 1 3 SP06 1 Arsenic (As) 
6 13 SP06 1 B(a)P Equiv. 
6 13SP061 Beryllium (Be) 

Total 

6 1 3 SP062 Arsenic (As) 



6 13 SP062 B(a)P Equiv. 
6 13 SP062 Beryllium (Be) 

Total 

6 1 3 SP063 Arsenic (As) 
6 1 3SP063 B(a)P Equiv. 
6 1 3 SP063 Beryllium @e) 

Total 

6 1 3 SP064 Arsenic (As) 
6 1 3 SP064 B(a)P Equiv. 
6 13SP064 Beryllium (l3e) 

Total 

613SP065 Arsenic (As) 
6 13 SP065 B(a)P Equiv. 
61 3SP065 Beryllium (Be) 

Total 

6 13 SP066 Arsenic (As) 
613SW66 B(a)P Equiv. 
6 1 3 SP066 Beryllium (Be) 

Total 

6 1 3 SP067 Arsenic (As) 
6 13 SP067 B(a)P Equiv. 
613SW67 Beryllium(Be) 

Total 

6 13 SP068 Arsenic (As) 
6 1 3 SP068 B(a)P Equiv. 
6 1 3 SP068 Beryllium (Be) 

Total 

1 1  mg/kg 0.0253 
94.32 ugkg NA 
0.75 mgkg 0.00010 

0.0254 

10.7 mgkg 0.0246 
98.54 ugkg NA 
0.55 mglkg 0.00008 

0.0247 

24.5 mgkg 0.0563 
10.072 u&g NA 

1.45 mgkg 0.00020 
0.0565 



Table 10.7.32 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
SWMU 175 and AOC 613 and 615 
NAVBASE - Charleston 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index 

613 02D Bexyllium @e) 0.77 uG/L 0.0098 
6 13 02D Tetrachloroethene ND UGlL NA 
613 02D Thallium (TI) ND U G 5  NA 

Total 0.0098 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 
Lead (Pb) 
Manganese (Mn) 
Phenanthrene 

PYrene 
Tetrachloroethene 
Thallium (TI) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethvlhexy1)phthalate (BEHP 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenapbthene 
Aluminum (A) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadrmum (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 
Lead (Pb) 
Manganese (Mn) 
Phenanthrene 

PYrene 
Tetrachloroethene 
Thallium (TI) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate (BEHP 

ND UGlL 
ND UGlL 
ND UGlL 
803 UGR. 
7.8 UG/L 
ND UGlL 
ND UGlL 
ND UG/L 
ND U G 5  
ND UG/L 
ND UGL 
ND UGL 
179 U G 5  
ND UGlL 
ND UGL 
ND U G 5  
ND UG/L 
ND UG/L 
ND UGL 
ND UGlL 
ND UG5 
ND U G 5  

ND UG/L 
ND UG/L 
ND UGL 

3585 UGL 
2.5 UG/L 
ND UG/L 
1.9 UGL 

0.935 UG/L 
ND UGL 
ND UG/L 
N D  UG/L 
2 UG/L 

6020 UG/L 
ND UG/L 
ND UG/L 
ND U G 5  
ND U G L  
ND UGL 
ND UGlL 
ND UG/L 

102.5 UG/L 
ND UGlL 

%HI Risk (E-06) %Risk 



Total 

1.2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 
Lead (Pb) 
Manganese (Mn) 
f henanthrene 

Pyrwe 
Tetrachloroethene 
Thallium fl1) 
Toluene 
Trichloroethene 
Vanadium (V) 
zinc (&) 
bis(2-Ethylhexy1)phthalate (BEHP 

Total 

12-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium (J3e) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 
Lead (Fb) 
Manganese (Mn) 
Phenanthrene 

Tetrachloroethene 
Thallium 01) 
Toluene 
Trichloroethene 
Vanadium Or) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate (BEHP 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium we) 
Cadrmum (Cd) 
Chloromethane 
Chromium (Cr) 

ND UG/L 
ND UGIL 
ND UGL 
472 UG/L 
5.8 UGL 
ND UGL 
ND UG/L 
ND UGL 
ND UG/L 
1.7 UGL 

1 UG/L 
ND UGtL 

4050 UG/L 
ND UG/L 
ND UG/L 
ND UG/L 
ND UGIL 
ND UGL 
ND UG/L 
ND UGlL 
ND UGL 
ND UG/L 

24 UG/L 
ND UG/L 
ND UG/L 

3640 UGIL 
3.3 UGR. 

ND UGL 
ND UGL 
ND UGR. 
ND UG/L 

6 UG/L 
ND UG/L 
3.5 UG/L 

428 UGIL 
ND UG/L 
ND UG/L 

2 UGL 
ND UG/L 
ND UG/L 

3 UG/L 
8.2 UGL 

16.9 UG/L 
ND UG/L - 

ND UGL 
ND UG/L 
ND UG/L 
549 UG/L 
9.9 UG/L 

ND UGL 
ND UGR. 
ND UG/L 
ND UGL 
1.4 UGL 



613 005 
613 005 
613 005 
613 005 
613 005 
613 005 
613 005 
613 005 
613 005 
613 005 
613 005 
613 005 

GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 
GEL 005 

GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 
GEL 006 

Fluorene 
Lead (Pb) 
Manganese (Mn) 
Phenanthrene 

PYrene 
Tetrachloroethene 
Thallium (Tl) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate (BEHP 

Total 

i,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 

L--ad (Pb) 
Manganese (Mn) 
Phenanthrene 

Pyrene 
Tetrachloroethene 
Thallium (TI) 
Toluene 
Trichloroethene 
Vanadium CV) 
Zinc (Zn) 
bis(2-Ethvlhexy1)phthalate (BEHP 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadrmum (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 
Lead (Pb) 
Manganese (Mn) 
Phenanthrene 

Wene 
Tetrachloroethene 
Thallium (TI) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate (BEHP 

ND UGL 
ND UGlL 
672 UGlL 
ND UGL 
ND U G 5  
ND UGL 
ND UG/L 
ND UGL 
ND U G 5  
ND UGL 
ND UG/L 
ND U G 5  

ND UG/L 
ND UGL 
ND UGL 

6500 UGL 
23.1 UG/L 
ND UGL 
ND UG/L 
ND UGlL 
ND UGL 
11.9 UG/L 
ND UGR. 
8.8 UGR. 
274 UGlL 
ND UG/L 
ND UG/L 
ND UG/L 
ND UG/L 
ND UG/L 
ND UGlL 

23.6 UG/L 
ND UGL 
ND UG/L 

ND UG/L 
ND UG/L 
ND UGL 
831 UG/L 
ND UG/L 
ND UGL 
ND U G 5  
ND UGR. 
ND UG/L 
ND UG/L 
ND UG/L 
ND UG/L 

51.2 UG/L 
ND UG/L 
ND UG/L 
ND UGL 
ND UGL 
ND UG/L 
ND UGL 

2 UG/L 
12.8 UGL 
ND UG/L 



GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 
GEL 007 

GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 
GEL 008 

GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Bqllium (Be) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 
Lead 0) 
Manganese (Mn) 
Phenanthrene 

*ene 
Tetrachloroethene 
Thallium (73) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate (BEHP 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
A m a  phthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium @e) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 

Lead Pb) 
Manganese (Mn) 
Phenanthrene 
Pyrene 
Tetrachloroethene 
ThaIliurn (TI) 
Toluene 
Trichloroethene 
Vanadium (V) 
zinc (Zn) 
bis(2-Ethylhexy1)phthalate (J3EHP 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (N) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 

3 UGL 
ND UG/L 
ND UGL 

2590 UG/L 
72 UG/L 
ND UGlL 
ND UGL 
ND UGL 

2 UGL 
4.5 UGL 
ND UGL 
2.7 UG/L 
827 UGL 
ND UGL 
ND UGL 
ND UGL 
4.4 UG/L 
ND U G 5  
ND U G 5  
5.6 UGL 

ND UGL 
ND UG/L 

ND UGL 
ND UGR. 
ND U G 5  

20000 U G 5  
20.3 U G 5  
ND UG/L 
1.8 UGL 

ND U G 5  
ND UG/L 

42.7 UGL 
ND UGL 

33.3 UGL 
2120 U G 5  
ND UG/L 
ND UGA 
ND UG/L 
6.9 UG/L 
ND UG/L 
ND UG/L 

68.3 UGL 
65 UG/L 

ND UGL 

ND W G L  
ND UGL 
ND UGL 

17000 UG/L 
14.3 U G 5  
ND UGR. 
ND UG/L 
2.7 UGIL 
ND UG/L 

32.3 UG/L 



GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 
GEL 011 

GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 
GEL 012 

GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 
GEL 013 

Fluorene 
Lead @'b) 
Manganese (Mn) 
Phenanthrene 

w e n e  
Tetrachloroethene 
Thallium m) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate (BEHP 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadmium (Cd) 
Chloromethane 
Chromium (Cr) 
Fluorene 
Lead (Pb) 
Manganese (Mn) 
Phenanthrene 

Pyrene 
Tetrachloroethene 
Thallium (Tl) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethy 1hexyl)phthalate (BEHP 

Total 

1,2-Dichloroethene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium (Be) 
Cadmum (Cd) 
C hloromethane 
Chromium (Cr) 
Fluorene 
Lead (Pb) 
Manganese (Mn) 
Phenanthrene 

Pyrene 
Tetrachloroethene 
Thallium (Tl) 
Toluene 
Trichloroethene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate (BEHP 

ND UG/L 
30.8 UGL 
1300 U G h  
ND U G 5  
ND UG/L 
ND UGL 
ND UG/L 

1 UGlL 
ND UGL 
30 UGL 

1440 UG/L 
ND UGlL 

2 UGL 
ND U G h  
ND U G h  
679 UG/L 
2.95 UGL 
ND UGL 
ND UG/L 
ND UG/L 
ND UGL 
ND UGL 
ND UGL 
ND UGL 

201.5 UGL 
ND U G 5  
ND U G h  
ND U G h  
ND UG/L 

2 UGL 
ND UG/L 
2.2 UGlL 

16.75 UGlL 
ND UGL 

ND UGlL 
ND UGL 
ND U G 5  

2190 UGL 
13.2 UGL 
MI UG/L 
ND UG/L 
ND UGL 
ND UGL 
ND UGlL 
ND UGlL 
2.9 UGR. 
923 UG/L 
ND UGL 
ND UGL 
ND UG/L 
ND UGL 
ND U G L  
ND UG/L 
11.1 UGL 

15 U G 5  
ND U G L  



GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 
GEL 014 

Total 

1,2-Dichloroehene (total) 
2-Methylnaphthalene 
Acenaphthene 
Aluminum (Al) 
Arsenic (As) 
Benzene 
Beryllium Be) 
Cadmum (Cd) 
C hloromethane 
Chromium (Cr) 
Fluorene 
Lead Pb) 
Manganese (Mn) 
Phenanthrene 

Pyrene 
Tetrachloroethene 
Thallium (Ti) 
Toluene 
Trichlorwthene 
Vanadium (V) 
Zinc (Zn) 
bis(2-Ethylhexy1)phthalate @EHP 

Total 

ND UG/L 
2400000 UGL 

210000 UGL 
0.91 UG/L 

1.3 UG/L 
3800 UGL 
ND UGL 
0.3 UGIL 

ND U G 5  
0.27 UGL 

340000 U G 5  
4.6 UGIL 

0.07 UGL 
570000 UGL 
24000 UG/L 

ND UG/L 
ND UGL 

4900 UGIL 
ND UGL 
5.2 UG/L 

7 UGR, 
40000 UG/L 
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Arsenic and manganese were the most significant contributors to hazard index projections at most 

locations. Aluminum, arsenic, cadmium, chromium, manganese, thallium, vanadium, and zinc 

were the most significant contributors to hazard index projections associated with monitoring we11 

location GEL008 and GEL01 1 . Acenaphthene, benzene, bis(2ethylhexyl)phthalate. fluorene, 

2-methylnaphthalene, phenanthrene, pyrene, and toluene were the most significant contributors 

to hazard index projections associated with monitoring well location GEL014. Hazard estimates 

ranged fiom 0.009 (61 302D) to 5,981 (GEL014) with a mean hazard of 435. 

The risk assessment and the point risk and hazard estimates for the groundwater pathways were 

based on frrst quarter sample results. The concentrations reported for petroluem-related chemicals 

and most of the inorganic parameters showed a significant drop in concentration between the first 

quarter sampling event and the second quarter sampling event. As a result, subsequent quarterly 

groundwater data should be review prior to any risk management decisions based on conclusions 

from the groundwater risk assessment. 

10.7.7.8 Remedial Goal Options 

Soii 

RGOs for carcinogens were based on the lifetime weighted average site resident or site worker as 

presented in Table 10.7.33 for surface soils. Hazard-based RGOs were calculated based on the 

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

Groundwater 

Groundwater RGOs, based on the site resident scenario, are shown in Table 10.7.34. 
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10.7.8 Corrective Measures Considerations 

For AOCs 6131615 and SWMU 175, the upper and lower soiI intervals and shallow and deep 

groundwater were investigated. 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 commerciallindustrial use. The site is covered with buildings or asphalt and concrete 

pavement. 

BEQs, arsenic, and beryllium were identified as COCs in the upper soil interval, The soil 

pathway cumulative mean residential exposure risk is 7E-05 and the mean cumulative HI is 1.0 

(resident child). Both of these are within USEPA's acceptable risk range between 1E-06 and 

1E-04 and acceptable HI range between 1 and 0.1. 

Residential risk-based remedial goals for surface soil for BEQs, arsenic, and beryllium are 0.06, 

0.38, and 0.13 mg/kg respectively based on a target risk of 1E-04. Potential corrective measures, 

in addition to no further action for soil and respective COCs, are presented in Table 10.7.35. 

Aluminum, arsenic, benzene, chlorobenzene, 2,4dicNoroethene, ethylbenzene, 2-methylphenol, 

4-methylphenol, naphthalene, toluene, and xylene were identified in the shallow groundwater for 

AOC 613/615 and SWMU 175. Arsenic was the primary contributor to risk and hazard at all 

locations except for monitoring wells 61302D, 613001, and GEL014. The shallow groundwater 

pathway cumulative mean residential exposure risk is 5E-03 and the cumulative mean HI is 441 

(resident child). The residential risk is above USEPA's acceptable risk of 1E-04. 
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Table 10.7.35 
Potential Corrective Measures for AOC 613 

Medium 

Soil Arsenic, beryllium, and a) No Action 
beazo(a)pyrene equivalents b) Intrinsic remediation and 

monitoring 
C) Conrainmen! by capping 
d) Excavation and Wfffl, if 

RCRA-nonhazardous waste 
e) h-situ, chemical and physid 

treatment 
fS Fs-situ, chemical and physicai 

treatment 

Shallow Groundwater Aluminum, arsenic. a) No Action 

benzene, chlorobenzene, b) Intrinsic remediation and 

2,4-dichlorophenol, monitoring c) In-situ, chemical and physical 
ethylbenzene, 2- treatment 
methylphenol, 4- d) Ex-situ, chemical and pbysical 
methylphenol, naphthalene, treatment 
toIuene, and xyIene e) Free product recovery 

The cumulative HI is above USEPA's acceptable HI of 1 .  The residential risk- and hazard-based 

RGOs for groundwater based on a target risk of 1E-06 and HI of 1 are shown on Table 10.7.31. 

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

Table 10.7.35. Corrective measures for AOC 613 are detailed in Section 9. 
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10.8 AOC 616, Paint Shop, Former Building 1201 

A CSI site, AOC 616 is the former Building 1201, which operated as a paint shop from 1955 to 

1977. The building has since been demolished and the site incorporated into a parking and storage 

lot for Building 69. Materials released, stored or disposed of at the site are paint thinner, solvents, 

and paint supply products. 

10.8.1 Site Geology 

In accordance with the work plan, site stratigraphy was determined from adjacent AOC 617 

borings which consisted of sandy clay overlying silty-clayey sand. Groundwater was encountered 

at approximately six ft bgs. 

10.8.2 Field Investigation Approach 

The field investigation at AOC 616 was to: (1) confirm the presence or absence of contamination 

in the site area; (2) delineate any contamination; and (3) provide suficient 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 fieId investigation. 

It describes the hand-auger procedures used to sample soil, other procedures, and analytical 

protocals. Figure 10.8-1 depicts the soil boring locations associated with the AOC 616 CSI. 

Appendix D contains the data report for Zone F samples. 

10.8.3 Soil Sampling and Analyses 

The approved final RFI work plan proposed advancing four soil borings at AOC 616 to assess the 

presence of any soil contamination from this site. Upper and lower interval soil samples were 

proposed from each boring. Four soil borings were advanced during the field investigation, as 

depicted in Figure 10.8-1. Upper and lower interval samples were collected from each location. 

In accordance with approved final RFI work plan, soil samples were analyzed for metals, SVOAs, 

and VOAs at DQO Level lII. Table 10.8.1 summarizes the AOC 616 soil samples and analyses. 
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Table 10.8.1 
AOC 616 

Soil Samples and Analyses 

Boring Ssmple Sample Date 

Note: 
SW-846 (metals, SVOAs, and VOAs) at DQO Level 111. 

10.8.3.1 Nature of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.8.2. Inorganic analytical 

results for soil are summarized in Table 10.8.3. Table 10.8.4 summarizes all analytes detected 

in soil at AOC 616. Appendix D contains a complete analytical data report for all Zone F samples 

collected. 

Volatile Organic Compounds in Soil 

No VOCs exceeded their RBCs in surface soil samples SSLs in AOC 616 subsurface soil. 

Semivolatile Organic Compounds in Soil 

Nineteen SVOCs were detected in surface and/or subsurface soil; however, no SVOCs exceeded 

RBCs or SSLs. 
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Inorganic Elements in Soil 

Twenty-one metals were detected in AOC 616 soil samples. Antimony exceeded its Zone F 

background and equaled the RBC in surface soil. Iron exceeded its surface soil RBC at two 

locations; however, no background concentration for iron in surface soil was calculated because 

it is an essential nutrient. Figure 10.8-2 presents the antimony concentrations detected in surface 

soil samples. 

No metals in subsurface soil exceeded SSLs and background concentrations for Zone F subsurface 

soil. 

10.8.4 Fate and Transport Assessment for AOC 616 

Samples collected as part of the AOC 616 investigation were obtained from surface and subsurface 

soil. The potential constituent migration pathways investigated for AOC 616 are soil-to- 

groundwater and soil-to-air. 

10.8.4.1 AOC 616 - Soil-to-Groundwater Cross-Media Transport 

Table 10.8.5 compares maximum detected organic concentrations in surface soil and subsurface 

soil samples to risk-based soil screening levels considered protective of groundwater and 

background concentrations. To provide a conservative screen, generic soil screening levels are 

used; Ieachate entering the aquifer is assumed to be diluted by a ratio of 20: 1, with no attenuation 

of constituents in soil (DAF = 20). 

No constituents in AOC 616 surface or subsurface soil exceeded groundwater protection SSLs. 

As a result, the soil-to-groundwater migration pathway is not expected to be significant at 

AOC 616. 
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Table 10.8.5 
Chemicals Detected in Surface Soil and Subsurface Soil 
Comparison to SSLs. Tap Water RBCs. Salt Water Surface Water Chronic Screening Levels, and Background Concentrations 
NAVBASE Charleston, Zone F: AOC 616 
Charleston, South Carolina 

Ground- Surface 

Volatile Organic Compounds 
30 0.36 

2-Butanone (MEK) 
Trichloroethene 

Semivolatile Organic Compounds 

Benzo(g,h,i)perylene 
Benzo(a)pyrene equivalents 

Benzo(a)anthracene 

Benzo(k)fluoranthene 

Indeno(1,2,3-cd)pyrene 

bis(2-Ethy1hexyl)phthalate (BEHP) 

2-Methylnaphthalene 

Phenantbrene 

lnorganic Compounds 

63 0.66 

920 1500 

* Screening Concentrations: 
So11 to GW - Generic SSLs based on DAF = 20, from 1996 Soil Screening Guidance or calculated using values from Table 6.4 
Tap Water R3C - From EPA Region 111 Risk-Based Concentration Table, June 3, 1996 
Saltwater Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November 1995; Table 2 

For ~norganics, the value shown is the greater of the relevant screening value or the corresponding background reference value. 

NA - Not avaitable1Not applicable 
ND - Not detected 
DAF - Dilut~on and attenuation factor 
GW - Groundwater 
RBC - Risk based concentration 
SSL - So11 screening level 
MGtKG - Milligrams per kilogram 
UGJKC - Micrograms per kilogram 
UG/L - Micrograms per liter 



Zone F RCRQ Facility Investigcrrion Report 
NA VBASE Charleston 

Section I0 - Site-Specpc Evaluan'ons 
1, Revision: 0 

10.8.4.2 AOC 616 - Soil-to-Air Cross-Media Transport 

Table 10.8.6 lists the VOCs detected in surface soil samples from AOC 616 and corresponding 

soil-to-air voiatilization screening levels. Only one VOC - 2-butanone - was detected at 

AOC 616 in surface soil. Currently there is no applicable screening level for this VOC; however, 

surface soil at AOC 616 is paved, and the soil-to-air pathway is essentially invalid because 

migration is inhibited by the cover. 

10.8.4.3 AOC 616 - Fate and Transport Summary 

No constituents in surface or subsurface soil exceeded any soil screening levels. Therefore, no 

threat was identified to groundwater in the Cooper River. Additionally, even though one VOC 

was detected in surface soil, the soil-to-air migration pathway is inhibited due to pavement cover. 

10.8.5 Human Health Risk Assessment - 10.8.5.1 Site Background and Investigative Approach 

AOC 616 is former Building 1201, which operated as a paint shop from 1955 to 1977. The 

building has since been demolished and the site incorporated into a parking and storage lot for 

Building 69. Materials released, stored, or disposed of at the site are paint thinner, solvents, and 

paint supply products. 

During the investigation, eight soil samples in all were collected from four borings. No 

groundwater samples were collected. Section 10.8.3 summarizes the AOC 616 sampling effort. 

10.8.5.2 COPC Identification 

Based on the screening comparisons described in Section 7 of this CSI and presented in 

Table 10.8.7, the only COPC identified in surface soil is antimony. Wilcoxon rank sum test 

analyses did not result in the inclusion of any parameter that had been screened out, based on 

background concentrations. 



Table 10.8.7 
Chemicals Present in Site Samples 
AOC 616 - Surface Soil 
Naval Base Charleston, Zone F 
Charleston, South Carolina 

RUKOS. 

- ind~cates the constituent has been identified as a COPC 
SQL - Sample quantiation limit 
RBC - Risk-based concentration 
PAH - Polyaromatic hydrocarbons 
UGIKG - micrograms per kilogram 
MGIKG - milligrams per kilopram 
NA - Not applicable or not a~i lab le 

Carcinogenic PAHs 

Aluminum (Al) 
Antimony (Sb) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Calcium (Ca) 
Chromium (Cr) 
Cobalt (Co) 
Copper (cu) 
Iron (Fe) 
Lead (Pb) 
Magnesium (Mg) 
Manganese (Mn) 
Mercury (Hg) 
Nickel (Ni) 
Potassium (K) 
Selenium (Se) 
Sodium (Na) 
Vanadium (V) 
Zinc (Zn) 

Semivolatile Organics 
Eenzoic acid 
bis(2-Ethy1hexyl)phthalate (BEHP) 
Fluoranthene 
Phenanthrene 
Pyrene 

Volatile Organic 
2-Butanone (MEK) 
.I-.--. 

4 4 
1 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
3 4 
1 4 
4 4 
2 4 
4 4 
4 4 
1 4 
4 4 
4 4 
3 4 
4 4 
4 4 
3 4 

1 4 
1 4 
1 4 
1 4 
1 4 

3580 14400 6555 
3.1 3.1 3.1 

0.86 12.4 4.24 
3.5 34.2 12.35 

0.12 0.75 0.30 
0.07 1.8 0.53 
74455000 18249 
4.4 34 12.5 

0.79 6.1 2.58 
65.4 65.4 65.4 
121017900 6013 

5.2 96.4 50.8 
211 2470 879 
5.7 168 50.8 

0.37 0.37 0.37 
1.1 20 6.08 
155 1140 409 

0.57 1.1 0.82 
150 386 227 
3.9 35 13.0 

12.5 1800 665 

44 44 44 
98 98 98 
62 62 62 
57 57 57 
70 70 70 

1 4 8 8  8 

NA NA 
0.165 0.17 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

0.305 0.305 
0.355 1 

NA NA 
1.1 1.35 
NA NA 
NA NA 

0.02 0.02 
NA NA 
NA NA 

0.17 0.17 
NA NA 
NA NA 
2.2 2.2 

900 900 
180 190 
1 8 0  190 
180 190 
180 190 

5.5 6 

7800 18500 
3.1 0.79 

0.43 19.9 
550 61.5 

0.15 1.05 
3.9 0.26 
N A NA 
39 34.8 

470 15.1 
31 0 48.2 
NA NA 
400 180 
N A NA 
180 307 
2.3 0.62 
160 12.6 
N A NA 
39 1.15 
N A NA 
55 48.9 

2300 198 

3lM)[)[XX) NA 
46000 NA 

31 OCW NA 
31 0000 NA 
230000 NA 

4700000 NA 

MGIKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGlKG 

UGIKG 
UGIKG 
UGIKG 
UGlKG 
UGJKG 

UGIKG 

1 
1 1 
4 

2 
1 

1 

1 

1 
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10.8.5.3 Exposure Assessment 

Exposure Setting 

AOC 616 is in an industrial setting on the former naval base, 600 feet southwest of the waterfront 

area along the Cooper River. The site is surrounded by buildings and roads, railroad right-of- 

ways, and mostly paved storagelparking areas. The site is paved with asphalt, which would 

prevent direct contact with soil and 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 site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed quantitatively in this risk assessment. Current exposure to 

workers is discussed qualitatively relative to future workers and 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 protective of current site users. 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 

a11 sample locations. Table 10.8.8 presents the justification for exposure pathways assessed in this 

HHRA. 
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Table 10.8.8 
Expaswe Pathways Summnrg - AOC 616 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected for 
Population Pathway Evaluation? Reason for Selection or Exclusion 

Air, Inhalation of chcmiuls 
entrained in fugitive dust 

No Little surface soil is exposed at AOC 616, 
inhibiting fugitive dust generation. Therefore, 
this exposure pathway was considered 

.*. . . .,̂  . , _.--? 1 ,..-. . .,... - -, , . inswcant compared to the other pathways. 
.. j :* .. ' -*; .;T:' $ ~. - . : . .. :" .:y;%y:w ' .r ,+ .*., . , ., . - . . .. I .:. . I. . 

,':No ' mucc 
/ . I .  . ,.. ',' 

, $, - ' ~  . .  ' F A .  . , '  ..~. 
616. 

. . . I .  / .  , , USC, . . . 

Shdlow grourdwatcr. 
W a t i o n  of volatilized 
shallow groundwater 
contaminants 

No Shallow groundwater is currently used as a source 
of potable or non-residential water at AOC 616. 

Soil. Dermal contact No (Qualified) Future land use assessment is considered to be 
representative of current receptors. 

- - - - - -- - - - 

EathmSkBerideoti Air.Inhhdonofgwau No h t s o o d ~ d ~ d i d n o t ~ ~ d f ~ ~  
(CMld.nd6Adldt)d Eo - ' c m d i q f m m  C O P C s f w ~  ~ndirsctsxposvrspatbwry. 
Puhae Site Worlrer mil 

Air, Inhalation of chemicals 
enmined in fugitive dust 

No LittIc surface soil is exposed at AOC 616, 
inhibiting fugitive dust gemration. Therefore, 
this exposure pathway was considered 
insigdcant compared to the other pathways. 

Shallow groundwater, No Fate and trampon screening did not identify any 
Inhalation of volatilized COKs for this pathway. 
contaminants during domestic 
IlW. --- . < 

W.lncidemfi~utian Yes COK!s wen ide& nib#qntntbo ridt.krod 
I r d b p c ~ s c n a n t y c o ~ n a .  

Soil, Dennai contact Yes COPCs were identified subsequent to risk-based 
and background screeninn comparisons. 
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Table 10.8.8 
Exposure Pnthwnys Summary - AOC 616 

NAVBASE - Zane F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposun Pathway Selected for 

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

Exposure Point Concentrations 

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

used as EPCs, as discussed in Section 7 of this RFI. 

Quantification of Exposure 

CDIs for incidental ingestion and dermal contact with surface soils are listed in Tables 10.8.9 and 

10.8.10, respectively. 

10.8.5.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.8.11 

presents toxicological information specific to antimony, the only COPC identified at AOC 6 16. 

This information was used to quantify risklhazard associated with surface soil contaminants. A 

brief toxicological profile for antimony is provided below: 

Antimony is absorbed slowly through the gastrointestinal tract, which is the target of this element. 

Antimony has been experimentally shown to reduce lifespan, decrease blood glucose, and alter 

cholesterol levels, when tested on a population of mice. Due to frequent industrial use, the 

primary exposure route for antimony to the general population is food. 
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Antimony is also a common air pollutant from industrial emissions. USEPA has posted an oral 

RfD of 0.0004 mgtkgday , based on a LOAEL of 0.35 mgtkg-day and an uncertainty factor of 

1,000. (Klaassen, et al., 1986). 

10.8.5.5 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 10.8.12 and 10.8.13 present the computed WQs associated with the incidental ingestion of 

and dermal contact with site surface soils, respectively. 

Hypothetical Site Residents 

The computed hazard indices for the adult resident were 0.01 for the soil ingestion pathway and 

0.002 for the dermal contact pathway. The computed hazard indices for the child ingestion and 

dermal contact pathways were 0.1 and 0.007, respectively. The sole contributor to cumulative 

HI projections is antimony. 

Hypothetical Site Workers 

Hazard indices for the ingestion and dermal pathways were projected to be 0.004 and 0.002 for 

the hypothetical site worker scenario, respectively. 

COCs Identified 

Identification of chemicals of concern was based on cumulative (all pathway) risk and hazard 

projected for this site medium specifically. USEPA has established a generally acceptable risk 

range of IE-04 to 1E-06, and a hazard index threshold of 1.0 (unity). As recommended by 

SCDHEC, 
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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 .O, if its individual ILCR exceeds 1E-06 or its 

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 

to more comprehensively evaluate chemicals contributing to carcinogenic risk or noncarcinogenic 

hazard during remedial goal options development. However, no COCs were identified in surface 

soils at AOC 616. Antimony was the only COPC identified, and it only yielded a cumulative HI 

of 0.1 in the future residential child scenario, which was the most conservative scenario used to 

assess risk at AOC 616. As a result, no COCs were identified for AOC 616. 

10.8.5.6 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 cornmercial/industriaI use of 

Zone F. If this area were to be used as a residential site, the buildings and other structures would 

be demolished, and 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 exposure pathways assessed in this HHRA would generally 

overestimate the risk and hazard posed to current site workers and hture site residents. 
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Determination of Exposure Point Concentrations 

The maximum detected soil constituent concentrations were used as exposure point concentrations 

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 represent 

soil constituents throughout the site. 

Frequency of Detection and Spatial Distribution 

Antimony was detected in only one of four surface soil samples, indicating that it is not likely 

widespread throughout the site. 

Quantification of Risk/Hazard 

As indicated above, the uncertainty inherent in risk assessment 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. 

A conservative screening process was used to identify COPCs for AOC 616. The potential for 

eliminating CPSSs with the potential for cumulative HI greater than 1 was addressed for 

noncarcinogens through the use of RBCs reduced one order of magnitude. For carcinogens, the 

RBCs are based on a conservative target risk of 1E-06. Use of conservative IIBCs, combined with 

the use of maximum detected concentrations, reduces the likelihood of a significant contribution 

to risWhazard 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 its 

RBC). Aluminum, arsenic, and beryllium were detected at maximum concentrations exceeding 

their corresponding RBCs and were eliminated based on comparison to their corresponding 

reference concentrations. Wikoxon rank sum test analysis also indicated that these inorganics site 

concentrations were within background concentrations. 
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Background-Related Risk 

Aluminum, arsenic, and beryllium in AOC 61 6 surface soil exceeded RBCs. These elements were 

eliminated from consideration in the risk assessment based on comparison to background 

concentrations. It is not unusual for some element's naturally occurring or background 

concentrations to exceed risk-based concentrations. It is the risk assessment's function to identify 

excess risk andlor hazard, or that which is above background levels. The following discusses the 

residential scenario risWhazard associated with these element's background concentrations. 

The maximum surface soil concentrations of aluminum (14,400 mgkg), arsenic (12.4 mg/kg), and 

beryllium (0.75 mg/kg) for AOC 616 equate with hazard quotients of 0.2, 0.6, and 0,002, 

respectively, for the residential child scenario. The maximum surface soil concentrations of 

arsenic and beryllium also equate with ILCRs of 3E-05 and 6E-06, respectively; however the 

Zone F background surface soil concentrations for arsenic (19.9 mglkg) and beryllium 

(1.05 mgikg) equate with ILCRs of 5E-05, and 8E-06, respectively. 

10.8.5.7 Risk Summary 

The risk and hazard posed by AOC 616 contaminants were assessed for the future site worker and 

the future site resident under reasonable maximum exposure assumptions. In surface soils, the 

incidental ingestion and dermal contact pathways were assessed in this HHRA. Table 10.8.14 

summarizes risk for each soil pathway/receptor group evaluated for AOC 616. No COCs were 

identified at AOC 616, indicating no threat to current or future human receptors. 

10.8.6 Corrective Measures Considerations 

For AOC 616, upper and lower soil intervals were investigated. Soil samples were collected at 

four locations. No groundwater monitoring wells were installed or sampled. Based on 

the analytical results and the human health risk assessment, no COCs requiring further evaluation 
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through the CMS process were identified for an unlikely future residential use. Residential use i 

of the site is not expected, based on current site uses and the nature of surrounding buildings. 2 

Current reuse plans call for continued commercial/industria1 use. The site is paved with asphalt. 3 

All soil samples were collected from beneath the pavement. 4 

No compounds were identified as COCs in the soiI sampled at AOC 616. 5 
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10.9 AOC 617, Galvanizing Plant, Former Building 1176 1 

A CSI site, AOC 617 is the former Building 1 176, which operated as a galvanizing plant from the 2 

early 1940s to approximately 1985. A 3,000 gallon UST apparently was used for onsite chemical 3 

storage. The building has since been demolished and Building 69, a shipping and supply center 4 

was constructed in the general area. Materials released, stored or disposed of at the site included s 

zinc solutions and inorganic acids. 6 

10.9.1 Site Geology and Hydrogeology 

The soil boring and groundwater monitoring well locations at AOC 617 are shown in 

Figure 10.9-1. The stratigraphy at AOC 617, based on two monitoring well borings, consists of 

silty sand and silt overlying silty clay and clayey sand. No samples for grain size analysis were 

collected from the aquifer at this AOC. The silty clay extends to a depth of approximately 12 ft 

bgs. The total depth of monitoring well 617001 was 12.3 ft bgs while monitoring well 617002 

had a total depth of 14.0 ft bgs. Boring logs and as-built well construction diagrams are contained 

in Appendix A. 

Figure 10.9-2 depicts the shallow groundwater potentiornetric surf'ace and inferred flow direction 1s 

at low tide. Figure 10.9-3 depicts the shaflow groundwater potentiometric surface and inferred 16 

flow direction at high tide. Minor differences in the static water levels and the overall flow pattern 17 

at the AOC 617 area were observed between high and low tide. No slug tests were performed on 18 

the AOC 617 wells, therefore, no hydraulic conductivity could be calculated. The representative 19 

horizontal hydraulic gradient, based on Figure 10.9-2 is 1.8E-02. 20 

10.9.2 Field Investigation Approach 21 

The objective of the field investigation at AOC 617 was to: (1) assess the presence or absence of 22 

contamination in the site area; (2) delineate any contamination found; and (3) provide sufficient 23 

data to support a detailed evaluation of treatment alternatives, if required. Media sampled within 24 

the investigation area included soil and groundwater. Section 3 of this report details the methods 25 
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used during the field investigation including hollow stem auger procedures used for shallow well 

installation; hand-auger procedures used for soil sampling; groundwater sampling procedures; 

analytical protocols for sample analyses; and rniscel~aneous field procedures used during the field 

investigation. 

10.9.3 Soil Sampling and Analyses 

The approved final Rm work plan proposed advancing four soil borings within the AOC 617 area 

to assess the presence of any soil contamination from this site. Upper and lower interval soil 

samples were proposed for each boring. Four soil borings were advanced during the field 

investigation, as depicted in Figure 10.9-1. Upper and lower interval samples were collected from 

each location. In accordance with the approved final RFI work plan, soil samples were analyzed 

for metals, SVOAs, and VOAs at DQO Level III, and pH. In addition, samples from all but one 

boring (617SB001) were analyzed for cyanide and pesticides. Duplicate samples included one 

lower interval soil sample collected for Appendix IX analyses at DQO Level IV. Table 10.9.1 

summarizes the AOC 617 soil samples and analyses. 

10.9.3.1 Nature of Contamination in Soil 

Organic compound analytical results for soil are summarized in Table 10.9.2. Inorganic analytical 

results for soil are summarized in Table 10.9.3. Table 10.9.4 presents a summary of all analytes 

detected in soil at AOC 617. Appendix D contains a complete analytical data report for all Zone F 

samples collected. 

Volatile Organic Compounds in Soil 

No VOCs were detected in surface soil samples. No VOCs exceeded their respective SSLs in 

subsurface soil at AOC 617. 
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Table 10.9.1 
AOC 617 

Soil samples and Annly!M 

617SB002 617SBOM01 Upper 8/30/% Note. Itcyanide: 
617SB00202 Lower pesticidesfPCB 

617CBW202* 
r x  ' ,A) *% s 5  Tw p %;. . Ic., xcii . . , -> ., *- ,. * - ,  '- PI ,.- ., Duplicate Sample* - Note 2- 

i 
:" . . b .  9 .  

rn- x . "b $. L; :.;: , d* C *-.: , 

' &mbc.' -*** * 

617SB004 617SB00401 81301% Note Itcyanide; 

Notes: 
1 = SW-846 (metals. SVOAs. ud VOAs); at DQO Level m; pH 
2 = Appendix M suite.: Appendix IX @esticides~PCBs, herbicides, SVOAs, VOAs); SW-846 (metals, dioxins, OP-pesticides); cyanide; 

hex-chrome at DQO Level IV 
t = Duplicate sample 
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Zone F RCRQ Facility Investigananon Reporr 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluanuanons 

Semivolatile Organic Compounds in Soil 

Benzo(a)pyrene exceeded its RBC in one surface soil sample at AOC 617. Benzo(a)anthracene 

was detected in subsurface soil in two locations exceeding its SSL. Figure 10.94 presents the 

distribution of BEQs in surface soil. Figure 10.9-5 presents the distribution of benzo(a)anthcene 

in subsurface soil at AOC 617. 

Pesticides and PCBs in Soil 

No pesticide concentrations exceeded their RBCs or SSLs in surface or subsurface soil samples 

at AOC 617. Aroclor-1260 was detected in two subsurface samples. The detection at 617SB003 

exceeded the SSL. Figure 10.9-6 presents the detections of Arclor-1260 in subsurface soil. 

Other Organic Compounds in Soil 

The herbicide 2,443 and dioxin (2,3,7,8-TCDD TEQ) were detected in the duplicate subsurface 

soil sample collected at 617SB002. Neither of these detections exceed the respective SSL. 

Inorganic Elements in Soil 

Twenty-three metals and cyanide were detected in soil samples collected at AOC 617. No 

inorganic concentrations were detected in surface soil samples that exceeded both their respective 

RBCs and background concentrations for Zone F surface soil. Iron exceeded its RBC in three 

surface soil samples but it does not have a background concentration because it is an essential 

nutrient. Antimony was detected in subsurface soil exceeding its SSLs; no antimony background 

concentration for subsurface soil is available. Figure 10.9-7 presents the distribution of antimony 

in subsurface soil at AOC 617. 
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Zone F RCRA Facility Investigm'on Report 
NA VBASE Charleston 

Section 10 - Site-Spec@c Evaluatrons 

10.9.4 Groundwater Sampling and Analysis 

The approved final RFI work plan proposed the installation and sampling of one shallow 

monitoring well within the AOC 617 area to: (1) assess groundwater quality, and (2) identify 

contaminants which may be migrating from the site in the shallow aquifer. During the field 

investigation, two shallow monitoring wells (as shown in Figure 10.9-1) were installed in two 

phases. These wells were installed between approximately 12 and 14 ft bgs. The first shallow 

well was installed as specified in the approved f m l  RFI work plan. Later, a second well was 

installed to define the potential downgradient impact to groundwater from subsurface soil 

PCB/SVOA contamination identified during the site soil sampling. In accordance with the 

approved f d  RFI work plan, groundwater samples from these wells were analyzed for metals, 

SVOAs, and VOAs at DQO Level III, and pH. Table 10.9.5 summarizes the AOC 617 

groundwater samples and analyses at AOC 617. 

Table 10.9.5 
AOC 617 

Groundwater Samples and Analyses 

WelI Kurnber Well Depth Sample Identifier Date Samplcd Analyses Remarks 
- ~* % *.-t % 

617001 Shllon 61700IOI 111 14/96 &note' 

617002 Shallow 6170MA1 5/06/!37 See note Sample from second-round well. 

Note: 
SW-846 (metals. SVOAs. VOAs) at DQO Level 111: pH 

Nature of Contamination in Groundwater 9 

In accordance with the work pian, well 617001 was installed initially. Well 617002 was instarled 10 

subsequently to further evaluate site groundwater and was first sampled during the second quarter I I 

sampling event (May 1997). Organic analytical results for groundwater are summarized in 12 

Table 10.9.6. Inorganic analytical results for groundwater are summarized in Table 10.9.7. 13 

Table 10.9.8 presents a summary of all analytes detected in groundwater at AOC 617. 14 
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Zone F RCRA Faciliry Investigarion Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluanuanotu 
Revision: 0 

Volatile Organic Compounds in Groundwater I 

No VOCs were detected in shallow groundwater at AOC 617, 2 

Semivolatile Organic Compounds in Groundwater 

One semivolatile organic compound was detected in groundwater below its RBC. 

Inorganics Detected in Groundwater Samples 5 

Nineteen metals were detected in AOC 617 groundwater samples. Aluminum, arsenic, cadmium, 6 

cobalt, manganese, nickel, thallium, and zinc exceeded both their RBC and shallow groundwater 7 

background concentrations during the initial sampling. Figures 10.9-8 through 10.9- 15 illustrate 8 

the distribution of these metals in shallow groundwater. 9 

10.9.5 Fate and Transport Assessment for AOC 617 10 

Environmental media sampled as part of the AOC 617 investigation include surface soil, 11 

subsurface soil, and shallow groundwater. Potential constituent migration pathways investigated 12 

for AOC 617 include soil-to-groundwater, groundwater-to-surface water, and emission of volatiles 13 

from surface soil to air. 14 

10.9.5.1 Soil-to-Groundwater Cross-Medial Transport 15 

Table 10.9.9 compares maximum detected organic constituent concentrations in surface soil and 16 

subsurface soil samples to groundwater protection SSLs. For inorganics, maximum concentrations 17 

in soil are compared to the greater of (a) risk-based soil screening levels, or (b) background 1s 

concentrations. To provide a conservative screen, generic soil screening Ievels are used; leachate 19 

entering the aquifer is assumed to be diluted by a ratio of 20: 1, with no attenuation of constituents 20 

in soil (DAF = 20). 21 
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Table 10.9.9 
Chemicals Detected in Surface Soil, Subsurface Soil, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Concentrat~ons 
NAVBASE Charleston, Zone F: AOC 6 17 
Charleston. South Carolina 

Volatile Organic Compounds 
Carbon disutlide 

Semivolatile Organic Compounds 

Benzo(g,h,i)perylene 
Benzo(a)pyrene equivalents 

Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Chrysene 
D~benzo(a,h)anthracene 
Indeno(l,2,3-cd)pyrene 

Butylbenzylphthalate 
Dibenzofuran 
bis(2-Ethylhexy1)phthalafe (BEHP) 
Fluoranthene 
Fluorene 
2-Me~hylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

PesticidedPCB Compounds 
Aroclor- I260 
4,4'-DDD 
4,4'-DDE 
4.4'-DDT 

Herbicides 
2,4'-D 

Dtoxin Compounds 
Dioxin (TCDD TEQ) 

Inorganic Compounds 
Alum~num 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (total) 
Cobalt 
Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Nickel 
Selen~um 
Thall~um 
Tln 
Vanadium 

ND 130 
73 2800 

t30 5900 
130 5500 
82 3700 

110 6200 
150 6200 
44 1600 
78 2800 

ND ND 
ND 1200 
91 390 

220 14000 
ND 1900 
ND 280 
ND 870 
140 I2000 
210 10000 

ND 1700 
4.3 4.45 

3 5 1 
ND 100 

NA 160 

NA 0.1812 

4580 15300 
ND 10.7 
2.6 15.5 

10.4 36.1 
0.21 0.98 
0.27 0.82 
7.5 26 

3 6.4 
4.1 33.2 

0.36 0.12 
14.9 274 
44.5 215 
ND 1.5 
3.3 44 

0.61 0.89 
0 39 ND 
ND 33.9 
8.6 49.2 

ND NA 
ND NA 

ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

I NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 
ND NA 

NA NA 
NA NA 
N A NA 
NA NA 

NA NA 

NA NA 

7420 NA 
ND N A 

3 1.7 N A 
52.9 NA 
ND NA 
5.6 N A 
9.2 N A 
298 NA 
ND N A 
N A N A 
10.5 NA 

4850 NA 
0.18 NA 
604 N A 
6.5 NA 
2 1 NA 

N D NA 
18.6 NA 

400000 150000 
4.66E+08 1500 NA 

2000 0.092 NA 
8000 0.0092 NA 
5000 0.092 NA 

49000 0.92 NA 
160000 9.2 NA 

2000 0.0092 NA 
14000 0.092 

930000 7300 29.4 
240000 150 NA 

3600000 4.8 NA 
4300000 1500 1.6 

560000 1500 NA 
126000 1500 NA 
84000 1500 23.5 

1380000 1500 NA 
4200000 1100 NA 

1000 0.033 0.03 
16000 0.28 0.025 
54000 0.2 0.14 
32000 0.2 0.001 

3400 6 1 NA 

1900 0.43 10 

1000000 37000 NA 
5 15 NA 

29 16.7 36 
1600 2600 NA 

63 0.66 NA 
8 18 9.3 

38 180 50 
2000 2200 NA 

920 I500 2.9 
40 730 4.3 

400 15 8.5 
1100 2010 NA 

2 11 0.025 
130 730 61 . I  

5 180 
1.24 2.9 21.3 

11000 22000 NA 
6000 260 NA 

umc u c ~  

UGRG UGL 

UGKC UGIL 

umc UGR. 

U ~ K G  UGL 

UGKG UGR- 

UCRG UGIL 

N A u m c  UGR 

UGNG ucn 
UGKG UGL 

UWKG UWL 

UCKG ucn 
UGKG ucn 
UWKG UGA 

UUKG UGIL 

UGKG UWL 

UGIKG ucn. 

UCKG UGIL 

UWKG UGIL 

UGKG ucn 
U G ~ K G  UGL 

UGKG UGIL 

NCKG PGIL 

MGKG UGA 

MWKG UGIL 

MWKG UWL 

MGRG UOL 

MWWG UGR 

MGKG UWL 

MGKG IJGL 

MWKG UGR. 

MGKG UWL 

MGKC U G n  

MWKG VCR 

MCKG U G ~ L  

MGKG IIGL 

MWKC LIGIL 

~ I M G K G  UGIL 

MWKG [IWL 

MGNG ucn 
MWKG ucn 

NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

YES NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 

NO NO NO 
YES NO NO 
NO YES NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO YES 
NO YES NO 
NO NO YES 
NO NO YES 
NO NO NO 
NO YES NO 
NO NO NO 
NO NO NO 



Table 10.9.9 
Chemicals Detected in Surface Soil, Subsurface Sod, and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Salt Water Surface Water Chronic Screening Levels, and Background Concentrations 
NAVBASE Charleston, Zone F: AOC 617 
Charleston, South Carolma 

* 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 I l l  Risk-Based Concentration Table, June 3, 1996 
Saltwater Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November 1995; Tabie 2 

For inorganics, the value shown is the greater of the relevant screening value or the corresponding background reference value. 

NA -Not availabieMot applicable 
ND - Not detected 
DAF - Dilution and attenuation factor 
GW - Groundwater 
RBC - k s k  based concenwatlon 
SSL - Soil screening level 
MGKG - Milligrams per kilogram 
NGKG - Nanogmms per kilogram 
PGIL - P~cograms per liter 
UGIKG - Micrograms per kilogram 
UGL - Micrograms per liter 

Soil Water 
Units Units 

8 6 ~ 0 ~ ~  u rn  

Screening Concentration 
Soil to Saltwater 
GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

12000 11000 

Parameter 

Zinc 

Ground- Surface 
Water Water 

Leaching MigrationM~gratio~ 
Potential Concern Concern 

NO YES YES 

Max. Concentration 

Surface Subsurfac 
Soil Soil 

284 316 

Max. Concentration 

Shallow Deep 
GW GW 

145000 NA 
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No organic constituents were detected in AOC 617 surface soil at concentrations exceeding 

groundwater protection SSLs. One sernivolatile, benzo(a)anthracene, and one PCB, Aroclor-1260, 

were detected in subsurface soil at concentrations exceeding SSLs. These exceedances were 

limited to locations 617SB003 and 617SB004. Notably, the majority of organic analytes exhibited 

significant enrichment in concentration with depth in the soil column. The source of these 

organics is unclear; their distribution is inconsistent with a surficial source unless their mobility 

has been enhanced through some source activity, such as a release of a mobilizing agent. Such 

a release could produce the characteristic profile of increasing concentration as a function of depth. 

In theory, these compounds present a potential threat to groundwater; the empirical data suggest 

otherwise, or at least that the potential for leaching is minimal, as they were not detected in site 

groundwater. 

No inorganic constituents were detected above applicable SSLs in surface soil. One inorganic, 

antimony, was detected in subsurface soil at concentrations above its SSL and background values. 

Similar to the organics distribution, these exceedances were limited to locations 617SB003 and 

617SB004. Also consistent with the organics distribution, most inorganic species exhibited 

significant enrichment with depth. The nature of the inorganics distribution, particularly vertically 

within the soil column, strongly imply association with surfrcial release of a mobilizing agent. In 

this case, the site history clearly provides that possibility via release of zinc solutions and 

inorganic acid solutions. Overall, however, the occurrence of both inorganic and organic 

exceedances does not cover a large area horizontally. Additionally, groundwater data suggest that 

leaching of these constituents at or above deleterious effects levels is not occurring. 

10.9.5.2 Groundwater-to-Surface Water Cross-Media Transport 

Table 10.9.9 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to RBCs for tap water, and to chronic ambient saltwater quality criteria 

values for the protection of aquatic life (saltwater surface water chronic screening values). For 
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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. 

No organic compounds were detected in groundwater above applicable screening levels. Four 

inorganics - arsenic, manganese, thallium, and zinc - were detected in f is t  quarter samples at 

concentrations exceeding their respective RBC values. Of these, arsenic was limited to well 

617001, and the others were detected at well 617002. Additionally, only arsenic remained above 

its RBC by the third quarter sampling, and that exceedance was slight. Four inorganics-lead, 

mercury, nickel, and zinc - were present in first quarter samples above the saltwater screening 

criteria. Lead exceeded the criteria at well 617001, nickel and zinc exceeded the criteria at 

well 617002, and mercury exceeded the criteria in samples ffom both wells. By the third quarter, 

only the mercury concentration remained above the saltwater screening criteria. Given that site 

activities were terminated in 1985, this trend could reflect a dynamic flux of constituents into the 

aquifer, influenced by climatological factors, or more likely, reflect more representative samples 

collected from an increasingly developed well. With regard to RBC exceedances , groundwater 

under the site is not used as a potable resource, nor are there future plans or reasons to develop 

the aquifer for such use. Therefore, the migration pathway is invalid due to an incomplete 

exposure pathway. With regard to surface water discharge, the nearest water body is the Cooper 

River, approximately 900 feet to the northwest. Site vicinity groundwater flow is characterized 

by a flow convergence from the north and southwest (just north of the AOC), with the trough of 

the convergence directed to the west. Consequently, it is improbable that this groundwater will 

discharge to the Cooper River, and the migration pathway is therefore invalid. 
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10.9.5.3 Soil-to-Air Cross-Media Transport 

Table 10.9.9 lists the VOCs detected in surface soil samples collected at AOC 617. No volatiles 

were detected in site surface soil and therefore the migration pathway is invalid, 

10.9.5.4 Fate and Transport Summary 

Constituents present above leachability-based SSLs were limited to two organic and one inorganic 

and were limited to two soil sample locations. However, both organics and inorganics exhibited 

significant enrichment as a function of depth in the soil column, implying enhanced mobility 

potentially related to past site activities. No organic compounds were present in groundwater 

above screening levels, but first quarter groundwater samples showed four inorganics that 

exceeded applicable RBCs and four that exceeded the applicable saltwater surface water chronic 

criteria. Subsequent sampling during two additional quarters exhibited a decrease in these 

exceedances; during the third quarter, only arsenic remained above its RBC, and only mercury 

remained above its saltwater criteria. No VOCs present in site soil were detected above soil-to-air 

screening values. 

Empirical groundwater data indicate that the soil-to-groundwater pathway is insignificant at this 

AOC. As for groundwater migration, attenuation of initial inorganic exceedances certainly 

diminishes the importance of this pathway at AOC 617; additionally, the surficial groundwater 

pathway for risk-based exposure is invalid due to the non-use of the shallow groundwater. The 

nearest surface water is a significant distance away and is inconsistent with groundwater flow 

direction from the site, and is therefore not considered significant with respect to this AOC. The 

soil-to-air volatilization pathway at this AOC is unsubstantiated by the data and is considered 

insignificant. 
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10.9.6 Human Health Risk Assessment for AOC 617 

10.9.6.1 Site Background and Investigative Approach 

AOC 617 was a former galvanizing plant at Building 1176, which was in operation until about 

1985. The building has since been demoIished and Building 69, a shipping and supply center was 

constructed in the general area. A 3,000 gallon UST apparently was used for onsite chemical 

storage. Materials released, stored or disposed of at the site included zinc solutions and inorganic 

acids. 

During the RFI, a total of eight soil samples were collected from four locations. Both upper and 

lower intervals were collected to identi@ potential impacts resulting from the activities listed 

above. Surface soil data was used to quantitatively assess soil exposure pathways. Two 

monitoring wells were installed in the shallow aquifer. Data from the initial sampling event for 

each well were used to quantitatively assess groundwater exposure pathways. Sections 10.9.3 and 

10.9.4 provide summaries of the sampling effort for AOC 617 soil and groundwater. 

10.9.6.2 COPC Identification 

Soil 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.9.10, BEQs were the only COPCs identified in surface soil. 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. 

Groundwater 

As shown in Table 10.9.11, aluminum, arsenic, cadmium, cobalt, manganese, nickel, thallium, 

and zinc were identified as COPCs in shallow groundwater for AOC 617, by exceeding their 



Table 10.9.10 
Chemicals Present in Site Samples 
AOC 617 - Surface Soils 
Naval Base Charleston, Zone F 
Charleston, South Carollna 

Carcinogenic PAHs 

Sernlvolatlle Organics 

NOI%S' 

" - Indicates chemical was identified as a COPC 
SQL - Sample quantitation JimW 
RBC - Risk-based concentration 
UGlKG - micrograms per kilogram 
MGMG - milltgrams per kilogram 
NA - Not applicable or not available 
N - Essential nutrient 



Table 10.9.11 
Chemicals Present in Site Samples 
AOC 617 - Shallow Groundwater 
Naval Base Charlmton, Zone F 
Charleston, South Carollna 

NA UG/L 
2 2 281 4850 2565.5 NA NA 84 2010 UGIL 
1 2 0.18 0.18 0.18 0.05 0.05 1.1 NA UGIL 
2 2 4.5 604 304.25 NA NA 73 5.55 UGIL 

N 2 2 3620 3660 3640 NA NA N A MA UGIL 
2 2 4.9 6.5 5.7 NA NA 18 NA UGlL 

N 2 2 179000 866000 522500 NA NA N A NA UG/L 
1 2 21 21 21 1.35 1.35 0.29 5.58 UGIL 
1 2 18.6 18.6 18.6 0.55 0.55 26 1.58 UG/L 
2 2 37.6 145000 72518.8 NA NA I f00  NA UG/L 

Notes: 
- Indicates chemical was identified as a COPC 

SQL - Sample quarttitation limit 
RBC - Risk-based concentration 
UG/L - micrograms per liter 
NA - Not applicable or not available 
N - Essential nutrient 

- 
Number 
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corresponding RBCs and background concentrations. An insufficient number of groundwater 

background samples were collected to run Wilcoxon rank sum test analyses; therefore these 

analyses were not performed for Zone F. Risk and hazard associated with background 

concentrations are discussed in the uncertainty section. 

10.9.6.3 Exposure Assessment 

Exposure Setting 

AOC 617 is in a highly industrialized setting, approximately 900 feet southwest of the waterfront 

along the Cooper River. The site is mostly surrounded by buildings and roads, railroad right-of- 

ways and mostly paved storagelparking areas. The site is covered with asphalt, concrete or a 

building which would prevent direct contact with soil and inhibit migration of potential 

contaminants to groundwater or air. All potable water is provided through the city's water supply. 

Shallow groundwater at the site is not currently nor anticipated to be used in the future as potable 

or process water. 

PotentiaIly Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed quantitatively 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 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. Therefore, future worker assessment is 

considered to be protective of current site users. The future site resident scenario was built on the 

premise that existing buildings would be removed and replaced with dwellings. 
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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 are the 

same as those for the future site resident with respect to soil. The groundwater pathway for the 

hypothetical future site residents and site workers is incidental ingestion of groundwater. No 

VOCs were reported in first-quarter groundwater samples at AOC 617, therefore the inhalation 

of volatiles pathway was not addressed for this site. Uniform exposure was assumed for all 

sample locations. Table 10.9.12 presents the justification for exposure pathways assessed in this 

HHRA. 

Table 10.9.U 
Exposure Pathways Summary - AOC 617 

NAWASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected for 
Population Pathway Evduation? Reason for Selection or Exclusion 

Current Land Uses 

Current Site Air, Inhalation of gaseous No Fate and transport screening did not identify any 
Users/Maintcnancc contaminants emanating from COPCs for this indirect exposure pathway. 

soil 

Air, Inhalation of chemicals No No surface soil is exposed at AOC 617, inhibiting 
entrained in fugitive dust fugitive dust generation. Therefore, this 

exposure pathway was considered insignificant 
comparcd to the other pathways. 

Shallow groundwater, No Shallow groundwater is not currently used as a 
Ingestion of contaminants source of potable or process water at AOC 617. 
dunng potable or general use 

Shallow groundwater, 
tnhalation of volatilized 
shallow groundwater 
contaminants 

No Shallow groundwater is not currently used as a 
source of potable or process water at AOC 617. 

Soil, Incidental ingestion No (Qualified) Future land use assessment is considered to be 
representative of current receptors. 

Soil, Dcnnal contact No (Qualified) Future land use assessmenr is considered to be 
repmsentativc of current recemors. 
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Table 10.9.U 
Exposure Pathways Sunmrnry - AOC 617 

NAVBASE - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected for 
Population Pathway Evaluation? Reawn for Selection or Exclusion 

Future Site Residents Air. Inhalation of gaseous 
(Child and Adult) and contaminants emanating from 
Future Site Worker soil 

Air, Inhalation of chemicals 
enmined in fugitive dust 

Shallow groundwater. 
Ingestion of contaminants 
during potable or general use 

Shallow groundwater, 
Inhalation of volatilized 
conmminants during domestic 
use 

No Fate and uanspn screening did not identify any 
COPCs for this indirect exposure pathway. 

No Liale surface soil is exposed at AOC 617. 
inhibiting fugitive dust gemeration. Therefore. 
this exposure pathway was considered 
insignificant compared to the other pathways. 

Yes Shallow groundwater is not likely to be used as a 
source of potable or process water at AOC 617, 
however, this pathway was considered as a 
conservative measure. 

Volatile COPCs were mt identified subsequent to 
risk-based screening comparisons. 

Soil, Incidental ingestion Yes COPCs were identified subsequent to risk-based 
and background screening comparisons. 

Soil. Dennal contact 

Wild game or domestic 
animals. Ingestion of tissue 
impcted by media 
contamination 

Fruits and vegetables. 
Ingestion of plant tissues 

Yes COPCs were identified subsequent to risk-based 
and background screening comparisons. 

No Huntingltaking of game andfor raising livestock is 
prohibited within the Charleston, South Carolina 
city limits. 

No The potential for significant exposure via this 
pathway is low relative to that of other exposure 

~ m w n  in media pathways assessed. 

Exposure Point Concentrations 1 

Since less than ten samples were collected in surface soil and groundwater, maximum detected 2 

concentrations were used as EPCs, as discussed in Section 7 of this RFI. 3 
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Quantification of Exposure 

Soil 

CDIs for ingestion and dermal contact with soils are shown in Tables 10.9.13 and 10.9.14, 

respectively. 

Groundwater 

The CDIs for groundwater ingestion are presented in Table 10.9.15. 

10.9.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.9.16 

presents toxicological infomtion specific to each COPC identified at AOC 617. This infomtion 

was used in the quantification of risWhazard associated with soil and groundwater contaminants. 

Brief toxicoIogica1 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 air and 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- 

containing 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 TV Office of 

Health Assessment suggested using the provisionaI oral RfD of 1.0 mgtkg-day. The 

aesthetic-based SMCL for drinking water is 50 to 200 pglL, 
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Table 10.9.15 
Chronic Daily Intakes (CDI) 
Ingestion of COPCs in Shallow Groundwater 
AOC 61 7 
Naval Base Charleston, Zone F 
Charleston. South Carolina 

Chemical 

Aluminum (Al) 
Arsenic (As) 
Cadmium (Cd) 
Cobalt (Co) 
Manganese (Mn) 
Nickel (Ni) 
Thallium (TI) 
Zinc (Zn) 

Exposure 
Point 

Concentration 
(mg/liter) 

7.42 
0.032 

0.0056 
0.298 

4.85 
0.604 
0.021 

145 

Future Future Future 
Resident adult Resident child Resident lwa 

H-CDI H-CDI C-CDI 
(mg/kg-day) (mg/kg-day) (mglkgday) 

2.03E-01 4.74E-1 1.12E-01 
8.77E-04 2.05E-03 4.82E-04 
I .53E-04 3.588-04 8.44E-05 
8.16E-03 1.91E-02 4.49E-03 
1.33E-01 3.10E-01 7.3 1E-02 
1.65E-02 3.86E-02 9.10E-03 
5.75E-04 1.348-03 3.16E-04 

3.97E+00 9.27E+00 2.18Ei-00 

NOTES: 
lwa lifetime weighted average 

CDI Chronic Daily Intake 
H-CDI Non-carcinogenic hazard based Chronic Daily Intake 

Future Future 
Worker adult Worker adult 

H-CDI C-CDI 

7.26E-02 3.57E-02 
3.13E-04 1.54E-04 
5.48E-05 2.70E-05 
2.92E-03 1.43E-03 
4.75E-02 2.336-02 
5.91E-03 2.918-03 
2.05E-04 1.01E-04 
1.42E+00 6.98E-0 1 
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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 pglkgday as the RfD for arsenic 

based on a NOAEL of 0.8 pgtkg-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 (mglkg-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 pg/L arsenic. As listed in IFUS 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. 

Cadmium can upset the stomach, leading to vomiting and diarrhea in acute exposure; acute 

inhalation of cadmiurncontaining 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 (mgfkgday) 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 mgfkg-day. For inhalation exposure, cadmium has been classified by USEPA as a 

group B 1, or probable human carcinogen, based on limited evidence from epidemiological studies 
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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 INS, the critical effect of this chemical 

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

The critical effect of this chemical in food is human studies involving chronic exposures. The 

uncertainty factor was 10 and the modifying factor was 1. 

Cobalt is an essential nutrient necessary for enzyme metabolism and for the production of red 

blood cells. It has been determined that there are approximately 0.0434 ,ug cobalt per pg 

vitamin B,,. The RDA for vitamin B,, is 6 pg, which would result in an RDA of 0.26 pg for 

cobalt (as is contained in typical vitamin supplements). Chronic ingestion of cobalt has been 

associated with goiter, and alcohol is thought to potentiate other toxic effects of this element. 

Cobalt was historically added to beer to enhance its foaming qualities; this has led to 

cardiomyopathy (i.e., irregular heart muscle actions). In toxic doses, cobalt produces vomiting, 

diarrhea, and a sensation of warmth. Other signs of cobalt toxicity are increased blood pressure, 

flushing of the face, giddiness, tinnitus, and deafness due to nerve damage. USEPA determined 

that the RfDo for this essential element is 0.06 mglkg-day (Klaassen, et al., 1986). 

Manganese is an essential nutrient, but chronic exposure (0.8 mglkg-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 
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(Klaassen et al., 1986; Dreisbach et al., 1987). USEPA determined the FUD to be 0.14 mglkg-day 

based on dietary uptake. USEPA recommended using a modifying factor of 3 when estimating 

intake from soil and water. In addition, 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 HHIU - one for water and one for food. The RfDs 

used are 0.047 and 0.023 mglkg-day. Inhalation of manganese dust causes neurological effects 

and increased incidence of pneumonia. An inhalation RfD was set to 0.0000143 mgfkgday. 

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 

are inadequate to assess the carcinogenicity of manganese. Manganese is an efement considered 

essential to human health. The typical vitamin supplement dose of rnanganese is 2.5 mgiday. As 

Iisted 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 mgld ,  

Nickel is also an essential nutrient; a five microgram dose is typical of supplemental vitamins. 

USEPA set the RfDo to 0.02 mglkg-day. Chronic exposure of rats to nickel caused decreased 

body and organ weights. For a chronically exposed individual, nickel salts would affect the 

gastro-intestinal system, and would also target the liver and kidney. This element has been shown 

to be a sensitizer, an element that can produce allergic reactions. Sensitization of skin to nickel 

dust has been shown to occur in industry (Dreisbach, et al., 1987). 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 
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past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 

USEPA's RfDo for thaIliwn is 0.00008 mglkg-day (Klaassen, et al., 1986; Dreisbach, et al., 

Zinc is an essential, ubiquitous element present in food, water, and soil. The average American 

daily intake is approximately 12 to 15 mg, and the recommended daily allowance is 15 mg. 

Excessive exposure to zinc is relatively uncommon and requires exposure to high concentrations. 

This element does not accumulate under chronic exposure conditions, and body content is 

seIf-regulated by zinc liver concentrations and absorption mechanisms. Inhaling zinc dust can 

cause metal fume fever, and the primary effect of zinc ingestion (at toxic concentrations) is 

gastrointestinal disturbance and irritation. Other effects on the blood, liver, and kidney are 

possible at higher concentrations, Twelve grams of elemental zinc per day were not shown to 

elicit effects other than gastrointestinal disturbances over 48 hours. Experimental animals have 

been given 100 times the dietary requirements without discernible effects. USEPA determined 

that the RfDo is 0.3 rnglkg-day (Klaassen et al., 1986). 

BEQs include the following list of PAHs: 

Benzo(a)anthracene TEF 0.1 

Benzo(b)fluoranthene TEF 0.1 

D ibenz(a, h)anthracene TEF 1.0 

Benzo(k)fluoranthene TEF 0.01 

Benzo(a)pyrene TEF 1.0 

Indeno(l,2,3-cd)pyrene TEF 0.1 

Chrysene TEF 0.001 
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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 

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 (mglkg-day). 

The unit risk is the quantitative estimate in terms of either risk per pg1L drinking water or risk 

per pglm3 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 
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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). 

10.9.6.5 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. For noncarcinogenic contaminants evaluated for future site residents, hazard was 

computed separately to address child and adult exposure. Tables 10.9.17 and 10.9.18 present the 

computed carcinogenic risks andlor HQs associated with the incidental ingestion of and dermal 

contact with site surface soils, respectively. 
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Wypotheticai Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 617 surface 

soils is 2E-06. The dermal pathway ILCR is 1E-06. BEQs were the sole contributors to the 

ingestion and dermal pathways. 

Hypothetical Site Workers 

Site worker ILCRs are 3E-07 and 4E-07 for the ingestion and dermal contact pathways, 

respectively. BEQs were the sole contributors for each pathway. 

Groundwater Pathways 

Exposwe 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 corresponding water bearing zone, will be installed. For 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 

separately for child and adult receptors. Table 10.9.19 presents the risk and hazard for the 

ingestion pathway. Since no VOCs were identified as COPCs in groundwater at AOC 617, the 

inhalation pathway was not addressed at this site. 

Hypothetical Site Residents 

The ingestion ILCR for AOC 617 shallow groundwater (based on the adult and child lifetime 

weighted average) is 7E-04, with arsenic as the sole contributor to ILCR projections. The HIS for 

the adult and child resident are 31 and 71, respectively. Arsenic, manganese, thallium, and zinc 

were the primary contributors to HIS. Aluminum, cadmium, cobalt, and nickel were secondary 

contributors. 



Table 10.9.19 
Hazard Quotients and Incremental Lifetime Cancer Risks 
Shallow Groundwater Ingestion 
AOC 617 
Naval Base Charleston, Zone F 
Charleston, South CaroIina 

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 

lLCR Incremental Lifetime excess CancerRisk 
- The one-hit equation for high carcinogenic risk levels was used for 3,3-Dimethylbenzidine 

resident Iwa L C R  calculations 

Oral RfD Oral SF 
Used Used 

Chemical (mgtkg-day) (mglkg-day)-l 

Aluminum (Al) 1 NA 
Arsenic (As) 0.0003 1.5 
Cadmium (Cd) 0.0005 N A 
Cobalt (Co) 0.06 NA 
Manganese (Mn) 0.023 NA 
Nickel w i )  0.02 N A 
Thallium (TI) 0.00008 N A 
Zinc (Zn) 0.3 N A 

SUM Hazard IndexlILCR 

Future Future Future 
Resident adult Resident child Resident lwa 

Hazard Quotient Hazard Quotient ILCR 

0.20 0.47 N A 
2.9 6.8 7.2E-04 

0.31 0.72 N A 
0.14 0.32 NA 
5.8 13.5 NA 

0.83 1.9 NA 
7.2 17 NA 
13 3 1 NA 

3 1 7 1 7E-04 

Future Future 
Worker adult Worker adult 

Hazard Quotient lLCR 

0.073 NA 
1 .O 2.3E-04 

0.1 1 NA 
0.049 N A 

2.1 NA 
0.30 N A 
2.6 N A 
4.7 NA 

I f  2E-04 



Zane F RCRA Faciliry Investigdon Report 
NA VBASE Charleston 

Section 10 - Site-Specific Evaluahorrs 
Revision: 0 

Hypothetical Site Workers 

The ingestion ILCR for AOC 617 shallow groundwater is 2E-04, with arsenic as the sole 

contributor to ILCR projections. The HI for the site worker is 11. Arsenic, manganese, thallium, 

and zinc were the primary contributors to HIS; while aluminum, cadmium, cobalt, and nickel were 

secondary contributors. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for AOC 627 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 andlor 

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 

to provide a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 

noncarcinogenic hazard during the RGO development process. Table 10.9.20 presents the COCs 

identified for AOC 617 surface soil and shallow groundwater. 
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Surface Soils 

Future Site Residents 

BEQs were identified as the soil pathway COCs based on their contribution to cumulative ILCR 

projections. 

Future Site Workers 

No soil pathway COCs were identified for the future industrial scenario. 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential soil RBCs were compared to each 

reported concentration for BEQs. BEQs were detected above the residential RBC in one of four 

surface soil samples collected for AOC 617. Elevated benzo(a)pyrene equivalent concentrations 

were identified in surface soil sample 617SB004, otherwise low-level BEQs tend to be distributed 

across the site. 

First Quarter Groundwater 

Future Site Residents 

Arsenic was identified as the only groundwater COC for AOC 617, based on its contribution to 

residential ILCR. Aluminum, arsenic, cadmium, cobalt, manganese, nickel, thallium, and zinc 

were identified as COCs for AOC 617, based on their contributions to residential hazard 

projections. 

Future Site Workers 

Arsenic was identified as the only groundwater COC for AOC 617, based on its contribution to 

industrial ILCR. Arsenic, cadmium, cobalt, manganese, nickel, thallium, and zinc were identified 

as groundwater COCs for AOC 617, based on their contributions to future site worker hazard 

projections. 
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The extent of the COCs identified in groundwater is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, tap water RBCs were compared to each reported 

concentration for each COC identified above. Aluminum and arsenic were each detected at a 

concentration exceeding their respective tap water RBC in one fust-quarter groundwater sample 

(617001), and do not appear to be associated with impacts at AOC 617. Cadmium, cobalt, nickel, 

thallium, and zinc exceeded their respective tap water RBCs in the second monitoring well location 

at AOC 617 (617002). Manganese exceeded its tap water RBC at each of these locations. The 

maximum concentration of manganese was detected in a well that contained excessive levels of 

possible plating solution components. 

10.9.6.6 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. Current reuse plans call for continued commercial/industrial use of 

Zone F. If this area were to be used as a residential site, the buildings and other structures would 

be demolished, and 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 RFI 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 site workers and future site residents. 
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Groundwater is not currently used at AOC 617 for potable or industrial purposes. A base-wide I 

system provides drinking and process water to buildings throughout Zone F. This system is z 

planned to remain in operation under the current base reuse plan. As a result, shallow 3 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 4 

scenario established to project risklhazard associated with shallow groundwater exposure is highly 5 

conservative, and associated pathways are not expected to be completed in the future. 6 

Determination of Exposure Point Concentrations 

The maximum detected soil constituent concentrations were used as the exposure point 

concentrations 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 a11 soil constituents throughout the site. Groundwater 

riskJhazard was calcuiated using the maximum detected concentration of each COPC as an EPC. 

As with surface soil, it is unlikely that the concentration detected in first-quarter groundwater 

samples is representative of the site, and would generally overestimate risk and/or hazard. 

Although only two monitoring wells were installed, 617001 appears to be hydraulically 

downgradient of the most probable source areas of the site. As with any conceptual assessment, 

risk and/or hazard may be either underestimated or overestimated. 

Frequency of Detection and Spatial Distribution 

BEQs were detected above RBCs in only one of four surface soil samples; however, background 

levels of BEQs at NAVBASE have also exceeded RBCs. Additionally, many of the soil sample 

locations were situated underneath asphalt, which may help to explain the presence and source of 

this group of constituents. 

Aluminum, arsenic, cadmium, cobalt, nickel, thallium, and zinc exceeded their respective tap 

water RBCs, each in one of two first-quarter groundwater samples. Manganese exceeded its tap 
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water RBC in both first-quarter groundwater samples collected at AOC 617, but only exceeded 

its corresponding background value in one first-quarter groundwater sample. The generally high 

concentrations of metals detected in groundwater at AOC 617 appear to be site related, although 

the nature and extent of contamination in groundwater has not been positively identified. 

Quantification of RisMHazard 

As indicated by the discussions above, the uncertainty and variability 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 617. 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 riskhazard based on eliminated CPSSs. Of the CPSSs screened 

and eliminated from formal assessment, only arsenic and beryllium (2.6 mglkg and 0.21 mgikg , 

respectively) exceeded their RBCs (0.43 mg/kg and 0.15 mgikg, respectively), but were below 

their Zone F background values (19.9 mgikg and 1.05 mglkg, respectively). No other soil 

constituent was reported at a concentration near its RBC (e.g., within 10% of its RBC). 

Groundwater 

The same conservative screening process used for soil is also used for groundwater. Of the CPSSs 

screened and eliminated from formal assessment, none was reported at a concentration which 

approached its RBC (e.g., within 10% of its RBC). 
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Groundwater is not currently used as a potable water source at AOC 617, nor is it used at 1 

NAVBASE or in the surrounding area. Municipal water is readily available. As previously 2 

mentioned, it is highly unlikely that the site will be developed as a residential area, and it is 3 

unlikely that a potable-use well would be installed onsite. It is probable that, if residences were 4 

constructed onsite and an unfiltered well were installed, the salinity and dissolved solids would s 

preclude this aquifer from being an acceptable source of potable water. 6 

Background-related Risk 

Soil 

Arsenic and beryllium were detected in AOC 617 surface soil above their respective WCs. These 

elements were not considered 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 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 risldhazard associated with background concentrations of these elements. 

The maximum surface soil concentration of arsenic (2.6 mglkg) for AOC 617 equates with ILCRs 

of 7E-06 (based on the adult and child lifetime weighted average) and 1E-06 for the site worker. 

Therefore, background risk from arsenic at AOC 617 is greater than BEQ risk. Hazard quotients 

are 0.1 and 0.006 for the residential child and site worker, respectively. The maximum surface 

soil concentration of beryllium (0.21 mg/kg) equates with ILCRs of 2E-06 (based on the adult and 

child lifetime weighted average) and 2E-07 for the site worker. Hazard quotients are 0.0005 and 

0.00003 for the residential child and site worker, respectively. 
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First-quarter Groundwater 

All constituents that exceeded tap water RBCs in groundwater also exceeded corresponding 

background values in at least one sample. Therefore, no constituents were eliminated from 

consideration in the risk assessment based exclusively on background values for groundwater. 

The maximum reported concentrations of the metals that were identified as primary contributors 

to HI projections at AOC 617, were all identified in the same well (617002). Subsequent sampling 

rounds identified the same mlytes but at much lower concentrations. Cobalt was reported in the 

first groundwater sample collected from 617002 at a concentration of 298 kg/L. In the subsequent 

sampling round from the same monitoring well, the reported concentration of cobalt was reduced 

to 16.6 pg/L. 

Initial groundwater samples from 617002 also identified manganese, nickeI, and zinc at 

4,850 pg/L, 604 pg/L, and 145,000 pg/L, respectively. Subsequent groundwater samples from 

the same monitoring well identified manganese, nickel, and zinc at 733 pg/L, 44.6 pg/L, and 

11,000 pglL, respectively. Thallium was detected at 21 pg/L in the groundwater sample initially 

collected from 617002, but was not detected in subsequent sampling rounds from the same well. 

Therefore, groundwater contamination may not be as significant as initial groundwater samples 

indicated. However, since the nature and extent of groundwater contamination has not been 

positively identified, inherent uncertainty is great. 

10.9.6.7 Risk Summary 19 

The risk and hazard posed by contaminants at AOC 617 were assessed for the future site worker 20 

and the future site resident under RME assumptions. In surface soils, the incidental ingestion and 21 

dermal contact pathways were assessed in this HHRA. The groundwater pathway was based on 22 

ingestion of shallow groundwater represented by the initial quarter groundwater data. 23 

Table 10.9.21 presents the risk summary for each soil pathway/receptor group evaluated for 24 

AOC 617. 25 
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Soil - Residential Scenario 

Residential soil pathway COCs identified for AOC 617 are BEQs only. Figure 10.9.16 illustrates 

point risk estimates for AOC 617 surface soil pathways under a residential scenario. 

Table 10.9.22 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. 

BEQs contributed to risk estimates at or above 1E-06 at 2 of 4 surface soil sample locations. 

Risks estimates ranged from 1 E-06 (617SB001) to 3E-06 (617SB004). Noncarcinogenic COCs 

were not identified in surface soils at AOC 617; therefore HIS were not computed. 

Soil - Site Worker Scenario 

No industrial soil pathway COCs were identified for AOC 617. 

Groundwater - Residential Scenario 16 

Residential groundwater pathway COCs identified for AOC 617 include aluminum, arsenic, 17 

cadmium, cobaft, manganese, nickel, thallium, and zinc. Figures 10.9- 17 and 10.9-18 illustrate i e  

point risk and hazard estimates for AOC 617 groundwater pathways under a residential scenario. 19 

Table 10.9.23 summarizes the risk and hazard contribution of each COPC at each monitoring well 20 

location. 21 





Table 10.9.21 
Summary of Risk and H d  
AOC 617 
Naval Base Charleston, Zone F 
Charleston. South Carolina 

Dermal Contact 

Groundwater Ingestion 

Notes: 
lLCR Indicates incremental lifetime cancer risk 
HI Indicates hazard index 
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Table 10.9.23 
Point Estimates olRisk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 617 
NAVBASE Charleston, Zone F 
Charleston, South Carolina 

Site Location Parameter Concentration Units Hazard Index % HI Risk@-06) % Risk 
61 7 GOO1 Aluminum (Al) 7420 UGL 0.47 5.90 NA NA 
6 1 7 GOO 1 Arsenic (As) 31.7 UGL 6.75 84.08 707.20 100.00 
6 1 7 GOO 1 Cadmium (Cd) ND UGL NA NA NA NA 
617 GOO1 Cobalt (Co) 1.6 U G L  0.00 0.02 NA NA 
6 17 GOO 1 Manganese (Mn) 281 UG/L 0.78 9.72 NA N A 
617 GOO1 Nickel (Ni) 4.5 UG/L 0.01 0.18 NA NA 
6 1 7 GOO l Thallium (TI) ND UG/L NA NA NA NA 
617 GOO1 Zinc (Zn) 37.6 UGL 0.0 1 0.10 NA NA 

Total 8.03 707.20 

Aluminum (Al) 
Arsenic (As) 
Cadmium (Cd) 
Cobalt (Co) 
Manganese (Mn) 
Nickel (Ni) 
Thallium (TI) 
Zinc IZn) 

Total 

UG/L 
UG/L 
UG/L 
UGL 
UGL 
UGL 
UGL 
UG/L 
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Arsenic contributed to risk estimates above 1E-06 at one of two first-quarter groundwater sample 

locations (617001) with an estimated risk of 7E-04. All groundwater COCs at AOC 617 

contributed to hazard projections exceeding unity at both frrst-quarter groundwater sample 

locations. HIS were 8 and 64 at 617001 and 617002, respectively. Arsenic, aluminum, and 

manganese were the primary contributors to hazard index projections at 617001, while cobalt, 

nickel, and zinc were secondary contributors. Arsenic accounted for nearly 85% of the hazard 

index at 617001. Cadmium, cobalt, manganese, nickel, thallium, and zinc were primary 

contributors to hazard index projections at 617002, while aluminum was a secondary contributor. 

Zinc contributed to approximately 48 % of the hazard index at this location, thallium contributed 

approximately 26%, and manganese contributed approximately 21 % , 

10.9.6.8 Remedial Goal Options 

Soil 

RGOs for carcinogens were based on the lifetime weighted average site resident as presented in 

Table 10.9.24 for surface soil. Hazard-based RGOs were calculated based on the hypothetical 

child resident. 

Groundwater 

Shallow groundwater RGOs were based on the generic site resident scenario are shown in 

Table 10.9.25. 

10.9.7 Corrective Measures Considerations 

For AOC 617, the upper and lower soil intervals and shallow groundwater were investigated. A 

total of four soil samples were collected from the upper and lower intervals, with all of the 

samples collected beneath an asphalt pavement. Two monitoring wells were also 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. 
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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 comrnerciallindustrial use. The site 

is paved with asphalt. 

BEQs were the only compounds identified as COCs in the upper soil interval. The soil pathway 

cumulative residential exposure risk is 3E-06 and the cumulative HI was not calculated due to the 

lack of available risk information. Cumulative residential exposure risk is within USEPA's 

acceptable range of 1E-06 and 1E-04. The residential RGO for surface soil set for BEQs is 

0.06 mglkg, based on a target risk of 1E-06. Potential corrective measures, in addition to no 

further action for soil, and respective COCs are presented in Table 10.9.26. 

Several COCs, including aluminum, arsenic, cadmium, cobalt, manganese, nickel, thallium, and 

zinc, were identified in shallow groundwater for AOC 617. Aluminum and arsenic exceeded their 

respective tap water RBCs in only the first quarter groundwater sample from well 617001. 

Cadmium, cobalt, nickel, thallium, and zinc exceeded their respective tap water RBCs in we11 

617002. Manganese exceeded its tap water RBC at both locations. The groundwater pathway 

cumulative residential exposure risk is 7E-04 and the cumulative HI is 71. The cumulative 

residential exposure risk is within of USEPA'S acceptable range of 1E-06 and 1E-04, however, 

the HI of 71 exceeds USEPA's acceptable HI of 1. The risk RGO for arsenic in shallow 

groundwater is 0.00044 mg/L. Hazard-based shallow groundwater RGOs for aluminum, 

cadmium, cobalt, manganese, nickel, thallium, and zinc are 16,0.0078, 0.94, 0.36, 0.31, 0.0013, 

and 4.7 mg/L, respectively, based on a target HI of 1. 

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

Table 10.9.26. Corrective measures for AOC 617 are detailed in Section 9. 
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Table 10.9.26 
Potential Co&ve Mensuces for AOC 617 

Shallow Groundwater aluminum, arsenic, cadmium, cobalt. a) NO Action 
manganese. nickel, thallium, and z k  b) Intrinsic remediation and monitoring 

C) Ex-situ, chemical and physical 
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Section I 0  - Site Specijic Evaluations 

10.10 AOC 709, Former Fuel Distribution System Area 16 

This site was included in the investigation of the base-wide Fuel Distribution System (FDS) at 

Charleston Naval Complex (CNC) as Area 16. During this study, elevated concentrations of 

inorganic analytes were detected in shallow groundwater above their respective screening criteria. 

Of primary concern were the concentrations of arsenic detected in we11 FDS16B. The CNC 

project team determined RCRA would be the most appropriate program to evaluate this site due 

to these elevated inorganics . 

The source of this problem is unknown. A review of historical maps and aerial photographs 

identified no obvious source of this contamination. No known past or current activities in the area 

were distinguished as potential sources. The FDS pipeline associated with this area was used to 

convey fuel and not waste oil. 

10.10.1 Site Geology and Hydrogeology 

Figure 10.10-1 depicts the soil and groundwater sample locations associated with AOC 709. The 

surficial stratigraphy at AOC 709, based on the monitoring well boring at FDSlGA, consists of 

organic silty clay overlying sand, clayey sand and clay. In accordance with the proposed 

investigation of the FDS, the stratigraphy of the other two well borings, (FDS16B, FDS16C) were 

logged using soil cuttings, no discrete samples were collected. The total depth of these wells were 

between 16 and 17 feet bgs. Boring logs are contained in Appendix A. 

Figures 10.10-2 and 10.10-3 depict the shallow groundwater potentiornetric surface and inferred 

flow direction in the shallow surficial aquifer at low and high-tides respectively. Shallow 

groundwater flow was consistent in direction and gradient during both tidaI events. No slug 

testing was performed at this site. 

10.10.2 Field Investigation Approach 

The objective of the field investigation at AOC 709 (former FDS Area 16) was to: (1) conf3rm the 



I.
\ .$

 
< 

-.-
 

-\.a
> 

a-, 

. 
.

.
 

. 
I
-
 

., 
.. 

-
1

,
 

:
 
,
 

. 
',. 

'> 

w 
M

o
n

it
o

ri
n

g
 W

el
l 

-
 

S
oi

l 
B

o
ri

n
g

 

SC
A

LE
 

F
E

€T
 

b 
I
 

R
C

R
A 

FA
CI

LI
TY

 
IN

VE
ST

IG
A

TI
O

N
 R

EP
O

R
T 



Y
 
i
 

.r 
' 

"
 

, 
./* 

i
 1
.
-
 

6
 

?
' < 

c:3
 . ,.
.- ,' .

 
';. 

,<?, 
d

 
'..#.?.*., 

./-
 

. 
>

 
,

,
 

. ..
 

I
 
.. 

*
 '-

 
- 

.. 
,
 

a.
 
,
-
 

. 
r 

'*a:. 
.
I
 

.. 
:'
 

.
-

.
 

-
3

..
 

. 
. 

_
' 

-<
 

,
 

..
 . 

. ' 
.. 

. 
. 

. 
;
 .. 

. 
, . 

. 
. 

. 
.

.
.

 
,
 

.. 
,
 . 
.
I
 

L
. 

. 
<. 

5
.6

8
 

@
 

\,
 

. 
,' 

%,
 1
 ". > 

FD
S

S
C

09
70

1 
LE

G
 E

N
D

 
@

 
- 

S
ha

llo
w

 
M

on
ito

ri
ng

 W
el

l 
-
 S

oi
l 

B
or

in
g 

-
 F

en
ce

 
--

 
- 

Fu
el

 l
in

e
 

- 
Fl

ow
 

D
ir

ec
tio

n 
.,-%

,4
- 

- 
C

on
to

ur
 

In
te

rv
al

 =
 

1 
fo

o
t 

'.. 
,
 

', 
..,. 

*'. 
5-

.4
 1 

. :
 

:.-" 
I
 

, 
. 

\
 

',..' 
.'%. 

. " 
. t
 

.-
-
 

8
0

 
8
0
 

.- 

S 
C

A
lE

 
FE

ET
 

I
 

R
C

R
A

 
FA

C
IL

IT
Y 



LE
G

EN
D

 
@

 
-
 S

ha
llo

w
 

M
on

ito
ri

ng
 W

el
l 

- 
S

oi
l 

B
or

in
g 



Zone F RCRA Facility Investigation Report Addendum 
Charleston Naval Complex 

Section 10 - Site Specific Evaluations 
Revision: 0 

presence or absence of contamination in the site area; (2) delineate any contamination found; and I 

(3) provide sufficient data to support a detailed evaluation of treatment alternatives, if required. 2 

Media sampled within the investigation area included soil and groundwater, Section 3 of this 

report details the methods used during the field investigation. Included in this section are 

descriptions of the hollow stem auger drilling procedures used for shallow well installation; the 

Cone Penetrometer Testing (CPT) procedures used for subsurface soil sampling; 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. 

10.10.3 Soil Sampling and Analysis 

The approved final RFI work plan proposed screening of the fuel distribution pipeline system to 

detect probable areas which may require additional study to achieve the investigation objectives. 

CPT sample location FDSSC097 was placed near the fuel oil supply pipeline as shown on 

Figure 10.10-1. During the fust phase of the screening, soil samples were collected from 7-9 and 

9-1 1 feet bgs and analyzed for total petroleum hydrocarbons (TPH). These samples also exhibited 

an odor of fuel oil. To identify the constituents responsible for the elevated TPH, a subsequent 

sample was collected at the same location from 8-10 feet bgs and analyzed for VOCs, SVOCs, 

pesticides/PCBs and metals at DQO 111. A duplicate sample was also collected and analyzed for 

Appendix IX parameters at DQO N. The sample depth interval was selected to correspond to 

the burial depth of the pipeline. Table 10.10.1 summarizes the AOC 709 soil samples and 

analyses. 

10.10.3.1 Nature of Contamination in Subsurface SoiI 

Organic compound analytical results for subsurface soil are summarized in Table 10.10.2. 

Inorganic analytical results for subsurface soil are summarized in Table 10.10.3. Table 10.10.4 
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summarizes all analytes detected in subsurface soil at the site. Appendix D contains a complete I 

analytical data report for all Zone F samples collected. 2 

Volatile Organic Compounds in Subsurface Soil 

Three VOCs were detected in the subsurface soil samples. Carbon disulfide, ethylbenzene, and 

xylene were detected in subsurface soil at concentrations far below their respective SSLs. 

Semivolatile Organic Compounds in Subsurface Soil 

Nineteen SVOCs were detected in the subsurface soil samples at AOC 709. None of these 

compounds were detected above their respective SSLs. 

Pesticides and PCBs in Subsurface Soil 

No pesticides or PCBs were detected in subsurface soil samples at AOC 709. 

Other Organic Compounds in Subsurface Soil 

Dioxin (2,3,7,8-TCDD TEQ) was detected in the duplicate sample at a concentration far below 

its SSL. 

Inorganic Elements in Subsurface Soil 

Nineteen metals were detected in the subsurface soil samples collected at AOC 709. All detections 

were below the respective SSLs. No inorganic element concentrations exceeded its Zone F 

background concentration. No background was established for calcium, iron, magnesium, 

potassium and sodium because they are considered to be essential nutrients. 

10.10.4 Groundwater Sampling and Analysis 

The approved final work plan proposed shallow monitoring wells to be installed as needed in areas 

where soil has been impacted. Based on the analytical results of soil samples collected at 
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AOC 709, three shallow wells were installed and sampled. Figure 10.10-1 presents the locations 

of these wells. The purpose of these wells was to: (I) assess groundwater quality and (2) identify 

contaminants which may be migrating from the site. 

Groundwater samples were initially analyzed for VOCs, SVOCs, metals and cyanide and 

pesticides/PCBs at DQO 111. During the second sampling round, cyanide was not an analytical 

parameter. Because no pesticides or PCBs were detected in the two previous sampling events, this 

analysis was not performed during the third sampling round. During the forth sampling round, 

metals were the only anaiytes of interest. Table 10.10.5 summarizes the groundwater samples and 

analyses at AOC 709. Appendix D contains a complete analytical data report for all Zone F 

samples collected. 

10.10.4.1 Nature of Contamination in Groundwater 

Organic analytical results for groundwater are summarized in Table 10.10.6. Inorganic analytical 

results for groundwater are summarized in Table 10.10. 7, Table 10.10.8 presents a summary of 

all analytes detected at AOC 709. 

Volatile Organic Compounds in Groundwater 

No VOCs were detected in shallow groundwater during the three sampling events which analyzed 

for these compounds. 

Semivolatile Organic Compounds in Groundwater 

No SVOCs were detected in shallow groundwater during the three sampling events which analyzed 

for these compounds. 
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Table 10.10.7 
Zone F 

AOC 709 
Inorganic Analytical Results for Groundwater 

Mean Tap Number of 
Frequency Range of of Water MCL/ Shallow Samples 

Sample of Detections Detections RBC* SMCL* Background Exceeding 
Parameters Round Detections him bglu bfl) ba) b&) RBC 

Antimony (Sb) First 313 3.1 -4.2 3.7 1.5 6 ND 3 
Second 013 ND ND 0 
Third 013 ND ND 0 
Fourth 013 ND ND 0 

Barium (Ba) First 313 35.1 - 62 49.1 260 2,000 94.3 0 
Second 313 24.6 - 66.1 40.8 0 
Third 313 25 - 94.9 61.4 0 
Fourth 313 24.3 - 77.8 51.1 0 

Calcium (Ca) First 313 129,000 - 252,000 188,333 NL NL NL N A 
Second 313 117,000 - 263.000 199,667 N A 
Third 313 185,000 - 317,000 231,667 N A 
Fourth 313 134.000 - 264.000 212,000 NA 

Cobalt (Co) First 313 1.3 - 2.2 1.8 220 NL 10.9 0 
Second 213 1.2 - 2.0 1.6 0 
Third 013 ND ND 0 
Fourth 213 1.2 - 1.3 1.25 0 
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Section 10 - Site Specific Evaiuations 

Table 10.10.7 
Zone F 

AOC 709 
Inorganic Analyticd Results for Groundwater 

Mean Tap Number of 
Frequency Range of of Water MCLI Shallow Samples 

Sample of Detections Detections RBC* SMCL* Background Exceeding 
Parameters Round Detections bg/L) bg/L) bglL) bccg/L) bgIL) RBC 

Cyanide (CN) First 313 4.6 - 4.9 4.8 73 200 3.3 0 
Second 010 NT NT 0 
Third 010 NT NT 0 
Fourth 010 NT NT 0 

Iron (Fe) F i s t  313 3.390 - 6,590 5,053 1,100 300 NL 3 
Second 313 3,590 - 23,500 11,990 3 
Third 313 13.000 - 53,200 33,400 3 
Fourth 313 5,130 - 22,400 12.443 3 

Lead (Pb) First 113 2.9 2.9 15 15 ND 0 
Second 113 1.7 1.7 0 
Third 013 ND ND 0 
Fourth 013 ND ND 0 

Magnesium First 313 62,100 - 366,000 195,033 NL NL NL NA 
(MS) Second 313 43,700 - 477,000 222.233 NA 

Third 3/3 50,400 - 378,000 180.133 N A 
F o ~  313 45,000 - 434,000 189,033 NA 

Manganese First 3/3 787 - 867 817 73 50 2010 3 
(Mn) Second 313 326 - 627 515 3 

Third 313 5% - 1,140 925 3 
Fourth 3/3 562 - 895 70 1 3 

Mercury (Hg) First 013 ND ND 1.1 2 ND 0 
Second Of3 ND ND 0 
Third 013 ND ND 0 
Fourth 313 0.2 - 0.29 0.24 0 

Nickel (Ni) First 313 4.7 - 5.3 4.97 73 1 W 5.55 0 
Second 113 1.5 1.5 0 
Third 113 1.5 1.5 0 
Fourth 213 2.1 - 4.0 3.05 0 

Potassium (K) First 313 19.000 - 106,000 62.%7 NL m NL NA 
Second 313 14,400 - 156,000 84.333 NA 
Third 313 19,700 - 142.000 71.900 NA 
Fourth 3/3 14,500 - 154,WO 69.400 N A 

Silver (Ag) First 013 ND ND 18 100 ND 0 
Second 113 1.4 1.4 0 
Third 013 ND ND 0 
Fourth 013 ND ND 0 

Sodium (Na) Fist 3/3 86.400 - 2,500,000 1,312.133 NL NL NL N A 
Second 313 47,500 - 4,290,000 1,975,833 NA 
Third 313 70,200 - 2,530,oOO 1,141,733 NA 
Fourth 313 70,900 - 5,820,000 2.221,%7 NA 
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Table 10.10.7 
Zone F 

AOC 709 
Inorganic Analytical Results for Groundwater 

Mean Tap Number of 
Frequency Range of of Water MCW Shallow Samples 

Sample of Detections Detections RBC* SMCL* Background Exceeding 
Parameters Round Detections bg/L) b%L) (crm b@L) bdL) RBC 

Thallium (Tl) First 213 4.6-6.4 5.5 0.26 2 2 2 
Second 013 ND ND 0 
Third 013 ND ND 0 
Fourth 013 ND M3 0 

Vanadium (V) First 313 7.5-11.3 9.1 26 NL 1.58 0 
Second 313 5.8-8.6 6.8 0 
Third 013 ND ND 0 
Fourth 213 2.9-4.1 3.5 0 

Zinc (Zn) First 113 45 45 1,100 5.000 ND 0 
Second 013 ND ND 0 
Third 013 ND ND 0 

Notes: 
ND = Not DetectedINot Determined 
NL = Not Listed 
NT = Not Taken 
gglL = Micrograms per liter 
* = Tap water RBCs (THQ =O. 1) from Risk-Bused Concernration Table, (USEPA, October 1,1998). MCLslSMCLs from Drinking Wmer 

Regulntionr and Health Advisories (USEPA, 1996) were used as reference concentrations. 
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Pesticides and PCBs in Groundwater 

Heptachlor was the only pesticide detected in shallow groundwater at AOC 709. It was detected 

in only the initial sampling event. The detected concentration 0.049 pglL, exceeded the tap water 

RBC of 0.0023 pg/L but was below the MCL of 0.4 pg/L. Heptachlor was not detected in the 

next sampling event. No PCBs were detected in any of the events they were an analytical 

parameter. 

Inorganic Elements in Groundwater 

Twenty-one metals plus cyanide were detected in shallow groundwater samples at AOC 709. 

Arsenic and thallium were the only metals detected at concentrations which exceeded both the 

respective RBCs and Zone F background concentrations of the shallow surficial aquifer. 

Antimony was detected at concentrations exceeding the RBC of 1.5 pg/L in all three samples 

collected during the initial sampling event. The MCL of 6 pglL was not exceeded. No 

background concentration was determined for antimony in Zone F. 

Arsenic was detected in all samples collected during the four sampling events. Concentrations of 

arsenic have generally increased over time. During the initial sampling event only one sample 

collected from FDS16B, exceeded the RBC and background. This detection was below the MCL 

of 50 g l L .  The second round exhibited an increase in arsenic in wells FDS16A and FDS16B. 

The detection in FDS16B exceeded the RBC, background and the MCL. The third sampling event 

exhibited a significant increase in arsenic at FDS16B and FDS16C. This distribution was similar 

in the fourth sampling round. A similar pattern of arsenic detections were observed in the adjacent 

Zone E shallow grid well GDEOOS. These arsenic concentrations ranged from 17.3 pg/L to a 

maximum of 160 pg/L. All detections exceeded both the tap water RBC and Zone F background 

concentration. The Zone E grid well samples were collected earlier than the AOC 709 samples. 

The fourth quarter Zone E sample date corresponds with the initial sampling of the AOC 709 
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wells. Appendix H of the draft Final Zone E WZ contains the analytical results for this well. 1 

Figure 10.10-4 illustrates the distribution of arsenic in shallow groundwater at AOC 709. 2 

Iron exceeded its RBC in all samples collected, no background was determined for the essential 

nutrient iron. 

Manganese was detected in all samples collected at AOC 709. All detections exceeded the RBC 

of 73 pg/L and the MCL of 50 pg/L. However, no detections exceeded the Zone F background 

of 2010 pg/L. 

Thallium was detected in samples collected from FDS16B and FDS16C at concentrations 

exceeding the RBC, background and MCL during the initial sampling event. The subsequent 

events exhibited no thallium detections. 

10.10.5 Fate and Transport Assessment for AOC 709 

Environmental media sampled as part of the AOC 709 investigation include subsurface soil and 

shallow groundwater. Potential constituent migration pathways investigated include soil-to- 

groundwater and groundwater migration to human receptors and to surface water. 

10.10.5.1 Soil-to-Groundwater Cross-Media Transport 

Table 10.10.9 compares maximum detected constituent concentrations in 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 SSLs were used; leachate 

entering the aquifer is assumed to be diIuted by a ratio of 20: 1, with no attenuation of constituents 

in soil (DAF =20). 
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No constituents were detected in subsurface soil at concentrations exceeding their respective SSLs. 

Consequently, this pathway is considered invalid. 

10.10.5.2 Groundwater Migration and Surface Water Cross-Media Transport 

Table 10.10.9 also compares maximum detected organic constituent concentrations in shallow 

groundwater samples to risk-based concentrations for drinking water, 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 screened against 

the greater of (a) risk-based drinking water concentrations or (b) corresponding background 

reference concentrations for groundwater, as well as to the saltwater surface water chronic values. 

To provide a conservative screening, no attenuation or dilution of constituents in groundwater is 

assumed before comparison to the relevant standards. It should be noted that the risk-based 

pathway for shallow groundwater is currently an invalid pathway simply because there is no 

human consumption of the groundwater, e.g. there is no end-use receptor. This comparison is 

made for screening only and to develop strategies for long-term management of the groundwater 

should an area containing deleterious levels be identified. 

One organic constituent - heptachlor - was present at concentrations that exceeded its RBC. It was 

detected in only one well in the initial sampling and has been nondetect since that time, 

invalidating the pathway for this parameter. The source for heptachlor is unknown, given its 

absence in site soil, but it is likely a residual from routine application on the adjacent grassy fields. 

Two inorganics - arsenic and thallium were present at concentrations that exceeded their RBCs. 

Arsenic shows an overall increase in concentration over four quarters of sampling, particularly 

in wells FDS16B and FDS16C. The source of arsenic may be related to the use of arsenate-based 

pesticides and/or herbicides and the adjacent open fields. Typically, the arsenate complexes are 

quite mobile, infiltration into groundwater is quite rapid and notable changes in 



Table 10.10.9 
Chemicals Detected in Subsurface Soil and Shallow Groundwater 
Comparison to SSLs, Tap Water RBCs, Saltwater Surface Water Chronic Screening Levels, and Background Concentrations 
Charleston Naval Complex, Zone F: AOC 709 
Charleston, South Carolina 

Notes: 
* Screening Concentrations: 

So11 to G W  - Generic SSLs based on DAF = 20, from 1996 Soil Screening Gu~dance or calculated using values from Table 6.4 of RFI report 
Tap Water RBC - From EPA Region I11 Risk-Based Concentration Table, October 1998 
Saltwater Surface Water Chronic - From EPA Supplemental Guidance to RAGS: Region 4 Bulletins, Ecological Risk Assessment, November 1995; Table 2 
For inorganics, the tap water RBC value shown is the greater of the relevant screening value or the corresponding background reference value (thallium 
background reference value of 5.58 u g L  not used, pending results of basewide thallium study). 

NA - Not avaiIable/Not applicable MGKG - Milligrams per kilogram 
ND - Not detected NGIKG - Nanograms per kilogram 
DAF - Dilution and attenuation factor PGL - Picograms per liter 
RBC - Risk based concentration UGKG - Micrograms per kilogram 

Benzo(g,h,i)perylene 
Benzo(a)pyrene equivalents 

Benzo(a)anthracene 

Benm@)fluoranthene 

Indeno(l,2,3cd)pyrene 

PesticidesPCB Compounds 

Inorganic Compounds 

29 16.7 

130 730 

Soil Water 

WXG vcn 

m c  UGIL 

UGNG UGR 

UGNG VGR 

VC~?(G UGR 

Screening Concentration * 
Soil to Saltwater 

GW Tap Water Surf. Wtr. 
SSL RBC Chronic 

32000 1000 NA 
13000 1300 4.3 

140000 12000 NA 

570000 2200 9.7 
12000000 11000 NA 

Parameter 

Volatile Organic Compounds 
Carbon disulfide 
Ethylbenzene 
Xy lene (totai) 

Semivolatile Organic Compounds 
Accnaphthene 
Anthracene 

Ground- Surface 
Water Water 

Leaching MigrationMigration 
UnitsUnitsPotentialConcemConcem, 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

Max Concentration 

Surface Subsurface 
Soil Soil 

NA 6 
N A 7 
N A  33.5 

NA 143 
NA 160 

Max. Concentration 

Shallow Deep 
GW GW 

ND NA 
ND NA 
ND NA 

ND NA 
ND NA 
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groundwater concentrations over short time periods is common. Thallium was present in two 

wells during the first quarter, but has been non-detect since, effectively invalidating the pathway 

for this parameter. 

One organic - heptachlor - and four inorganics - arsenic, copper, cyanide, and mercury - were 

detected in groundwater at concentrations that exceeded their respective surface water screening 

values. The trend and potential source for arsenic was previously discussed. Copper detections 

have been sporadic over four quarters of sampling, and concentrations have been only slightly 

greater than the screening value. The levels of both copper and cyanide suggest that the pathway 

with respect to them will not be significant, given the distance to nearest surface water, the Cooper 

River and the physical attenuation mechanisms of dispersion and dilution. Mercury was present 

in all three weIls at similar concentrations during the fourth quarter, but was non-detect prior to 

that. The source for mercury is unknown, and its sudden appearance in site groundwater is 

problematic in terms of defining and understanding trends. The nearest surface water is 

approximately 1,200 feet to the northeast, and the direction of groundwater flow on a local scale 

is to the east. Therefore, unless the flow path changes azimuth outboard of the site, it is unlikely 

that site groundwater will discharge to the nearest surface water discharge point. Additionally, 

with the exception of arsenic, it is unlikely that any of the parameters would discharge at 

hazardous levels given the physical attenuation mechanisms associated with groundwater flow. 

10.10.5.3 Fate and Transport Summary 

No constituents were present in subsurface soil at concentrations exceeding their SSLs, thus the 

soil-to-groundwater pathway is considered invalid. 

Only one organic parameter - heptachlor - was detected in groundwater at a concentration 

exceeding its RBC. This parameter was detected in only the first quarter samples, and has been 
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non-detect since, effectively invalidating the groundwater ingestion and migration to surface water 

pathways. 

Two inorganics - arsenic and thallium - were present in groundwater at levels that exceeded their 

RBCs. Arsenic exhibits an overall increase in concentration over four quarters of sampling, 

particularly in wells FDS16B and FDS16C. The source for arsenic may be linked to the use of 

arsenate-based pesticides and/or herbicides, which can infiltrate into groundwater quickly and 

exhibit rapid concentration changes. The data suggest that most of the groundwater mass 

underlying the site should be considered in risk management with respect to this parameter. 

Thallium was present in two wells during the first quarter, and has been nondetect since, 

effectively invalidating the groundwater ingestion and migration to surface water pathways with 

respect to this parameter. 

One organic and four inorganics were present in groundwater above their respective surface water 

screening values. The heptachlor and arsenic distributions were discussed above. 

Copper detections have been sporadic over four quarters of sampling; cyanide was present in all 

wells during the first quarter of sampling. Both of these parameters are at concentrations only 

slightly above their screening values, and given the physical attenuation mechanisms of dispersion 

and dilution, are not expected to be significant with respect to this pathway. Mercury was present 

in all wells during the fourth quarter, but was previously non-detect, The source and reason for 

the sudden appearance of mercury is unknown, and additional sampling data is needed to fully 

evaluate it's occurrence. 

The nearest surface water is approximately 1,200 feet to the northeast, while local groundwater 

flow is to the east. It is therefore unlikely that site groundwater will discharge at the nearest 

discharge point, and it is also unlikely that parameters would be at hazardous levels at the nearest 
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discharge point. One exception is arsenic, which should be considered during the risk 

management evaluation of this site. 

10.10.6 Human Health Risk Assessment 

10.10.6.1 Site Background and Investigative Approach 

The purpose of the investigation at AOC 709, (former FDS Area 17) was the assessment of soil 

and groundwater potentially affected by the FDS pipelines. This area of potential impact is on the 

south side of Hobson Avenue, across the road from and west of Building 1172. The Cooper River 

lies approximately 1,200 feet to the east. 

10.10.6.2 COPC Identification 

Groundwater 

Based on the screening comparisons described in Section 7 of this RFI and presented in 

Table 10.10.10, the focus of this HHRA is on the following COPCs in shallow groundwater: 

antimony, arsenic, heptachlor, and thallium. Manganese was detected at a maximum 

concentration exceeding its RBC, however, this constituent was eliminated from consideration in 

the risk assessment based on comparison to its background concentration. 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. 

10.10.6.3 Exposure Assessment 

Exposure Setting 

AOC 709 is located in an industrialized setting, approximately 1,200 feet southwest of the water 

front along the Cooper River. The site is mostly surrounded by buildings, roads, railroad right-of- 

ways, and paved parking areas to the north and east and grass-covered open fields to the west and 

south. In general, direct contact with soil, and migration of potential contaminants to groundwater 

or air is currently limited by these surface coverings. All potable water is provided through the 



Table 10.10.10 
Chemicals Present in Site Samples 
AOC 709 - Shallow Groundwater 
Charleston Naval Complex, Zone F 
Charleston, South Carolina 

RBC Reference Units RBC Ref. 

10 12 46.1 3250 916 17 52.6 224 UGIL 
3 12 4.2 3.73 1.6 5 NA UG/L 3 

12 12 254 61.6 NA NA 0.045 16.7 UGIL 12 6 
24 94.9 50.6 NA NA 

3 12 0.35 0.55 0.45 0.3 0.5 
N 12 12 117000 317000 207917 NA NA 

Chromium (Cr) 7 12 1.9 6.6 3.34 0.7 3.4 11 2.05 UG/L 
Cobalt (Co) 7 12 1.2 2.2 1.57 0.8 1 220 10.9 UGIL 
Copper (Cu) 5 12 1.6 4.7 3.00 0.8 2.3 150 NL UG/L 
Cyanide (CN) 3 3 4.6 4.9 4.80 NA NA 73 3.3 UGIL 
Iron (Fe) N 12 12 3390 53200 15722 NA NA N A NA UGR 
Lead (Pb) 2 12 1.7 2.9 2.3 0.9 1.7 15 NA UGlL 
Magnesium (Mg) N 12 12 43700 477000 196608 NA NA N A NA UGIL 
Manganese (Mn) 12 12 326 1140 740 NA NA 73 2010 UG/L 12 
Mercury (Hg) 3 12 0.2 0.29 0.24 0.1 0.29 1.1 NA UGlL 
Nickel (Ni) 7 12 1.5 5.3 3.43 0.7 1.1 73 5.55 UGL 
Potassium (K) N 12 12 14400 156000 72150 NA NA N A NA UGlL 
Silver (Ag) 1 12 1.4 1.4 1.4 1 1.4 18 NA UGlL 
Sodium (Na) N 12 12 47500 5820000 1662917 NA NA N A NA UGIL 
Thallium (TI) t 2 12 4.6 6.4 5.50 2.7 5.7 0.26 2 UGlL 2 2 
Vanadium (V) 8 12 2.9 12.3 6.84 0.8 3.7 26 1.58 UGIL 
Zinc (Zn) 1 12 45 45 45.00 0.4 31.8 1100 NA UGlL 

Pesticides 
Heptachtor * 1 6 0.049 0.049 0.049 0.04 0.04 0.0023 NA UGlL 1 

Notes: 
* - Identified as a COPC 
N - Essential nutrient 
SQL - Sample quantitation limit 
UGIL - microgram per liter 
NA - Not applicable 
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city's water supply. Groundwater is not currently nor anticipated to be used in the future as 1 

potable or process water. Groundwater exposure pathways would not be completed if the 2 

municipal water supply is kept in place. As a highly conservative estimate of potential risWhazard 3 

due to groundwater pathways, a residential scenario and an industrial scenario were considered 4 

for AOC 709. 5 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents and adolescent trespassers. Future site 

resident and worker exposure scenarios were addressed quantitatively 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 assumes continuous exposure. Current site workers' 

exposure would be less than that assumed for the hypothetical future site worker scenario because 

of their limited contact. Therefore, future worker assessment is considered to be conservatively 

representative of current site workers. The resident child scenario was considered to be 

conservatively representative of the adolescent trespasser, The future site resident scenario was 

built on the premise that existing features would be removed and replaced with dwellings. 

Exposure Pathways 

The groundwater pathway for the hypothetical future site residents and site workers is incidental 

ingestion of groundwater. Uniform exposure was assumed for all sample locations. No VOCs 

were reported in AOC 709 groundwater samples at concentrations exceeding residential RBCs; 

therefore, the inhalation of volatiles pathway was not addressed for this site. Table 10.10.1 1 

presents the justification for exposure pathways assessed in this HHRA. 
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Table 10.10.11 
Exposure Pathways Summary - AOC 709 

Charleston Naval Complex - Zone F 
Charleston, South Carofina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Current Site Air, Inhalation of gaseous No Fate and transport screening did not identify 
Users/Maintenance contaminants emanating any CQPCs for this indirect exposure 
(Site Workers) from soil pathway. 

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

Shallow grouadwater, No Shallow grotmdwatef is not currently used 
Tngestion of contaminants as a source of patable ar nonresidential 
during potztble or generat water at AOC 329, 
use 

Shallow groundwater, No Shallow groundwater is not currently used 
Inhalation of volatilized as a source of potable or nonresidential 
shallow groundwater water at AOC 709. 
contaminants 

Soil, Incidental ingestian No (Qualified) Future site use is considered conservatively 
representative of current site use, 

Soil, Dermal contact No (Qualified) Future site use is considered conservatively 
representative of current site use. 

Future Land Uses 

Future Site Air, Inhalation of gaseous No Fate and transport screening did not identify 
Residents (Child contaminants emanating any COPCs for this indirect exposure 
and Adult) and from soil pathway. 

Shallow groundwater, Yes Shallow groundwater is not likely to be used 
Ingestion of contaminants as a source of potable or non-residential 
during potable or general water at AOC 709. This pathway was 
use addressed as a conservative measure. 

Soil, Incidental ingestion No Surface soil samples were not taken at this 
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Table 10.10.11 
Exposure Pathways Summary - AOC 709 

Charleston Naval Complex - Zone F 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exclusion 

Soil, Dermal contact No Surface soil samples were not taken at this 
site. 

Wild game or domestic No Huntingltaking of game andlor raising 
animals, Ingestion of tissue livestock is prohibited within the 
impacted by media Charlesbn, %uth Carolina city limits. 
cantamination 

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 pathways assessed. 

Exposure Point Concentrations 

As discussed in Section 7 of this RFI, UCLs are generally calculated for datasets consisting of at 

least 10 samples. Table 10.10.12 summarizes the determination of the groundwater EPCs. 

Most sampling regimes are designed to define the extent of a plume, potentially resulting in the 

biased placement of monitoring wells in uncontaminated areas of the aquifer, thus causing a low 

bias on concentration. As a result, current EPA guidance favors the use of the arithmetic mean 

in the most concentrated area of the plume as the EPC for groundwater COPCs. Since AOC 709 

groundwater COPCs were not members of a well-defined plume, a simplifying assumption was 

made. It defined a separate plume defined by the monitoring well reporting the maximum 

concentration for each COPC. To guard against any inadequacies in this simplification, the 

traditional 95% UCL was calculated based on the data from all monitoring wells at a given site. 

Whichever was larger - the arithmetic mean of detected concentrations or the 95 % UCL - was 

selected as the EPC for a given parameter at a given site. If the 95 % UCL was exceeded by the 

maximum reported concentration, then the maximum concentration was selected as the EPC for 

that COPC. The 95% UCLs calculated for antimony and thallium exceeded their mean 

concentrations in the most concentrated area of their respective "plumes". As a result 95% UCLs 
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were selected as EPCs for antimony and thallium. The 95% UCL for arsenic (0.254 pg/L) was 

exceeded by its maximum reported concentration. As a result, the maximum reported concentration 

was selected as the EPC for arsenic. Since there were only 6 data points for heptachlor the 

maximum reported concentration was selected as its EPC. 

Quantification of Exposure 

Groundwater 

The CDIs for groundwater ingestion, calculated as described in Section 7, are presented in 

Table 10.10.13. 

10.10.6.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 7 of this report. Table 10.10.14 

presents toxicological information specific to each COPC identified at AOC 709, This information 

was used in the quantification of risklhazard associated with groundwater contaminants, Brief 

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

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 mglkg-day (Klaassen, et al, 1986). The oral RfD is based on a lowest-observed-adverse- 

effects-level (LOAEL) of 0.35 mglkg bwlday, an uncertainty factor of 1000, and a modifying 

factor of 1 (IRIS, 1995). 

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 
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effects (Klaassen et al., 1986). As listed in IRIS, the critical effect of this chemical is 

hyperpigmentation, keratosis, and possible vascular complications. USEPA set 0.3 pglkglday as 

the oral RfD for arsenic based on a no-observed-adverse-effects-level (NOAEL) of 0.8 pglkg-day 

in an epidemiological study. An uncertainty factor of 3 and a modifying factor of 1 were used for 

the derivation of the oral RfD. 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 an oral value of 

1.5 (mg/kg/day)" for arsenic. As listed in IRIS, the classification is based on 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 gglL arsenic. 

Heptachlor is a man-made chemical that was used in the past for killing insects in homes, 

buildings, and on food crops. Pure heptachlor is a white powder. Technical-grade heptachlor is 

a tan powder and has a lower level of purity than pure heptachlor. Heptachlor smells somewhat 

like camphor, and does not burn easily or explode (ATSDR, 1991). 

No studies were located regarding lethal effects in humans after oral exposure to heptachlor. 

There are no data on chronic oral exposures in humans. There are occupational studies of workers 

engaged in the manufacture of heptachlor in which the exposures are presumed to be 

predominantly inhalation with contributions from the dermal route. No adverse health effects have 

been identified in these cohorts that could be positively associated with heptachlor exposure. 
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Heptachlor has been issued the USEPA weight-of-evidence classification of B2, probable human 

carcinogen (IRIS, 1993). Heptachlor has an oral RfD of 5E-04 mglkg - day, an oral SF of 

4.5 (mglkg - day) -' , and an inhalation SF of 4.55 (mglkg - day) -' (IRIS, 1996). 

Thallium is readily absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neurological disturbances. Thallium was used in the 

past as a rodenticide and ant killer, and its use for these purposes is now prohibited. This element 

remains in the body for a relatively long time, and could accumulate if the chronic dose is large. 

USEPA's oral RfD for thallium is 0.00007 mglkgday (Klaassen, et al, 1986) (Dreisbach, et al, 

1987). 

10.10.6.5 Risk Characterization 

Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under both residential and site worker 

scenarios based on the results of four quarter sampling events. Exposure pathways were evaluated 

assuming the site groundwater will be used for potable and/or domestic purposes and that an 

unfiltered well, drawing from the corresponding water bearing zone, will be installed. For 

noncarcinogenic contaminants evaluated relative to future site residents, hazard was computed 

separately for child and adult receptors. Table 10.10.15 presents the risk and hazard for the 

ingestion pathway. Since no VOCs were identified as COPCs in groundwater at AOC 709, the 

inhalation pathway was not addressed at this site. 

Hypothetical Site Resiiients 

Antimony, arsenic, heptachlor, and thallium were the only COPCs identified in shallow 

groundwater. Arsenic was the primary contributor and heptachlor was a secondary contributor 

to ILCR projections associated with AOC 709 for the groundwater ingestion pathway. The ILCR 

for the future residential scenario is 6E-03. The HIS for the adult and child resident are 25 and 
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58 respectively. Antimony, arsenic, and thallium were the contributors to HI projections for the 1 

ingestion pathway. 2 

Hypothetical Site Workers 

The groundwater pathway risk for the site worker scenario is 1E-03 and the hazard index for the 

ingestion pathway is 9. Arsenic was the primary contributor to ILCR projections and HI 

projections associated with the groundwater ingestion pathway. Thallium was also a contributor 

to HI projections. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for AOC 709 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 quality. 

COCs Identified 

Chemicals of concern were identified based on cumulative (all pathway) risk and hazard projected 

for this site on a medium-specific basis. USEPA has established a generally acceptabIe risk range 

of 1E-04 to 1E-06, and a HI threshold of 1 (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 HI above 1, and whose individual ILCR exceeds 1E-06 or whose hazard quotient 

(HQ) exceeds 0.1. For carcinogens, this approach is relatively conservative, because a cumulative 

risk level of IE-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 remedial goal options development process. TabIe 10.10.16 

presents the COCs identified for AOC 709 shallow groundwater. 
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Groundwater 

Future Site Residents 

Arsenic and heptachlor were identified as groundwater pathway COCs based on their contribution 

to cumulative residential ILCR projections. Antimony, arsenic, and thallium were identified as 

groundwater pathway COCs based on their contribution to cumulative residential HI projections. 

Future Site Workers 

Arsenic was identified as a groundwater pathway COC based on its contribution to cumulative 

industrial ILCR projections. Arsenic and thallium were identified as groundwater pathway COCs 

based on their contribution to cumulative residential HI projections. 

10.10.6.6 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. Current 

site workers are not exposed to site groundwater. 

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 this 

area of Zone F. If this area were to be used as a residential site, the buildings and other structures 

would be demolished, and the surface soil conditions would likely change - the soils could be 

covered with landscaping soil andlor a house. Consequently, exposure to conditions as 

represented by samples collected during the RFI 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 site workers and future site residents. 
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Shallow groundwater is not currently used at AOC 709 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. Therefore, the 

scenario established to project risk/hazard associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed in the future. 

Determination of Exposure Point Concentrations 

The 95 % UCL, arithmetic mean of the detected concentrations, or only detected concentration was 

applied as the EPC for groundwater. Region IV guidance states that the average concentration of 

each COPC in the most concentrated area of the plume should be used as the EPC. Since a plume 

cannot be readily defined, this guidance applies only marginally. Groundwater data variability 

contributes greatly to uncertainty through spatial variability. Ninety-five percent UCLs were 

calculated to provide point estimates for groundwater to account for this uncertainty, thus 

providing an upper bound estimate for modeling exposure. For any given COPC, the placement 

of monitoring wells in uncontaminated areas of the aquifer could cause a low bias on the 

95 % UCL. As a result, the arithmetic mean of detected concentrations was compared to the 95 % 

UCL and the greater of the two was selected as the EPC. When the 95 % UCL exceeded the 

maximum reported concentration, the maximum concentration was selected as the EPC. To 

address these uncertainties and to provide additional perspective, risklhazard maps were included 

in the Risk Summary Section. 

Frequency of Detection and Spatial Distribution 

Antimony was detected in the three first quarter groundwater samples at concentrations exceeding 

the tap water RBC. The concentrations decreased to nondetect in the second, third and fourth 

quarter sampling events. Arsenic was detected at a concentration exceeding its tap water RBC in 

all twelve groundwater samples. The four quarterly samples from monitoring well FDS16B and 
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the third and fourth quarter samples from monitoring well FDS 16C also exceeded the background 

value for arsenic. The only detection of heptachlor exceeded its tap water RBC in the first quarter 

groundwater sample from monitoring well FDS16A. Thallium was detected at a concentration 

exceeding its tap water RBC in two first quarter groundwater samples from monitoring wells 

FDS16B and FDS16C. The same two samples exceeded the MCL for thallium. The 

concentrations decreased to nondetect in the second, third and fourth quarter sampling events. 

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. 

Groundwater 

A conservative screening process was used to identify COPCs for AOC 709. 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 IE-06. Use of conservative 

RBCs in combination with the use of maximum detected concentrations minimizes the likelihood 

of a significant contribution to risWhazard based on eliminated CPSSs. Of the CPSSs screened 

and eliminated from formal assessment, none was reported at a concentration close to its RBC 

(e.g. within 10% of its RBC). Manganese was reported at a maximum concentrations exceeding 

its RBC and was eliminated from consideration in the risk assessment based on comparison to its 

background concentration. 

Groundwater is not currently used as a potable water source at AOC 709, nor is it used in the 

surrounding area. Municipal water is readily available. As previously mentioned, it is highly 
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unlikely that the site will be developed as a residential area, and it is unlikely that a potable-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. 

Background-related Risk 

Manganese was detected in groundwater samples at a concentration exceeding its RBC. It was 

eliminated from consideration in the risk assessment based on a comparison to its corresponding 

background value. The following is a discussion of the residential scenario riskthazard associated 

with background concentrations of manganese. 

The maximum groundwater concentration of manganese (1,140 pg/L) equates with HQs of 1.36 

and 0.97 for the residential child and site worker scenarios, respectively. The background 

concentration of manganese (2,O 10 pglL) equates with HQs of 2.4 and 1.7, respectively, for the 

resident child and site worker. 

10.10.6.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 709 were assessed for the future site worker 

and the future site resident under reasonable maximum exposure assumptions. The groundwater 

pathway included ingestion and was based on four quarters of groundwater data. Table 10,10,17 

presents the risk summary for each pathwaylreceptor group evaluated for AOC 709. 

Groundwater - Residential Scenario 

Antimony, arsenic, heptachlor , and thallium were identified as groundwater pathway COCs. As 

shown in Figure 10.10-5 and Table 10.10.18, arsenic and heptachlor were contributors to risk 

projections for AOC 709 groundwater. Risk estimates ranged from 1.4E-04 (FDS16C02) to 

5.7E-03 (FDS 16B03), with a mean ILCR of 1.4E-03. Arsenic and thallium were the primary 
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Table 10.10.18 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Residential Scenario 
AOC 709 
Charleston Naval Complex, Zone F 
Charleston, South Carolina 

Sample ID Parameter Concentration Units Hazard index Risk (E-06) 

FDS 16AO 1 Antimony (Sb) 
FDS 16A0 I Arsenic (As) 
FDS 16AO1 Heptachlor 

FDS 16A02 Arsenic (As) 

3.9 UGIL 0.623 NA 
9.9 UGiL 2.1 10 220.86 

0.049 UGPL 0.013 6.60 
Total 2.745 227.46 

12.1 UGIL 2,578 269.94 
Total 2.578 269.94 

FDS 16A03 Arsenic (As) 9.8 UG/L 2.088 218.63 
Total 2.088 218.63 

FDS 16A04 Arsenic (As) 6.7 UGL 1.428 149.47 
Total 1.428 149.47 

FDS16BOl 
FDSl6BOl 
FDS 16B0 1 

FDS 16B02 

FDS 16B03 

FDS 16B04 

FDS 16C0 1 
FDS 16C01 
FDS 16CO 1 

FDS 16C02 

FDS 1 6C03 

FDS 16C04 

Antimony (Sb) 
Arsenic (As) 
Thallium (TI) 

Arsenic (As) 

Arsenic (As) 

Arsenic (As) 

Antimony (Sb) 
Arsenic (As) 
Thallium (Tl) 

Arsenic (As) 

Arsenic (As) 

Arsenic (As) 

4.2 UG/L 0.67 1 NA 
28.5 UGIL 6.073 635.81 

6.4 UGL 5.1 14 NA 
Total 1 1.858 635.81 

94.6 UGlL 20.158 21 10.45 
Total 20.158 21 10.45 

254 UGL 54.125 5666.54 
Total 54.125 5666.54 

236 UG/L 50.289 5264.97 
Total 50.289 5264.97 

3.1 U G L  0.495 NA 
9.4 UGIL 2.003 209.71 
4.6 UG/L 3.676 NA 

Total 6.174 209.71 

6.2 UG/L 1.321 138.32 
Total 1.321 138.32 

29.6 UGIL 6.307 660.35 
Total 6.307 660.35 

42.3 UGIL 9.014 943.68 
Total 9.014 943.68 
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contributors to hazard estimates, antimony was a secondary contributor. Figure 10.10-6 illustrates 

point hazard estimates for groundwater for the residential scenario. Hazard estimates ranged from 

1.3 (FDS 16C02) to 54 (FDS 16B03), with a mean hazard index of 14. 

Groundwater - Industrial Scenario 

Antimony, arsenic, heptachlor, and thallium were identified as groundwater pathway COCs. As 

shown in Figure 10.10-7 and Table 10.10.19, arsenic and heptachlor were primary contributors 

to risk projections for AOC 709 groundwater. Risk estimates ranged from 7E-05 (FDS16C02) 

to 3E-03 (FDS16B03), with a mean ILCR of 6E-04. Arsenic and thallium were the primary 

contributors to hazard estimates, antimony was a secondary contributor. Figure 10.10-8 illustrates 

point hazard estimates for groundwater for the industrial scenario. Hazard estimates ranged from 

0.4 (FDS 16C02) to 17 (FDS16B03), with a mean hazard index of 4. 

10.10.6.8 Remedial Goal Options 

Groundwater 

Groundwater R W s  based on the site resident scenario and site worker are shown in 

Table 10.10.20. 

10.10.7 Corrective Measures Considerations 

For AOC 709, the lower soil interval and shallow groundwater were investigated. Three 

groundwater monitoring wells were installed in the shallow aquifer. Based on the analytical 

results and the human health risk assessment, COCs requiring further evaluation through the CMS 

process were identified for the 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/industria1 use. The site is mostly paved with asphalt and concrete. 
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Table 10.10.19 
Point Estimates of Risk and Hazard - Groundwater Pathways 
Industrial Scenario 
AOC 709 
Charleston Naval Complex, Zone F 
Charleston, South Carolina 

Sample ID Parameter Concentration Units Hazard Index Risk (E-06) 

FDS 16A0 1 Antimony (Sb) 3.9 UGL 0.191 NA 
FDS 16AO I Arsenic (As) 9.9 UG/L 0.646 103.79 
FDS 16A0 1 Heptachlor 0.049 U G L  0.003 2.32 

Total 0.839 106.11 

FDS 16A02 Arsenic (As) 12.1 UG/L 0.789 126.85 
Total 0.789 126.85 

FDS 16AO3 Arsenic (As) 9.8 UG/L 0.639 102.74 
Total 0.639 102.74 

FDS 16A04 Arsenic (As) 6.7 UG/L 0.437 70.24 
Total 0.437 70.24 

FDS16BO1 Antimony (Sb) 4.2 UG/L 0.205 NA 
FDS 16BO 1 Arsenic (As) 28.5 UG/L 1.859 298.78 
FDS 1 6B0 1 Thallium (TI) 6.4 U G L  1.566 NA 

Total 3.630 298.78 

FDS16B02 Arsenic (As) 94.6 UGlL 6.171 991.75 
Total 6.171 991.75 

FDS 16B03 Arsenic (As) 254 UG/L 16.569 2662.85 
Total 16.569 2662.85 

FDS 16B04 Arsenic (As) 236 UGL 15.395 2474.14 
Total 15.395 2474.14 

FDS 16CO 1 Antimony (Sb) 3.1 UGL 0.152 NA 
FDS 16C0 I Arsenic (As) 9.4 UGL 0.613 98.55 
FDS 1 6C0 1 Thallium (TI) 4.6 UG/L 1.125 NA 

Total 1.890 98.55' 

FDS 16C02 Arsenic (As) 6.2 UGiL 0.404 65.00 
Total 0.404 65.00 

FDS 16C03 Arsenic (As) 29.6 UGJL 1.931 310.32 
Total 1.931 310.32 

FDS 16C04 Arsenic (As) 42.3 UG/L 2.759 443.46 
Total 2.759 443.46 
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Four COCs, antimony, arsenic, heptachlor and thallium, were identified in the shallow I 

groundwater for AOC 709 have a calculated HI of 58 (resident child) associated with the present 2 

concentration which is above USEPA's acceptable HI of 1. The hazard-based RGOs, for 3 

antimony, arsenic, heptachlor, and thallium are 0.0063 rng/L, 0.0047 mg/L, 0.01 mg/L, and 4 

0.00 1 1 mg/L respectively, based on a target of HI of 1. s 

Potential corrective measures for the shallow groundwater and respective COCs are provided in 6 

Table 10.10.21. Corrective measures for AOC 709 are detailed in Section 9. 7 

Table 10.10.21 
Potential Corrective Measures for AOC 709 

Medium Com~ounds of Concern Potential Corrective Measures 



~~ 

SECTION 11 
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11.0 CONCLUSIONS AND PRELIMINARY RECOMMENDATIONS 

The RFI in Zone F was conducted to determine which sites, if any, designated as AOCs and/or 

SWMUs during the RFA pose unacceptable risk to human health or the environment (ecological 

concerns) and will require additional evaluation under the CMS. The conclusions reached 

regarding each site are based on a technical evaluation of the data following procedures outlined 

in the CNC Comprehensive RFI Work Plan, regulatory guidance, and as required by the Part B 

permit. The CNC project team has established a conservative protocol for using risk and hazard 

based thresholds to make preliminary recommendations for each site. The recommendations will 

be for no further action, additional evaluation under the CMS, additional sampling needed to 

complete the RFI (in which case an addendum to the report will be required). The protocol for 

determining which course of action may be appropriate is as follows: 

NFA - Human health risks do not exceed the 1E-06 residential ILCR and the hazard index 

is < 1. Potential risk to ecological receptors is low based on the criteria described in 

Section 1 1.9. 

CMS - One or more of the thresholds listed above for NFA is exceeded, 

Additional Sampling Required - Data gaps exist for one or more media investigated. The 

data gaps are significant enough to preclude a NFA or CMS recommendation. 

The recommendations are to be considered preliminary until the risk managers with the USEPA, 

SCDHEC, and the Navy have reviewed the data and a final decision is reached. The reason being 

that the USEPA generally find a residential risk range of 1E-04 to 1E-06 acceptable for human 

health because of the conservative nature of the baseline risk assessment. SCDHEC recommends 

a site specific risk decision generally determined by cumulative risk level of 1E-06 or greater 

and/or a cumulative hazard index above 1 .O, and an individual ILCR which exceeds 1E-06 or an 
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individual hazard quotient exceeding 0.1. This means some sites currently recommended for CMS 

may not require any further action once all the weight of evidence such as frequency of 

detectionlspatial distribution, realistic exposure potential, nature of contaminants driving risk, data 

trends for quarterly groundwater monitoring events, etc, are considered. No further action 

recommendations are not acceptable for sites where a potential risk exists under a residential 

scenario even though an industrial reuse of the property is expected since institutional controls for 

the site will be required. Final recommendations and the rationale for the risk management 

decisions will be documented in the final version of this report. 

A summary of the preliminary recommendations for all the sites investigated in Zone F is included 

in Table 11.1. 

Table 11.1 
Zone F Site ConcIusions and Preliminary Recommendations 

Site Designation Conclusion/Recommendati011~ 

SWMU 4 and AOC 619 Recummended for CMS - Surface soil and shallow groundwater 

SWMU 36 and AOC 620 Recommended for CMS - Surface soil and shallow groundwater 

SWMU I09 Recommended for CMS - Surface soil 

AOC 607 Recommended for CMS - Shallow Groundwater 

AOC 609 Recommended for CMS - Surface soil 

AOC 61 1 Recommended for CMS - Surface soil 

AOCs 6131615 and SWMU 175 Recommended for CMS - Surface Soil and Shallow Groundwater 

AOC 616 No Further Action 

AOC 617 Recommended for CMS - Surface Soil and Shallow Groundwater 

AOC 709 Recommended for CMS - Shallow Groundwater 1 

The following sections summarize the recommendations for each site, level of risWhazard posed 1 

by each of the sites recommended for corrective measures, the media affected, and the chemicals 2 

driving that risk. 3 

11.2 
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11.1 SWMU 4, Pesticide Storage Building; AOC 619, Former Oil Storage Yard 

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

for similar COPCs. SWMU 4 (a RFI site) is a building used to store various insecticides and 

rodenticides since 1980. The building has a formulation and mixing room, and equipment wash 

area, and sink and floor drains connected to the base sanitary sewer system. Pesticide storage at 

the facility was discontinued after 1985, and afterward the building was used for miscellaneous 

storage only. Materials released, stored or disposed of at the facility included various pesticides. 

AOC 619 (a CSI site) is a former oil storage yard used from 1955 to 1982 to store waste oil, 

possibly in an open pit. The possibility of an open pit storage area, along with the observation of 

stressed vegetation in the area were noted as increasing the potential for contamination at this site. 

Materials released, stored, or disposed of at this site included petroleum products. 

This site is recommended for a surface soil CMS based on an ILCR of 3E-06. The shallow 

groundwater should also be addressed in a CMS based on a HI of 5 and ILCR of 2E-06. 

Table 11.2 lists the affected media, the risk/hazard, and the chemicals that drove the risk. 

Table 11.2 
SWMU 4 and AOC 619 
Conclusion Summary 

Unacceptable RiskIHazard in 
Affected Media Future Residential Scenario Chemicals Driving Risk 

Surface Soil 

Shallow Groundwater 

Yes - ILCR = 3E-06 BEQs 
No - HI = 0.06 Manganese 

Yes - ILCR = 2E-06 Chloromethane 

Yes - HI = 5 Thallium 
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11.2 SWMU 36, Building 68 Battery Shop; AOC 620, Battery Shop, Building 68 

These two RFI sites, were combined into one investigation due to their proximity and their 

potential for similar COPCs. The site area is located in Building 68, a 48,000 square foot concrete 

structure. From 1942 to 1952, the building was a paint and oil warehouse. From 1952, the 

building was used for destruction, assembly, and rebuilding of submarine batteries. Most 

recently, the building was used for storage and charging of large acid batteries. SWMU 36 is the 

site of two sulfuric acid releases, where acid was discharged to floor drains which had become 

separated from the floor, allowing the acid to drain to the soil beneath the building. AOC 620 

comprises all activities within Building 68 that were related to the battery shop. Materials 

released, stored or disposed of at the site included sulfuric acid, lead, paint, solvents, petroleum 

products, and batteries. 

These sites have been recommended for surface soil and shallow groundwater CMS due to a risk 12 

greater than 1 E-06 and a HI > 1 .  Table 1 1.3 lists the affected media, the risk/hazard, and the 13 

chemicals that drive the risk. 14 

Table 11.3 
SWMU 36 and AOC 620 

Conclusion Summary 

Unacceptable Ri swamrd in 
Affected Media Future Residential Scenario Chemicals Driving Risk 

Surface soil Yes - ILCR = 1E-04 BEQs, and arsenic, 
Yes - HI = 2 aluminum, arsenic and chromium 

Shallow groundwater Yes - ILCR = ND 
Yes - HI = 9 Thallium and barium 

11.3 SWMU 109, Abrasive Blast Media Storage Area 1 

SWMU 109 (a CSI site) is the abrasive blast media storage area. The site consists of three 2 

hoppers identified as Buildings 1364, 1365, and 1393, used to store the abrasive blast media. 3 
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Hoppers 1364 and 1365 began operation in 1949, while hopper 1393 was added in 1962. 1 

Particulate air emissions were permitted at the site in 1992. Materials released, stored, or 2 

disposed of at the site included aluminum oxide and "black beauty" blast media. 3 

The site is recommended for CMS of surface soil based on an ILCR of 4E-04 and HI of 7.  4 

Table 11.4 lists the affected medium, the risk/hazard, and the chemical@) that drive the risk. 5 

Table 11.4 
SWMU 109 

Conclusion Summary 

Unacceptable RisWHazard in 
Affected Medium Future Residential Scenario Chemicals Driving Risk 

- -  

Surface soil Yes - ILCR = 2E-04 Arsenic, beryllium and BEQs, 

Yes - HI =7.0 

11.4 AOC 607, Dry Cleaning Building 1189 

A RFI site, AOC 607 is the former dry-cleaning facility at Building 1189, which operated from 

1942 to 1986. From 1986, the facility was used as a laundry, housing two industrial washers and 

dryers. While operating as a dry-cleaning establishment, the facility was classified as a minor 

emitter of total hydrocarbons. Materials released, stored, or disposed of at the site included 

perchlorethylene solvent. 

AOC 607 is recommended for a shallow groundwater CMS based on an ILCR of 2E-02 and a HI 

of 346. Table 11.5 lists the affected medium, the risk/hazard, and the chemicals that drive the 

risk. 
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Tabk 11.5 
AOC 607 

Conclusion Summary 

Affected Medium Unacceptable RisWHazard Chemicals Driving Risk 
Future Residential Scenario 

Surface Soil NO - ILCR = 4E-07 
N O - H I  =O.l 

Vinyl Chloride 
Aluminum 

Shallow Groundwater Yes - L C R  = 2E-02 Tetrachloroethene, 
Arsenic, trichloride and vinyl chloride 

Yes - HI = 346 Tetrachloroethene, trichloroethene and 
arsenic 

11.5 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. 

AOC 609 soil has been recommended for CMS based on risk greater than 1E-06 in surface soil. 

Although the shallow groundwater ILCR and HI greatly exceed the trigger criteria, this risk and 

hazard is driven primarily by benzene. The source of the benzene is the leaking fuel UST 

currently being remedial and not the waste oil UST which is the subject of this RFI. Even though 

arsenic is a contributor to the groundwater ingestion pathway risk, this element was detected in 

shallow groundwater throughout the zone at similar concentrations Table 11.6 lists the affected 

medium, the risk/hazard, and the chemical(s) that drive the risk. 
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Table 11.6 
AOC 609 

Conclusion Summary 

Unacceptable RisWHazard in 
Affected Media Future Residential Scenario Chemicals Driving Risk 

Surface soil Yes - ILCR = 3E-04 Arsenic, Beryllium and BEQs 
Yes - HI = 6 Arsenic, Antimony and 

Manganese 

Shallow Groundwater Yes - ILCR = 3E-02 Benzene and Arsenic 
Yes - HI = 1353 Benzene, toluene and 4-methyl 

phenol 

11.6 AOC 611, Grease Rack and Hobby Shop, Former Building 1264 

A CSI site, AOC 61 1 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. 

AOC 61 1 surface soil is recommended for CMS based on a ILCR of 5E-04 and a HI of 8. 

Table 1 1.7 lists the affected medium, the riskfhazard, and the chemical(s) that drive the risk. 

Table 11.7 
AOC 611 

Conclusion Summary 

Unacceptable RiskMazard in 
Affected Medium Future Residential Scenario Chemicals Driving Risk 

Surface soil Yes - ILCR = 5E-04 Arsenic, and BEQs 
Yes - HI = 8 Arsenic. mercurv and chromium 
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11.7 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 6 13 (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. 



Zone F RCRA Facility Znvestigatiorl Repolt Addendum 
Charleston Naval Complex 

Section I 1  - ConcLusions and Preliminary Recommendations 
Revision: 0 

Materials released, stored, or disposed of at the site included blast media, paint constituents, heavy 

metals, lead, acetone, xy lene, and toluene. 

A CMS is recommended for soil and shallow groundwater at the combined AOCs 6131615 and 

SWMU 175 based on an ILCR of 5E-05 and 1E-02 for soil and groundwater respectively. A HI 

of 5803 for shallow groundwater contributed to this recommendation. Table 11.8 lists the affected 

medium, the risklhazard and the chemicals that drive the risk. 

Table 11.8 
AOCs 6131615 and SWMU 175 

Conclusion Summary 

Unacceptable RisklHazard in 
Affected Medium Future Residential Scenario Chemical Driving Risk 

Surface soil Yes - ILCR = 5E-05 Arsenic, Beryllium and BEQs 
Yes - HI = 1 Aluminum and arsenic 

Shallow Groundwater Yes - ILCR = 1E-02 Arsenic, benzene, beryllium and 
bis(2-ethylhex1)phthalate 

Yes - HI = 5803 Acenapthene, fluorene , 2- 
MethyInapthalene and 
phenanthrene 

11.8 AOC 616, Paint Shop, Former Building 1201 

A CSI site, AOC 616 is the former Building 1201, which operated as a paint shop from 1955 to 

1977. The building has since been demolished and the site incorporated into a parking and storage 

lot for Building 69. Materials released, stored or disposed of at the site are paint thinner, solvents, 

and paint supply products. 

No COCs were identified at AOC 616, which indicates no threat to current or future human 

receptors. Therefore, no further action is recommended for this site. Table 11.9 lists the affected 

medium, the risWhazard and the chemicals that drive the risk. 
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Table 11.9 
AOC 611 

Conclusion Summary 

Unacceptable RisklHazard in 
Affected Medium Future Residential Scenario Chemical Driving Risk 

Surface soil NO - ILCR = NA Antimony 
NO - HI = 0-0.007 

11.9 AOC 617, Galvanizing Plant, Former Building 1176 

A CSI site, AOC 617 is the former Building 1176, which operated as a galvanizing plant from the 

early 1940s to approximately 1985. A 3,000 gallon UST apparently was used for onsite chemical 

storage. The building has since been demolished and Building 69, a shipping and supply center 

was constructed in the general area. Materials released, stored or disposed of at the site included 

zinc solutions and inorganic acids. 

A CMS for soil and shallow groundwater is recommended for AOC 617 based on ILCRs of 3E-06 

and 7E-04 respectively. In addition, metals detected in the groundwater drive a HI of 71. 

Table 11.10 lists the affected medium, the risWhazard and the chemicals that drive the risk. 

Table 11.10 
AOC 617 

Conclusion Summary 

Unacceptable RisWHazard in 
Affected Medium Future Residential Scenario Chemicak Driving Risk 

Surface soil 

Shallow groundwater 

Yes - ILCR = 3E-06 
NO - HI = NA 

Yes - ILCR = 7E-04 
Yes - HI = 71 

BEQs 

Arsenic 
Zinc, thallium, manganese and 
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1110 AOC 709, Former Fuel Distribution System Area 16 

This site was included in the investigation of the base-wide Fuel Distribution System (FDS) at 

Charleston Naval Complex (CNC) as Area 16. During this study, elevated concentrations of 

inorganic analytes were detected in shallow groundwater above their respective screening criteria. 

Of primary concern were the concentrations of arsenic detected in well FDS16B. The CNC 

project team determined RCRA would be the most appropriate program to evaluate this site due 

to these elevated inorganics . 

The source of this problem is unknown. A review of historical maps and aerial photographs 

identified no obvious source of this contamination. No known past or current activities in the area 

were distinguished as potential sources. The FDS pipeline associated with this area was used to 

convey fuel and not waste oil. 

A CMS for shallow groundwater is recommended for AOC 709 based on an ILCR of 6E-03 and 

a HI of 58 (resident child). Table 11.11 lists the affected medium, risklhazard index and the 

chemicals that drive the risk. 

Table 11.11 
AOC 709 

Conclusion Summary 

Unacceptable RiskIHazard in 
Affected Medium Future Residential Scenario Chemicals Driving Risk 

Shallow groundwater Yes - ILCR = 6E-03 Antimony, arsenic, heptachlor, 
Yes - HI = 58 thallium 
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13.0 SIGNATORY REQUIREMENT 1 

Condition I.E. of the HSWA portion of RCRA Part B (permit number: SCO 170 022 560) 2 

(SCDHEC, May 4, 1990) states: All applications, reports, or infonnution submitted to the 3 

Regional Administrator shall be signed and cert@ed in accordance with 40 CFR $270.11. The 4 

certification reads as follows: s 

I certzfi under penalty of law thut this document and all attachments were prepared under my 6 

direction or supervision in accordance with a system designed to assure thut qualified personnel 7 

properly gather and evaluate the information submitted. Based on my inquiry of the person or 8 

persons who manage the system, or those persons directly responsible for gathering the 9 

information, the information is, to the best of my knowledge and belief, true, accurate, and lo 

complete. I am aware that there are signi;ficant penalties for submitting false information, 11 

including the possibility offine and imprisonment for knowing violations. 12 

P. M. Rose 
Office In Charge 
Caretaker Site Office, Charleston 
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