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This document presents the Resource Conservation and Recovery Act (RCR.4) Facility 

Investigation (RFI) Report for Solid Waste Management Unit (SWMU) 311 at Marine Corps 

Base (MCB) Camp Lejeune, North Carolina (the Base). The primary goal of this RFI is to 

determine the potential for future corrective action at SWMU 31 1 (if any) based on risk to human 

health and the environment. Specifically, the objectives of this RFI are as follows: 

Collect information to supplement and101 verify the environmental setting at the SWMU. 

Characterize the sources via the collection of analytical data, and evaluate the migration 

and dispersal characteristics of the waste. 

Characterize the hazardous constituents (if any) via the collection of groundwater and soil 

samples in the vicinity of the SWMU. 

Evaluate potential receptors by collecting data describing human populations and 

environmental systems susceptible to contaminant exposure. 

The field program was conducted in conjunction with two other S W s  (SWMU 43 and SWMU 

360) and initiated June 2003 and completed in July 2003. The RFI objectives were met through a 

field program that consisted of soil borings, collection of sutface and subsurface soil samples, 

groundwater sample collection via ~ e o ~ r o b e @  Screen Point Sampler, and installation of 

temporary pi-meters. The field program was dynamic in nature, in that the direction and 

termination of the investigation were driven by field decisions based on quick-turn mobile 

laboratory analysis of VOCs. Samples were also submitted to a fixed-base laboratory for analysis 

of the constituents of concern, including VOCa and metals. Other physical parameters of soils, 

including grain sue distribution and vertical permeability, were tested to support characterization 

of fate and Wprt properties. 

Constituent concentrations in surface and subsurface soil are compared to four main criteris; 

USEPA Region IX prelimhay remediation goals (PRGs), North Carolina Soil-to-Groundwater 

values (STGCs), AOC 5 background, and Base background concentrations. Constituent 

concentrations in groundwater are compared to three main criteria; North Carolina Groundwater 



Quality Standards (2L Standards), USFPA Region III Tap Water Risk-Based Concentrations 

(RBCs), and basswide background concentrations. 

Previous investigations gave an indication of organic and imrganic contamination in subsurface 

soil, including PCE, TCE, methylene chloride, b-e, chlorobenzene, chloroform, bromoform, 

cadmium, chromium, and Lead In light of the new RFI data, several of these constitueuk appear 

to be related to SWMU 311, but the impact is limited to surrounding soil. Additionally, no 

evidence of an impact to groundwater was observed during the RFI. 

In summary, earlier indications of potentially significant subsurface soil contamhation at SWMU 

31 1 were not manifat in the WI findings: 

WhiIe lead was detected in all 28 RFI samples, the highest detection was 51.Z mgkg. 

AU concentrations were below PRGs and STGCs. The maximum observed detection of 

lead during the RFI was in a sample from boring SWMU3llSBO5, which was located 

near the owwater separator. The highest lead detection in any phase of investigation was 

in a sample fkom boring SWMU311-IS04 at 1,100 m@g (Phase I CSI). These 'highest" 

detections appear in a pattern in shallow subsurface soils around SWMU 311, which 

suggests site-related contamination. However, the distribution of STGC/PRG 

exceedences is very localized and not indicative of large-scale contamination. 

The Phase I CSI detections of cadmium and chromium in one sample 

(SWMU311-IS02-00) exceeded background criteria as well as the STGC. Cadmium and 

chromium were detected in the RFI above background criteria, but below STGCs and 

PRGs. This evidence suggests that STGC exceedences are very localized and not 

indicative of larger scale contamination. 

During the Phase I1 CSI, PCE was detected in subsurface soils just above the water (15 to 

17 feet bgs) in boring SWMU311-TWO3 at 400 pg/kg. During the RFI, brings 

SW311-SB25 and SWMU311SB26 were located within 10-feet of 

SW311-TWO3 to confrrm or refute the presence of PCE at these levels. PCE was not 

detected in these samples. Thus, the Phase I1 CSI detection of PCE was not c o d ~ ~ e d .  

There were two extenuating circutnstances, however; 1) The detection limit for these 

samples was 200 pg/kg and were not re-rwl at lower levels, and 2) the groundwater table 

was more shallow during the RFI, so the samples were collected at a different depth. 
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Despite these circumstances, it can be concluded that detections of PCE above the 

STGC/PRG are isolated to the vicinity of boring SWMU311-TWO3 and not indicative of 

larger scale contamination. The fact that neither PCE nor daughter products were 

detected in shallow groundwater samples (the detection of 1,2-cisdichloroethene at 2 

at SWMU311-GWO5 notwithstanding) supports this conclusion. 

Chlorobenzene and benzene were detected above the STGC in one soil sample each in 

the Phase I CSI and Phase n CSI, respectively. These compounds were not detected in 

the RFI. The lack of any additional detections indicates that the presence of 

chlorobenzene and benzene is limited in extent. 

The presence of methylene chloride, chloroform, and bromoform in environmental 

samples in aU investigation phases are likely linked to non-site related sources, due the 

detection of methylene chloride in blank samples and occurrence of chloroform and 

bromoform in potable water sources in the past. 

The presence of arsenic and silver in soil was not determined to be significant in the 

Phase I and I1 CSIs. The lines of evidence suggest that neither arsenic nor silver is 

related to SWMU 3 11. 

No constituents detected in groundwater during the Phase 11 CSI and the RFI were detected above 

PRGs or STGCs. Thus, groundwater does not appear to be negatively impacted by SWMU 31 1 

activity and warrants no further evaluation. It is important to note that the human health and 

ecological risk assessments independently evaluate all analytical data apart from this nature and 

extent discussion. Therefore, the following conclusions are the result of the human health and 

ecological risk assessments: 

The presence of lead in surface soil in the immediate vicinity of the oiVwatex separator 

exceeds the soil to groundwater concentration (STGC) criterion and contributes a 

possible adverse health effects from exposure in surface soil for a future child resident. 

Detections of cadmium and chromium in one surface soil sample (SWMU3 11-IS02-00) 

in the vicinity of the oiVwater separator exceeded the STGC criterion. Additionally, 

cadmium and chromium did not pose an unacceptable human health or ecological risk. 



Arsenic and silver exceed STGC criteria in subsdace soil, with some evidence 

suggesting that they are not related to SWMU 311. Additionally, these constituents did 

not present a human health or ecological risk. 

The detections of PCE and TCE exceeded the STGC in one subsurface soil sample, but 

did not provide a human health or ecological risk 

Chlorobenzene and benzene were detected above the STGC criterion in one soil sample 

each, but did not present a human health or ecological risk. 

Methylene chloride, chloroform, and bromoform detections were Limited, with some 

evidence suggesting that they are not related to SWMU 311. Additionally, these 

constituents did not present a human health or ecological risk. 

Based on the preceding conclusions, it is recommended that an Interim Measures removal action 

be conducted for surface soil in the immediate vicinity of the oiVwater separator to mitigate the 

human health risk associated with the presence of lead. 



1.0 INTRODUCTION 

This document presents the Resource Consewation and Recovery Act (RCRA) Facility 

Investigation (RFI) Report for Solid Waste Management Unit (SWMU) 311 at Marine Corps 

Base (MCB) Camp Lejeune, North Carolina (the Base) (Figure 1-1). This document has been 

prepared by Baker Environmental, Inc. (Baker) under Contract Task Order (CTO) 0143 of the 

Department of the Navy's (DON'S) Comprehensive Long-Tern Environmental Action Navy 

(CLEAN) Program. Baker is subcontracted to CHZM Hill for implementation of this project. 

The Base was issued a RCRA Part B Permit to operate a hazardous waste container storage 

facility in September 1984. This permit was issued before the enactment of the Hazardous and 

Solid Waste Amendments of 1984 (HSWA), which under Section 3004(u) empowers the United 

States Environmental Protection Agency (USEPA) to order corrective action at treatment, 

storage, and disposal (TSD) facilities. This section of the HSWA requires corrective action to be 

taken for all releases of hazardous waste or hazardous constituents fiom any SWMU. As a result, 

a revised Hazardous Waste Management Permit was issued on Januaty 10, 1997 and included 

corrective actions for SWMUs. 

The USEPA Region IV and the North Carolina Department of Environment and Natural 

Resources (NC DENR) conducted an initial RCRA Facility Assessment (RFA) at the Base in 

January 1989. The RFA included 76 SWMUs. Seven of the SWMUs required confumatory 

sampling; 23 of the SWMUs required an RFI, 46 of the SWMUs required no further action. The 

initial RFA was later expanded to include units such as landfills, surface impoundments, waste 

piles, tanks, container storage areas, septic tanks, drain fields, waste treatment units, and storm 

water conveyances. More than 3,500 SWMUs were identified during a preliminary review of 

Base records. Visual site inspections were conducted on nearly 500 of these SWMUs. The 

findings from the RFA are presented in the RCRA Facility Assessment Report for Marine Corps 

Base, Camp Lejeune, North Carolina (EnSafe, 1996). 

The 1996 RFA Report identified 41 Installation Restoration (IR) sites, 112 underground storage 

tank (UST) sites, and 56 SWMUs that required confmatory sampling or corrective measures. 
- 

Based on further negotiations between NC DENR and the Base, 62 SWMUs required 

confirmatory sampling. The C o n f i t o r y  Sampling Investigation (CSI) was completed in two 

phases. Phase I was conducted by Baker in 1997 and included a soil investigation in the vicinity 

of these 62 SWMUs. Phase 11 was conducted by Baker in 2002 and included additional soil 



sampli i  and a groundwater investigation at 41 of the SWMUs that warranted additional 

investigation at the conclusion of Phase I. In addition, six new SWii4U.q were included in the 

Phase I1 CSI thus increasing the number of SWMUs to 47. Of the 47 SWMUs, it was 

recommended that 29 SWMUs required no further action, five required additional wniirmabry 

sampling, tbree required Interim MeasuTes, two additional confirmatory 

samplinghterim Measures, and eight required RFIs. The findings fkom the Phase I and II CSL 

are presented in the reports titled Phase I Confirmatow Sampling Report (Baker, 2001) and DraA 

Phase II Confilzmatoly Sampling Report (Baker, 2002). 

The primary goal of this RFl is to determine the potential for fibme corrective action at SWMU 

3 11 (if any) based on risk to human health and the environment. Specifically, the objectives of 

this RFI are as follows: 

Collect information to supplement andor verify the environmental setting at the SWMU, 

including hydrogeology, geology, hydrology, topography, aquifer characteristics, and any 

other anthropogenic influences that may affect the hydrology or contaminant pathways at 

the site. 

Characterize the sources via the collection of malyrical data, and evaluate the migration 

and dispersal characteristics of the waste. 

Characterize the hazardous constituents (if any) via the collection of groundwater and soil 

samples in the vicinity of the SWMU. Characterization includes a definition of the 

extent, origin, direction and rate of movement of any contamination. 

Evaluate potential receptors by collecting data describing human populations and 

environmental systems susceptible to contaminant exposure. 

Evaluate the risk of any contaminanrs associated with the SWMU to human health and 

the environment. 

Provide recommendations for site management. 

1-2 



1.2 Site Descrbtions and Eistorv 

SWMU 3 11 is located in the Hadnot Point Industrial Area (HPJA) just north of Michael Road 

between Gum and Fir Streets (Figure 1-1). SWMU 31 1 consists of an oiVwater separator that is 

associated with a vehicle wash rack (Figure 1-2). The vehicle wash rack is situated between 

BuiIdings 1604 and 1605 in a fenced-in and paved area. The owwater sepamtor is situated in a 

grassy area adjacent to the paved area and outside of the fence line. The separator was installed 

in 1984 and is currently used. The structure is a concrete, in-ground unit that discharges to a 

wastewater treatment plant via sanitary sewer. A drainage swale tuns parallel to M i c M  Road 

and flows into a culvert that leads to Cogdels Creek The interception of the drainage swale and 

culvert is approximately 2,250 feet northwest of Cogdels Creek The drain &om the wash rack to 

the oiywater separator showed evidence of overflow (i.e., eroded soils) during the October 1996 

site visit conducted by Baker. 

The term "study area" is used in this report. The study s e a  generally includes the area bounded 

by Michael and Hammond Roads and Gum and Fir Streets, which includes SWMU 3 11 itself 

1.3 Previous Investigations 

A Phase I CSI was conducted in September 1997. The purpose of the investigation was to 

determine if operation of the owwater separator and wash rack has impacted suiface and 

subsurfice soils in the vicinity of the SWMU. Surface and subsurface soil samples were 

collected at three soil borings advanced around the perimeter of the SWMU. The samples were 

submitted to the laboratov and analyzed for select volatile organic compounds (VOCs), Target 

Compound List (TCL) semi-volatile organic compounds SVOCs, and RCRA metals. Based on 

evaluation of the results, one VOC (chlombmzene) and metals exceeded the regulatory driven 

criteria and established backgroundlsecondaxy criteria (for metals only). Therefore, additimal 

investigation at SWMU 3 1 1 was recommended in the form of a Phase 11 CSL 

The Phase 11 CSI was conducted in MarcWApril2002. The purpose of the investigation was to 

M e r  evaluate potential impacts to soil at the SWMU and determine if groundwater has been 

impacted as a result of a release(s) from the SWMU. The field investigation included: 1) surface 

and subsurface soil sampling at three soil borings aad three temporary well borings, 2) 

installation of three temporary wells, and 3) gromdwater sampling at the t h e  temporary wells. 

Analytes included TCL VOCs and RCRA metals. It should be noted that perched water was 



encountered in the borings/wells at approximately 7 to 8 feet below the ground surface (bgs). 

The actual water table was encountered at approximately 14 to 15 feet bgs. 

The soil and groundwater samples were submitted to the laboratory and analyzed for VOCs and 

RCRA metals. Based on evaluation of the results, VOCs and metals were detected in soil at 

concentrations exceeding the regulatory driven criteria and established backgroundlsecondary 

criteria (for metals only). The highest concentrations were detected at the 15 to 17-foot bgs 

interval, which was immediately above the vadoselgroundwater interface. Low concentrations of 

VOCs and metals were detected in groundwater. However, none of the compounds detected in 

groundwater exceeded the regulatory driven criteria. 

Since VOCs and metals exceeded the established screening criteria in soil samples collected 

during the Phase 1 and II CSI, an RFI was recommended at SWMU 311. The specific 

constituents identified as constituents of potential concern (COPCs) in the Phase U CSI Report 

were the primary focus of the RFI. These constituents include benzene, bromofotm, 

chlorobenzene, chloroform, methylene chloride, tetrachloroethene (PCE), trichloroethene (TCE), 

cadmium, chromium, and lead 

It is important to note that over the lifetime of the investigation of SWMU 31 1, the number of 

sampling constituents decreased. The Phase I CSI included select VOCs and TCL SVOCs, and 

RCRA metals. During the Phase I CSI, no SVOCs were detected Therefore, as specified in the 

Phase I1 CSI Project Plans and consistent with North Carolina RCRA Section protocol, SVOCs 

were eliminated h m  further consideration during the Phase II CSI at SWMU 31 1. No additional 

constituents were removed for the RFI however. 
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2.0 mELD INVESTIGATION 

This section describes the investigation procedures and analytical program conducted as part of 

the RFI field program for SUMU 3 11. The field program was cmducted in conjunction with two 

other SWMUs (SWMU 43 and SWMU 360) and initiated in June 2003. The objectives outlined 

in Section 1.1 were met through a field program that consisted of soil borings, collection of 

surface and subsurface soil samples, groundwater sample collection via Geoprobee Screen Point 

Sampler, and installation of temporary piezometers. The field program was dynamic in nature, 

therefore, the direction and tennhation of the investigation were governed by decisions based on 

quick-turn mobile laboratory analysis of VOCs. Samples were also submitted to a fixed-base 

laboratory for analysis of the wmtituents of concern, including VOCs and metals. Other physical 

parameters of soils were analyzed, including grain size distribution and vertical permeability to 

support characterization of fate and bansport properties. The sections that follow describe the 

methods used to collect and analyze the samples. 

2.1 Soil Investieation 

Surface and subsurface soil samples were collected around SWMU 31 1 to determine if soil in the 

vicinity of SWMU 311 has been impacted during SWMU-related operations. Samples were 

collected h m  boring5 advanced by a direct-push soil sampler (i.e., ~eoprobe9 attached to a drill 

rig operated by Parrott WoB, Inc. of Hillsboro, No& Carolina Prior to sampling, utility 

clearance was completed at all locations by Locating Contzactors, Inc. of Jacksonville, North 

Carolina No utilities were disrupted during this investigation. 

An approximately 50-foot by 50-foot sampling grid was established across the site as proposed in 

the Site Specific Work Plans (Baker, 2003). Borings located closest to the oiVwater separator 

were initially advanced, namely SWMU311-SB04 through SWMU311SB06, SWMU3 1 1-SBlO, 

SWMU311-SBl1, SWMU311SBL5, and SWMU3 11-SBl6 (Figure 2-1). As discussed in 

Section 4.0, the data h m  samples collected from these boring did not indicate the presence of 

any soil or groundwater contamination above screening criteria. Nonetheless, six additional soil 

borings (SWMU3 11-SB07, SWMU3 11SB 18 through SWMU311-SB20, SWMU311-SB25, and 

S W 3  11-SB26) were subsequently installed to verify~complement the findings of the initial set 

of borings. Test Boring Records were prepared for each soil boring. Appendix A contains these 

records. 



2.1.1 Surface and Subsurface Soils 

Surface soil samples were proposed at all soil boring locations; however, some baings were 

located in paved areas where surface soils were not present. Consequently, surface soil samples 

were not collected at these locations. Where present, surface soil samples were obtakd using a 

new stainless steel spoon prior to advancement of the soil boring. Grass andlor approximately 

2-inches of sutface material were removed and discarded. A small hole was dug to 

approximately 1-foot bgs using the same spoon. Samples were collected for off-site analysis of 

VOC and RCRA metal, using the following procedures: 

First, three Encore Samplers were pushed directly into the sidewall of the hole. 

Next, soil was shaved off the sidewall and homogenized in-situ. 

Finally, the homogenized soil sample was then placed in one 4-ounce, laboratory-supplied sample 

container. 

All samples for chemical analysis were stored on ice in a cooler at a minimum temperature of4O 

Celsius (C) until shipped to the laboratory. Table 2-1 presents a summary of surface soil samples 

collected. 

The subsurface soil samples were collected at each boring using a direct push sampler. Samples 

were collected continuously fbm the ground surface to the regional groundwater table. It should 

be noted that evidence of very localized perched water-bearing zones was observed in previous 

investigations. Since evidence of soil contamination below these pemhed zones was apparent in 

previous investigations, one objective of the field program was to characteris% subsurface soils to 

the regional groundwater table. One sample was collected from each 4-foot Geoprobem sleeve for 

on-site or off-site analysis (see Section 2.1.2). A Cfoot long ~ e o p r o b e ~  Macro Core sampler was 

driven by a hydraulic drive assembly. Once the desired depth was obtained, the sampler was 

puUed h the hole. The sampler was dissembled and handed to the geologist for logging and 

photo ionization detector (Pm) measnrements. The sampler was decontaminated following 

procedures outlined in Section 2.5 and reassembled prior to use. Soils were logged and sampled 

in accordance with the Work Plans, with additional details provided in the paragraph that follow. 



A small %-inch diameter hole was drilled %-foot below the top of sample and a PID reading was 

taken and recorded. This was repeated at I-foot intervals over the length of the sample. Upon 

completion, the sleeve was cut open lengfh-wise to reveal the sample. Samples for on-site andlor 

off-site analysis were collected next based on the location of the highest PID reading or in areas 

of observable contamination. Finally, samples were logged noting relative grain size, color, 

moisture, evidence of commination, and any other relevant property (e-g., plasticity or relative 

density). D i d e d  soil was placed in 5-gallon buckets and later transferred to 55-gallon dnun(s) 

or roll-off box. 

Soils collected for on-site and off-site analysis of VOCs were sampled differently. For on-site 

analysis, an open-ended virgin plastic syringe was pushed in the selected area to obtain 7mL of 

soil. The sample was then extruded into one 20-mL glass vial filled with 3-mL of distilledld~ 

ionized water. The vial was capped with a ~eflon* lined Lid, which was crimped in place. The 

vial was stored on ice unfil picked up by the mobile laboratory chemist or dropped off at the 

mobile laboratory (typically within 4- hours of collection). For off-site analysis, samples were 

collected in 3 5-mL Encore Samplers following SW846 Method 5035. Samples were also 

collected for off-site analysis of RCRA metals. Soil for this analysis was taken &om the same 

general location that VOC samples were collected. Samples were collected using a stainless steel 

spoon or spatula and placed into one 4-0unce, laboratory-supplied sample container. Samples for 

off-site analysis were stored on ice in a cooler at a minimum temperature of 4OC until shipped to 

the laboratory. To minimize the potential for cross-contamination, new stainless steel spoons 

andlor spatulas were used to handle each soil sample as it was removed from the acetate Liner and 

placed into the sample container(s). Table 2-1 presents a summary of subsurface soil samples 

collected. 

Subsequent to sampling, borings not converted to temporary piezometers were backfilled with 

sodium bentonite. After hydration, the surface was plugged with asphalt or material similar to the 

existing surface. 

2.1.2 Analytical Program for Soils 

One sample per ~eo~robe '  sleeve was collected for mobile laboratory analysis of VOCs and 

fixed-based labomtory analysis of RCRA metals (approximately three snbsurface soil samples per 

boring). Additionally, one sample for laboratory VOC analysis was split for analysis by the 



fixed-based laboratory. The samples were selected based on field observations (e.g., elevated 

PID readings, discoloration, odors, etc.). Mobile laboratory analysis includiag benzene, PCE, 
TCE, cis-1,2-dichloroethene (cis-DCE), trans-12-dicoroeene (trans-Dm), methylene 

chloride, and 1,l-dicbloroethene (1,l-Dm) using a gas chromatograph head space method. 

AU soil samples retained for analysis were prepared and handled according to USEPA Region IV 

Standard Operating Procedures (SOPS) as outlined in the Master Project Plans (Baker, 2003a). 

Chain-of-Custody documentation, which included information such as sample numbers, date, 

time of sampling, and sampling party accompanied the samples to the laboratory and is provided 

in AppendixB. Samples were shipped via overnight delivery to Chemtech laboratory in 

Mountainside, New Jersey for analysis. 

The groundwater investigation at SWMU 311 consisted of installation of 6 piezometers and 

coUection of static water level (SWL) measurements, and groundwater grab sampling using 

Geoprobea tools. The sections that follow describe the methods used to collect and d y z e  t& 

samples. 

2.2.1 Piemmeter Installation and Groundwater Level Measurements 

Six piezometers were installed at SWMU 31 1 on July 7, 2003 to determine groundwater flow 

direction in the surf~cial aquifer (Figure 2-1). These piezometers were installed adjacent to soil 

borings SWMU3 11-SBOS, SWMU3 11-SB07, SWMU311-SB08, SWMU311-SBIS, 

SWMU311-SB18, and SWMU311-SB2O. AU piezometers were installed to a depth of 20-feet 

bgs, which was determined to be below the perched groundwater zone. Each piemmeter 

consisted of 5 feet of 1-inch outside diameter (OD), Schedule 40 Polyvinyl Chloride (PVC) 

screen (0.01-inch manufactured slots) and 15 feet of I-inch OD Schedule 40 PVC casing. Each 

piemmeter was installed by driving 2-inch OD steel casing with disposable steel drive tip to the 

desired depth. The piezometer screen and casing were assembled and installed in the open drive 

casing. As the drive casing was retracted fkom the ground, the formation was allowed to collapse 

around the screen annulus (or filter sand was placed around the screen annulus as required). 

Bentonite pellets were placed in the casing annulus to ground &ce. Each piemmeter was 

surveyed according to Section 2.3. SWL measurements were collected on July 9, 2003. Table 

2-2 presents piezometer oonstruction details, and SWL measurement and corresponding 

elevations. Appendix A also pre.ser~ts a graphic representation of the piemmeter installation. 



2.2.2 Groondwater Sampling 

Groundwater grab samples were collected from each Geoprohe boring used in subm&ce soil 

sampling (Figure 2-1). The groundwater grab samples were collected using a Geoprobee SP15 

discrete sampler. The sampler consists of a 1-1/2-inch OD stainless steel outer casing with a 

sliding I-inch OD, Cfoot long inner screen (stainless steel with 0.01-inch slots). A drive point is 

attached to the outer casing and driven to the desired depth using a ~eoprobe- hammer. As the 

casing is retracted the drive point and screen stay in place, exposing the screen to the aquifer. At 

SWMU 311, the ~ e o ~ r o b e ~  SP15 discrete sampler was pushed to approximately 4 to 6 feet 

below the water table. Groundwater samples were retrieved using a peristaltic pump and new 

silicone and polyethylene (PE) tubing for each sample. Groundwater was purged h m  the 

sampler for approximately five to ten minutes to reduce the sediment content of the groundwater 

sample. 

Groundwater samples were collected for on-site andlor off-site analysis of VOCs. For on-site 

headspace analysis, 10-mL of groundwater was collected in one 20-mL vial. The vial was capped 

with a ~ e f l o n ~  lined lid, which was crimped in place. The vial was stored on ice until picked by 

the mobile laboratory chemist or dropped off at the mobile labontory (typically within 4- hours 

of collection). For off-site analysis, samples were collected in fhee 40-mL vials. Samples for 

off-site analysis were stored on ice in a cooler at a minimum temperature of 4OC until shipped to 

the laboratory. Table 2-1 presents a summary of groundwater samples collected. 

23.3 Analytical Program for Groundwater Samples 

One groundwater sample per boring was collected for mobile laboratory analysis of VOCs, 

including b e m e ,  PCE, TCE, cis-DCE, fmns-DCE, methylenc chloride, and 1,l-DCE using a 

gas chromatograph head space method. Select samples (Table 2-1) were split for off-site 

laboratory analysis via S W M  Method 8260B for VOCs. 

All groundwater samples retained for analysis were prepared and handled according to USEPA 

Region IV SOPS as outlined in the Master Project Plans (Baker, 2003a). Chain-of-Custody 

documentation, which included infounation such as sample numbers, date, time of sampling, and 

sampling party accompanied the samples to the laboratory and is provided in AppendkB. 



Samples were shipped via overnight delivery to Chemtech laboratory in Mountainside, New 

Jersey for analysis. 

The soil boring locations were surveyed using mapping-grade global positioning system (GPS) 

eqnipment (Trimble F'ro XRS with a TSCE Data Collector) operated by trained Baker persoonel. 

The horizontal position of each soil boring was determined within the North Carolina State Plane 

Coordinate System. The horizontal accuracy was within approximately three feet. Ground 

surface elevations of borings were not measured by the GPS due to low accuracy. Instead, 

elevations were estimated by the following: 

1) Survey of adjacent piezometers, or, 

2) Interpolated &om ground surface contouring between known elevations (e.g., 

piezometers or CSI temporary wells). 

The temporary piemmeters were surveyed for topographic elevation relative to mean sea level 

(msl) and horizontal position within the North Carolina State Plane Coordinate System. This 

survey was perfo~~ned by Lanier Snrveying Company, PLLC, a North Carolina Iicensed snrveyor. 

The vertical accuracy of the survey was within 0.01 feet and the horizontal accuracy was within 

0.1 feet It should be noted that the surveyor obtained an elevation from the top of PVC cap, 

rather than the top of PVC casing (reference point). Baker personnel had to determine the 

difference between the top of PVC cap and PVC casing to determine a reference point elevation. 

2.4 Qualib- Assurnnce/Qnalitv Control Samvles 

Specific Quality &surance/Quality Control (QMQC) requirements are presented in the Master 

QAPP, which is contained in the Master Project Plans (Baker 2003a). The Master QAPP 

describes the different levels of sample analysis and the associated QC procedures reqnked with 

each. Adherence to established USEPA chain-of-custody (COC) procedures during the 

collection, transport, and analyses of the samples was maintained throughout the project. 

Laboratory analyses of the samples conformed to accepted QA requirements. 



The following QAIQC samples were collected/prepared during the field activities to ensure 

precision, accuracy, representativeness, completeness, and comparability: 

Equipment riasate blanks 

Field blanks 

Tripblanks 

Field duplicates 

Matrix Spike/Ma@ix Spike Duplicates (MSNSDs) 

Table 2-1 pmvides a summary of QAIQC samples collected, as well as sources of equipment 

rinsate and field blanks. 

2.5 Decontamination Procedures 

Specific decontamination procedures for this investigation followed methods presented in the 

Master Work Plans, which is contained in the Master Project Plans (Baker 2003a). These 

procedures were for reusable equipment. Sampling equipment for the RFI at SWMU 31 1 was 

generally disposable and not reused and included stainless steel spoons, Geoprobee Macro Core 

acetate liners, PE tubimg, and silicone tubing. Reusable equipment included the Geoprobee 

Macro Core drive shoe and casing and the SP15 Groundwater Sampler. Between samples, this 

equipment was decontaminated by ~l~uinox@' and potable water wash and potable water rinse. 

Between borings, this equipment was decontaminated by high-pressure steam cleaning. 

2.6 Investisation Derived Waste 

Investigation derived waste (IDW) included those materials used in the normal course of field 

activities, including health and safety disposables and disposable sampling equipment. IDW also 

included materials generated from drilling and sampling activities (i.e., excess soil samples, purge 

water, and decontamination fluids). 

Health and safety disposables generally included sampling gloves, paper towels, and pIastic 

sheeting. Contact with contaminated soil and water was negligible. Health and safety 

disposables were placed in plastic bags and disposed in Baker's regular trash dumpster Located by 

at Lot 203. 



Soil cuttings were not generated during direct push drilling activities. Excess soil samples were 

minimal and temporarily containerized in one United States Department of Transportation DOT- 

approved, 55-drum. The drum was clearly marked to indicate contents, the borehole from which 

the cuttings were removed, the date, CTO number, and the site. Because the mobile laboratory 

analytical data indicated only trace levels of VOCs, this soil was combined with the soil IDW 

from the SWMU 360 RFI. 

Liquid IDW generated during decontamination and Cieoprobe0 SP15 Groundwater Sampler 

purging was minimal and c o m b i i  with the liquid IDW from the SWMU 360 RFI. 

It should be noted that the Base Environmental Quality Branch (EQB) has developed an SOP for 

IDW management. Baker is responsible for collection, labeling and storing IDW, as well as 

communications with the EQB and the Remedial Action Contractor (RAC) (Shaw Environmental 

& Iufrasmcture, Inc). Shaw is responsible for WW sampling and disposal. 

2.7 Data Manaeement and Tracking 

Data management activities consisted of data tracking, database entry, and data manipulation. 

Data tracking followed samples from collection (based on COC forms) through entry of the 

sample analytical data into the database. The data manager checked that the off-site laboratory 

received and processed all samples within the required holding times. The data manager atso 

checked that the resultant analytical data (ih electronic and hard copy formats) were sent to and 

received by the independent data validator. Finally, the data manager received the analytical data 

from the independent data validator and checked the data set for completeness and correctness. 

Data entry consisted of importing the data into the databw,. Once in the database, the data were 

manipulated for presentation herein. Tlis  activity included creating tables showing positive 

detections, comparison to screening criteria, data statistics, and tabulation of all data into 

appendix tables. 

An independent data validator was contracted for data validation The Iaboratoly analytical 

results were evaluated to asws the technical adequacy and usability of the data based on 

specifications set forth in the Naval Energy and Environmental Support Activity WESA) and 

USEPA guidance documents. 
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3.0 PIIYSICAL CHARACTERISTICS 

This section summarizes the data collected during the field prognun related to topography and 

surface features, water supply, surface water hydrology, and geology and hydrogeology from a 

regional and sitespecific perspective. A su£Ecient understanding of the nature and extent of 

con-on as well as fate and -port of those constituents requires an understanding of the 

physical envimnment context in which the contamination occurs. Even if contamination is not 

evident, a sufficient undatandhg of the physical environment is required to demonstrate that the 

samples collected were appropriately located and are representative of the entire site. The 

subsections that follow present information to support an interpretation of the physical 

environment. 

3.1 T O D W ~ D ~ V  and Surface Features 

The overall topography of SWMU 3 11 area is flat and is developed as storage and maintenance of 

military equipment. On a local scale, drainage ways on the shoulders of roads provide some 

topographic relief. The Building 160411605 compound to the north of SWMU 311 is a flat, 

paved paddug and storage area, with an elevation of approximately 27-feet above mean sea level 

(msl). Building 160411605 and its compound occupy the entire block between Michael and 

Hammond Roads and Gum and Fir Streets. A curbed, concrete wash pad is situated between 

Buildings 1604 and 1605 at an elevation of approximately 29-feet above msl (Figure 1-2). A 

wooden wash rack is located on the northeast end of the wash pad The oilhater separator is 

located immediately southeast of the wash pad, between the pad and a drainage way. The 

oilhater separator is manifest on the ground surface as three concrete structures with steel 

grating covering openings. These concrete structures are estimated to be approximately 30-feet 

above msl. The bottom of the drainage way located on the shoulder of Michael Road is unlined 

and estimated to be approximately 24-feet above msl. The sidewalls are relatively steep in the 

vicinity of the oivwater separator. The relief between the bottom of the ditch and sumoundings is 

less pronounced toward the intersection of Fir Street and Michael Road. Michael Road is a twc- 

lane asphalt road nearest to the oiywater separator; with hard pack gravel shoulder on either side. 

The elevation of Michael Road in the vicinity of the oil/water separator is estimated to be 

approximately 27-feet above msl. Another unlined drainage way is located on the southern side 

of Michael Road The bottom of this drainage way is estimated to be approximately 25-feet 

above msl. 



3.2 Water S I I D D ~ ~  

Potable water for the base is derived entirely by groundwater. The Base does not have established 

groundwater preservation areas. However, because the Base controls more than 236 square miles 

of land, and because much of this land has remained undeveloped, the undeveloped areas serve 

the function of groundwater preserves. Groundwater usage is roughly eight million gpd 

(Cadinell, et al., 1993). Groundwater is pumped fiom approximately 84 water supply wells 

located within the boundaries of the Base. According to Base personnel, gromdwater is treated 

at five plants located at Hadnot Point, Holcomb Boulevard, Marine Corps Air Station (MCAS) 

New River, Courthouse Bay, and Onslow Beach having a maximum total capacity of 15.8 million 

gallons per day (gpd). However, the base population only requires 6.5 million gpd. 

The water supply wells at the base withdraw water ftom the Castle Hayne aquifer. The Castle 

Hayne aquifer is a highly permeable, semi-confined aquifer that can yield several hundred to 

1,000 gpm. The wells (&inch diameter) at the Base average 162 feet in depth and yield 174 gpm 

(Hamed, et al., 1989). The water is typically a hard, calcium bicarbonate type. Information 

concerning the supply wells was derived from the Wellhead Protection Plan - 2002 Update (AH, 

2002), and interviews with Base personneL 

There are no active or inactive water supply wells within 1,500 feet of SWMU 311. Figure 3-1 

shows SWMU 311 in relation to nearby water supply wells. The nearest water supply well 

(PSWHP-642) is located approximately 4,400-feet hydraulically upgradient of SWMU 311. 

Additionally, the Wellhead Protection Plan states that the 10-year maximum pumping capture 

zone of PSWHP-642 is approximately 1,400-feet. In other words, well PSWHP-642 will capture 

contaminants released within that radius on the surface or near surface within 10-years. This does 

not account for attenuation. Finally, groundwater contour maps from Long-Term Monitoring 

reports for Site 78 North (located relatively near the well) indicate that PSWHP-642 does not 

influence groundwater flow in the Hadnot Point industrial Area, where Site 78 and SWMU 3 11 

are located. Thus, it is improbable that any release from SWMU 31 1 will impact well 

PSWHP-642. 



3.3 Surface Water Hvdrology 

Surface water flow across the study area is controlled. Due to the built up nature of the study 

area, rainwater runoff is collected in roof gutters, storm water sewer inlets in parking areas, and in 

drainage ways along mads. Direct infiltration occurs in grassy and gravel areas surrounding the 

Building 160411605 compound. The wash pad associated with S W  31 1 is designed to capture 

water from vehicle wash downs, and to an extent, captures some rainwater. Water in the wash 

pad drains to the oillwater separator, which in Mn drains to a wastewater treatment pIant via 

sanitary sewer. As noted in Section 1.3, the ch.ain from the wash rack to the oilhater separator 

showed evidence of overflow (i.e., eroded soils) during the October 1996 site visit This 

overflow would lead to the drainage way that runs p d e l  to Michael Road. This drainage way 

is generally dry. During rain events, surface water runoff fmm Michael Road would flow into the 

drainage way. Water has not been observed in the drainage way, so it is suspected that what 

water does not injiltrate into the ground would flow to the northeast, into a culvert that leads to 

Cogdels Creek The interception of the drainage way and culvert is approximately 2,250 feet 

northwest of Cogdels Creek 

3.4 Geolodc and Hvdro~eoloeie Framework 

Site-specific geologic and hydrogeologic information was obtaining through logging of soil 

samples from 12 shalIow soil borings advanced at SWMU 311. This site-specific geology and 

hydrogeology is placed in context of a regional framework in the sections that follow. 

34.1 Regional Framework 

The Base is located within the Tidewater region of the Atlantic Coastal Plain physiographic 

province. The sediments of the Atlantic Coastal Plain consist mostly of interbedded sands, silts, 

clays, calcareous clays, shell beds, sandstone, and limestone. These sediments are layered in 

interfingering beds and lenses that gently dip and thicken to the southeast to a combined thickness 

of approximately 1,500 feet. The sediments were deposited in marine or near-shore environments 

and range in age from early Cretaceous to Quatenmy time.. Regianally, the sediments comprise 

10 aquifers and nine confining units, which overlie igneous and metamotphic basement mcks of 

the pre-Cretaceous age. Seven of these mers and their associated confining units are present at 

the Base (Cardinell, et d., 1993). Table 3-1 presents a generalized stratigraphic column for Jones 



and Onslow Counties, North Carolina. A hydrogeologic section location plan and hydrogeologic 

cross-sections of the Base are presented in the Hvdmrreolwic Framework of U.S. Marine Coms 

Base at Camv Leieune. North Carolina (Cardinell, et al, 1993). 

United States Geological Survey (USGS) studies performed by Hamed, et al., 1989 and 

Cardinell, et al., 1993 indicate that the base is underlain by sand and limestone aquifers separated 

by confining units of silt and clay. These aquifers include the sulficial (water table), Castle 

Hayne, Beaufort, Peedee, Black Creek, and upper and lower Cape Fear. Less permeable clay and 

silt beds function as confining units or semi-confining units that separate the aquifers and impede 

the flow of groundwater between aquifers. 

Historically, only the upper two aquifers have been impacted by Base activity, namely the 

surficial aquifer and the Castle Hayne aquifer. The surftcial unit consists of intertingering beds of 

sand, clay, sandy clay, and silt that contain some peat and shells in the undifferentiated formation. 

According to information presented by the USGS, the undifferentiated formationlsurficial aquifer 

is approximately 15 to 25 feet thick in the vicinity of the Hadnot Point industrial area. Although 

this aquifer is classified as GA (i.e., existing or a potential source of drinking water supply for 

humans), it is not used as a potable water source at the Base because of its low yielding 

production rates (typically less than three galions per minute [gpm]). The Belgrade formation 

consists of clay, sandy clay, and silt beds and is part of the Castle Hayne Confining unit. 

Practically though, the Belgrade formation tends to be semi-config in nature because it is 

laterally discontinuous. The thickness of this unit ranges f?om approximately 0 to 26 feet, 

typically averages 9 feet where present, with no discernible thickness trend. The Castle Hayne 

aquifer primarily resides within the River Bend Formation, which consists of sand, cemented 

shells, and limestone. The upper portion of the aquifer primarily consists of calcareous sands with 

some thin clay and silt beds. The sand becomes increasingly more limy with depth. The lower 

portion of the aquifer consists of partially unconsolidated limestone and sandy limestone 

interbedded with clay and sand. In addition, buried paleostream channels containing various 

deposits exist within the aquifer. According to information presented by the USGS, the Castle 

Hayne aquifer is approximately 350 feet thick in the vicinity of the Hadnot Point industrial area. 

Recharge to the surficial aquifer is by rainfall. The aquifer receives more recharge in the winter 

than in the summer when much of the water evaporates or is transpired by plants before it can 

reach the water table. Most of the surficial groundwater is discharged to local streams, but some 



water passes through the underlying semi-confining unit. Recharge is estimated to average 30 

percent of an average rainfall of 52 inches per year. The remaining 70 percent of rainfall is Lost 

as surface runoff or evapotranspiration. Water levels in w e b  tapping the surficial aquifer vary 

seasonally. The water table is generally highest in the winter and spring, and lowest in the 

summer and early fall. Recharge of the Castle Hayne aquifer at the Base is primarily received 

from the suilicial aquifer. Natural discharge is to the New River and its major tributaries. 

Although the Castle Hayne aquifer provides approximately seven d i o n  gallons of water to the 

Base, groundwater pumping has not significantly affected natural head gradients in the aquifer. 

Hydraulic conductivities of the surficial and Castle Hayne aquifers have been estimated through 

various studies and have been found to vary significantly from study to study as well as spatially. 

The estimated lateral hydraulic conductivity for the surficial aquifer is 50 feet per day (ftld) and is 

based on a general composition of fme sand mixed with some silt and clay 

(Cardinal, et al., 1993). Baker compiled and studied data from aquifer pumping tests at the Base 

in 1994 to evaluate aquifer characteristics and production capacities. The technical memorandum 

is provided as Appendix C. The information contained in this memorandum pertains primarily to 

the surfcia1 aquifer. Average pumping rates were established between 0.5 to 3 gpm, with a 

hydraulic conductivity estimate range fiom 0.5 to 1.4 feet per day. 

3.4.2 Site-Specific Framework 

The subsections that follow provide a discussion of geology, hydrogeology, and provide a 

summary of findings. 

Two cross sections were prepared for the SWMU 3 11 RFI report to represent subsurface geology 

(Figure 3-2). Cross Section A-A' begins at boring SWMU311-SB07 and traverses to the 

northeast, to boring SWMU311-SB04 (Figure 3-3). Cross Section B-B' begins at boring 

SWMU311-SB2O and traverses to the southeast, to boring SWMU311-SB15. The paragraphs 

that follow discuss the cross section geology (Figure 3-4). 



The subsurface geology in the vicinity of SWMU 311 exhibits some heterogeneity. Fine sand 

and silt of the undifferentiated formation predominate. A relatively thin clay layer is also present 

within the sand unit over much of the study area. 

Figure 3-3 shows that silt is g e n d y  present as the uppermost unit in the grassy area between 

Buildings 160411605 and Michael Road. The minor constituents of this silt appear to vary h m  

little clay to trace fine sand. The silt unit appears to pinch out on the southwest end of koss  

Section A-A', where it is overlain by fine sand The silt unit appears thickest at boring 

SWMU311-SB06 ( h m  the ground surface to a depth of 7-feet bgs), and gradually thins toward 

boring SWMU311-SB04 (ftom the ground surface to a depth of 4-feet bgs). The vicinity of the 

wash padlrack area may have been backfilled At boring SWMU3 11-SBOS, very fine sand, with 

some silt, cinders, and clay was observed. Fine sand underlies a surficial silt in the grassy area 

along Crms Section A-A'. Elsewhere, fine sand is the uppermost unit, including under the paved 

compound area (Fi'igure 3-4, borings SWMU31 I-SB 11 and SWMU311-SBZO), and under Michael 

Road (Figure 3-4, boring SWMU311-SB15). The minor constituents of this h e  sand appear to 

vary eom some silt and little clay to trace silt F i e  to medium sand was encomtered at the 

bottom of boring SWMU311-SB25. The occurrence of the coarser-grained sand appears to be 

limited in that it was not observed in any other boring in the study area. 

A thin clay layer is present across much of the study area. This clay layer appears to be thickest 

(at least 6 feet thick) in the vicinity of boring SWMU311-SB04 (Figure 3-3). This clay layer 

thins and dips to the west and southwest (Figure 3-3 between borings SWMU311-SB04 and 

SWMU311-SB25). The layer is only 1 foot thick at boring SWMU311-SB20, and was not 

enw~mtered in brings SWMU311-SB06 and SWMU311-SB07. The minor wmthents of this 

clay vary and include fine sand and silt. 

(Zroundwater was generally encountered in the fme sand within 10 feet of the ground surface, and 

appears to be perched in some areas. The clay layer exhibits some confining capability as 

evidenced by the perched conditions, although the degree is uncertain. At borings 

SWMU311-SB20 and SWMU31 I-SB11, groundwater was encountered above the clay layer (at 

about 5-feet bgs). The relative description of water saturation changes h m  "wet" to 'Smoist" 

within the clay layer, indicating a decrease in saturation. Saturated conditions appear again, 



below the clay layer. As a contrast, water was observed at boring SWMU311-SB25 in the clay 

layer where the sand content is high (Figure 3-3). 

Groundwater flow direction and gradient were determined through the use of six piezometers 

(Section 2.2.1). These piaometers were installed deeper than the clay layer and do not intercept 

the perched water-bearing zone. Thus, the SWL measurements are representative of surficial 

aquifer and not a perched water table. SWL measurements were taken on July 8, 2003 and 

converted to elevations (Table 2-2). Figure 3-5 shows the groundwater potentiometric surface as 

interpreted by a minimum curvature algorithm using Surfer 7.0 software. Groundwater flows to 

the west and southwest across the study area. This flow direction is consistent with groundwater 

flow in the HPIA (as determined by the IR Site 78 Long-Term Monitoring FTM] well network). 

It should be noted that this groundwater flow direction is different than the direction observed in 

the Phase 11 CSI, which was to the north. The Phase Il CSI groundwater flow direction was based 

on three closely spaced temporary welts. Based on one RFI monitoring event, the hydraulic 

gradient varies slightly across the study area. The hydraulic gradient across Line "A" as shown 

of Figure 3-5 is 0.03 feetlfoot. The hydraulic gradient across Line " B  as shown of Figure 3-5 is 

0.02 feetlfoot 
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TABLE 3-1 

SWMU 311 
GEOLOGIC AND HYDROGEOLOGIC UNITS IN TEE COASTAL PLAIN OF NORTH CAROLINA 

RCRA FACILITY INVESTIGATION - ~ ~ 0 - 0 1 4 3  
MCB, CAMP LEJEUNE, NORTH CAROLMA 

Middendorf Formations 
Upper Cretaceous 

Cape Fear Formation 

PreCretaceous Basement Rocks 
I I I I -- NOW: 
'I) Geologic and hydrologic units not present beneath Camp Lejeune. 

Constitutes part of the surficial aquifer and Castle Hayne confining unit in the study area. 
" Estimated to be confined to deposits of Paleocene age in the study area. 

Source: Cardinell, et al.. 1993 
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FIGURE 3-1 

* - 1500' RADIUS AROUND SWMU 31 1 
WATER SUPPLY WELL LOCATION MAP 

- GROUNDWATER FLOW DIRECTION RCRA FACILITY INVESTIGATION 
SWMU 31 1 ,  CTO-143 

MARINE CORPS BASE, CAMP LEJEUNE 
SOURCE: MCB CAMP LEJEUNE. MARCH 2004. NORTH CAROLINA 
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4.0 ANALYTICAL RESULTS AND EXTENT OF CONTAMINATION 

This section presents information regarding the nature and extent of contamination related to 

SMWU 311. This contaminant characterhtion was accomplished by mobile and 6x4-base 

laboratory analysis of soil and groundwater samples. Sections 4.1 through 4.4 discuss data 

quality, screen out constituents not related to the SMWU, and provide infonuation reganling data 

usability. Section 4.5 discusses the nature and extent of the constituents of concem. 

4.1 Data OuPlity 

This RFI consisted of field-based analysis of VOCs in soil and groundwater and 6x4-base 

analysis for RCRA metals analysis. Fixed-base laboratory data were validated using pmcedwes 

established by the National Functional Guidelines for Organic and Inorganic Analyses (USEPA, 

2002). Validation of the analytical data, through established procedures, served to reduce the 

inherent uncertainties associated with its usability. Data qualified as "J" were retained as 

estimated values. Estimated analytical results within a data set are common and considered 

usable by the EPA. Data may be qualified as estimated for several reasons, including an 

exceedence of holding times, high or low surrogate recovery, or intra-sample variability. In 

addition, d u e s  may be assigned an estimated 'J" qualifier if the reported value is below the 

Contract RequiredDetection Limit (CRDL) or the Contract Required Quantitation Limit (CRQL). 

Additional data qualifiers were employed during the validation of data Compounds that were not 

detected were assigned the "U" qualiiier and those nondetected compounds that had inaccurate 

or imprecise quantitation limits were assigned the "UJ" qualifier. 

Split samples were collected to assess the reliabiity of the mobile laboratory. Samples were split 

for analysis via SW-846 Method 8260B at a fixed-base laboratory. Approximately 20% of 

samples collected for the mobile laboratory were split with the fixed-base labomtory. Table 4-1 

compares sample split data. An examination of Table 4-1 shows that the split data generally 

indicates good correlation. That is an indication that the mobile laboratory provided adequately 

reliable information to make field decisions in terms of investigation direction and &mination, 

and can be used to evaluate any extent of contamination. With the exception of methylene 

chloride, all analyzed compounds were not detected by either laboratory. Methylene chloride was 

detected by the fixed-base laboratory in 4 of eight samples at estimated concentrations between 



1.9 micrograms per liter (pgk) and 2.6 Clgn. Given the fact that the fixed-base laboratory also 

detected methylene chloride in blank samples, these detections in the split samples are may not be 

representative of site conditions. 

4.1.1 Laboratory and Non-Site Related Contaminants: 

Some organic and inorganic constituents detected in soil and groundwater at S W M U  31 1 can be 

attributed to non-site related conditions or activities. Two primary sources of non-site related 

d t s  include laboratory contaminants and naturally occumhg inorganic elements. In addition, 

non-site related operational activities and conditions might contribute to "on-site" contamination. 

A discussion of non-site related analytical results is provided in the sections that follow, and 

includes laboratory contaminants, non-site related contaminants, and naturally occurring 

inorganic elements. 

Blank samples provide a measure of contamination that'has been introduced into a sample set 

during the collection, transportation, preparation, andlor analysis of samples. To remove non-site 

related conkmhnts h m  further considemtion, the concentrations of chemicals detected in 

blanks were compared with wncentrations of the same chemicals detected in environmental 

samples. These blank samples include, trip blanks, rinsate blanks, and f ~ i d  blanks. Rinsate 

blanks were collected from the sampling equipment to ensure that decontamination procedures 

were effective in cleaning the field equipment. One field blank was collected fiom the potable 

water source used during drilling and decontamination. Table 4-2 provides a summary of all 

compounds detected in blank samples. 

Common laboratory contamimnts (i.e., acetone, 2-butanone, methylene chloride, toluene, and 

phthalate esters) were considered as positive results only when observed concentrations exceeded 

ten times the maximum concentration detected in any blank. If the concentration of a common 

laboratory contaminant was less than ten times the maximum blank concentration, then it was 

concluded that the chemical was not detected in that particular sample OJSEPA, 1989). The 

maximum concentrations of detected wmmon laboratory contaminants in blanks for SWMU 3 11 

were as follows: 



Acetone 

Methylene Chloride 

Other constituents contained in blanks that are not considered common laboratory conmninmts 

were considered as positive results ody when observed concentrations exceeded five times the 

maximum concentration detected in any blank (USEPA, 1989). AU TCL and RCRA metal 

constituents of less than five times the maximum level of contamination noted in any blank were 

not considered detected in that sample. The detection of certain VOCs (bmmodichlommethane, 

chloroform, and diimochlommethane) are typically associated with disinfection bypIoducts 

and are likefy related to use of Base potable water in decontamination. The maximum 

concentrations of all other detected blank contamhuts were as follows: 

Bromodichloromethane 

Chloroform 

Dibromochloromethane 

Barium (total) 

Cadmium (total) 

Chromium (total) 

Selenium (total) 

Silver (total) 

4.1.2 NatnraUy-Oeenrring Inorganic Elements 

A base background soil study was conducted at the Base in June and July 2000. A Base 

background groundwater study was conducted later, in March and April 2002. Naturally 

occurring inorganic constituents occur ubiquitously in soil and groundwater; therefore, 

distinguishing between background levels and site-related concentrations is difficult Because 

many naturally occurring inorganic constituents also may be of anthropogenic origin, an 

appropriate number of background samples were obtained to distinguish naturally occurring 

concentrations. 

A total of 50 surface soil samples and 50 subsurface soil samples were collected from 50 soil 

h g s  in areas that had no knom history of any activity that may bias inorganic concentrations 

in surface and sutmuface soils (Baker, 2001a). AU soil samples were analyzed for Target 

4-3 



Analyte List (TAL) inorganics (Method 601 OBl7471A) and pH (ASTM Standard D 4972-954 

US EPA Method 9045). The inorganic analysis results were subsequently validated. 

In general, inorganic constituents were detected at similar levels of concentration in the surface 

and subsurface samples collected a. part of this investigation. There were observed differences 

between the datasets but these differences are primady based upon the soil type in each soil 

horizon As the soils were separated into datasets based on their soil type, it became apparent that 

the majority of the constituents were more prevalent in the line-grained soils (clay and silts) than 

in coarse-grained soils (sands). This was an expected fmding since metals are known to adsorb 

onto clays through the formation of ionic bonds. 

Temporary groundwater monitoring wells were installed to provide spatial coverage across the 

Base (Baker, 2002a). Two clustered monitoring wells were installed at each of the 25 locations. 

Each cluster contained one shallow well (upper surficial aquifer) and one deep well (lower 

surficial aquifer) for a total of 50 temporaty wells. Samples were collected fiom each monitoring 

well for TAL inorganics analysis by Method 601 OBf7471A. The inorganic analysis results were 

subsequently validated. 

In general, similar inorganic constituents were detected in both the shallow and deeper portions of 

the &oid aquifer during this investigation. However, the deeper portion of the surficial aquifer 

appeared to have a higher concentration of inorganics than the shallow portion. 

Statistical analysis was performed on the background soil and groundwater sample set. This was 

done to determine distribution of the data, to identify outliers, to determine means and standard 

deviations, and to compare data sets of different lithology and depth. The 8urface soil and 

subsurface soil data sets were then segregated acwrding to soil type. Groundwater data sets were 

segregated according to depth. 

An Area of Concern (AOC) background study was also conducted at the Base in June and July 

2000 (Baker, 2001b). AOCs were estabIi&& based on geographical location, geology, and type 

of SWMU(s). The purpose of this investigation was to establish a background concentration for 

the group of SWMUs within the AOCs that would be representative of conditions immediately 

snrrounding to the SWMU (resultant of Base activities in that area). An inorganic constituent 

could be eliminated as a COPC if its concenttation is less than AOC background; arguing that the 



concentration is a result of Base activities in that AOC and is not directly associated with the 

s w .  

Surface and sulximke soil samples were collected &om 165 borings. All soil samples were 

analyzed for TAL inorganics @PA Method 6010B/7471A), ph (ASTM Standard D 4972-954 

USEPA Method 9045), and TOC (SSTM Standard D 2178) for select samples. 

4.2 Cornmarison Criteria and Standnrds 

Constituent concentrations in surface and subsurface soil are wmpared to three main criteria; 

USEPA Region IX prelhimry remediation goals (PRGs), North Carolina Soil-to-Groundwater 

values (STGCs), AOC 5 background, and Base background concentrations. Constituent 

concentrations in groundwater are compared to three main criteria; North Carolina Gmundwater 

Quality Standards (2L Standards), USEPA Region III Tap Water Risk-Based Concentrations 

(RBCs) and base-wide background concentrations. The paragraphs that follow discuss details 

regarding each screening criteria 

Region IX Preliminary Remedimtion Goals (PRGs) - (USEPA, 2003a). Region IX PRGs are 

risk-based tools for evaluating and cleaning up contaminated sites. They are being used to 

streamline and standardize aU stages of the risk decision-making process. The Region IX PRGs 

combine current EPA toxicity values with "standard" exposure factors to estimate constituent 

concentration in environmental media (soil, water, and air) that are considered protective of 

humans, including sensitive groups, over a lifetime. Chemical wncentrations above these levels 

would not automatically trigger a response action; however, exceeding a PRG suggests that 

further evaluation of the potential risks that may be posed by site contamination is appmpriate. 

The PRG concentrations can be used to screen pollutants in environmental media, trigger further 

investigation, and provide an initial cleanup goal if applicable. Given the land use of SWMU 31 1 

and surrounding area, use of the indnstrial PRGs is appropriate. 

North Caroliua Soil-to-ckoundwater Concentrations - WC, 1996). Soil-to-Groundwater 

concentrations (STGC) are determined by North Carolina and are based on the current 

Groundwater Protection Standard (2L) or Interim Maximum Allowable Concentrations (IMAC). 

If there are no 2L or IMAC, a Soil-to-Gr0undwate.r concentration can be calculated based on the 



recommended 2L, or if a recommended 2L is not available, the Maximum Contaminant Levels 

Goals (MCLG), which are based on a lod carcinogenic risk. 

North Carolina Water Quality Standards for Groundwater - (NC, 2002) - North Carolina 

Water Quality Standards for Groundwater NCWQS are the maximum allowable concentrations 

resulting h m  any discharge of contaminants to the land or waters of the state, which may be 

tolerated without creating a threat to human health or which otherwise render the groundwater 

unsuitable for its intended purpose. The NCWQS is also known as the 2L Standard. 

Region III Tap Water Risk-Based Concentrations (RBCs) - October 2003 - RBC values are 

derived using conservative USEPA promulgated default values and the most recent toxicological 

criteria available. The RBCs for potentially carcinogenic chemicals are based on a target 

Ineremental Cancer Risk (ICR) of 1x10.~. The RBCs for mn-carcinogens are based on a target 

hazard quotient of 1.0. In order to account for cumulative risk &om multiple chemicals in a 

medium, it is necessary to derive the RBCs based on a target hazard quotient of 0.1. Re- 

derivation of the non-carcinogenic RBCs based on a target hazard quotient of 0.1, while using the 

most recent toxicological criteria available, results in a set of values that can be used as screening 

values. In order to provide the accurate screening values, the non-carcinogenic RBCs were 

divided by a factor of ten. For potential carcinogens, the toxicity criteria applicable to the 

derivation of RBC values are oral and inhalation cancer slope factors (CSFs); for non- 

carcinogens, they are chronic oral and inhalation reference doses (RfDs). These toxicity critena 

are subject to change as more updated information and results fiom the most recent 

toxicological/epidemiologicat studies become available. Therefore, the use of toxicity criteria in 

the derivation of RBC values requires that the screening concentrations be updated periodically to 

reflect changes in the toxicity criteria The RBC table is issued on a semi-annual basis. 

Base Background (Son and Groundwater)/AOC-Speeif~ Backgronnd (Soil) - It was 

apparent .from statistical analysis that inorganic constituent were normally or log-nonnaIJy 

distributed. Constituents with bquent ~ndetections were neither normally nor log-normally 

distributed. Base background screening criteria for normally distributed constituents or neither 

distribution pattern was based on the arithmetic mean, plus two standard deviations. Base 

background screening criteria for log-nonnally distributed constituents was based on the log 

arithmetic mean, plus two standard deviations. The sand subsurface soil and shallow 

groundwater Base background data sets were used for comparisons. Also, the subsurface soil 



AOC 5 background data sets were used for comparisons. The relevant background data tables are 

presented in Appendix D. 

The following decision process has been adopted for this report to screen each constituent to 

determine if an evaluation of the nature and extent of that constituent is w-ted: 

If a constituent exceeds PRGs, and/or S T W ,  and background (inorganics only), that 

constituent might be related to SWMU activity, and an evaluation of the nature and 

extent will be performed (Section 4.5). 

If a constituent exceeds PRGs and/or STGCs, but not background that constituent likely 

represents background conditions and is not related to SWMU activity. An evaluation of 

the nature and extent will not be performed. 

If a constituent does not exceed PRGs, STGCs, or background an evaluation of the nature 

and extent that constituent will not be perfonned. 

If a constituent exceeds background but not PRGs andfor STGCs that constituent might 

be related to SWMU activity, but poses no risk to human health or groundwater. An 

evaluation of the nature and extent will not be performed 

Human health and ecological risk assessments generally follow guidelines that are independent of 

any discussion regarding the nahme and extent of contamination. Thus, the list of COPCs may 

differ between the nature and extent and the risk assessments. Resolution of any differences wi l l  

be performed in Section 8.0, Conclusions and Recommendations. 

4 3  pata Usability 

For soil samples, botb the mobile and fmed-base laboratories were able to achieve detection 

limits below the PRGs and STGCs for all constituents of interest For groundwater samples, the 

mobile laboratoy was able to achieve detection limits below the North Carolina 2L Standard for 

all constituents of interest. 



The Phase I and II CSI data were used to screen out SWMUs kom fuither investigation, or to 

screen (reduce) the list of constituents for subsequent investigations. Thus, the CSI data are not 

intended to be re-evaluated in this nature and extent section, but rather to supplement the RPI data 

in estabhhhg the nature and extent of contamination. Section 1.3 identifies COPCs from 

previous investigations, which are discussed Section 4.4.3 in context of the RFI data. Sections 

6.2 and 7.2 discuss which data sets were used in the risk asst-ssments, and how the data were 

applied 

4.4 Nature and Extent of Contamination 

This section presents the results of the soil and groundwater investigations performed at SWMU 

311. The data from the mobile laboratory (VOCs in soil and groundwater) are presented in 

Tables 43% 4-3b, and 4-3c for surface soil, subsurface soil, and gromdwate~, respectively. The 

positive detections of VOCs and RCRA metals fkom the fixed-base laboratory samples are 

presented in Table 4-4. This table also compares the positive detections to screening criteria A 

complete summary of fixed-base laboratory analytical data is presented in Appendix E. A 

summary of statistics of the fixed-base laboratory data is presented in Table 4-5. 

4.4.1 Soil Investigation 

No organic compounds were detected by the mobile laboratory (Tables 4-3a and 4-3b). Four 

organic compounds were detected by the fixed-base Labomtory in surface and subsurface soil 

samples, including acetone, carbon disulfide, methylene chloride, and PCE (Table 4-4). 

Detections of acetone and methylene chloride (common laboratory contaminants) were within ten 

times the maximum concentration in blank samples and therefore can be attniuted to non-site 

related sources (Section 4.1.1). Carbon disulfide and PCE were each detected in one sample 

(Table 4-9, but concentrations were below PRGs and STGCs. Consequently, carbon disulfide 

and PCE detected at these levels pose no risk to human health or the environment, and will not be 

coosidered further. 

Seven inorganic compounds were detected in surface and substuike soil samples, including 

arsenic, barium, cadmium, chromium, lead, selenium, and silver (Table 4-4). Several metals 

constituents including cadmium, chromium, selenium, and silver were detected in blank samples, 

but at concentrations well below what was detected in the environmental samples. 



Barium and lead were detected in all 28 samples, with concentrations ranging from 1.6 J mgkg to 

30.7J milligram per kilogram (mgflrg) (barium) and I mgkg to 51.2 mglkg (lead). Both barium 

and lead were detected above Base background in only 3 of 28 samples (Table 4-5). 

Additionally, barium was detected above AOC background in 1 of 28 samples, while lead was 

detected above AOC background in 3 of 28 samples. Neither barium nor lead detections 

exceeded PRGs or STGCs. 

Chromium was detected in 19 of 28 samples, ranging from 0.881 mgkg to 7.4 mgfkg. No 

detections exceeded the PRG, STGC, or background criteria. 

Silver was detected in 16 of 28 samples, ranging from 0.33J mgkg to 0.651 mgkg. All 16 silver 

detections exceeded STGC and AOCSfBase background criteria. No detections exceeded the 

PRG criterion. 

Selenium was detected in 8 of 28 samples, ranging from 0.671 mglkg to 1.7 mgkg. All eight 

selenium detections exceeded AOC 5 background criterion. Six of the eight selenium detections 

also exceeded Base background. No detections exceeded PRG or STGC criteria. 

Arsenic was detected in 7 of 28 samples, ranging from 0.661 mg/kg to 4.5 mgkg. Only 3 of 7 

detections exceeded Base and AOC 5 background as well as PRG criteria (Table 4-5). No 

detections of arsenic exceeded the STGC. 

Cadmium was detected in 3 of 28 samples, ranging from 0.09J mg~kg to 1.1J mgkg. All three 

cadmium detections exceeded AOC 5 and Base background. No detections of cadmium exceeded 

the PRG or STGC. 

Chromium was not detected at concentrations in excess of background, PRG, or STGC criteria 

and will not be further evaluated. Some or all of the barium, cadmium, lead, and selenium 

detections exceeded background criteria, but did not exceed either the PRG or STGC criteria As 

such these compounds in geneml, pose no risk to human health or the environment, and will not 

be Wer evaluated. It should be noted that previous detections of lead appear to be SWMU 

related. The previous detections of lead will be further discussed in context of the RFI data in 

Section 4.4.3. 



Arsenic and silver exceed background, PRG andfor STGC criteria, and will be evaluated further, 

Figure 4-1 shows positive detections of arsenic and silver in soils at SWMU 31 1. Arsenic and 

silver detections appear to be scattered and not located near the SWMU. Based on this figure and 

Phase I and Il CSI data, the presence of arsenic and silver does not appear to be related to the 

SWMU: 

The presence of arsenic or silver is not wnsistent with activity at S W  31 1. SMWU 

311 is associated with vehicle wash-down activity. Fuel, oil, and coolant-type 

compounds might be expected along with some metals (mlated to batbxies, fuel 

additives, and particles f b m  engine wear. However, arsenic is typically associated with 

anthropogenic activities such as wal-fired power plants, pesticide production or heavy 

application, and landfills. Silver is typically associated with anthropogenic activities 

such as photograph development and plating. 

Arsenic and silver were not detected in the RFI boring closest to SWMU 311 

(SWMU311-SBOS). A surface spill at the SWMU or oiYwater separator leak related to 

arsenic or silver would be manifest in soils closest to the SWMU. 

Neither arsenic nor silver was a concem in soil or groundwater in the Phase I and I1 CSIs. 

Arsenic and silver detections appear to be scattered and of varying depths. Two of the 

three screening criteria exceedences for arsenic are relatively far %om the SWMU. 

Additionally, the distribution of both arsenic and silver appear to be in a random pattern, 

not indicative of a point source origination. 

Elevated arsenic detections are not coincident with detections of solvent or fuel 

constituents, which is more likely associated with SWMU 311 activity. This suggests 

that the presence of arsenic in soils is not related to any release from SWMU 3 11. 

4.4.2 Groundwater Investigation 

There were no COP& in groundwater from the Phase I and I1 CSIs. The RFI data further support 

in conclusion that groundwater has not been impacted by SWMU 31 1 (relative to VOCs). One 



organic compound was detected in one groundwater sample (Table 4-3c). The compound cis-12 

dichloroethene was detected in sample SWhW3ll-GW05 at 2 pfl. The detection is well below 

the North Carolina 2L Standard of 70 p a .  

Previous investigations gave indication of organic and inorganic contamination in subsurface soil, 

including PCE, TCE, methylene chloride, benzene, chlombenzene, chloroform, bromoform, 

cadmium, chromium, and lead In light of the new RFl data, several of these constituents appear 

to be related to SWMU 311,but the impact is limited to surrounding soil. Additionally, no 

evidence of an impact to groundwater was observed during the RFI. 

In summary, earlier indications of potentially significant subsurface soil contamination at SWMU 

3 11 were not W e s t  in the RFI findings: 

Whik lead was detected in all 28 RFI samples, the highest detection was 51.21 mgkg. 

All concentrations were below PRGs and SSLs. The maximum observed detection of 

lead during the RFl was in a sample from boring SWMU311-SB05, which was located 

near the oil/water separator. The highest lead detection in any phase was in a sample 

fiom boring SWMU311-IS04 at 1,100 mg/kg (Phase I CSI). These "bighest" detections 

appear in a pattern in shallow subsurface soils around SWMU 3 11, which suggests site- 

related contamination. However, the distribution of STGCIPRG exceedences is very 

localized and not indicative of largescale contamination. Lead could be related to the 

SWMU in that it was a fael additive and associated with batteries. 

The Phase I CSI detections of cadmium and chromium in one sample (SWMU311-IS02- 

00) exceeded background criteria as well as the STGC. Cadmium and chromium were 

detected in the RFI above background criteria, but below STGCs and PRGs. This 

evidence suggests that STGC exceedences are very localized and not indicative of larger 

scale conkmbtion. Cadmium and chtmnium could be related to the SWMU in that 

c%dminm is associated with batteries and both are metal alloys. 

During the Phase I1 CSI, PCE was detected m subsurface soils just above the water (15 to 

17 feet bgs) in bo* SW311-TWO3 at 400 &kg. While solvents such as PCE as 



generally associated with dry cleaning, it is possible to have been used in engine parts 

degreasing and could be related to the SWMU. During the RFI, borings SWMU311- 

SB25 and SWMU311-SB26 were located within 10-feet of SWMU311-TWO3 to confirm 

or refUte the presence of PCE at these levels. PCE was not detected in these samples. 

Thus, the Phase I1 CSI detection of PCE was not confirmed There were two extenuating 

circumstances, however; 1) The detection Limit for these samples was 200 pg/kg and 

were not BNII at lower levels, and 2) the groundwater table was more shallow during 

the RFI, so the samples were collected at a different depth. Despite these cimumtmces. 

it can be concluded that detections of PCE above the STGWRG are isolated to the 

vicinity of boring SWMU311-TWO3 and not indicative of larger scale contamination. 

The fact that neither PCE nor daughter products were detected in shallow groundwater 

samples (the detection of 1,2-cis-dichloroethene at 2 p& at SWMU311-GWOS 

notwithstanding) supports this conclusion. 

TCE, chlorobenzene, and benzene were detected above the STGC in one soil sample each 

in the Phase I CSI and Phase 11 CSI, respectively. TCE and chlombenzene were 

degreasing agents, while benzene is associated with fuels. All three constituents could be 

related to the SWMU. These compounds were not detected in the RFI. The lack of any 

additional detections indicates that the presence of chlombenzene and benzene is limited 

in extent. 

The presence of acetone, methylene chloride, chloroform, and bromoform in 

environmental samples in all investigation phases may be linked to non-site related 

sources: 

k Acetone and methylene chloride was again detected during the RFI, and at similar 

Levels as the Phase I and Jl CSIs. It is important to note that methylene chloride (a 

common laboratory con-t) was also detected in several of the blank samples 

during the RFI and the Phase II CSI. Because detections of methylene chloride in 

soil samples are similar to blank sample detections and was hquentiy detected in 

blank samples, it is reasonable to conclude that methylene chloride is not SWMU 

related. 



h Chloroform was not detected in environmental samples collected during the RFI, but 

was detected in blank samples. Additionally, chloroform was detected in blank 

samples and environmental samples h r n  the Phase I1 CSl. This is an indication that 

the chloroform detections are not SWMU related. Professional experience indicates 

that chloroform is a by-product of wata chlorination and has fiquently been 

detected in potable water sources on the Base. As with chloroform, bmmoform has 

f ? e q d y  been detected in potable water sources on Base. 

9 Bmmoform was not detected during the RFI in any environmental or blank samples. 

Because bmmoform was not detected in any blank samples, it is difficult to dismiss 

its presence in the environmental samples as non-site related However, professional 

experience indicates that bmrnoform is also a by-product of water chlorination. 

The presence of arsenic and silver in soil was not d e t e e d  to be sigaificant in the 

Phase I and I1 CSb. The lines of evidence presented in Section 4.4.1 suggest that neither 

arsenic nor silver is related to SWMU 3 1 1. 

No constituents detected in groundwater during Phase II CSI and the RFI were detected 

above PRGs or STGCs. Thus, groundwater does not appear to be negatively impacted by 

SWMU 3 11 activity and w-ts no further evaluation. 

Tbe RFI did not identi& any new COPCs at SWMU 311. Furthermore, evihice from the RFI 

indicate that the CSI COPCs (lead, cadmium, chromium, PCE, TCE, chlorobenzene, and 

benzene) could be associated with the SWMU, but appear to have a limited impact to soil and 

groundwater. Fate and branspoa issues related to these COPCs will be addressed in Section 5.0. 

It is important to note that the human health and ecological risk assessments independently 

evaluate all analytical data apart &om this nature and extent discussion. So, constituents 

identified in this section as being not SWMU-related or not considered COPCs may still be 

evaluated in Sections 6.0 and 7.0 in accordance with regulatory guidance. 
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TABLE 4-1 

MOBILE AND =-BASE LABORATORDES SPLIT SAMPLE COMPARISON 
SWMU311 

RCRA FACILrrY INVESTIGATION - CT0-0143 
MCB, CAMP LEJEUNE, NORTE CAROLINA 

U - not detected above the method detection limit 
J - value estimated; deteoted below the method detection limit 



TABLE 4-2 

POSlTIVE DETECTION IN BLANK SAMPLES 
SWMU3ll 

RCRA FACILITY INVESTIGATION - CTO-0143 
MCB, CAMP LEJEUNE, NORTFl CAROLINA 

U - Not detected above the msthod detection limit 
J - Value estimated; dctcoted below the method detection limit 
NA - Not analyzed 
See Table 2-1 for rinsate and blank sources 



TABLE 4-38 

Sits Sample I.D, 
Lab Sample I.D. 
sunp.e oate 
Wth h g e  

POSlTIVE DETECIIONS M SLWACE SOU -MOBILE LAB DATA 
SWMU311 

RCRA KWESTlCATION - W 1 4 3  
MCB, CAMP LEJEUNE, NORTR CAROLINA 

S W 3 l  l.SB04-00 S W 3 l  l.SB06-00 SWMU311-SB07-00 SWMU311-SBIS-00 SWMU311-SBIMX) SWMU311-SBZO-00 
Missing Missing Missing M b h  Miwing Miwing 

0619-2003 0619-2003 06.24-2003 0 6 1  9-2003 06-19-2003 06-23-2003 
0-1 0- I 0.1 0-1 0-1 0- I 



TABLE 43b 

Site Sample LD. 
Lab Sample LD. 
Sample Date 
Dopth Range 

POSITIVE DETECTIONS IN SUBSURFACE S O U  - M O B W  LAB DATA 
SWMU 311 

RCRA INVESTIGATION - lX0-0143 
MC& CAMP LEJEUNE, NORTH CAROLINA 

S W 3  I I-SB044L SWMU31 I - S W Z  SWMU311-SB0466 SWMU311-SBM-08 SWMU311-SBOS-02 SWMU311-SBO.5-04 SWMU3 11-SB06.01 
Mising Missing Missing M h s i q  Missing Missing Miraing 

06-19-2003 06-19-2003 06-19-2003 06-19-2033 06-18-2003 06183003 06-19-2003 
1-3 3-5 11-13 15.17 3.5 7.9 1-3 



TABLE 4 4 b  

Sito Sample 1.D. 
Lab Sample 1.D. 
Sample Date 
DdpthRhnee 

POSXTJW DETECTIONS IN SUBSURFACE S O W  - MOBBE LAB DATA 
S m 3 I 1  

RCRA IMrESTICATTON. CT04143 
MCB, CAMP LEIEUNE, NORTH CAROLINA 

SWMU3 11-SBO6-M SWMU311-SB0606 SWM0311-SBO7-01 SWMU311-SB07-03 SWMU3l I-SB07-06 SWMU311SB0748 SWMU311-SBIO-02 
Missing Miss& Missing Miaslng M i  Missing Missing 

06-19-2003 06-19-2003 06-24-2003 06-24-2003 06-24-2003 06-24-2003 06-18-2003 
1-9 11-13 1-3 5-7 11-13 15-17 3-5 

NO Hi* Datead 



TABLE 4-3b 

Slte Sample 1.D. 
Lab Sample I.D. 
Sample Date 
DGptb Ranpe 

POSITIVE DETECTIONS IN SUBSUWACE SOILS -MOBILE LABDATA 
SWMU3ll 

RCRA MVeSIIGATlON- CT0-0143 
MC& CAMP LEIEUNE, NORTA CAROLINA 

SWMU311.SB10-04 SWMU311.SB1046 SWMU3II-SBIIOZ SWMU311SBI1-03 SWMU31I-SBII-06 SWMU311-SB11-08 SWMU311-SB15-00 
Missing Muling Miuing Miarb Misaiag Missing Missing 

06-18-2003 06-18-2003 06-18-2003 06-18-XI03 06-18-UK13 06-18-2003 06-19-2003 
7-9 11-13 3.5 5-7 11-13 15-17 0-1 

No Hit1 Detected 



TABLE 4Jb 

Site Sample I.D. 
Lab Sample I.D. 
SMIplo Date 
DepUl Ranpc 

POSITIVE DETECTIONS IN SUBSURFACE SOILS .MOBILE LAB DATA 
SWMU 311 

RCRA INVESTIGATION - CT0-0143 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU311-SBIS-OI SWMU311-SBI5.02 SWMU311SBlS.05 SWMU311.SBlM)I SWMU311-SB16.03 SWMU311-SB16-05 SWMU311-SB18.02 
Missing M~ssing Missing Misaw M i ~ i n g  Missing Missing 

06-19-2003 06-19.2003 06-19-2003 06-19-2003 06193003 06-19-2003 06-23-2003 
1-3 3.5 9-1 1 1-3 54 9.1 1 3-5 

No Alu Detected 



TABLE 4 4 b  

Site Sample I.D. 
Lab Sample I.D. 
Sample Dato 
DGpth w e  

POSITIYE D E T E ~ O N S  IN SUBSURFACE sons -MOBILE LAB DATA 
SWMU3ll 

RCRA INVESTIGATION - CIYH)143 
MCB, CAMP LWEUNE, NORTH CAROLMA 

SWMU31 I.SB18114 SWMU311-SBI8-06 SWMU311-SB20-01 SWMU311-SB20-03 SWMU311-SB20-06 SWMU311-ab25-05 SWMU3I I-ab26-07 
Missing Missing Missing Missing Mi ing  03-0309 03.0310 

0633-2003 06-23-2003 06-23-2003 06-23-2003 06-23-2003 Missing Missing 
7-9 11-13 1.3 5-7 11.13 9-11 13-15 

No Hits Detected 









'I. 44 

SAMPLE ID 
SAMPLE DATE 
D W l H  RANGE 

VOLATILES (q!kg) 
Asctono 
Cubon DWR& 
Methylone Chlmido 
TeImahlomahonc 
METALS (at&) 
Amen* 
Wurn 
Cadmhun 
Chmmiurn 
J.& 
Soldurn 
suvct 

SWMU 311 
POSITIVE DETECTIONS OF VOCS AND RCRA METALS BY THE FIXED-BASE LABORATORY ANALYTICAL DATA 

RCRA FACILITY INVESTIGATION - CT0-0143 
MCB CAMP LEJIFUNE, NORTE CAROLINA 

S W  - Excad USEPA w o n  Ci PRGs 
Bold - l%wdu NC DENR W f w H  to pmundwatcr cornpariron critonr 
Undorl~no - Exwoda AOC b w k p d  conwnmtionr (AOC 5 S u b u f ~ ~ e  a l l )  
B o d  - Ex& bur bsckgmund w n m t i o m  (Smd Dab Set for Sub& SOIQ 

J - Allllyto &WlCd. b p o n  value in utimled. 
NA - Not analyzed 
ND-Armlyts~tdoDEICd 
NE - Not wt.blinhcd 
V h  faloml chmrnlum w u  vrsd for chmmium oompuiron. 



SAMPLE m 
SAMPLE DATE 
DEFTH RANGE 

VOLATILEE (u&I 
Afaone 
CubanEiaW 
Mathylono Chloride 
Tbmchl~mcLano 
METALS ( m a  
AMnic 
Barium 
c m  
Chromium 
Lud 
Scldum 
Sl%W 

SWMUIll 
POSITIVE DETJZCTIONS OF VOCS AND RCRA METALS BY THJi FIXED-BASE LABORATORY ANALYl'ICAL DATA 

RCRA FACILITY INWSTIGATION - CT04143 
MCB C M I P  L E I E m  NORTH CAROLINA 

Shaded. E x 4  USEPA Repian LX PRO8 
Bold - Lccodr NC DENR doUvlt #dl 0 groundwater comwison si!m$ 
uerlins - E X C K ~ ,  AOC ba~kptnd c A m d o r .  (A& 5 ~ u b n u a ~  sail) 
B O ~ .  ~xttods be backgmd Mncenmtim (Ssad Dag Sa for suborface 5011) 

J - Arulyla detected. Repon nlue is e~dmalDd 
NA . Not dpd 
ND. Analyto not dobctod 
NE - NaI crtabli&hcd 
VIIUE rnr tow ahramiwn w u  UIMI fnrclaomium wmpuison. 



SAMPLE m 
SAMPLE DATE 
DEPTH RANGE 

VOLArnES (WW 
Autono 
Cubon Diaulfido 
MoUlyloll~ Chlwido 
TebachImebthons 
METALS (mvlu) 
Ananio 
sv ivm 
Cdmivm 
chtmirim 
IMd 
Selenium 
Silvmr 

SWMU 311 
POSITNE DETECTIONS OF VOCS AND RCRA METALS BY THE FIXED-BASE LABORATORY ANALYTICAL DATA 

RCRA FACILITY INVESTIGATION - erOdl4.3 
MCB CAMP LEJEUNE, NORTLI CAROLINA 

Bold - h o d  NC D m  doh11 mil m gmudw~wr wmpvuon niml 
Undnlino - kccod, AOC brekmmd mnconmdonr (AOC 5 Su!mwhco Soil) 
Boxed. Ex& bum bramund wwmmdom ( h d  Dlb Wior Sub* Soil) 

J -A+ &DsM Ropalt wlus i s  c s t i m ~ d .  
NA - Not dm 
ND- Anal* w l  -d 
NE - Notslablirbed 
VJlu for mhl ebmmium v u  U(Od for ChmmiummpuilOII. 



SAMPLE ID 
SAMPLE DATE 
DEFW RANGE 

VOLATILE$(ufld 
Acornno 
Cubon Mlvlfids 
MOmyIone Chlaidc 
TmchlmatbTe 
METALS (mpltp) 

SWMU3ll 
POSITIVE DETECTIONS OF VOCS AND RCRA METALS BY THE FIXED-BASE LABORATORY ANALYTICAL DATA 

RCRA FACILITY MVESTIGATTON - CTO-0143 
MCB CAMP LEJEUNE, NORTA CAROLINA 

Sh&d - Qc~odr USEPA Region LX PROS 
Bold - Excsodr NC DENR dchlt  i o t l  tc mundwa*leomolwn aiun. 
Underllnc - Erccod. AOC bulpmuod ~ n U d o r d  ( A O ~  5 SuhrIsco Soil) 
Bard. Exud base baclymund c o a m r m i o ~  (Smd ti5I Set for Subnuhcc Soil) 

J - Andy% dewled. RopoRv8luo la ~ t i m b  
NA . Not uulyrod 
ND. Aomb,ie not dewad 
NE Not atrblirhcd 
Value for tow cbmmium wor wod for o h i u m  wrnpariron 



SAMPLEID 
S M L E  DATE 
DEPTH RANGE 

vounLes (uflfi  
A c 8 1 0 ~  
C d o n  Diaullida 
Methylmw Chloride 

SWMU311 
WSlTiVE DETECTIONS OF VOCS AND RCRA METALS BY TRE FIXED-BASE LABORATORY ANALYTICAL DATA 

RCRA FACILITY INVESTIGATION - Cl'o.0143 
MCB CAMP LEIEUNE, NORTE CAROLINA 

Shaded - Wlsrcdr USEPA Renion IX PRCn 
~ a ~ d  - EX& NC DENR d o i u ~ t  soil I. pmunb~tor mpsriwn oifori1 
Urdedino - LxcODdl AOC b.Dkamnd WnmmDOnI 1AOC I S u b ~ r h m  5010 
Baud - EX& bsatbock&mmd coawnmtim (Sad D1l8 Set for Submrfiw SoiO 

J - AixIyiedokAd Ropoltwluo is eltimakd. 
NA-Notandyzd 
ND . AMI@ not dotoctod 
NB-Noto1hbIhbd 
Valuo for total chromium was used for h h w  campuilon. 



SAMPLE DATZ 
DEPTH W E  

VOLATILES (IWW 
Acsmnc 
Cubon DirulMe 
Methylom Chloride 
T a m 0 h I h  
METALS (m#W 
Ancnic 
@drlurn 
W u m  
Chmmiwn 
bld 
Selonhun 
Silvar 

SWMU 311 
POSITIYE DETECTIONS OF VOCS AND RCRA METALS BY TBE FIXED-BASE LABORATORY ANALYTICAL DATA 

RCRA FACILITY MYESTIGATION - Cf0914.3 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Shdod - hwcdr USEPA Rooon D: PRCn 
Bold - h e &  NC DENR doIaulr 'oil gmundwamr manpadm dl 

I .  Am@ debotod Ropmi nlw i s  wbmtrd 
NA . NOtuu&zca 
N D . ~ ~ l ~ t e d  
NE - Not osbbliihod 
Valw lor mol ohmmum w u  UMd tor phmmmm w e  



Voktlle~ (ugkgl 
Aoaono 
Cmbn Didtido 
Mahylcne Chloride 
Tetraohlomathono 
Mctdr (mg'W 
Ammi0 
Barium 
Cadmium 

Minimum 
Non-DctW 

Maximum 
Non-Mcot 

ANALYTICAL DATA STATISTICAL S-Y - SOIL 
RCRA FACILITY INVESTIOATION - SWMU 311 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum Frequency Looatha of 
M a t c d  M a t e d  of Deteotlon SaU to Critoris Maximum Detect 

Groundwater St& SubsvfioaSIIld 



TABLE 4-5 

AWJXSICAL DATA STATISTICAL -Y - G B O l m D w A T ~  
SWMU311 

RCIU INVWTGATION - CT0.0143 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

~ j m u m .  Maximum. Minunun hkhuum. Fquency NCZL Iaoadonof 
(iroundwster 
Rotdm M u i m u m ~ t  
Ws (ud) 
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DEPTH RANGE 
METALS (rng/kq) 

SAMPLE DATE 

\ METALS (rna/kq) 

- PHASE I1 CSI TEMPORARY WELL LEGEND - PHASE I1 CSI SOlL BORING 
FIGURE 4-1 

SCREENING CRITERIA EXCEEDANCES 
OF RCRA METALS IN SOlL 

RCRA FACILITY INVESTIGATION 
- EPA REGION IX INDUSTRIM PRG - NORM CAROLINA SOIL-TO-GROUNDWATER 

GROUNDWATER GRAB AND SWMU 311 ,  CTO - 0 1 4 3  
T A R G ~  CONCEHTRA~ONS MARINE CORPS BASE, CAMP LEJEUNE - AOC 5 SURFACE SOlL BÂ "̂ """ 

Baker 



5.0 FATE AND TRANSPORT 

The potential for a constitnent to migrate and persist in an environmental medium is critical when 

evaluating the potential for a chemical to elicit an adverse human health or ecological effect The 

environmental mobility of a chemical is influenced by its physical and chemical p r o e e s ,  the 

physical characteristics of the site, and the site chemistry. This section presents a discussion of 

the various physical and chemical properties of s i m c a n t  constituents in SWMU 311 media 

discussed in Section 4.0, and their fate and transport in the environment 

5.1 Chemical and Phvsical Prowrties Irnmaeth~ Fate and Transmrt 

Table 5-1 presents the physical and chemical properties associated with the organic COPCs. 

These pmperties determine the inherent environmental mobility and fate of a constituent. The 

properries of interest include: 

Vaporpressme 

Water solubility 

Octanol/water partition coefficient 

Organic carbon adsorption coefficient (sediment partition) 

Specific gravity 

Henry's Law constant 

A discussion ofthe environmental significance of each of these properties follows. 

V a ~ l r  uressure provides an indication of the rate at which a chemical may volatilize, It is of 

primary significance at environmental interfaces such as surface soiYair and surface waterlair. 

VolatiIization can be important when evaluating groundwater and subsurface soils, particularly 

when selecting remedial technologies. Vapor pressure for monocyclic ammatics is generally 

higher than vapor pressures for poly-aromatic hydrocarbons (PAHs). Constituents with higher 

vapor pressures (e.g., VOCs) will enter the atmosphere at a quicker rate than the constitnents with 

low vapor pressures (e.g., pesticides). 

The rate at which a contaminant is leached from soil by intiltrating precipitation is proportional to 

its water solubility. More soluble constituents are u d y  more readily leached tban less solubte 



constituents. The water solubilities indicate that VOCs, including monocyclic aromatics, are 

usually several orders-of-magnitude more soluble than pesticides. Consequently, highly soluble 

compounds such as chlorinated VOCs will go into solution faster and possibly in greater 

concentrations than less soluble compounds. The solubility of a specific compound is dependent 

on the chemistry of the groundwater and aquifer material. Factors such as groundwater pH, Eh 

(redox potential), temperature, and the presence of other compounds can greatly affect the 

solubility. 

The octanoVwater oartition coefficient (I&.) is the ratio of the chemical concentration in octanol 

divided by the concentration in water. The octanoVwater partition coefficient has been shown to 

correlate well with bioconcentration factors in aquatic organisms and adsorption to soil or 

sediment. Specifically, a linear relationship between octandwater partition coefficients and the 

uptake of chemicals by fatty tissues of animal and human receptors (the bioconcentration factor - 
BCF) has been established (Lyman et al., 1982). The coefficient is also useful in characterizing 

the sorption of compounds by organic soils where experimental values are not available. 

The organic carbon adsomtion coefficient (L) indicates the tendency of a chemical to adhere to 

the organic carbon in soil particles. The solubility of a chemical in water is inversely 

proportional to the K.,,. Contaminants with high soillsediment adsorption coefficients generally 

have low water solubilities. For example, contaminants such as pesticides are relatively 

immobile in the environment, are preferentially bound to the soil, and have a higher K, value. 

These compounds are not subject to aqueous transport to the extent of compounds with higher 

water solubilities. Mechanical activities (e.g., erosion) and the physical characteristics of surface 

soils may, however, increase the mobility of these bound soil contaminants. 

Soecific gravity is the ratio of a given volume of pure chemical at a specified temperature to the 

weight of the same volume of water at a specified temperature. Its primary use is to determine 

whether a contaminant will have a tendency to "float" or "sink" (as an immiscible liquid) in water 

if it exceeds its corresponding water solubility. 

Vapor pressure and water solubility are of use in determining volatilization rates from surface 

water bodies and fkom groundwater. These two parameters can be used to estimate an 

equilibrium concentration of a contaminant in the water phase and in the air directly above the 

water. This relationship is expressed as Hem's Law Constant. 



A quantitative assessment of mobility has been developed that uses water solubility (S), vapor 

pressure (VP), and organic carbon partition coefficient (I&) (Lmkowski. 1983). This value is 

referred to as the Mobility Index 0. It is defined as: 

MI = log ([S*vPY L) 

A scale to evaluate MI as presented by Ford and Gurba (1984) is: 

Relative MI Mobiliw Descriution 
> 5 extremely mobile 
0 to 5 very mobile 
-5 to 0 slightly mobile 
-10 to -5 immobile 
< -10 very immobile 

As shown on Table 5-1, the VOC COXs are extremely mobile. 

5.2 Contaminant Transsort Pathwavs 

Based on the evaluation of existing conditions at SWMSJ 311, the following potential 

contaminant transport pathways have been identified: 

Wid-blown dust and erosion 

Leaching of soil contaminants to groundwater 

In general, constituent concentrations may be affected by one or more met-ms during 

transport Constituents may be physically transformed by v o l a ~ o n  or precipitation. 

Constimts may be chemically transformed through photolysis, hydrolysis, and 

oxidatiodreduction. Constituents may be biologically tmnsformed by biodegradation. 

Additionally, constituents may accumulate in one or more media. The paragrrqhs that follow 

describe the potential -port pathways listed above with respect to significant wnstitnent 

concentrations. 

5.2.1 Wind-blown Dust and Erosion 

Cadmium, chromium, and lead were obse~ed in surface soil samples. W i d  and surface water 

serves as a constituent tramport pathway agent by eroding exposed soil and sediment and moving 

it off site. These processes are influenced by rain, idtration Fa*, wind velocity, grain 

5-3 



size/demiiy of the soiVsediment particles, moisture conditions, and the amount of vegetative 

cover over the soil or sediment. Organic compounds with high K, values adsorb to organic 

matter in the soil. Inorganic compounds tend to absorb to the clay minerals in the soil. 

Most of the area in the vicinity of the oiVwatex separator is vegetated. This vegetation minimizes 

the likelihood of fugitive dust generation. Occasional and very small patches of bare ground were 

observed in the vicinity of the oiVwater separator (on the order of a few square inches). Thus, 

the likelihood of transport by surface water or wind is minimal. This is verified by the fact that 

cadmium, chromium, and lead were generally not detected above screening criteria in soils 

samples away from the SWMU. 

5.2.2 Leaching of Soil Constituents to Groundwater 

Cadmium, chromium, and lead were detected primarily in sarface sod, while PCE, TCE, 

chlorobenzene, and benzene were detected in subsurface soil. Constituents that adhere to soil 

particles or accumulate in soil pore spaces can leach and migrate vertically to the groundwater as 

a result of i d h t i o n  of precipitation. The rate and extent of this leaching is influenced by 

several factors, including: 

The depth to the water table 

The amount of precipitation 

The rate of infiltration 

The physical and chemical paperties of the soil 

The physical and chemical properties of the eontaminant 

There are four lines of evidence that suggest that leaching of soil constituents to groundwater is 

insignificant or not a complete pathway: 

Detections of PCE, TCE, benzene, and chlorobenzene above STGCs were shown to be 

limited in extent in the Phase II CSI Report and in Section 4.0 herein. The volume of 

contaminated soil through which percolating rainwater or gmundwatet passes is smalL 

Thus, the mass of contamination available for leaching is small. Additionally, with a 

maximum COPCs concentration at 400 p&, the concentration gradient is small. All 

this suggests that leaching of these VOCs is insignificant. 



Detections of cadmium, chromium, and lead above PRGsISTGCs in samples near the 

SWMU are limited to snrface soil. Detections of cadmium and lead above STGCs in 

subsurface soil are limited and scattered, and not in a pattern suggesting leaching from a 

surface soil source. 

As shown on Table 5.2, cadmium exhibits a medium relative mobility in most 

envimnmental conditions, while chromium and lead exhibit a low to very low relative 

mobility in most envinmmental conditions. 

PCE, TCE, benzene, c h l o r o ~ n e ,  and cadmium were not detected in any groundwater 

samples. Chromium, and lead were detected in one groundwater sample (SWMU311- 

GWO1) during the Phase 11 CSI, but at concentrations below North Carolina 2L 

Standards. No evidence of impacts to groundwater have been observed. 
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TABLE 5-1 

ORGANIC CONSTITUENT PHYSICAL AND CBEMICAL PROPERTIES 
SWMU-311 

RCRA FACILITY INVESTIGATION - CTO-0143 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Notes: 
Sources - Superfund Public Health Evaluation Manual (EPA 54011-86/060) 

- Specific gravity data from Chem5der.com 
NA -Not available 



TABLE 5-2 

R E L A m E  MOBILITIES OF METALS AS A FUNCTION OF ENVIRONMENTAL CONDITIONS @h, pH) 
SWMU-311 

RCRA FACILITY INVESTIGATION - CTO-0143 
MCB, CAMP LEJEUNE, NORTFi CAROLINA 

Notes: 
Se = Selenium Cd -Cadmium 
Zn = Zinc Ba =; Barium 
Cu = Coppcr Pb =Lead 
Ni = Nickel Fe = Iron 
Hg = Mmwy Cr = Chromium 
Ag = Silver Be - Beryllium 
As - Arsenio Zn - Zioc 

Metals in bold are Section 5.0 COPCs 
Source: Swartzbaugh, et al. "Remediating Sites Conteminated with Heavy Metals." 

Hazardous Matcriais Control, November/Deoember 1992. 



6.0 HUMAN HEALTH RlSK ASSESSMENT 

A baseline human health risk assessment (H€iRA) was completed as part of the RFI for SWMU 

311 to evaluate if unacceptable risks may be associated with potential exposure to existing 

conditions at the site. The baseline HHRA considers the most Iikely mutes of potential human 

exposure for both current and fuhue risk scenarios. The baseline HHRA was conducted in 

accordance with the Risk Assessment Guidance for Superfund (RAGS), Part A, Human Health 

Evaluation Manual (USEPA, 1989) and the most recent updates, including the reporting format as 

set forth in RAGS Part D (USEPA, 1998). USEPA Region N Supplemental Risk Guidance 

(USEPA, 1996) was also utilized throughout the baseline HHRA process. Soil and groundwater 

data fiom the Phase I (1997) and Phase II (2002) CSIs aud RFI (2003) field investigation 

activities were evaluated in this baseline HHRA. 

The baseline HHRA is comprised of seven sections; Section 6.1 presents the site location and 

characterization. Secbon 6.2 presents the hazard identification, which presents criteria for 

selecting COPCs. Sections 6.3 and 6.4 present the exposure assessment and toxicity assessment, 

respectively. The risk characterization, including a discussion of potential human health effects, 

is presented in Section 6.5. Section 6.6 outlines the potential sources of uncertainty encountered 

in the process of performing a risk assessment, and their potential effects on the estimation of 

human health risks. A s-aq of the baseline HHRA is provided in Section 6.7. 

6.1 Site Location and Characterization 

The following information on SWMU 311 is provided in order to characterize the exposure 

setting. This background section will provide an overview of the characteristics of SWMU 31 1 

and will provide a site location, a general site description, and the site-specific chemicals as 

discussed in past reports. The physical characteristics of the site and the geographical areas of 

concern will also be briefly discussed For more detailed information on the previous 

investigations and the site characteristics of SWMU 311, a complete discussion is included in 

Sections 1.0 and 3.0 of this RFI report. 

The SWMU 31 1 is located in the HPIA just north of Michael Road between Gum and Fir Streets 

(Figure 1-1). SWMU 31 1 consists of an owwater separator that is associated with a vehicle wash 

rack (Figure 1-2). The vehicle wash rack is situated hetween Buildings 1604 and 1605 in a 



fenced-in and paved area. The oiVwater separator is situated in a grassy area adjacent to the 

paved area and outside of the fence line. The separator was W e d  in 1984 and is currently 

used. The structure is a concrete, in-ground unit that discharges to a wastewater treatment plant 

via sanitary sewer. A drainage swale runs parallel to Michael Road and flows into a culvert that 

leads to Cogdels Creek. The interception of the drainage swale and culvert is w x i m a t e l y  

2,250 feet northwest of Cogdels Creek The drain from the wash rack to the 0iUwate.r separator 

showed evidence of overtlow (i.e., eroded soils) during the October 1996 site visit conducted by 

Baker. 

The term "study area" is used in this report. The study area generally includes the area bounded 

by Michael and Hammond Roads and Gum and Fir Streets, including SWMU 31 1 itseIE. 

Refer to Section 1 3  for details on previous investigatiom conducted at SWMU 311. Refer to 

Section 2.0, "Field Investigation," for details on the collection of the samples for the RFI field 

investigation activities conducted in June and July 2003. 

The laboratory results from the Phase I (1997) and Phase 11 (2002) CSIs and RFI (2003) sampling 

activities that will be utilized in the human health risk assessment are discussed in Section 6.2 

"Hazard Identification" 

Data generated during the Phase I CSI (1997), Phase II (2002) CSI, and RF1 (2003) field 

investigations at SWMU 31 1 were used to draw conclusions and to identify data gaps in the 

baseline HHRk The data were evalnated to assess which data were of sufficient quality to 

include in the risk assessment The objective when selechng data to include in the risk 

assessment was to provide accurate and precise data to characterize contamination and evaluate 

exposure pathways. 

6.2.1 Data Evaluation 

The initial bazard identification step entailed the validation and evaluation of the site data to 

determine its usability in the risk assessment. This process identified a data set of useable data 

for human health risk assessment for the site. During this validation and evaluation, data that 



would result in hccurate conclusions (e.g., data that were rejected or attributed to blank 

contamination, as qualified by the validator) were reduced within the data set. Data reduction 

entailed the removal of unreliable data from the original data set based on the guidelines 

established by USEPA A summary of the data quality was presented in Section 4.0. 

Duplicate sample data were averaged with corresponding environmental sample data and re- 

included into the data set for these risk evaluations. In instances where the original and 

duplicate sample result were either both detected or both non-detected, the values were averaged 

for the risk assessment. In instances when the original and duplicate sample result contained one 

positive detection and one nondetection, the detected value was averaged with one-half of the 

detection limit of the nmdetected value and the averaged sample result was considered a 

positive detection. 

6.2.2 Identification of Data Suitable for Use in a Quantitative Risk Assessment 

To provide for accurate conclusions to be drawn fium sampling d t s ,  analytical data were 

reviewed and evaluated. This section summarizes the available analytical data for SWMU 3 11 

and the subsequent reduction of these data to the data sets that were used in the HHRA. 

Data available for the HHRA at SWMU 311 includes surface soil subsurface soil, and 

groundwater data collected for the Phase I SWMU CSI (Baker, 2001), Phase I1 SWMU CSI 

(Baker, 2002), and the current FWI field investigation. These investigations were conducted in 

series with specific goals for each investigation. The Phase I investigation was conducted to 

determine if activities associated with the SWMU had possibly impacted the environment 

surrounding the SWMU. Therefore, the samples collected as part of this investigation were 

located as close to the SWMU as physically possible or in areas were evidence of possible 

environmental impact had been observed. If a specific group of constituents were not detected in 

the samples (e.g., volatila), then they were eliminated as constituents of concern for that 

particular SWMU. As such, subsequent investigations did not include any group of constituents 

that had been e l i i t e d  as potential constituents of concern. Likewise, if a particular group of 

consftuents were delineated during any investigation or combination of investigations, the extent 

of the contamination is assumed to be delineated and fiwther investigation of these compounds 

would not be considered necessary. 



As part of the Phase I CSI, d i c e  (0-2 feet bgs) and subsurface (>2 feet bgs) soil samples were 

collected h m  each of tbree soil borings advanced around the perimeter of the SUrMU and were 

analyzed for aromatic VOCs (12-dichlorobenzene, 1,3-dichlombenzene, I ,4dichlorobenzene, 

benzene, c h l o r o W e ,  ethylbenzene, toluene, and xylenes), SVOCs, and RCRA metals. As part 

of the Phase I1 CSI, surface (0-1 foot bgs) and submhce (>I foof bgs) soil samples were 

collected h m  three soil borings and three tempomy well borings, and groundwater was sampled 

&m three temporary wells. Soil and groundwater samples were analyzed for VOCs and RCRA 

metals. SVOC analysis was not included in the Phase U study because none of the ten SVOCs 

detected during Phase 1 were detected at concentrations greater than NC DENR soil to 

groundwater screening criteria or USEPA Region M residential PRGs (Baker, 2001). Because 

these compounds did not exceed any of the comparison criteria in the samples collected closest to 

the SWMU during the Phase I investigation, the COPC list was reduced to include only VOCs 

and RCRA metals. The RFI field investigation inchded the collection of six surface soil samples 

(0-1 foot bgs), 37 subsurface soil samples (>I foot bgs) from 10 soil borings, and 10 groundwater 

grab samples from soil borings (not including QC samples). Surface soil and groundwater 

samples collected for the RFI were analyzed for VOCs by a mobile laboratory (benzene, PCE, 

TCE, cis-DCE, trans-DCE, methylene chloride, and 1,l-DCE). Subsurface soil samples were 

analyzed for VOCs by a mobile laboratory andlor a f d  base laboratory and for RCRA metals 

by a hxed base laboratory (Table 2-1). 

Of the data collected during the RFI field investigation, only analytical results &om the fixed- 

base laboratory were included in the HEIRA. Soil and groundwater samples collected for the RFI 

were a n a l m  for VOCs by a mobile laboratory using a gas chromatograph headspace method. 

Field decisions based on quick-turn mobile laboratory analysis of VOCs determined the direction 

and termination of the RFI field investigation. However, the mobile laboratory data were not 

validated and as such, were not included in the HHRA. It should be noted that soil and 

groundwater samples that were analyzed by the fixed base laborato~y and validated were 

collected fiom locations distributed throughout the source area Also, exclusion of the mobile 

laboratory data is not expected to affect the results of the HHRA. The uncertainty associated with 

the mobile laboratory data is discussed further in Section 6.6.1. 

A subset of the available data was used for the SWMU 311 HHRA All surface soil data 

collected fiom 0-1 feet bgs (Phase I1 and RFI investigations) was used in the HHRA. Surface soil 

samples collected fiom 0-2 feet bgs (Phase I investigation) are generally not included in a HHRA 



because they are not representative of the depth range recommended by USEPA Region IV risk 

guidance (USEPA, 1996). However, the three surface soil samples collected from 0-2 feet bgs 

during the Phase I investigation were included in the HHRA data set to maximize the rmmber of 

available data points and to gain representative coverage within the exposure area. Additionally, 

the soil data collected during Phase 1 is only data that includes SVOC analytical d t s .  It is 

noted that the use of the 0-2 foot bgs surface soil samples adds unmtahty to the risk assessment. 

The inclusion of soits from 1-2 feet bgs in these samples may dilute the concentration of any 

constituents that may be present in the top foot of soiL This umxtaiaty is addressed in Section 

6.6.1. Subsurface soil data from 1 to 9 feet bgs was used in the HHRk Analytical results from 

subsurface soil samples collected &om locations 31 1-SB15 and 31 1-SB16 were not included in 

the HHRA because these locations are side gradient (south) to SWMU 31 1. These locations were 

not impacted by site operations and inclusion of these data would likely dilute the concentration 

of any constituents present in subswface soil present in the "study area" of SWMU 31 1. These 

data are presented in full in Appendix F. 

As discussed above, soil data collected during the Phase 1 CSI was incorporated in this risk 

assessment. It should be noted that this data was analyzed by a fixed-base labomtory following 

Contract Laboratory Program (CLP) protocol but was not validated by an independent W-party 

data validator. These data were included in the riak assessment because removing these data 

would result in data gaps for surface soil and Iallow subsurface soil. It It mcognized that the use 

of this data adds uncewty to the risk assessment. This u n c m t y  is addressed in Section 

6.6.1. 

It is also important to note that there are two different surface soil data sets used for evaluation of 

human receptors in this HHRA. In addition to the data set including all surface soil data points 

previously discussed, a second surface soil data set was created to more aumately evaluate 

trespasser exposure. These two different data sets were created because there is restricted access 

to Bnildings 1604 and 1605 located on either side of SWMU 31 1. Buildings 1604 and 1605 are 

located in a fenced-in and paved area. Only authorized personnel have access to the buildings 

inside the fence. As shown on Figure 1-2, SRrMU 31 1 is located outside the fence., but in order 

to cham&& the site, environmental samples were collected around SWMU 3 11 &om points 

both inside and outside the fence. Therefore, a sepatate data set containing surface soil data 

points located outside the fence line was used to evaluate potential exposure to surface soil for 



those individuals who cannot access the area inside the fence. This This set consists of surface 

soil samples &om the following locations: IS03, SBOl, TWOl, and TW02. 

Shallow groundwater is currently not utilized as a potable source at the site. Although the 

shallow aquifer is classified as GA (i.e., existing or potential source of drinking water for 

humaos), it is not used as a potable water source at MCB Camp Lejeune because of its low 

yielding production rates. However, there remains the possibility that upon closure of this 

facility, residential housing or industriaVcommercial buildings wuld be constructed, and 

groundwater at SWMU 311 could be used for potable purposes in the future. Therefore, in 

accordance with USEPA guidance, groundwater exposure was conservatively evaluated for fuhne 

residential receptom. 

For current receptors (military Base personnel and trespassers), potable water is supplied by the 

Base treatment facilities using water supply wells that are set in the lower reaches of the Castle 

Hayne aquifer (typically 200 to 300 feet bgs). Current operating wells are periodically sampled 

for control purposes. Hence, assessing current risks to constituents detected in the groundwater 

for current receptors is unnecessary and, if estimated, may present an unlikely risk Based on 

this, groundwater exposure to current receptors was not estimated for this investigation. 

Information relating to the nature and extent of contamination at the site is provided in Section 

4.0 of this report. The reduced data sets for all site media of concern used in this HHRA are 

provided in Appendix F of this report 

6.23 Criteria for Selecting Chemieah of Potential Concern 

As recommended in the USEPA RAGS (USEPA, 1989) and Region IV Bulletin (USEPA, 1996), 

the following criteria were used to select the COP- 

- Comparison to USEPA Region M PRGs; 

Comparison to field and laboratory blank data; 

Comparison to backgronnd or naturally occurring levels; and 

Essential Nutrients 



Additional criteria used to assist in the evaluation of COPCs inclde: 

Historical information; 

Persistence; 

Mobility; 

Comparison to anthropogenic IeveIs; 

Toxicity; and 

State and federal standards and criteria 

A brief description of the selection criteria used in choosing final COPCs is presented below. 

Tables 6-1 through 6-6 present the data and COPC selection summary for each media, grouped 

according to organic compounds and inorganics within each table. 

USEPA Region IX PRGs - The screening values used in this baseline HHRA are PRGs for 

Region M. PRGs are tools for evaluating and cleaning up contaminated sites. They are 

risk-based concentrations derived from standardized equations (representing ingestion, dermal 

contact, and inhalation exposure pathways), combining exposure information assumptiom and 

EPA toxicity data The PRGs contained in the Region M PRG Table are generic; they are 

calculated without site-specific information. Region IX PRGs should be viewed as Agency 

guidelines, not legally enforceable standards. The PRGs for potentially carcinogenic chemicals 

are based on a target Incremental Lifetime Cancer Risk (ILCR) of 1x10~. The PRGs for 

noncarcinogens are based on a target hazard quotient of 1.0. In order to account for cumulative 

risk from multiple chemicals in a medium, it is necessaty to derive the PRGs based on a target 

hazard quotient of 0.1. Noncarcinogenic PRGs based on a target hazard quotient of 0.1 and the 

most recent toxicological criteria available, results in a set of values that can be used as screening 

criteria In order to yield a hazard index of 0.1, the noncarcinogenic PRGs were divided by a 

factor of ten For potential carcinogens, the toxicity criteria applicable to the derivation of PRG 

values are oral and inhalation CSFs; for noncarcinogem, they are chronic oml and inhalation 

RfDs. These toxicity criteria are subject to change as more updated information and results h r n  

the most recent toxicologicdepidemiolopical studies become available. The PRG table is 

updated annually to reflect such cbanges. It should be noted that the most recent update was in 

the year 2002. 



Tap water PRGs were used as screening values for groundwater based on the assumption that 

groundwater will be used as a potable supply in the future. Because of the potential for 

residential use of this site, residentid soil PRGs were used as screening criteria for soil (USEPA, 

1996). As recommended in USEPA Region IV guidance, industrial PRGs were used as screening 

criteria for the subsurface soil when considering an industrial scenario. 

Contaminant Concentrations in Blanks - If a chemical is detected in both the environmental 

sample and a blank sample, it may not be retained as a COPC in acwrcbce with RAGS 

depending on the concentration of the chemicd in the media (USEPA, 1989). Therefore, blank 

data were compared wid results ftom environmental samples. If the bl& contained detectable 

results for common labomtory contaminants (i.e.. acetone, 2-butanone, methylme, chloride, 

toluene, and phthalate esters), enviromnental sample results were considered as positive d t s  

only if they exceeded 10 times the maximum amount detected in the associated blank. If the 

chemical detected in the blanws) is not a common laboratory contaminant, environmental sample 

results were considered as pos~tive results only if they exceeded five times the maximum amount 

detected in the associated blank(s) (USEPA, 1991). Fnrthermore, the elimination of an 

environmental sample result would directly correlate to a reduction in the prevalence of the 

contaminant in that media. 

The aforementioned methodologies for evaluating blanks were implemented during third party 

analytical data validation prior to the selection of COPCs in the risk assessments. QAIQC data 

summaries are presented in Table 4-2 of this Rm Report. 

Background or Natudy-Occoning Levels - Generally, a comparison to naturally-occurring 

levels applies only to inorganic anal*, because the majority of organic chemicals are not 

n a W y  occurring. Background samples are collected from areas that are not influenced by site 

c o n ~ t i o n  Sample concentrations for surface soil, subsurface soil, and groundwater were 

compared to base-specific (i.e., two times the average concentration) background levels. If the 

maximum detected concentration of an inorganic was less tban two times the average background 

concentration, it was not retained as a COPC. 

Surface and subsurface soil background data were obtained from the Area of Concern 

Background Study (Baker, 2001b). SWMU-specific background concentrations were established 

using protocol outlined in Ohio Environmental Protection Agency's (OEPA's) Closure Plan 



Review Guidance for RCRA Facilities (OEPA, 1999). NC DENR agreed that SWMUs could be 

grouped together into AOCs based on geographical locatio~ geology and type of SWMU, and 

that background concentrations for metals could be established for each of these AOCs. These 

backpmmd data are to be evaluated in comparison to the levels of inorganic constituents detected 

at individual SWMUs to assess whether the presence of such constituents is naturally occuning or 

may be attributed to activities (past andlm present) within the AOCs. Surface and subsurface soil 

samples were collected from eleven AOCs. Surface soil samples were collected h 0 to 1 foot 

bgs, and subs&e soil samples were collected fkom just above the water table. All soil samples 

were analyzed for TAL metals, TOC, and pH. SWMU 31 1 is one of 14 SWMUs included within 

AOC 5, which is located on the eastern side of MCB Camp Lejeune. Therefore, surface and 

sub- soil data fmm SWMU 31 1 are compared to the AOC 5 background data set. The 

complete set of background data collected for each AOC is presented in the AOC Background 

Study (Baker, 2001b). Background soil data are presented in Tables 6-1 through 6-4. 

Groundwater background data were obtained from the Draft Base Background Groundwater 

Investigation (Baker 2002a). Background groundwater data were collected from locations 

throughout the Base away from identitied sites in relatively undisturbed areas not near any known 

sources of contamination. In the Base Background Groundwater Investigation, groundwater data 

were divided into two categories, including upper (shallow) and lower (deep) portions of the 

surficial aquifer. Groundwater samples at SWMU 3 11 were collected from the shallow portions 

of the surfcial aquifer (less than 25 feet bgs); therefore, they were compared to the background 

data set for the upper surficial aquifer. Background groundwater data are presented in Tables 6-5 

and 6-6. 

Essential Nutrients -Despite their inherent toxicity, certain inorganic constituents are essential 

numents. Essential nutrients need not be considered further in the baseline J3J3RA if they are 

present in relatively low concentrations (i.e., slightly elevated above naturally occuning levels), 

or if the constituent is toxic at doses much higher than those which could be wsimilated through 

exposures at the site (USEPA, 1989). Elements evaluated as essential nutrients include calcium, 

magnesium, potassium, and sodium. 

Re-inclusion of C h e m i d  as COPCs - Chemicals can be re-included as COPCs for quantitative 

evaluation in the baseline HHRA, despite having been eljminated as such fiom a comparison to 

PRGs (or other aforementioned criteria). Criteria for reinclusion of chemicals as COPCs are as 



follows: toxicity, mobility, persistence and bioaccumulation, chemicals by class (i.e., 

carcinogenic poly-aromatic hydrocarbons PAHs]), historical use, special exposure routes (i.e., 

daycares, nursing homes, hospitals), and ARARs (chemicals with Applicable or Relevant and 

Appropriate Requirements). Each criterion is discussed in the paragraphs that follow. 

Toxicity, Mobility, Persistence and Bioaccnmulation - Certain aspects of toxicity of the chemicals 

must be considered before eiiminating them. For example, before eliminating potentially 

carcinogenic chemicals, the weight-ofevidence classification, which indicates the quality and 

quantity of data underlying a chemical's designation as a potential human carcinogen, should be 

considered in conjunction with the concentrations detected at the site. It may be practical and 

conservative to retain a chemical that was detected at low concentrations if that chemical is a 

Group A carcinogen. Three additional factors that must be considered for a chemical's retention 

as a COPC are mobility, persistence, and bioaccumdatba For example, a highly volatile or 

mobile chemical such as benzene or a long-lived or persistent chemical such as dioxin, probably 

should remain in the risk assessment 

Chemicals by Class - Chemicals grouped by class, such as PAHs, may be included as a COPC 

despite the fact that some were detected at levels below the PRO screening criterion, or if toxicity 

information is not available. Carcinogenic PAHs are known to occur in groups and so their 

reinclusion can provide a more conservative evaluation for human health and the environment 

Historical Information - Chemicals reliably associated with site activities based on historical 

information generally should not be eliminated from the quantitative risk assessment, even if they 

do not exceed relevant criteria. 

Special Exposure Routes - For some chemicals, certain exposwe routes need to be considered 

carefully to determine if they should be reincluded. For example, some chemicals are highly 

volatile and may pose significant inhalation risk due to the home use of contaminated water, 

partidarty for showering. In addition, sensitive populations can create special exposure routes, 

such as the location of a daycare center, a nursing home, or a hospital near an area containing 

potentially harmful chemicals. 

ARARs - Chemicals with Applicable or Relevant and Appropriate Requirements or ARARs 

(including those relevant to land ban compliance) usually are not appropriate for exclusion &om 



the quantitative risk assessment. This may, however, depend m part on how the chemicals' site 

concentrations in specific media compare with their ARAR concentrations for these media 

(USEPA, 1989). 

Constituent concenttations in aqueous media can be compared to constituent-specific state and 

federal criteria. This risk assessment utilizes NC WQS for groundwater and Federal MCLs. 

Regulatory guidelines are used, when necessary, to infer potential health risks and envirotnnental 

impacts. Health Advisories (HA) are relevant regulatory guidelines. An explanation of the 

federal and state criteria and standards used for qualitative evaluation of chemical compounds and 

inorganics is presented below. It should be emphasized that COPCs were not chosen based on 

comparison to state and federal criteria. However, these standards and criteria were used for a 

qualitalive analysis of the COPCs. 

North Carolha Water Quality Standards (NC WQSs) - Groundwater - NC WQSs (15A 

NCAC 2L. 0202) are the maximum allowable concentrations resulting from any discharge of 

con taminants to the land or waters of the state, which may be tolerated without creating a threat to 

human health or which otherwise render the groundwater unsuitable for its intended purpose (NC, 

2002). 

Maximum Contaminant Levels (MCLs) - Federal Groundwater Standards - MCLs are 

enforceable standards for public water supplies promulgated under the Safe Drinking Water Act 

and are designed for the protection of human health. MCLs are based on laboratory or 

epidemiological studies and apply to drinking water supplies consumed by a minimum of 

25 persons. They are designed for prevention of human health effects associated with a lifetime 

exposure (70-year li-) of an average adult (70 kg) consuming 2 liters of water per day. 

MCLs also consider the technical feasibility of removing the contaminant from the public water 

supply (USEPA, 1996a). 

6.2.4 Selection of COPCs 

As discussed previously, three environmental media (i.e., surface soil, subsurface soil, and 

groundwater) were sampled at SWMU 311 during one or more of three different field 

investigations. Data were combined for each medium for the human health risk assessment. The 



data sets used in the HKRA ate presented in Appendix F. Tables 6-1 through 6-6 present the 

selection of COP& for each environmental medium based on comparisons of maximum detected 

concentrations of constituents with corresponding USEPA Region JX PRGs, and other applicable 

criteria (see Section 63.1). Constituents retained as COPCs are indicated by shaded cells in the 

tables. Information is presented in these tables only for those constituents detected at least once 

in the medium of interest. 

T b  following subxdions present the rationale for selection of COPCs for SWMU 31 1. Sample 

locations, analytical results, and wmsponding figures are presented in Sections 2.0 and 4.0 and 

in the appendices of this RFI report 

Surf- Soil 

Surface soil samples (0 - 2 feet bgs) collected during Phase I were analyzed for aromatic VOCs. 

SVOCs, and RCRA metals. As  part ofthe Phase I1 CSI, surface soil samples (0-1 foot bgs) were 

collected and analyzed for VOCs and RCRA metals. For the RFI field investigation, surface sail 

samples (0-1 foot bgs) were collected and analyzed for VOCs and RCRA metals. VOCs, SVOCs, 

and metals were detected in the surface soil. SWMU 31 1 surface soil data summary and COPC 

selection results are presented in Table 6-1. 

Surface soil samples were analyzed for VOCs, and three surface soil samples were analyzed for 

VOCs. There were no positively detected VOCs that exceeded residential soil PRGs. Therefore, 

VOCs were not retained as SWMU 31 1 surfaoe soil COPCs. 

Surface soil samples were analyzed far SVOCs. There were no positively detected SVOCs that 

exceeded residential soil PRGs. Therefore, SVOCs were not retained as SWMU 31 1 srnfhce soil 

COPCS. 

S h c e  soil samples were analyzed for RCRA metals. The following inorganics were detected at 

maximum concentrations greater than their respective residential soil PRG: cadmium and lead. 

Therefore, these metats were r-ed as surface soil COPCS. 



Surface SoiI (Trarpllsser Receptor Evaluation) 

COPCs were selected h m  a reduced surface soil data set consisting of only those surface soil 

samples collected outside the fence line enclosing Buildings 1604 and 1605. These COPCs were 

used for evaluation of the trespasser receptor only as trespassers would be unable to access the 

area inside the fence. VOCs, SVOCs, and metals were detected in this surface soil data set. The 

surface soil data summary and COPC selection results for trespasser evaluation are presented in 

Table 6-2. 

Surface soil samples were analyzed for VOCs. There were w positively detected VOCs that 

exceeded residential soil PRGs. Therefore, VOCs were not retained as SWMU 31 1 surface soil 

COPCs for evaluation of trespassers. 

Surface soil samples were analyzed for SVOCs. There were no positively detected SVOCs that 

exceeded residential soil PRGs. Therefore, SVOCs were not retained as SWMU 31 1 surface soil 

COPCs for evaluation of trespassers. 

Surface soil samples were analyzed for RCRA metals. There were no positively detected metals 

that exceeded residential soil PRGs. Therefore, metals were not retained as SWMU 3 11 surface 

soil COPCs for evaluation of trespassers. 

Subsurface Soil 

Su-e soil samples (>I foot bgs) collected during Phase I were analyzed for aromatic VOCs, 

SVOCs, and RCRA metals. As part of the Phase II CSI, subsurface soil samples (>1 foot bgs) 

were collected and analyzed for VOCs and RCRA metals. For the RFI field investigation, 

subsurface soil samples (>I foot bgs) were collected and analyzed for VOCs and RCRA metals. 

COPCs were selected from a subsurface soil data set consisting of only those samples collected 

&om 1-9 feet bgs. VOCs, SVOCs, and metals were detected in the subsurface soil. SWMU 311 

subsurface soil data summary and COPC selection results are presented in Tables 6-3 and 6-4. 

Table 6-3 presents the comparison of subsurface soil data to residential PRGs, and Table 6-4 

presents the comparison of subsurface soil data to industrial soil PRGs. 



Subsurface soil samples were adyzed for VOCs. VOCs detected in the subsurface soil samples 

were present at concentrations below the residential and industrial PRGs. Therefore, none of 

these chemicals were retained as subsurface soil COPCs. 

Subsurface soil samples were analyzed for SVOCs. SVOCs detected in the subsurface soil 

samples were present at ooncentrations below the residential and industfial PRGs. Therefore, 

none of these chemicals were retained as subsurface soil COPCs. 

Subsurface soil samples were analyzed for RCRA metals. Arsenic was detected at a maximum 

concentration greater than its residential and industrial soil PRGs. Therefore, arsenic was 

retained as a subsurface soil COPC for the residential and industrial scenarios. 

As part of the Phase I1 CSI, groundwater was sampled fhm three temporary wells and analyzed 

for VOCs and RCRA metals. The RFI field investigation included the collection of three 

groundwater samples from groundwater monitoring wells. The data and COPC selection 

summary for groundwater samples collected at SWMU 31 1 is presented in Tables 6-5 and 6-6. 

Table 6-5 presents the wmparison of groundwater data to tap water PRGs. Table 6-6 presents the 

comparison of groundwater data to NC 2L Standards. Note that COPCs were not selected base 

on the comparison with NC 2L Standards. Table 6-6 is forpresentationpnrpases only. 

Three groundwater samples were analyzed for VOCs. There were no VOCs detected in the 

groundwater sampJes at concentrations exceeding tap water PRCis. Therefore, no VOCs were 

retained as groundwater COPCs. Also, none of the VOG wit.  mmsponding NC 2L Standards 

exceeded those values. 

Three groundwater samples were analyzed for RCRA metals. Atsenic and chromium were 

detected in the groundwater samples at concentrations that exceeded their respective tap water 

PRGs. Therefore, amnic and chromiam were retained as subsurf= soil COPCs. Also, neither 

arsenic nor chromium exceeded their respective NC 2L Standards. 



The following chemicals exceeded the residential PRG values in the environmental media 

obtained from SWMU 3 11 during the Phase I CSI, Phase I1 CSI, and RFI field investigations, and 

were therefore retained as COP& for M e r  analysis. 

Surface Soil: cadmium and lead. 

Surface Soil Uremasser Recwtor Evaluation): none. 

Subsurface Soil (residential and industdal5: amnic. 

Groundwater: arsenic and chromiwa 

The exposure assessment estimates the magnitude of actual andlor potential human exposure, the 

thquency and duration of those exposures, and the pathways (i.e., inhalation, ingestion, and 

dermal contact) by which people are potentially exposed. To determine whether human exposure 

could occur at SWMU 31 1 in the absence of remedial action, an exposure assessment, which 

identifies potential exposure pathways and receptors, was conducted The following four 

elements were considered to determine whether a complete exposure pathway was present 

(USEPA, 1989): 

a A source and potential mechanism of chemical release 

An environmental retention or tramport medium 

A point of potential human contact with the contaminated medium; and 

A human exposure route (e.g., ingestion) at the contact point 

The exposure scenarios discussed in this report represent USEPA's Reasonable Maximum 

Exposure (RME). Relevant equations for assessing intakes and exposure factors were obtained 

frmn RAGS (USEPA, 1989), Rerjon N Bulletin (USEPA, 1996), Emosure Factors Handbook 

(USEPA, 1997), Dermal ExDosure Assessment: Princioles and Avolications. Interim Reoort 

(USEPA, 1992), RAGS Part E. Sumlemental Guidance for Dermal Risk Assessment Interim 



(USEPA, 2001), Suoerfund's Standard Default Exnosure Factors for the Central Tendency and 

Reasonable Maximum Exwsure (USEPA, 1993), and Standard Default Exoosure Factors, 

Interim Final (USEPA, 1991a). The Central Tendency (CT) risk descriptor was also used for 

exposure d o s  when the RME scenarios indicated a potential risk to human health, to more 

completely present the range of possible risks. The CT exposure calculations use less 

conservative expormre factors (as appropriate) to calculate chemical intakes for the CTcase 

scenarios. In this baseline HHRA, the CT exposure scenario was calculated only for those RME 

exposure scenarios that resulted in unacceptable risk or hazard levels. The inclusion of the CT 

exposure scenario provides a range of potential carcinogenic risks and noncarcinogenic health 

hazards with which to make informed risk management decisions when determining remedial 

action. 

63.1 Potential Human Receptors 

MCB Camp Lejeune operates as a Marine Corps base. It is assumed that long-term plans for the 

facility are the same as the present plan, with land use also generally the same as at present. 

Based on inf-tion available regarding the physical features, site setting, site historical 

activities, and current and expected land uses, four potential human receptors have been selected 

for evaluation. These include: 

Current Military Base Personnel 

b e n t  Adult and Adolescent (7-16 yeas) Trespassers 

Future Resident Adults and Children (1-6 years) 

Future Construction Workers 

SWMU 3 11 is m t l y  an active oil-water separator that is associated with a vehicle wash rack 

Ihe vehicle wash rack is situated between Buildiigs 1604 and 1605 in a fenced-in and paved 

area Access to Buildings 1604 and 1605 on either side of the separator is Limited to authorized 

pemonnel only and is restricted by a locked 7-foot high chain link face. Consequently, the only 

potential trespassing possible is outside the fenced area Current receptors include military Base 

personnel who work at the pesticide shop and trespassers (i.e., adult and adolescent receptors). 

However, trespasser exposure to surface soil is limited to outside the fence line, and there were no 

COPCs retained for surface soil outside the fence line. Therefore, the surface soil exposure 



pathway is incomplete for the trespasser receptors, and trespasser exposure to surface soil was not 

assessedintheHHRAforSWMtJ311. 

Current adult military Base personnel who work at Buildings 1604 and 1605 may be exposed to 

COPCs and media of coneern at SWMU 31 1. These include military personnel stationed at the 

Base. These individuals who work at Buildings 1604 and 1605 have access to inside and outside 

the fenced area. A standard tour of duty of four years was assumed. Workers were evaluated for 

incidental ingestion of and demral contact with d c e  soil inside and outside the fenced area and 

inhalation of fugitive dusts from the surface soil. 

At present, groundwater is not utilized for potable purposes. For the sent receptors (military 

Base personnel), potable water is municipally supplied. As a result, current groundwater 

e?ipomre was not assessed. Exposure to subsurface soil in the merit scenario is unlikely for the 

receptor population Consequently, subsurface soil exposure was not considered to be viable. 

Although residential development by the military or general public is unlikely in the 

industrialized area of SWMU 31 1, future hypothetical residential exposure to children and adults 

was evaluated The future adult and child residential receptors could potentially be exposed to 

COPCs in surface soil by ingestion and dermal contact, and inhalation of dusts from surface soil. 

Residential receptors could also potentially be exposed to COPCs in subsufiux soil (ingestion 

and dermal contact, and inhalation of dusts) should that soil be excavated. The depths of soil 

samples used in the risk evaluation for future residents were 0 to 9 feet bgs. Groundwater at 

SWMU 311 is currently not utilized as a potable source. However, it is possible that the 

groundwater could be used for potable purposes in the future. Themfore, in ~ccordance with 

USEPA guidance, groundwater exposure via ingestion and dermal contact was conservatively 

evaluated for future residential receptors. Total inorganic results in groundwater were evaluated 

according to USEPA Region IV guidance. Inhalation of volatile8 in groundwater was not 

evaluated in this HHRA since there were no VOCs retained as COPCs in the groundwater at 

SWMU311. 

Future construotion workers that may perform excavation and mmtruction at the site were also 

evaluated for incidental ingestion and dermal contact exposures to excavated soils, as well as the 

inhalation of fugitive dusts emaaating from soil chning excavation/cowhuction activities. The 

depths of soil samples used in the risk evaluation for construction workers were 0 to 9 feet bgs. 



For the future construction worker, surface soil and subsurface soil were evaluated as separate 

data sets segregated by depth. Surface soil depths were 0 to 12 inches and 0 to 2 feet, and 

submike soil depth was 1 to 9 feet 

In summary, the following potential human receptors and exposure pathways were retained for 

quantitative evaluation in this baseline HHRA. 

Cumat Militarv Base Personnel 

Incidental Ingestion of Surface Soil 

Dermal Contact with Surface Soil 

Inhalation of Fugitive Dusts Emanating from Surface Soil 

Future Adult and Child (Apes 1-6 Years) Residents 

Incidental Ingestion of Surface Soil and Subsurface Soil 

Dermal Contact with Surface Soil and Subsurface Soil 

Inhalation of Fugitive Dusts Emanating t?om Surface Soil and Subsurface Soil 

Ingestion of Groundwater 

Dermal Contact with Groundwater 

Future Construction Workers 

Incidental Ingestion of Surface Soil and Subsurface Soil 

Dermal Contact with Surface Soil and Subsurface Soil 

W a t i o n  of Fugitive Dusts from Surface Soil and Subsurface Soil 

63.2 Conceptual Site Model 

Development of a conceptual site model of potential exposure is critical in evaluating exposures 

for the human receptors. The conceptual site model considers all reasonable current and future 

potential expcmres and media of concern under a no-action scenario. Current and potential 

future exposure scenarios for SWMU 3 11 are summarized in the conceptual site model in Figure 

6-1 of this HHRA. Current exposures evaluated at SWMU 311 are military Base personnel. 

Future exposures evaluated at this site are construction workers and residents. 
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Potential contaminaut release mechanisms fiom affected media include stormwater m o E ,  

leaching to underlying groundwater, and advective transport in the direction of groundwater flow. 

Potentially affected media at SWMU 311 may include h c e  and subsurface soil and 

groundwater. 

The currenvpotential hhue land use scenarios considered adult exposures. In addition, a 

residential child, 1-6 years old, and an adolescent trespasser, 7-16 years old, were also 

considered. Exposure routes (i.e., ingestion, dermal contact, and inhalation) for each exposure 

scenario are summarized in Figure 6-1. 

6.33 Qoanlification of Exposure 

Exposure to contaminants is quantiiied using 1) data ftom the site (i.e., concentrations of 

contaminants) and 2) determining human exposure to the environmental media. The chemical 

concentrations used in the estimation of chronic daily intakes (CDls) and dermally-absorbed 

doses (DADS) for each medium are considered to be representative of the types of potential 

exposures encountered by each receptor throughout the time of exposure. The equations used to 

calculate the CDIs and DADS for each receptor and exposure pathway are presented in Section 

6.3.5 and on Tables 6-7 through 6-15. Groundwater is in motion, thus chemical concentrations 

detected in these media change f?e.quently over time. Soil generally moves more slowly through 

erosion and deposition. Therefore, groundwater contaminant concentrations may be best 

represented by the most recently collected data, while soil concentrations can include some older 

data, as appropriate. The manner in which environmental data are represented also depends on 

the number of samples and sampling locations available for a given area and a given medium. 

For example, exposure can occur to a portion of the siB (i.e., a "hotspot") or the entire site, 

depending on the type of scenario considered for a given receptor. 

6.3.4 Data Analysis 

An individual moving randomly across the study area of SWMU 3 11 is assumed to have an equal 

probability of potential exposure to envimnmental media such as soil. Therefore, for soil, the 

exposure point concentration for a constihlent in the intake equation can be reasonably estimated 

as the arithmetic average concentration of site sampling data. USEPA supplemental risk 

assessment guidance (USEPA, 1992a) states that the average concentration is an appropriate 

estimator of the exposure concentration for two reasons: 1) carcinogenic and chronic 



noncarcinogenic toxicity criteria are based on lifetime average exposures; and 2) the average 

concentration is most representative of the concentration that would be contacted over time. 

However, uncertainty is inherent in the estimation of the true average constituent concentration at 

the site. 

USEPA Region IV risk assessment guidance makes an exception to the use of the average 

concentration of site sampling data as the exposure point concentration for groundwater. Region 

IV guidance states that groundwater exposure point concentrations should be the arithmetic 

average of the wells in the highly concentrated area of the plume. However, there was no plume 

defined at SWMU 311. Therefore, the maximum detected concentrations of the COP& retained 

in gro~~l~dwater were used as the exposwe concentrations. 

A conservative estimate of the arithmetic average concentration recommended by the USEPA 

(1992a) is the 95% upper confidence limit of the arithmetic mean concentration (95% Upper 

Mdence Limit WCL]). A statistical test to determine the distribution of the data set was used. 

The Shapiro-Wilkes distribution test was used for data sets of less than 50 samples. If the data 

were determined to be normally distributed (this includes those results that indicate 'yes"' to both 

normal and lognormal distributions), the 95% UCL of the arithmetic mean of the data was used 

(USEPA, 1992). If the data were lognormally distributed, the 95% UCL of the arithmetic mean 

of the log-transformed data was used (USEPA, 1992a). In those instances where the distribution 

tests were unable to defGtively determine the type of distribution (i.e., the results indicated "no" 

to both normal and lognormal distributions), the data set was assumed to be lognonnally 

distributed, as per USEPA Region IV risk assessment guidance (USEPA, 1996). If the 95% UCL 

of the arithmetic mean exceeds the maximum detected concentration in a given data set, the 

maximum detected concentration will be used to represent the concenbaion term for that COPC. 

The 95% UCL for a normal distribution was calculated using the following equation (USEPA, 

1992a): 

9 5 0 / d / ~ ~  = z + +(s/&) 
Where: 

- 
x - - mean 

S 
- - standard deviation 

t - - Student t statistic (Gilbext, 1987) 

n - - number of samples 
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The 95 percent UCL of the l o g n d  distribution was calculated using the following equation 

(USEPA, 1992a): 

where: 

UCL = upper confidence limit 

e = constant @ase of the natural log, equal to 2.71 8) 
- 
X = mean of the transformed data 

S = standard deviation of the transformed data 

H - - H-statistic (Gilbert, 1987) 

n = number of samples 

Frequencies of detection, as well as maximum detected values, are presented in Tables 6-1 

through 6-6. 95% UCL values, mean values, and results of the W-test derived f a  COPCs in alI 

media at SWMU 311 are presented on Tables 6-16 thmugh 6-18 and in Appendix G. The 

equations for estimating intakes due to direct exposures to site-related chemicals for the various 

identified pathways are presented in Section 6.3.5 and on the risk calculation spreadsheets found 

in Appendix H. 

For results reported as "nondetect" (i.e., results flagged with the following validation qualifiers: 

U and UJ), a value of one half of the sample-specific detection limit was used to calculate the 

95% UCL; the actual value could be between zero and a value just below the detection limit. 

95% UCLs were calculated only f a  the constituents detected in at least one sample collected 

thm the environmental medium of interest. 

Estimated concentrations also were used to calculate the 95% UCL, such as "J" qualified 

(estimated) data. Reported concentrations qualified with an "R" (rejected) were not used in the 

statistical evaluation. 

As previously mentioned, duplicate sample data were averaged with corresponding 

environmental sample data and re-included into the data set for these risk evaluations. In 

instances where the original and duplicate sample result were either both detected or both non- 

detected, the values were averaged for the risk assessment. In instances when the ori- and 

duplicate sample m d t  contained one detection and one non-detection, the detected value was 



averaged with one-half of the detection limit of the n o n h t e d  value and the averaged sample 

result was considered a dewdon. 

Statistical data summary tables for COPCs in each medium sampled (i.e. surface soil, subsurface 

soil, and groundwater) are found in the Statistical Summaries presented in Appendix G. These 

tables provide the arithmetic mean, the standard deviation, and the upper 95 percent confidence 

limit value for both nonually and lognofmally distributed data (as determined by Shapiro-Wilkes 

distribution test). 

63.5 Calculation of Chronic Daily Intakes 

In order to numerically estimate the ris)cs for current and future human receptors at SWMU 311, a 

CDI must be estimated for each COPC in every retained exposure pathway. These equations 

were obtained fiom USEPA guidance (USEPA, 1989). 

The following paragraphs present the general equations used in the calculation of CDIs for each 

potential exposure pathway. The exposure input parameters used in the calculation of CDIs are 

presented in Section 6.3.6. Input parameters were taken earn USEPA's default exposure factors 

guidelines where available and applicable. AU inputs not defined by USEPA were derived &om 

USEPA documents concerning exposure or h m  best professional judgment. All exposure 

assessments incorporate the representative contaminant concentrations in the estimation of 

intakes. Therefore, only one exposure scenario was developed for each exposure route/receptor 

combination 

CDIs for carcinogenic effects incorporate terms to represent the exposure duration (years) over 

the course of a lifetime (70 years or 25,550 days) (USEPA, 1989). Noncarcinogenic CDIs, on the 

other hand, were estimated using the concept of an average annual exposure. The intake 

incorporates terms describing the exposure time andlor ffequency representing the number of 

hours per day and the number of days per year that exposure occurs. In general, noncarcinogenic 

CDIs for many exposure routes (e.g., soil ingestion) are greater for children than adults because 

of the differences in body weights, similar exposure frequencies, and higher ingestion rates. 



6.3.5.1 Surface/Shallow Subsurface Soil 

Incidental Ingestion ofSurjlace/Shallow Subsurface Soil 

The following equation is used in the calculation of a CDI (mg&g/day) for a human receptor who 

accidentally ingests soils at the site: 

Where: 

Cs 

IR 

Fl 

CF 

EF 

ED 

BW 

AT, 

AT.. 

CDI = 
C s x Z R x F I x C F x E F x E D  

Bw x  AT, or  AT, 

chemical concentration in soil (m&) 

ingestion rate (mg/day) 

fraction of soil ingested f?om the source (unitless) 

conversion factor (10-O6 kg/mg) 

exposure frequency (dayslyr) 

exposure duration (yrs) 

adult body weight (kg) 

averaging time carcinogens (days) 

averaging time, noncarcinogens (days) 

Relevant equations and factors required for estimating the daily intake were calculated and are 

presented in Appendix H. 

Dermal Contact with Su$ace/Shdow Subsurface Soil 

The absorbed dose associated with the potential dermal contact of COPCs in soil was calculated 

using the following equation (USEPA, 1989): 

DAD= CsxSAx  A F x A B S x E F x E D x C F  
B W x A T  



Where: 

DAD 

Cs 

AF 

ABS 

CE 

S A 

EF 

ED 

BW 

AT 

Dermally Absorbed Dose, mg/kg-day 

Chemical concentration in the soil, m&g 

Adherence Factor, milligram per square catheter day (@cm2-d) 

Absorbed Graction, unitless 

Conversion Faotor, mg&g 

Sutface Area of exposed skin, c d  

Exposure Frequency, days/year 

Exposure Dnmtion, years 

average Body Weight, kg 

Averaging Time, days 

Relevant equations and factors required for estimating the absorbed dose were calculated and are 

presented in Appendix H. 

Inhnlation of Fugitive Dustfrom Su~aceBkaIllo SuL%u$ace Soil 

The daily intake resulting from the inhalation of COPG adsorbed onto fugitive dust particulate 

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

CDI = C a x R R x E T x E F x E D  
B W x A T  

Where: 

CDI = 

Ca = 

Chronic Daily Intake, q k g - d a y  

Chemical concentration in air as fugitive dust, milligrams per cubic 

meter (mgfm3) 

R e q i i o n  Rate, m 3 / h 0 ~  

Exposure Time, hours/day 

Exposure Frequency, daydyeat 

Exposure Duration, years 

average Body Weight, kg 

Averaging Time, days 



The air concentration (Ca) of a chemical in fugitive dust emissions was estimated fiom the 

following equation, as determined by Cowherd (1985). 

Where: 

Ca = Chemical concentration in air as fugitive dust, mg/m3 

Cs = Concentlation of chemical in the soil, mg/kg 

PEF = Particulate Emission Factor, m3/kg 

Relevant equations and factors required for estimating the absorbed dose were calculated and are 

presented in Appendix H. 

6.3.5.2 Groundwater 

Ingestion of Groundwater 

The daily intake associated with the direct potential ingestion of the COPCs in groundwater under 

a drinking water scenario were calculafed using the following equation (USEPA, 1989): 

CDZ = 
CwxIRxEFxED 

BWxAT 

Where: 

CDI 

cw 

IR 

EF 

ED 

BW 

AT 

- - Chronic Daily Intake, mg/kg-day 

Chemical concentlation in water, mgiL. 
- - Ingestion Rate, Uday 
- - Exposure Frequency, dayslyear 

- - Exposure Duration, years 

- - average Body Weight, kg 

= Averaging Time, days 



Relevant equations and factors required for estimating the absorbed dose were calculated and are 

presented in Appendix H. 

D-i Confact with Groundwater 

The absorbed dose itssociated with potential dermal contact with COPCs in groundwater was 

calculated using the following equation (USEPA, 1989): 

CDZ = 
C w x S A x P C x E T x E F x E D x C F  

BW x  AT 

Where: 

CDI 

Cw 

SA 

PC 

ET 

EF 

ED 

CF 

BW 

AT 

Chronic Daily Intake, mgkg-day 

Chemical concentration in water, mgR. 

Surface Area of exposed skin, cm2 

chemical-specific Penneabiity Constant, cm/hr 

Exposure Time, hodday  

Exposure Frequency, day.w'year 

Exposure Duration, years 

Conversion Factor, 1 U l O O O  cm3 

average Body Weight, kg 

Averaging Time, days 

Relevant equations and factors required for estimating the absohd dose were calculated and are 

presented in Appendix H. 

6.3.6 Exposure Input Parameters 

Tables 6-7 through 6-15 present the exposure factors used in the estimation of potential CDIs for 

COPCs retained for each receptor identified below. USEPA promulgated exposure factors are 

used in conjunction with USEPA standard default exposure factors. When USEPA exposure 

factors are not available, best professional judgment and site-specific information are used to 

derive a comervative and defensible value. The following paragraphs present the rationale for 

the selection of exposure factors for each receptor group evaluated in the baseline HHRA. 



6.3.6.1 Current Militarv Personnel 

This scenario assumes that current adult Base military personnel working on-site could come into 

contact with surface soil at SWMU 311. Therefore, this receptor was evaluated for potential 

exposure to surface soil via incidental ingestion, dermal contact, and inhalation of fugitive dust. 

A summary of the exposure parameters is discussed in the following paragraphs and p m t e d  on 

Table 6-7. 

The ingestion rate for military personnel exposed to surficial soils was assumed to be 100 &day 

(USEPA, 1993), and the k t i o n  ingested was assumed to be 100 percent. An exposure 

fresuency (EF) of 250 days per year (USEPA, 2001) was used in conjunction with an exposure 

duration of 4 years (standard military tour of duty). A respiration rate of 0.55 m 3 h  (representing 

an average of 11.3 m3/day for women and 15.2 m3/day for men) for an adult (USEPA, 1997) was 

also used. An exposure time (ET) of 8 hours (professional jndgment) was used to represent an 

average work day. An averaging time (AT) of 70 years or 25,550 days was used for exposure to 

potentially carcinogenic compounds while an averaging time of 1,460 days was used for 

noncarcinogenic exposures. 

There is a potential for base personnel to absorb COPCs by d d  contact A skin surface area 

of 3,300 cm2 for an adult (USEPA, 2001) assumed to wear a sbort-sleeved shirt, long pants, and 

shoes, was used to evaluate dennal contact with soil. The soil to skin adherence k t o r  (SAF) of 

0.2 mg/cmZ was used and is based on the 5om percentile weighted SAF for utility workers, which 

is the activity determined by USEPA to represent n reasonable, high-end contaet activity 

(USEPA, 2001). Dermal absorption fmctions provided in USEPA RAGS Part E (USEPA, 2001) 

or Region IV default dermal absorption M o m  of 0.01 for organics, and 0.001 for inorganics 

(USEPA, 1996) were also used to estimate soil exposnres. 

6.3.6.2 Future Adult and Youm Child Residents 

This scenario assumes that future adult and yo- child (1-6 years) residents could come into 

contact with surface soil and snbsurface soil at SWMU 31 1. It is also conservatively assumed 

that the grounchwter will be potable. Therefore, these receptors could come into contact with 

contamhmts detected in the groundwater under a drinking water scenario in the future, in 



addition to coming into contact with s u .  and subsurface soil. These receptom were evaluated 

for potential exposure to surface and subsurface soil via accidental ingestion, dermal contact, and 

inhalation of fugitive dust and groundwater via ingestion and dermal contact. There were no 

VOCs retained as groundwater COP&. Therefore, inhalation of VOCs in groundwater was not 

evaluated. A summary of the exposure pantmeters is discussed in the following parapaphs and 

presented on Tables 6-8 through 6-13. Unless othenvk. noted, the CT exposure parameters are 

the same as for RME. 

Future adult and young child residents could contact surface/sub&e soil during outdoor 

recreational activities such as playing, walking, or rum& in the the immediately moundiqg 

their homes or while perfonniag gardening activities. A 70 kg adult and a 15 kg child were 

assumed for exposure durations of 24 years and 6 years, respectively (USEPA, 1993). Exposure 

durations of 7 years for the adult and 2 years for the child were used for CT exposure (USEPA, 

1993). Exposure times were estimated to be 1.5 hours per day for adults and 5.57 hours per day 

for the child (USEPA, 1997). The ingestion rate was assumed to be 200 mdday for the young 

child and 100 mg/day for the adult (USEPA, 1993), with a 100% fraction ingested from source, 

over 350 daydyear (USEPA, 1993). Ingestion rates of 100 mgfday for the young child and 50 

mdday for the adult over 234 days per year were used for CT exposure (USEPA, 1993). 

Resphtion rates of 0.308 m3/hr for the child and 0.55 m3/hr for the adult (USEPA, 1997) were 

also used. The respiration rate used for the young child represents the average for an individual 

aged 0 to 8 years old. Averaging times of 8,760 days for adults and 2,190 days for children for 

wncarcinogens, and 25,550 days for carcinogens were also used (USEPA, 1989). The USEPA 

recommended weighted SAF of 0.07 mg/cm2 was used for the residential adult (USEPA, 2001). 

This is based on the 50* percentile weighted SAF for gardeners, which is the activity determined 

to represent a reasonable, high-end contact activity. The USEPA recommended weighted 0.2 

mg/cm2 SAF for the young child was used and is based on the 95% percentile weighted SAF for 

children playing at a day care center or in wet soil (USEPA, 2001). Dermal absorption values 

provided in USEPA RAGS Part E (USEPA, 2001) or Region TV default dermal absorption values 

of 0.01 for organics, and 0.001 for inorganics (USEPA, 1996) were also used to estimate soil 

exposures. Skin surface areas of 2,800 cd for the young child and 5,700 cm2 for the adutt 

(USEPA. 2001) were assumed for the swface soil scermio. These are the SA values currently 

recommended by the USEPA for exposure to contaminated soil and are the averages of the SO* 

percentiles for males and females greater than 18 y e .  of age (adults) and from <l to <6 years 



old (young children). As recommended in RAGS Part E, the SA values used for the RME 

scenario were also assumed for the CT exposure scenario. 

Potential exposures to groundwater COPCs may occur under a drinking water scenario. Exposure 

to total concentrations of groundwater inorganic COPCs were evaluated as per USEPA Region 

1V guidance. Exposure psthways evaluated for future residents include accidental ingestion and 

dermal contact Inhalation of VOCs wbile showering was not evaluated for SWMU 31 1 because 

VOCs were not retained as groundwater COPCs. Groundwater ingestion rates of 2 Uday and 1 

Wday, respectively, were also assumed for the adult and young child residents (USEPA, 1993). 

Exposure t k q e w q  of 350 days per year was also assumed for groundwater. Groundwater 

ingestion rates of 1.4 Wday and 1 Wday (adult and child, respectively) over 234 days per year 

were used for CT exposure (USEPA, 1993). Total body surface areas of 6,600 cm' and 18,000 

cm2 ( 5 0 ~  peentile values for male and female young children or adults) (USEPA, 2001a) were 

assumed for the groundwater scenario for the young child and adult, respectively. All other 

exposure parameters were the same as the soil exposure parameters. 

6.3.6.3 Future Adult Conshuction Workers 

Potential exposures to soil COPCs may occur to construction workers while pedonning soil 

excavation and construction activities at SWMU 311. Exposure pathways evaluated include 

accidental ingestion, dermal contact, and inhalation of fugitive dust of surface and shallow 

subsurface soil. A summary of the exposure parametem is discussed in the following paragraphs 

and presented on Tables 6-14 through 6-15. Exposure was assumed to occur for 8 hours per day 

(USEPA, 1991a), 250 days per year (USEPA, 2001), for a construction period of 1 year 

(professional judgment). A USEPA default value for the soil ingestion rate of 480 mglday 

(USEPA, 1993). a 100% firaction ingested from source and a respiration rate of 3.3 m3/hour 

(USEPA, 1997) were also assumed for a 70 kg construction wotka (USEPA, 1997). A skin 

surface area of 3,300 c d  for an adult (USEPA, 2001) assumed to wear a short-sleeved shirt, long 

pants, and shoes, was used to evaluate dermal contact with soil. The soil to skin adherence factor 

of 0.2 mg/cm2 (USEPA, 2001) was used Dermal absorption values provided in USEPA RAGS 

Part E (USEPA, 2001) or Region 1V default dermal absorption values of 0.01 for organics, and 

0.001 for inorganics (USEPA, 1996) were also used to estimate soil exposures. The averaging 

time of 365 for nonminogens and 25,550 days for carcinogens, respectively, were also used 

(USEPA, 1989). 



USEPA believes construction workers are Iikely to experience substantial expwures to soils 

during excavation and other work activities. The equation to calculate particulate emission factor 

(PEF) for a c o ~ c t i o n  scenario has been revised to focus exclusively on emissions fiom truck 

W c  on unpaved roads, which typically contribute the majority of dust emissions during 

construction A sitespecific PEF has been derived for the construction worker scenario for this 

risk assessment. As shown on Figure 1-2, the "study area" surrounding SWMU 311 is 

approximately 2.5 acres in size. Tbe methodologies used to calculate the new PEF ate taken from 

USEPA's Smulemental Guidance for Develooine Soil Screenine Levels for Suoerfund Sites 

(Peer Review Draft) (USEPA, 2001a). The following equation was used to calculate the 

construction scenario PEF: 

Where: 

PEF, 

Q/C, 

subchronic road particulate emission factor (m3/kg) 

Inveme of 1-h average air concentration along a straight road segment 

bisecting a 2.5 acre square site (g/mZ-s per kg/m3 

dispersion correction factor (unitless) (0.185) 

total time over which construction occurs (s) (250 days or 7.2 x lo6 

seconds) 

surface area of contaminated road segment (m2) (1,524 m2) 

mean vehicle weight (1 1 tans) 

number of days with at least 0.01 inches of precipitation (daydyear) (120 

days for the area of J~cksonville, NC) 

sum of fleet vehicle kilometers traveled during the exposure duration 

(km) (196.95 km assuming a site area of 2 5  acres) 

The following assumptions were incorporated into the above-referenced parametens used to 

calculate the site-specific construction worker scenario. SWMU 311 is in an industrialid area 

of MCB Camp Lejeune. The site is surrounded on three sides by paved roads, and the necessity 

to construct a dirt road across the site is considered unlikely. Therefore, it was assumed fhat daily 



unpaved road traffic would consist of at most eight cars (2 tons) and seven bucks (20 tons). AR is 

based on a road Length of 100 m and assumes a road width of 15.24 m. VKT is based on 15 

vehicles traveling a road length of 100 m (or 0.1 Ian) for five days per week for 36 weeks 

(considering an EF of 250 days per year). Thus, a construction worker scenario PEF of 8.83 x 

lo6 m3/kg was calculated. This calculation is also presented in Appendix H. 

6.4 Toxicitv Assessment 

Section 6.4 presents potential exposure pathways and receptom for this baseline HHRA. This 

section will review the available toxicological information for COPCs retained for quantitative 

evaluation. 

An important wmponent of the HHRA process is the relationship between the dose of a 

wmpound (amount to which an individual or population is potentially exposed) and the potential 

for adverse health effects resulting from exposure to that dose. Dose-response relationships 

provide a means by which potential public health impacts may be evaluated. Standard RfDs 

andfor CSFs have been developed for many of the COPCs. This section p r i d e s  a brief 

description of these parameters. 

66.1 Reference Doses 

The RfDs and Reference Concentrations (RfCs for inhalation) are developed for chronic andtor 

subchronic human exposure to chemicals, and are based solely on the noncarcinogenic effects of 

chemical substances. These values are defined as an estimate of a daily exposure level for the 

human population, including sensitive subpopulations, that is likely to be without an appreciable 

risk of adverse effects during a lifetime. The RtD is expressed as dose (mg) per unit body weight 

(kg) per unit time (day). The RfC is expressed as dose (mg) per cubic meter of air (m3). 

6.4.2 Carcinogenic Slope Factors 

CSFs are used to estimate an upper bound lifetime probability of an individual developing caacer 

as a result of exposure to a particular level of a potential carcinogen (USEPA, 1989). This factor 

is reported in units of proportion (of a population) affected per mgkglday and is derived through 

an assumed low-dosage, linear multistage model and an extrapolation from high to low dose- 

responses determined fkom animal stndies. The slope f d o r  represents the upper 95' percent 
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confidence limit on the increased cancer risk from a lifetime exposure to an agent. CSFs can also 

be derived h m  USEPA promulgated unit risk values for air andlor water. CSFs derived from 

unit risks cannot, however, be applied to environmental media other than the medium considered 

in the unit risk estimate. 

Slope factors are also accompanied by wcight-of-evidence classifications, which designate the 

strength of the evidence that the COPC is a potential human carcinogen. 

Quantitative indices of toxicity and USEPA weigh t -o fev ih  classifications are presented in 

Tables 6-19 through 6-22 for the identified COPCs. The hierarchy (USEPA, 1989) for choosing 

these values was: 

Integrated Risk Information System (IRIS, 2001) 

Health Effects Assessment Summary Table i,HEAST, 1997) 

National Center for Environmental Assessment (NCEA, 2000) 

The IRIS database is updated a few times each year and contains verified m s ,  RR3s and CSFs. 

The USEPA bas formed an Rfl3 work group to review existing data used to derive RfDs and 

W. Once this task has been completed, the verified RiD appears in IRIS. Like the RfD Work 

Group, the USEPA has also formed the Carcinogen Risk Assessment Verification Endeavor 

(CRAVE) Work Group to review and validate toxicity values used in developing CSFs. Once the 

slope factors have been verified via extensive peer review, they also appear in the IRIS database. 

HEAST and NCEA, on the other hand, provide provisional (unverified) RfDs, RKs and CSFs. 

6.43 Dermal Absorption Efficiency 

Many of the RiDs and CSFs are derived &om oral toxicological studies based on administered 

dose, and do not account for the amount of a substance that can penetrate exchange boundaries 

after contact (e.g., absorbed dose). As a d t ,  there is very little information available regarding 

dermal toxicity criteria. Therefore, in order to account for a difference in toxicity between an 

administered dose and an absorbed dose, the IUDs and CSFs (that were based on an administered 

dose) were adjusted, as described by Appendix A of RAGS A (USEPA, 1989), using 

experimentally-derived oral absorption efficiencies obtained h m  information compiled by Oak 

Ridge National Laboratory (as recommended by North Carolina Depamnent of Environment and 



Natural Resources). The adjustment for the oral RfD that would correspond to a dennally 

absorbed dose is represented by multiplying the RfD by an oral-to-dennal extrapolation value. 

The adjustment for the oral CSF that would cmespond to the dermally-absorbed dose is 

represented by dividing the CSF by an oral-to-dennal extrapolation value. The oral-to-dermal 

extrapolation values were obtained h m  sources such as the NCEA, IRIS, Agency for Toxic 

Substance and Disease Registry (ATSDR) toxicological profiles, toxicology publications, 

toxicology references, and USEPA Regional Offices. Only oral-to-dermal extrapolation values 

that had reference documents available were used in this risk assessment. For other chemicals, 

the default values of 80% for VOCs, 50% for SVOCs, and 20% for inorganics recommended in 

Region IV supplemental guidance were used. The oral-to-dermal extrapolation values used in 

this baseline HHRA for SWMU 311 are presented in Tables 6-19 and 6-21. The table of oral 

absorption efficiencies compiled by Oak Ridge National Laboratory, which includes detailed 

references, is provided as a subsection of Appendix H. 

6.4.4 Lead 

Lead was identified as a COPC in samples collected from surface soil at SWMU 31 1. Currently, 

health-based criteria are not available for evaluating either the noncarcinogenic or carcinogenic 

effects of lead exposure. The USEPA has not developed health-based criteria because a threshold 

level for many noncancer health effects has not been identified in infants and younger children 

(i.e., the most sensitive populations). Consequently, risk from lead exposure was not calculated 

for the SWMU. 

To evaluate lead at sites, the USEPA developed an Integrated Exposure Uptake Biokinetic 

(IEUBK) Model for Lead in Children, WindowsTM version (USEPA, 2001 b). This model utilizes 

site-specific exposure parameters to estimate blood lead levels in infants and young children. The 

USEPA considers remediation necessary if a five percent probability or greater exists that the 

predicted child blood level will exceed 10 micrograms per deciliter (pgtdl) as a result of contact 

with lead-containing media at the site. 

There are several criteria available for lead level comparisons in the form of standards and/or 

criteria These standardsicriteria include federal and state MCLs. In addition, there is an Office 

of Solid Waste and Emergency Response (OSWER) action level for lead of 400 mg/kg in 

residential soil. At SWMU 31 1, the maximum concentration of lead found in surface soil (1,110 



mgikg) exceeded the OSWER action level for residential soil. Consequently, the lead IEUBK 

model was utilized to evaluate the risk associated with exposure to lead in the surfaoe soil. The 

maximum concentration for lead in surface soil was used as the exposure point concentration for 

the IEUBK model because the 95 percent UCL was greater than the maximum. All other 

exposure parameters used in the model were default values recommended by the IEUBK model 

guidance document (USEPA, 2001b). 

6.5 Risk Characterization 

The risk characterization combines the selected COPCs, the exposure assessmenf and the toxicity 

assessment to produce a quantitative estimate of current and future potential human health risks 

associated with SWMU 311. Sections 6.5.1 and 6.5.2 discuss the USEPA methodologies used for 

quantifling and characterizing carcinogenic and noncarcinogenic human health risks. ILCRs and 

Hazard Indices (HIS) are calculated to characterize potential human health effects. These terms 

are defined in the sections that follow. ECRs and HIS are estimated for current and future 

receptors exposure scenarios that were identified for SWMU 311 in Section 6.3, and are 

discussed in Section 6.5.3. 

6.5.1 Quantification and Characterization of Carcinogenic Risks 

Quantitative risk calculations for potentially carcinogenic compounds estimate inferentially 

(versus probablistically) the potential LCR for an individual in a specified poplation. This unit 

of risk refers to a potential cancer risk that is above the background cancer risk in unexposed 

individuals. For example, an W R  of 1 x lo4 indicates that an exposed individual has an 

increased probability of one in one million of developing cancer subsequent to exposure, over the 

cowse of their lifetime. 

The potential lifetime lLCR for an individual was estimated from the following relationship: 

where the CSFi is expressed as (rngkg/day)-' for compound i, and the chronic daily intake (CDIi) 

and dermally absorbed dose (DAD,) is expressed as m&&ay for compound i. Since the units 

of CSF are (mg chemicalkg body weight-day)-' and the units of intake or dose are mg 
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chemicalkg body weight-day, the ILCR value is dimensionless. The aforementioned equation 

was derived assuming that cancer is a nonthreshold process and that the potential excess risk level 

is proportional to the cumulative intake over a lifetime. 

For quantitative estimation of risk, it is assumed that cancer risks 6mm various exposure routes 

are additive. Estimated ILCR values will be compared to 1 x lo4 to 1 x lo4, which represents 

the target risk range of lLCR values considered by the USEPA to represent an acceptable (i.e., de 

minimis) risk (USEPA, 1990). 

6.53 Quantification and Characterization of Noncarcinogenic Risks 

Noncarcinogenic compounds assume that a threshold toxicological effect exists. Therefore, the 

potential for noncarcinogenic effects are calculated by comparing (i.e., dividing) CDI, and DAD, 

levels with RfDs for each COPC. 

Noncarcinogenic effects are estimated by calculating the Hazard Quotient (HQ) for individual 

chemicals and the HI for overall chemicals and pathways by the following equation: 

where : HQi = 
(CDZgorDAD,) 

R n o r m i  

An HQ is the ratio of the daily intake or absorbed dose to the reference dose (or reference 

concentration for inhalation exposure). CDI, is the chronic daily intake ( m w d a y )  of 

contaminant i; DAD, is the dermally absorbed dose (mg/kg/day) of contamhut i, and mi is the 

reference dose (mg/kg!day) of the contaminant i over a prolonged period of exposure. RE, is the 

reference concentration used when detemining exposure due to inhalation. Since the units of 

RtD are mg~kg-day and the units of CDI/DAD are mgkg-day, the HQ and HI are dimensiodess. 

To account for the additivity of noncarcinogenic riak following w u r e  to numerous chemicals, 

the HI, which is the sum of all the HQs, will be calculated A ratio of 1.0 is used for comparison 

to the HQ and HI (USEPA, 1990). Ratios less than 1.0 indicate that adverse noncarcinogenic 

health effects are unlikely. Ratios greater than 1.0 indicate that adverse noncarcinogenic health 



effects may occur at that exposure level. However, this does not mean that adverse effects will 

definitely occur, since the RtD incorporates safety and modifying factors to ensure that it is well 

below that dose for which adverse effects have been observed. This procedure assumes that the 

risks fiom exposure to multiple chemicals are additive, an assumption that is probably valid for 

compounds that have the same target organ or cause the same toxic effec+ 

6.53 Potential Human Health Effects 

Both pathway-specific risks and total site risks have been estimated for current military Base 

personnel, future residents, and future construction workers at SWMU 311. All scenarios 

evaluated in this baseline HHRA were previously discussed in detail in Section 6.3. All 

calculation spreadsheets used for estimating potential carcinogenic and noncarcinogenic risks for 

receptors at S W  31 1 are presented in Appendix H. Please note that the full set of RAGS Part 

D tables is presented in Appendix I. 

The total site carcinogenic and noncarcinogenic risks estimated for all current and future 

receptors evaluated in this baseline HHRA are presented in Tables 6-23 through 6-28. The 

pathway risks contributing to the potentially unacceptable total site risks are also presented in 

these tables. 

6.5.3.1 Current Militarv Base Personnel 

Table 6-23 presents all potential pathway-specific and total site risks estimated for current 

military Base personnel evaluated for ingestion and dermal exposures to site COPCs in slllface 

soil and inhalation of fngitive dusts fiom &ace soil. 

There were no carcinogenic rislrs or adverse noncan:inogenic health hazards calculated that 

exceeded USEPA's acceptable criteria for the current military Base personnel. 

6.5.3.2 Current Adult and Adolescent Tremassers 

There were no COPCs selected for surface. soil outside the fen= line in the vicinity of SWMLJ 

311. Therefore, a complete surface soil exposure pathway does not exist for the current 

trespassers. Cons-y, there are no carcinogenic risks or adverse health effects resulting from 

exposure to surface soil outside the fence line. 
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It is acknowledged that there is the potential for the fence to be breached or removed in the 

future, and future trespasser exposure to surface soil inside the fence would be possible. 

However, quantitative evaluation of this receptorlpathway combination was not incladed in this 

HHRA. A future residential scenario was evaluated for SWMU 311, which is considered to 

represent the upper bound for potential risk from site-related media. Surface soil exposure for 

adult and child residents was part of this evaluation and represents a more conservative evaluation 

of human exposure than the trespasser scenario. Therefore, the evaluation of residential exposure 

to surface soil adequately assesses potential future human risk In the event that unacceptable 

risks or health hazards are calculated for fuhrre residential exposure to surface soil, a qualitative 

evaluation of future trespasser exposure to surface soil will be included as an uncertainty in 

Section 6.6. 

6.5.3.3 Future Adult and Child Residents 

Tables 6-24 and 6-26 @hE) and 6-25 and 6-27 (CT) present a l l  potential pathway-specific and 

total site risks estimated for future adult and child residents evaluated for ingestion and dermal 

exposnres to site COPCs in fllrface and subswfkca soil, groundwater, and inhalation of fugitive 

dusts from surface and subsurface soil. There were no carcinogenic risks or adverse 

noncarcinogenic health hazards calculated that exceeded USEPA's acceptable criteria for the 

future adult resident. There were no carcinogenic risks calculated that exceeded USEPA's 

acceptable risk range for the future young child resident However, a total site HI value slightly 

exceeding USEPA's acceptable hazard level of 1.0 was calculated for the fuhlre young child 

resident. Potential exposure to groundwater comprised the elevated hazard value. As shown in 

Table 6-27, the total site HI value for the future young child resident was less than USEPA'S 

acceptable hazard level of 1.0 under the CT exposure scenario. 

Ingestion of arsenic in groundwater was the main contributor (percent contribution of 

approximately 74 to the groundwater ingestion pathway) to the elevated groundwater HI of 1.06 

for the child resident. It should be noted that the total HQ for menic summed over all media was 

less than 1.0. Furthermore, there were no individual HQ values for COPCs or target organs that 

exceeded 1.0. As previously mentioned, the total site HI value calculated for the child resident 

was acceptable under the CI' exposure scenario. 



Therefore, based on the results of the baseline HHRA, it is unlikely that adverse heal& effects 

will occur for future child residents upon exposure to environmental media investigated at 

SWMU311. 

6.5.3.4 Future Construction Workers 

Table 6-28 presents all potential pathway-specific and total site risks estimated for future 

construction workers evaluated for ingestion and dennal exposum to site COFCs in surface soil 

and subsurface soil, and inhalation of fugitive dusts from surface and subsurface soil. 

There were no carcinogenic risks or adverse noncarcinogenic health hazards calculated that 

exceeded USESA's acceptable criteria for the future construction worker. 

6.5.3.5 Lead IEUBK Model Results 

The USEPA lead IEUBK model (Windowsm version) was used to determine if e x m e  to site 

media would d t  in unacceptable blood lead levels in younger children upon exposure to 

surface soil at SWMU 311. Blood lead levels are considered unacceptable if there is a greater 

than five percent probability that the blood lead Levels will exceed 10 pg/dl. 

The maximum concentration for lead in surface soil (1,110 mgikg) was used in the model. The 

remaining model parameters used were the default factom supplied in the model (USEPA, 

2001b). The concentration in snrface soil inside the landfill d t e d  in a 55 percent probability 

that blood lead levels would exceed 10 pgldl, which is above the acceptable level. These results 

are presented graphically in Figures 6-2. This indicates that the potential for adverse health 

effects &om exposure to lead may occur in the future child resident. However, it should be noted 

that the maximum concentration of lead was two orders of magnitude greater than all other lead 

concentrations and was the only concentration that exceeded the USEPA's action level for lead of 

400 mgkg in residential soil. 



6.6 !30soorfes of Uncertainty 

Uncertainties are encountered throughout the risk assessment process. This section discusses the 

sources of uncertainty inherent in the following elements of the human health evaluation 

performed for S W  3 1 1 : 

Sampling and analysis 

Selection of COPCs 

Expo~~reassessment 

Toxicological assessment 

Human risk characterization 

Uncerhiaties associated with this risk assessment are discussed in the following paragraphs. 

Table 6-29 summarizes the potential effects of certain uncertainties on the estimation of human 

health risks. 

6.6.1 Sampling and Analysis 

The development of a risk assessment depends on the reliabiity of, and uncertainties associated 

with, the analytical data available to the risk assessor. These, in turn, are dependent on the 

operating procedures and techniques applied to the collection of environmental samples in the 

field and their s-ent analyses in the laboratow. To minimize the uncertainties associated 

with sampling and analysis at SWMU 311, USEPA-approved sampling and analytical methods 

were employed. Data was generated following USEPA's Statement of Work for Contract 

Labomtory Program (CLP). Samples were analyzed for TCL organics and RCRA metals. 

Samples were taken from locations specified in the approved Work Plan along with the necessary 

QNQC samples. 

Analytical data are limited by the precision and accuracy of the methods of analysis, which are 

reflected by the Relative Percent Difference (RPD) of duplicate analyses and the percent recovery 

of spikes, respectively. In addition, the statistical methods used to compile and analyze the data 

(mean concentrations, detection frequencies) are subject to the overall unceaainty in data 

measurement. Furthermore, chemical concentrations in environmental media fluctuate over time 



and with respect to sampling location. Analytical data must be sufficient to consider the temporal 

and spatial c h a r a c ~ t i c s  of contamination at the sitewith respect to exposure. 

Unmtaimy exists also in the fact that c o ~ t i o n  may or may not be fully delineated And so, 

having a complete data set impacts the representativeness of exposure concentrations derived 

from the data 

There is some uncertainty associated with the exclusion of the mobile laboratory data fmm this 

H-. Upon evaluation of the mobile laboratory data, there were no organic comp0~dS 

detected in surface or subsurEace soil (refer to Table 43), and only cis-1,2-dichloroethene was 

detected in one groundwater sample (refer to Table 4-3). Therefore, it can be concluded that the 

exclusion of the mobile laboratory data does not change the results of the HHRA. Also, the 

inclusion of the mobile laboratory data introduces uncertainty in that those data were not 

validated. However, fixed-base laboratory data were validated using procedures established by 

the National Functional Guidelines for Organic and Inorganic Analyses (USEPA, 2002). 

S 6 c e  soil samples collected fiom 0-2 feet bgs (Phase I investigation) were included in this 

HHRA. This depth interval is generally not included in a HHRA as surface soil because it is not 

representative of the depth IMge recommended by USEPA Region IV risk guidance (USEPA, 

1996). However, the three surface soil samples collected from 0-2 feet bgs during the Phase I 

investigation were included in the HHRA data set to maximize the number of available data 

points and to gain representative coverage within the exposure area Additionally, the soil data 

collected during Phase I is only data that includes SVOC analytical results. 

It is noted that the use of the 0-2 foot bgs surface soil samples adds uncertainty to the risk 

assessment These data were not validated but were analyzed by a fixed-base laboratory 

foUowiog USEPA's CLP. Also, the inclusion of soil fiom 1-2 feet bgs in these samples may 

dilute the concentration of any contaminants that may be present in the top foot of soil. Upon 

review of the surface soil data, barium was not d e w  in the Phase I samples but was detected 

in all 0-1 foot bgs surface soil samples, and mercury was detected only once in the Phase I 

samples but was detected in all 0-1 foot bgs surface soil samples. However, it should be noted 

tbat the maximum detected concentrations of barium and mercury were below USEPA Region IX 

residential PRGs. Concentrations of the remaining RCRA metals do not appear to have been 



diluted by soil from 1-2 feet bgs. Based on examination of the data sets, it is anticipated that the 

contribution to the uncmtahty of this risk assessment is low. 

6.63 Selection of COPCs 

Soil and groundwater water COP& were selected based on comparisons of the maximum 

detected concentration with USEPA Region M PRGs fbr residential soil (soil) and tap water 

(groundwater). 

PRGs were derived using conservative, USEPA-promulgated default values, and the most recent 

toxicological criteria available. All uon-carcinogenic PRGs were divided by 10 to account for 

potentid additive effects. This adjustment comqonds to assuming an HQ of 0.1, rather than 1.0. 

This adds additional conservatism to the COPC selection process. 

RfDs and CSPs have been combined with "standard" exposure scenarios to calculate the PRGs. 

Actual exposure scenarios and pamme&m may differ from those used to calculate the PRG. 

Guidance contained within RAGS Volume I, Part A discusses the evaluation of quantitation 

limits in relationship to whether or not chemicals should be eliminated &om a baseline HHRA 

because they were not detected. In other words, just because a chemical was not detected does 

not mean it should be deleted from consideration. In the baseline HHRA performed for SWMU 

3 11, only those chemicals that were positively detected were retained for quantitative evaluation 

in the risk assessment. There is some uncertainty associated with chemicals that may not have 

been detected, but the sample quantitation limits were greater than corresponding stan- 

andlor criteria This situation could result in undetected risk However, given the other 

conservative aspects of this baseline HHRA, it is anticipated that the contribution to the 

uncertainty of this risk assessment is low. Furthermore, for chemicals detected just once in a 

given medium, one half of all detection limits of that chemical (considered as non-detects) are 

used as proxy calculations in calculating the concentration term. Only those chemicals in a 

medium that are not positively detected in each sample collected and analyzed are eliminated 

h m  M e r  consideration. 

Cwrently, no Base closures are planned for MCB Camp Lejeune; therefore future residential 

development is unlikely. The application of the residential PRG values to soil and groundwater 



COPC selections would, therefore, tend to result in a list of COPCs that could be considered 

conservative for a military base. Conservative COPC selections in the baseline HHRA protects 

public health because the results of the baseline HHRA determine remedial alternatives and 

remedial action objectives. 

6.63 Exposure Assessment 

In performing exposure assessments, uncedt ies  arise from two main sources. First, 
uncerhhties arise in estimating the fate of a compound in the environment, including estimating 

release and transport in a particular environmental medium. Second, uncertainties arise in the 

estimation of chemical intakes d t i n g  from contact by a receptor with a particular m e d i i  

To estimate an intake, certain assumptions must be made about exposure events, exposure 

durations, and the corresponding assimilation of constituents by the receptor. Exposure factors 

have been generated by the scientific community and have been reviewed by the USEPA. The 

USEPA has published an Exposure Factors Handbook (USEPA, 1997), which contains the best 

and latest values. These exposure factors have been derived h m  a range of values generated by 

studies of limited numbers of ind~viduals. It is assumed that all potential receptors remain on or 

near the site throughout the exposure periods and that their exposures to chemicals from the site 

are all uniform. In all instances, values used in this risk assessment, scientific judgments, and 

conservative assumptions agree with those of the USEPA. 

The use of a RME approach, designed to avoid underestimating daily intakes, was employed 

throughout this risk assessment. The use of 95% UCL estimates of the arithmetic mean versus 

maximum values as the concentration t e r n  in estimating the CDI or DAD for the soil exposure 

scenarios and the maximum values as the concentration terms for groundwater exposure scenarios 

reduces the potential for underestimating exposure at SWMU 31 1. 

6.6.4 Toxicological Assessment 

In making quantitative estimates of the toxicity of varying dosages of compounds to human 

receptors, uncertainties arise from two sources. First, data on human exposure and the 

subsequent effects are usually hsuflicient, if they are at all available. Human exposure data 

usually lack adequate concentration estimauons and suffer from inherent temporal variability. 



Therefore, animal studies are often used and new uncertainties arise from the process of 

extrapolating animal results to humans. Second, to obtain observable effects with a manageable 

number of experimental subjects, high doses of a compound are often used. In this situation, a 

high dose means that high exposures are used in the experiment with respect to most 

environmental exposures. Therefore, when applying the results of the animal experiment to 

human exposures, the effects at the high doses must be extrapolated to approximate effects at 

lower doses. 

In extrapolating effects from high doses in animals to low doses in humans, scientific judgment 

and conservative assumptions are employed. In selecting animal studies for use in dose-response 

calculations, the following factors are considered: 

Studies are prefemd where the animal closely mimics human pharmacokinetics. 

Studies are preferred where dose intake most closely mimics the intake route and 

duration for humans. 

Studies are preferred which demonstrate the most sensitive response to the compound in 

question. 

For compounds believed to cause threshold effects (i.e., noncarcinogens), safety factors are 

employed in the extrapolation of effects from animals to humans and from high doses to low 

doses. In deriving carcinogenic potency factors, the 95% UCL value is promulgated by the 

USEPA to prevent underestimation of potential risk. 

All potential toxic endpoints for human receptors have been addressed to the extent allowed by 

the data evaluated from the most recent toxicologicaUepidemiological studies used to derive the 

cancer slope factors and reference doses. Therefore, any uncertainties associated with toxic 

endpoints are directly correlated to the information obtained from, and reliability of those studies. 

Further conservatism in the baseline HHlU is also introduced through the use of 

experimentally-derived oral absorption efficiencies to account for a difference in the degree of 

toxicity between an administered dose and an absorbed dose. Equating the absorption efficiency 



of the dermal bi-phasic barrier to the absorption efficiency of the gastrointedd lining is a very 

conservative approach that tends to overestimate the potential risk to human health. 

6.65 Human Risk Characterization 

The risk characterization bridges the gap between potential exposure and the possibility of 

systemic or carcinogenic human health effects, ultimately providing impetus for the remediation 

of the site or providing a basis for no remedial action. 

Uncertainties associated with lisk characterization include the assumption of chemical additivity 

and the inability to predict synergistic or antagonistic interactions between COPCs. The* 

uncertainties are inherent in any inferential risk assessment USEPA promulgated inputs to the 

quantitative risk assessment and toxicological indices are calculated to be protective of the human 

receptor and to err conservatively, so as to not underestimate the potential human health risks. 

6.7 Summarv of the Baseline HHRA 

Current land use scenarios that were evaluated in this baseline HHRA for SWMU 3 11 include the 

adolescent and adult trespasser and military Base persome]. Future land use scenarios that were 

evaluated include the adult and child residents and constcuction worker. 

There were no surface soil COPCs selected for the. trespasser exposure evaluation. Therefore, a 

quantitative risk evaluation for the keqasser receptors was not necessary. Consequently, there 

are no unacceptable risks or hazard levels for the adult and adolescent trespassers. There were no 

unacceptable risks or hazard levels calculated for the current military Base persomel. 

There were no carcinogenic risks or adverse noncarcinogenic health hazards calculated that 

exceeded USEPA's acceptable criteria for the future adult resident or future construction worker. 

There were no carcinogenic risks calculated that exceeded USEPA's acceptable risk range for the 

future young child resident. 

The total site HI value slightly exceeding USEPA's acceptable hazard level of 1.0 was calculated 

for the future young child resident. Ingestion of arsenic in groundwater was the main contributor 

to the elevated gromdwater HI for the child resident. However, the total site HI value for the 



future young child resident was less than USEPA's acceptable hazard level of 1.0 under the CT 

exposure scenario. Also, the total HQ for arsenic summed over all media was less than 1 .O, and 

there were no individual HQ values for COPCs or target organs that exceeded 1.0. Therefore, 

based on the results of the baseline HHRA, it is unlikely that adverse health effects will occur for 

future child residents upon exposure to arsenic in groundwater at SWMU 3 11. 

The results of the Lead IEUBK model indicated that the potential for adverse health effects from 

exposure to lead in surface soil may occur in the future child resident. However, it should be 

noted that the maximum concentration of lead was two orders of magnitude greater than all other 

lead concentrations and was the only concentration that exceeded the USEPA's action level for 

lead of 400 mg/kg in residential soil. 
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TABU 6 7  
VALUES USED FOR DAILY rnAKB CAlXlLAnONI 

SWMU311 
RCRA FACILITY UWBTlGATlO~ 

MCB, CAMP LEJWN@, NORTH CAROLINA 

 pop^: Military Base P a ~ n n s l  

Pmaer Definition 

xABSXEFXED 

(1) I f ~ l v ,  ABS valw fmm ORNL or RAOS Pan E wae used. Oth&@e, USEPA %on N default value8 of 0.01% orgads ~d0.0019k far-- worcwdfor A89 v w  
Prof Judge - Fmfwsid Judgmmt 
Std Tour of Duty - S m d d  TWI ofnUy 

USEPA. 1989 Risk I\rssswent Guidance for Superfund Vol I .  H W  H d t h  Evalusnon M.rmal PM A. OERR EPU54011-89,002. 
USEPA, 1993: "Supahuldt St.ndard Dshult Bxpanvc Faewn for the Ccwal Tadsncy and Rea~ooablc Maximum Exporn." Novsmba, 1993. 
USEPA, 1997: Exposure P a c m  Handbook. Vol. 1: Ocoaal P m .  ORD. EPAIM101P-95~002Fa 
USEPA, 2001: Risk Assorsmmt Guidance fa. Superfund Vol 1, Human W t h  Evaluation Manual (Pm E, S u p p 1 e n ~  Guidance for DmlRjsk Ass-t). EPAB40R-99/005. 



TABLE 6-7 (wnLusd) 
VALUES USED FOR DAaY INTAKE CALCULATION 

SwMUJll 
RCRA F A M  NVESTIGATIOF 

MCB, CAMP LEEUN$ NORTH CAROLINA 

Std Tour of hay - SQndard Tow of Duty 

svmm 
Cowbud, et al., 1995. Rapid Assossmsnt of EXPOBYIO to PdmBto Emhim fmm Surfffis Ccntsminarion. OH= EPA/cWl/8-85IW2. 
USE?& 1989: Risk A s a ~ m m t  Guidance for ~ V o 1 1 ,  Htmm HoathEvduntion Manual, Part A. OERR EP4/540/1-89/W2. 
USEPA, 1997: Exporn Pacton H.ndbook. Vol. 1: Genasl FIctna ORD. EPA/M)OiP-95IOUFa. 
U9EPA,ZWI: Risk Assessmmt Guidance for S u W  Val 1, HurmaHedthEvaluuion M d  (I'm E, Supplnaentsl Guidance forDcnnal Risk Aasassmsnt). EPA/YM/R-991005. 



TABLE 6-8 
VALUES USED FOR DAILY Nl'AKB CALCULATION: 

SWMUlll 
RCRA FACILITY INVESnGATlOP 

MCB, CAMP LEIEUNE, NORTH CAROLINA 

M d W  Surfwc Soil 
Point: Svrfaoc Soil 

No& 
(1) IfavPilable,ABS valuos 6um ORNL or RAGS Pmi! wemwd. Othsnvise, USEPA Region N dsfault vahlcs of 0.01% organica and 0.001% fainorgsluoa wmurcd for ABS valura 

Rof Judge - Rofossional Judgment 

SslLeL 
USEPA, 1989: Risk Assessment Ouidance for SupaAmd Vol 1, Human HsalthEvalu~~.on Maoval PM A. OERR. EPA154011-89lM12. 
US% 1993: "Supmfuod'a Standard Default Expoaun Facton for the Central Tendanoy and k o n e b l c  M M i m u m E ~ m ! '  November, 11993 
USEPA, 1997: Exgosun Facton Haodbook. Val. 1: Cltncral F a n m  ORD. EPA/600/P-95/002Fa 
USEPA, 2001: Rkk AssosSmmt O u i W  for S u m  Vol 1, Human W t h  Evaluabon Manual (PmE, SuppI~tl1GuidrmccforDsrmsl Rjsk Asscasmsnt). BPAL540iR-99/005. 



TABLE 6-8 (wntiuwd) 
VALUES USED POR DAILY Ih'TAiS3 CALCULATION 

SWMU311 
RCRA FACfLITY INWSTIGATIOP 

MCB, CAMP LEJEUNE,NORTHCAROLINA 

Population: hidm 

s.vmsc 
COvhBd, el d., 1995: Rapid Asscswcat 0fE- to P d ~ l a *  E m i s s i ~  from Swf80c bnfaminatian. OHEA. EP.4160018-851002. 
USEPA, 1989: Risk Assogsment Guidanw for Sumfwd Vol 1. H u m  H d t h  & W o n  ManuaL Pan A. OERX EPAI54011-89IW2. - - . . . . -. . . - 
USEPA, 1993: "Sup&ds Stahdard ~ofsullt &me ~80fors for the Con& Tsndcncy wd ~e&nabllc Maximum Exposun." Novwnba, 1993. 
USEPA, 1997: E*posurc PactonH.ndbwk. Vol. 1: G ~ ~ P ~ t o m .  ORD. EPAIKWP-95IWPe 
USEPA, 2001: W Assessment Ouidanoa for Supafvnd Vol 1, HurmnHdth EvalmonMaaual (PaRE., S w l m m t a l  G w W  for D m d  W h e t ) .  EPA1540R-991W5. 



TABLB 6-9 
VALUES USED FOR DAILY WTAKB CALCULATION: 

SWMU311 
RCRA FACILITY INMSTIGATIOP 

MCB, CAMP LEJEUNE.NORTH CAROLINA 

(I) If available, ABS valw h ORNL or RAGS Part E were wed Otbanvlss, USEPA Region IV default values of 0.01% organics and 0.001% 61 inorganics were wed for ABS v h  

RoiJudpc - Pmisssional Judgment 

s!xc4% 
USEPA, 1989: Risk Asscammt &dance for SupchdVol l ,  Human HcalthEvaluhon Mad, Part A. OERR. EPAl54011-89NN12. 
USEPA, 1993: "SupaRmd8'a StandntdDdault ExpomueFacmrs forthe CcnWlTondrmoy and Wonable Msximum Expoam " Novdsr ,  1993 
USEPA, 1997, Exposum PacmrS Haadbook. VoL 1: Gemml Facton. ORD. EPIV600P-95/002Fa. 
USEPA, 2001: Risk Asswmmt Gu~danw for Sup& Vol 1, HumanHcaltb EvaluahonManual (Rut E, Supplemental Gtu& for Dtrmal Risk Asmment). EPN54O/R-99/005. 



TABLE 69 (con$Iusd) 
VALUES USBD POR DAILY INTAKE CALCULATION; 

RCRA FACILITY INWTIOATIOP 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

&nlms 
Cowha& ad., 1995: bpidhscslrment of Exposwe to PIRiculata Emissions from Surfaw Contunination. OHEA. EPN6W8-85M02. 
USEPA, 1989: Rink Assosameat Guidance for SIlparhmd Vol 1, Human Haltb EvaluQtonM&, Pan A. DERR. BPA154011-891002, 
USBPA. 1993: "Supmid's SUPdud D m l t  Expows P m  for tho Cabal Tendency and Rsksonable Maximum Exposun." November, 1993. 
USEPA 1997: Exposure Pacm Handbook. Vol. 1: Gonml Factom. ORD. EPNM)OIP-~SIM)ZF~. 
USEPA, 2W1: Rink Asscamrwt Guidance for Sup& Vol 1, HumanHdb Evaluation Manual (Pan E, Supplemental Guidanw for D m d  Riskkps-I). EPA/54WR-99/Wfi. 



TABLE 610 

RCRA FACILITY INVESTIGATlOE; 
MCB, CAMP LETEUNE, NORTH CAROLINA 

&!4E!& 

USEPA. 1989: Riak Asscsamont Guidaoos for S u p ~ V d  1. Human Health Evaluation MaurL Pa k OERR EPM40I1.89/002 
USEPA, IS92 RisL ~~ O u i W  fa S q m n W  Vol 1, H u m  He& Bvalua60~Manusl S ~ p p l m t s l  (kddmss: D d  Ri* Auswrmt 
USEPA. 1993: " S q m i d ~  StandnlMult ExposumPedm for thcCsnhd T ~ c y m d R ~ b l e M a x i m E x p o n a a "  Nw&, 1993 
USEPA, 1997: Expaam Factam thdbcek. Vol. I: OmdPLOUIR. ORD. EPA/6W/P45/OMPa 



TABLE 6-10 (contimad) 
VALUES USED FOR DAILY INTAKE CALCULATION5 

RCRA FACILITY INVESTIGATION 
MCB. CAMP LEIEWE. NORTH CAROLMA 

USEPA, 1989: Risk -1 G u i h  m S u p e Q d  Vol 1, Human H d t h  Evshutim Mamd, Pan A. OERR. EPA 540 1-89 MIZ 
USEPA, 1993: " S q w h Q s  St- Mat ExpmweFIMm for h e  CcotnlTdmcy md Raaraopblc Maximum hpmm." Novambn. 1993 
USEPA, 1997: Expasure Fpcm Handbaok. Vol. I: ( k n d  Factan ORD. EPAl6OW-95 WlFa 



VALUES USH) FORDAILY INTAKB CALCULAnON: 
SWMUJll 

RCRA FACILITY ~ O A T I O ~  
MCB, CAMP LEIEVNE, NORTH CAROLINA 

Pmem Definition 

(1) Ifavailable, ABS value8 6mm ORNL or RAGS F'attE w m  wed. Otherwise, USEPAkSiw N default vduca of0.01% organics and 0.001% for inorgsaics w m  used for ABS values 

WJLldge - Profarsiwal Judgmeot 

iaw4& 
USEPA, 1989: Risk Assssmuat Guidance for Superfund Vol 1, Human H d r h  Eva ldon  Manual. Pan A. OERR EPA/S40,1-891W2. 
USBPA, 1993: "Supmbd'a Standud Default Exposure Faerorn fn the Ceawl Tendency and kwmb1e Maximum Expoom." Nwmber, 1993. 
USEPk 1997: Exporn Factors H.ndbook. Vol. I: Ocnml Fscton. ORD. EPAI~MIMH)'P-~YW~F& 
USEPA 2001: Risk Asemment Guidaocc for SupcrPuod Val I, Human HcalthEveluntionMmuel(PattE, Supplrmmtbl Guidance forDcrmal Risk Assesllment). EPA,540iR-99/005. 





TABLE 6-12 
VALUES USED FOR DAILY INTAKE CALCULATION: 

SWMUJll 
RBA P A G W  INWSTIGATIOP 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Parameter Definition 

In@ fmm Source 

&k? 

(1) If available. ABS values fmm ORNL or RAGS Part E were used Othorwisc, USBPA Region IV deWt valuss of 0.01% organics and 0.001% for inorganion wen used for ABS vplum 

Rof Judge - Proftsaiwal Judgmrn 

&lEmi 
USEPA, 1989: Risk Asseament Guidance for Supcmmd Vol1, Human Health BvaluationMaaual, Part A. OERR EP.454011-89/002. 
USBPA, 1993: "Supnffind's Sundard Default Exposure Pactor8 forthe CentnlTcndency andRcaronabkMa*mum Exposure." Novmbsr. 1993. 
USEPA, 1997: Expame FacUlFJ Handbaok. Vol. 1: Gcnaral Fnctors. ORD. EPN6W1P-9JM02Pa. 
USEPA, 2001: Risk Assessment Guidance for Supsrfund Vol 1. Human Health EvaluatianManuaI (Part E, Supplemental Guidance fa Damd R i d  Aasesamont). EPA/540/R-99/W5. 



TABLE 612 (cnntinucd) 
VALUES USED FOR DAlLY INTAKE -ATION: 

SWMU311 
RCRA PACUTY ~ O A T T ~  

MCB, CMlP LEIEUNE. NORTH CAROLINA 

aQl4sw 
Cmrbd, ct al, 1995 Rapvl Asscllgmcnt ofExp01~1~ ta P ~ ~ t e E n ~ 8 1 ) 1 0 ~  from Surface C n n ~ o h  OHEA EPAi6001&8YD02. 
USEPA, 1989 Rmk IPIusssmont Guidance for S w m 5d Vol 1. HllmsnHdtb Evaluabm Msnual. Psn A OHRR. EPA/540/1-89/WZ - - 

USEPA, 1993: "Supexfund's Srmdud Ddault Px&m ~ a c &  fa tho Cmtnl Tondmcy and ~easonable Maximum Exporn." Novcmba. 1993. 
USEPA, 1997: Expoavrr Pvtm Handbcok. Vol. I: G e o d  F w m .  ORD. BPh600P-95/002Fa. 
USEPA, 2001: Rink Auustnent Guidance for Supnfimd Vol1, iiumaa Hdm Evaluation Manual (Pan E, Supplanontal Guidance for Dnmal Rink Assssmnt). EPA/540/R-991005 





TABLE 614 
VALUES USED FOR DAILY INTAKE CAL.CUUTION 

W 3 1 1  
RCRA FACILITY DWSTIGATIOP 

MCB, CAMP L-, NORTH CAROLINA 

Point: Sllrf&x Sotl 
: Cmbuchon Wo&m 

Pmmetm Dcinition 

xA89xEFxEDx 

HIUS 

(1) Ifavailable, ABS values fmm ORNL or RAGS Part E WE used. &bmi8c, USEPA Region IV d&t Mluw of 0.01% agMics and 0.001% forino~ganics wacuscdfor ABS v a l u ~  

ProfJudge - Pmfcssianal Juagmmt 

SPlana; 

USEPA, 1989: Risk Aucssmmt Guidance for Superfvnd Vol 1, Human Hsslth EvaluationManual, Part A. O m .  W5401149I002. 
USEPA, 1993: "S-8 S t a a d s r d m f x o l t E ~ w P ~ m m  fa610 Ccnrml Tmdonoy andRsaaonablc MaxirnumExpmun." No&, 1993. 
USEPA, 1991: EXpom FaOmm H B I h k .  Vol. 1: Cbd Factas. ORD. EPA/M)Off-95/002Fa. 
USEPA, 2001: Risk kesrmontauidancc for Stlpcmmd Vol 1, HumrmHollthEv~uationMmUal pad E, Suppland  ouidanoc f m D m d  RisL Assammt)). EFA/54OR-99/005. 



TABLE 6-14 (continued) 
VALUES USED FOR DAILY INTAKE CALCULATION 

SWMU311 
RCRA FACILITY INVESTI(IAT1OP 

MCB, CAMP muNe, NORTH CAROLINA 

surc Medium: Air 
s u n  Point: Fugadve &st 

Pmf Judge - Rofessional Judgmmt 

S!z€%% 
USEPA, 1989: Risk Assosgnsnt O u i d ~ ~ s  for Supatund Vol 1, Human HdthEvaluatlan Manual, Part k OERR EPNS4011-891W2. 
USEPA, 1991 Risk Awmmt Qu&w for Supatund Vol 1, HIUMU Hsalth Evdution Manual Supplemental Guidance: S t d a d  D d d t  Bxpoauro FBE~OIB. 
USEPA. 1997: Bxpoaun FaMR hudbwk Vol 1: h a d  FaMR. ORD. EPAIMNVP-95IWZFa 
USEPA, 2001: Risk Awsmmt Guidance fa SupQt\md Vol I, H u m  H s a I t h E v ~ M a n u a l  (PaRE, Supplemental GudPnes f o r D d R n k  Asscssmot). BPA/54O,X-99/005. 



VALUES USED FOR DAILY INTAKE c m u u n o N :  
SWMU311 

RCRA FACILITY WVeSTIGATIOP 
MCB, CAMP LEIEUNB, NORTH CAROLINA 

o Medium: Subau~&o Sail 
o m  Point: Subsrofaoe Soil 

r Population: Construction Wmkm 

xABSxEFxEDx 

(1) Ifava~lablc, ABS values fmm ORNL or RAGS PanE wmwed. Otherwine, USEPA Region IV detault dues ofO.O1% m&cs and 0.001% falno@a w m  uMd fm ABS v a l w  

Prof Judge - Rofcssional Judgment 

.s!mca 
USBPA, 1989. b k  Asrcsamsot Guidance IOI SuperKmd Vol I, Humw HealthEvaluauon Manual, Pan A. OERR EPA/540/1-891M)2. 
USEPA, 1993: "Supuiiu~d's Stsndud Default Expoaurc Factna fm tho Cabal Tendency andRemnablp M & m E q m . "  November, 1993. 
USEP4 1997: Expasure Factom HsndbooIc Vol. 1. G& Faomm. ORD. EPA~600P-9VOOZPa. 
USEPA, 2001: R~ak Assessment Guidance for SuperKmd Vol1, Humw Health Evaluation Manual (Ban E, Supplemental Gudnacc for D d  Risk Aswmmt). EPA/540/R-991005. 



VALUES USED FOR DAILY'INTAKE ~ALCULATION: 
S W 3 1 1  

RCRA FACILITY INVESTlGATlOP 
MCB, CAMP LEIELM?, NORTH CAROLINA 

USEPA, 1989: Risk Aam.smmt Gudance for Superfund Vol I, Human Health Evaluotia, Manual. Pan A. OERR. EPMW, 1.891002. 
USEPA, 1991: Rizk A M ~ I  Cuidlnce fa Slrparhnd Vol 1,  Huuun Hsalth Evalllsaoo Manual Supplcmenral 0ud.m~ Sw&d Dctault Expowe Facun, 
USEPA, 1W: Exponus F a c m  H d b o o k  Vol. 1: Ococral F m m .  ORD. EPMSOOP-95.002Fa. 
USEPA, 2W1: && ~sasnsmcnt Chdmos fa Supcn'd Vol 1, Human H d t h  Evaluat~on Mauual (Pan E Supplemnrtal Chdance for Dermal Risk Assessment). EPA~540/R.99/005 



TABLE 6-16 
MFDNM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

SWMU311 
RCRA FACILITY EWBTIGATION 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

EPC = Exposun Point Concentration 
For non-detects, 112 sample quantitation limit was used as a proxy ooncentmtion. 

(1) 95% UCL exceeds maximum detected concentration. Therefore, maximum conccnhgtion used for EPC. 





TABLE 6-18 
MEDIUM-SPECIFIC EXPOSUREPOINT CONCENTRATION SUMMARY 

SWMU3ll 
RCRA FACILITY INVESTIGATION 

MCB, CAMP LETEUNE, NORTH CAROLINA 

EPC = Exposure Point Concentration 
For non-detects, ID sample quantitation limit was used as a proxy concentration. 

(1) Region 4 Human Health Risk Assessment Bulletin, 1996 



TABLE 6-19 
NON-CANCER TOXICITY DATA -- O W E R M A L  

S W 3 1 1  
RCRA FACILITY INVESTIGATION 

MCB, CAMP LEIEUNE, NORTH CAROLINA 

HQkS 
(1) Ref .  to table presented as subsection of Appendm H. &!KGQ.% 
(2) Adjusted dermal IUD = Oral IUD * Adj Factor CVS = Cardiovascular System IRIS =Integrated Risk Infomation Systcm 
(3) For IRIS values, provide the date IRIS was searched NOEL - No Obsnvcd Effect Level 

For HEAST valucs, pmvidc tho date of HEAST. 
For NCEA values, pmvidc the date of the article provided by NCEA. 

NA = Not Applicable 



TABLE 6-20 
NON-CANCER TOXICITY DATA - INHALATION 

SWMU311 
RCRA FACILITY INVESTIGATION 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

(1) Provide equationused for derivation in text. 
(2) For IRIS values, provide the date IRIS was searched. 

For HEAST values, provide the date of HEAST. 
For NCEA values, provide the date of the article provided by NCEA. 

Target Orean Abbreviatim: 
RsS =Respiratory System 

Sourcas: 
IRIS =Integrated Risk Information System 

NA =Not Applicable 
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TABLE 6-22 
CANCERTOXICITY DATA - Ih'HALATION 

SWMU311 
RCRA FACILITY INVESTIGATION 

MCB. CAMP LEJEUNE, NORTH CAROLINA 

w iYu€c5& 
(1) Adjustment Factor applied to Unit Risk to calculate Inhalation Slope Factor = IRIS = Integrated Risk Information System 

70kg x li20m3/day x lOOOug/mg 
(2) For IRIS values, provide the date IRIS was search& NA = Not Applicable 

For HEAST values, pmvide the date of HEAST. 
For NCEA values, provide the date ofthe article provided by NCEA. Weight of Evidence: 

KnoWnn~kely @PA classes A, B1, B2, C) 
EPA Group: Cannot be Determined (EPA class D) 

A - Human cmcinogen Not Likely @PA class E) 
B1 -Probable human carcinogen - indicates that limited human data are available 
B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 
C -Possible human camhogen 
D -Not classifiable as a human carcinogen 
E -Evidence of noncarcinogenicity 



TABLE 6-23 
SUMMARY OF RECEPTORRISKS AND IIAZARDS FOR COPCr 

REASONABLB MAl[IMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGAnON 
MCB, CAMP LEJFZNE, NORTH CAROLINA 

Cminagenio Risk Non-Canrinogenio Hazard Quotient I 

Total Risk Across Surf- Soil TotalHazard Index Acmw Surfsoe Soil 
Total Risk Aaoss All Media aad All Exposum Routes nard Index Amlu All Media and AU Exposure Routes 

AllErposure Routex 
Total Kidney HI = 



TABLE 621 -~ -~ ~ - 
XM-fARY OF iWZPTORRISKS AND HAZARDS FOR COPQ 

REASONABLE MAXIMUM EXPOSUXE 
SwMlI2lI " ... 

RCRA FACILIN UWBTICATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Caninogenic Risk Non-Carcinogenic Hazard w e n t  

Notes: Total Risk Acmss S u f m  Soil Total Hazsrd Indax Acmas Surfpoo Soil 
Total Risk A n w  Subsurfwo Soil Total Hazard Index Acmss Subsvrfpce Soil 

F V S  - Cardiovascuh Sysfcm Tofal Risk Aaoss Grou11dwnar Total Huard Index Amsa Groundwater 
RsS -Reap* Systsm Total Risk Acmas AIlMedia and All Exposure Routes II h m d  lndcx A m s  All Media and AUExpdwa Routes 
NOEL =No Observed E M  Lev01 

An Exposure Router: 
TOM ~idncy HI - l-1 

Inhalation Expwure Routu: 
I W t i o n  Rcspinmty system HI - l d  



TALK.@ 6-25 
SUMMARY OF RECBPTOR RISKS AND HAZARDS PORCOPCl 

CENTRAL TBNDENCY 
SWMU311 

RCRA P A U L ~ T Y ~ ~ T I Q A T I O N  
MCB, CAMP LEEUNE, NORTH CAROLINA 

1 

Nncs Total &sk Acrols Surface Sod 1 9B-l l Total Hazard Index Aciols Sllrfpoo So11 
TarPetOrrranAbbrcvutlons. W b k A m w S u ~ S o ~ l  Total Hazard lndu Amas Subs-6 So11 
CVS - W o v a s m l a ~  S y a m  T d  k s k  A m  Omundwatcrt 6 6E-06 Tog1 Hazard Indcx A c m s  G m u n W  
RsS - Rcapuato~y Systsm Total bk A m  All Me6a a d  All Expow Routs 6 6E46 rl Hazed Index Amom All M e b  and All Expaun Roum 
NOBL =No ObscNedERoctLcv.l 

(0) Oral exposun 
(i) Intabtion exporun 

M Exporun Routu: 
~otal  ~idney HI -1- 

lnhdndon Exposure Routes: 
hh&ion i 7 e s p ~  ~ysrcm HI - 

014 and Dermal EIpOlan Ro*. 
Onl / Damal Ckdiova8cular System HI - 

Oral/DcrmslSLinM- 





TABLE 6-27 
SUMMARY OF REEFTOR RISKS AND HAZARDS POR COPCr 

CENTRALTENDENCY 
S W 3 1 1  

RCRA FACILITY IMESTIOAnON 
MCB, CAMP LWEUNE, NORTH CAROLNA 

Notes: T d  Risk Across Surface Soil Tom1 Hszard Indax Acmss Surfscs Soil 
Total Risk ACIW S* Soil Tatel Haznrd Index Acmas Subanface Soil 

CVS - Cardiovascular System Toul Risk A m s  Gmundwdm Totaliiazmd Indax MI Qmmhte 
RsS -RsspintorySysm Total Risk Amm All Media pad All Exposum Routs II H a d  Index Amws All Media and All Exposwe Rout- 
NOEL = No O b c d  Effca Lovel 

(0) O d  expoam 
(0 Inhalation ~ p o s u r c  

AU Exposure Routes: 
TOM ~ idncy  HI - 

Inhpl8Uou Expornre Routu: 
W a t i o n  Respiatw System HI =- 

On1 and DarmlExpnsrs Routrc: 
OralIDsmsl CnrdiowcuLwSynrcmr HI- 

M/DfmdSldnHI- 



TABLE 628 
SUMMARY OF RECEPTOR RISKS AND AAZARDS FOR COP& 

RUW)NABL€ MAXlMUM EXPOSURE 
SWMUIII . .. -.. 

RCU F A m  lNV6mO~noN 
MCB. CAMP L ! 3 B l M  NORTH CAROLINA 

Tnrl Risk AuouSvficc So11 
Tot.IRBkAemssSubuiewSoil 

Total R i t  Awoss All Medu and All Rapm Routs, 



TABLE 6-29 

SUMhC4RY OF UNCERTAINTIES M TEE RESUL.TS OF TEE 
HUMAN HEALTH RISK ASSESSMENT 

SWMU 311 
RCRA FACILITY INVeSTIGATION 

MCB, CAMP LRTEUNE,NORTH CAROLINA 

garding body weight, upsun period, life expectancy, population characteristics, and lifestyle may not be 

Low - Assumptions cahgonzed as "low" may effect nsk cstlmatss by less one order of maptude. 
Modnate. - Ammptlon8 catcgonzsd as "moderate." may ffict entimates of nsk by between one rmd two ordm of mpiiudc 

High - Assumpti0118 catagolized aa "hgh" may effect estimates of risk by more than two orders ofmagnitude. 

Source: USEPA, 1989. 
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FIGURE 6-2 
PROBABlLlTY DEN- FUNCTION - 

BLOOD LEAD C O N ~ T I O N S ,  SURFACE SOIL 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLmA 



7.0 ECOLOGICAL RISK ASSESSMENT 

The overall purpose of an ecological risk assessment (ERA) is to evaluate the likelihood that 

adverse ecological effects would occur or are occuning as a result of exposure to one or more 

physical or chemical stressors. The assessment evaluates the potential effects of chemicals on 

terrestrial and aquatic receptors (e.g., flora and fauna) and their habitats, including the 

consideration of protected species and sensitive or critical habitats, and identifies particular 

chemical stressors that may cause adverse effects (ecological COPCs). 

Because no fisk assessment guidance has been developed specifically for the RCRA program, 

guidance designed for CERCLA sites was followed. The following guidance documents were 

consuited during the risk assessment process: 

Ecolwical Risk Assessment Guidance for S u n ~ d :  Process for Designing and 

Conductinw Ecological Risk Assessments. USEPA 1997a. 

Suo~lemental Guidance to RAGS: Region IV Bulletins. Eoolo~cal Risk Assessmeng 

USEPA 2001. Originally published November 1995. Website version last updated 

November 30,2001 ~ttp:llwww.epa.govlregion4/waste/otsleco1bd.htmz 

Amended Guidance on Ecoloeical Risk Assessment at Militaw Bases: Process 

Consideratio11~. Timing of Activities. and Inclusion of Stakeholders. USEPA, 2000. 

Naw Policy for O o n d u c ~  Fkoloeical Risk Assessments. Chief of Naval Opexations 

(CNO) 1999. 

Guidelines for P e r f o m  Screening Level Ecoloeid Risk Assessments Witbin the 

North Carolina Division of Waste Management, NCDENR 2003. 

This section presents a Screening LeveI Ecological Risk Assessment (SLERA) and Step 3A of the 

Baseline ERA @ERA) for SWMU 31 1, MCB Camp Lejeune, North Carolina The SL- 

includes Steps 1 and 2 of the USEPA's eight step process as outlined in the Ecological Risk 

Assessment Guidance for Suoerfund: Process for Desienin~ and Conducting Ecoloaical Risk 



essments. kss (USEPA, 1997a). The risk evaluation is orgauked into the following 

components (NC DENR 2003): 

Step 1: Helps to answer the quartion 'k there an ecology here to protect?" 

Ecological Setting 

Fate and Transport Mechanisms 

Potentially Complete Exposure Pathways 

Step 2: Answers the question *Are ecological effects possible?" 

Data Collection and Evaluation 

Abiotic Screen 

Step 3A: Refining the List of Chemicals of Potential Concern 

Summary and Conclusions 

RiskChata&xbtion 

U n d r y  

It is noted that Step 3A is only conducted if it is determined that potential ecological effects are 

possible based on the mults of Steps 1 and 2. The conclusion of the SLERA and Step 3A (if 

applicable) will be one of the following (NC D E M  2003): 

The risks are not significant to cause adverse impacts. 

The risks posed by the contamination require immediate response (focused removal 

study). 

The risks cannot be said to pose no potential for adverse impacts, and must be further 

de6ned in the subsequent steps of the ERA process (i.e., site must proceed to BERA). 

Site has inadequate data to complete the risk characterization. Large data gaps need to be 

filled prior to completion of the scre;ening process. 

The following sections describe the general technical approach and results of the risk evaluation 

atSWMU311. 



7.1 S t e ~  1 - Screenine-Level Problem Formolation and Ecoloeical Effects Evaluation 

Screening-level problem formulation concerns the development of a preliminary conceptual 

model for the site that includes a description of the ecological setting including discussion of 

contaminants known or suspected to exist at the site and potential wmtamhnt fate and transport 

mechanisms, and the identification of potentially complete exposure pathways (USEPA, 1997a). 

Information gathered as part of Step 1 of the SLERA is used to answer the question: 'Ts there an 

ecology here to protect?" 

7.1.1 Ecological Setting 

An understanding of the ecological setting of the site is an important component of the SLERA. 

A discussion of the ecological &thg generally includes a description of facility operations, the 

regional ecological setting, and the sitespecific ecological setting. A detailed desoription of 

MCB, Camp Lejeune, including the history and mission of the base and a summary of hazardous 

wastes generated is provided in Section 1.3. Section 1.3 also provides detailed information 

regarding the regional eeological setting, including topography and surface features, surface 

water hydrology, geology, hydrogeology, land use and demographics, climatology, water supply, 

ecological characteristics, wetlands, and threatened and endangered species information. 

Information on the site-specific ecological setting follows. 

The ecological setting of SWMU 31 1 was evaluated via examination of historical information 

and a site visit conducted 11 July 2003. During the site visit, which lasted approximately one- 

half hour, the Checklist for Ecological AssessmenWSamoling (Appendix A, NCDENR 2003; 

also located in Appendix B, USEPA 1997a) was wmpleted. This checklist, including 

photographs of the site taken during the site visit, is presented as Appendix J. 

The SWMU 3 11 is located in the HPIA just north of Michael Road between Gum and Fir Streets 

(Figure 1-1). SWMU 31 1 consists of an oiVwater separator (approximately 10 by 22 feet) that is 

associated with a vehicle wash rack (Figure 1-2). The vehicle wash rack is situated between 

Buildings 1604 and 1605 in a fenced-in and paved area. The oiVwater separator is situated in a 

manicured lawn adjacent to the paved area and outside of the fence line (Photo 1 in Appendix I). 

The separator was installed in 1984 and is currently used The structure is a concrete, in-ground 

unit that discharges to a wastewater treatment plant 



Due to the industrial nature of the site, terrestrial habitat is limited. The manicured lawn consists 

primarily of grass but also contains a variety of herbaceous species and may be used for foraging 

by small birds and mammals. With the exception of insects, no animals were observed at the site 

during the July 2003 site visit. An aerial view of S W  311 is presented as Figure 7-1. As 

indicated on the figure, the closest terrestrial habitat is located southeast of the SWh4U across 

Michael road approximately 60 feet from the oivwater separator. This habitat is a n m w  

wooded corridor flanked by industrial areas. 

The topography of the study area is generally flat. As noted in Section 3.3, surface water flow 

across the study area is controlled. Due to the built up nature of the study area, rainwater runoff 

is collected in roof gutters, storm water sewer inlets in parking areas, and in drainage ways along 

roads. Direct in5ltration occurs in grassy and gravel areas surrounding the Building 160411605 

compound. The wash pad associated with SWMU 31 1 is designed to capture water from vehicle 

wash downs, and to an extent, caphues rainwater. Water in the wash pad drains to the oivwater 

separator, which in hun drains to a wastewater treatment plant via sanitary sewer. The drain from 

the wash rack to the oiVwater separator showed evidence of overflow (i.e., eroded soils) during 

the October 1996 site visit. This overflow would lead to the drainage way that runs parallel to 

Michael Road. This drainage way is generally dry, but would convey surface water runoff from 

Michael Road during rain events. What water does not infiltrate into the ground flows into a 

culvert that leads into the wooded comdor (Photo 6 in Appendix J) and eventually intercepts 

Cogdels Creek The interception of the drainage way and culvert is approximately 2,250 feet 

noahwest of Cogdels Creek 

Groundwater at the site flows in a westJsouthwest direction (Figure 3-5). There is no indication 

that groundwater h m  the SWMU is discharged to any surface water habitat However, there is 

the potential for groundwater discharge to the New River, a tidally influenced water body located 

approximately 5,400 feet southwest of the SWMU (Figure 1-1). Freshwater tributaries exist 

along the no~theast b o u n w  of the New River; therefore, the potential for groundwater discharge 

to a freshwater habitat also exists. 

No protected species have been reported or observed at SWMU 311. The site is not located 

within any areas identified as ecologically protected or of significant natural value. No 

endangered species were noted during the site visit nor were endangered species referenced at the 

site during the endangered species survey (LeBlond et al. 1994). 



7.1.2 Fate and Transport Mechanisms 

A transport pathway describes the mechanisms whereby chemicals may be transported from a 

source of contamination to ecologically relevant media Transport pathways for SWMU 3 11 are 

illustrated in the prelimbuy ecological conceptual model (Figure 7-2). As depicted in the 

preliminary ecological conceptual model, the primary mechanisms for chemical transport from 

potential source areas are believed to include the following: 

Overland hansport of chemicals with surface soil via sarface runoff to down gradient 

surface soil. 

Leachins/desorption of chemicals &om surface soil or sulxnrtice soil to groundwater and 

subsequent discharge to surface water bodies. 

Uptake by biota from soil and trophic transfer to upper trophic level receptors. 

Volatile emissions f h m  surface soils and erosion releasing fugitive dusts to the 

atmosphere. 

Although a potentially complete and significant pathway, as per USEPA Region IV Guidance 

(USEPA Region IV, 2000) the transfer of chemicals to upper trophic level ecological receptors 

via food chain uptake is beyond the scope of the SLERA and therefore is not evaluated. 

7.1.3 PotentinlIy Complete Exposure Pathways 

An exposure pathway links a source of contamination with one or more receptors through 

exposure via one or more media. Exposure, and thus potential risk, can only occur if each of the 

following components exists: 

A source and mechanism of chemical release into the environment 

An environmental transport medium 

A point of potential contact between an ecological receptor and the medium 

A feasible exposure mute at the contact point 



An exposure route descnies the specific mechanism(s) by which a receptor is exposed to a 

chemical present in an environmental medium. The most common exposure mutes are direct 

uptake, dennal contact, ingestion, and inhalation. Although SWMU 31 1 is not in the immediate 

vicinity of an aquatic habitat, potential exposure to aquatrc as well as terntrial receptors is 

discussed in the following paragraphs because of the potential of the SWMU to impact a down 

gradient aquatic habitat via groundwater discharge. 

Termtrial plants may be exposed to chemicals present in surface soils through their mot nufiwss 

during water and nutrient uptake. Umted ,  floating aquatic plants, rooted submerged aquatic 

plants, and algae may be exposed to chemicals directly h m  the water or (for rooted plants) from 

sediments. Terrestrial and aquatic invertebrates may be exposed to chemicals in soil, sediment, or 

surface water through dermal adsorption and ingestion. Much of the toxicological data available 

for terrestrial and aquatic invertebrates are based upon in situ studies that represent both 

pathways; therefore, both pathways are considered together in the risk evaluation. 

Upper trophic level receptors may be exposed to chemicals through: (1) the inhalation of gaseous 

chemicals or chemicals adhered to particulate matter; (2) the incidental ingestion of contamhated 

abiotic media (e.g., soil or sediment) during feeding or cleaning activities; (3) the ingestion of 

contaminated water, (4) the ingestion of contaminated plant andlor animal times for chemicals 

that have entered food webs; andlor (5) dennal contact with contaminated abiotic media These 

exposure routes, where applicable, are depicted on Figure 7-2. Their relative importance depends 

in part on the chemical being evaluated. For chemicals having the potential to bioaccumulate 

(e.g., PCBs), the greatest exposure to wildlife is likely to be from the ingestion of prey. For 

chemicals having a limited potential to bioaccumulate (e.g., aluminum), the exposure of wildlife 

to chemicals is likely to be greatest through the direct ingestion of abiotic media, such as soil or 

sediment. As noted above, the evaluation of potential risks to upper trophic level recepton is 

beyond the scope of the SLERA; however, should the site proceed to Step 3A of the ERA 

process, the bioaccumulative potential of chemicals will be m i d e r e .  when detemhing the 

need for additional evaluation. 

A discussion of potential complete exposure pathways for ecological receptors at S W  3 11 is 

presented below. Specific pathways addressed by the SLERA are also identified. 



Groundwater Exposure Pathway. The potential release sources for the groundwater exposure 

pathway are surface and subsurface soils that may have been contaminated as a result of prior 

leaks or spills. Release mechanisms are leaching/desorption of chemicals to subsurface soil and 

vertical migration with Miltrating precipitation to groundwater (or leaching/desorption directly to 

groundwater). 

Although groundwater is not inhabited by ecological receptom, receptors may potentially be 

expoised to chemicals in groundwater if the chemicals migrate to surface water and/ or sediment. 

Based on groundwater contours (see Section 3.42.2), groundwater flow direction in the surficial 

aquifer is to the west/southwest. Discharge may be to the New River located 5,400 feet 

southwest of the S W ,  or to a fbhwater tributary of the New River. 

The evaluation of potential exposures resulting fiom the migration of chemicals with groundwater 

to off-site aquatic habitats is addressed in the evaluation of the surface water and sediment 

exposure pathway below. 

Surface Water and Sediment Exposure Pathway. The potential release source for the surface 

water and sediment exposure pathway is contaminated groundwater migrating from the site. 

Aquatic life (e.g., fish and invertebrates) may be exposed to chemicals that have potentially 

migrated to off-site aquatic habitats through incidental inpestion, direct contact, and ingestion of 

plant andlor animal tissues for chemicals that have entered the food web (i.e., food chain 

transfer). Aquatic vegetation within these areas may be exposed to chemicals directly from the 

water (direct contact) or &ugh root uptake &om the substrate. Mammals and birds using the 

aquatic habitat as a potential food and/or drinking water source may be exposed to chemicals in 

surface water and sediment through ingestion, direct contact, and food chain transfer. 

Other receptors that may forage within aquatic areas include reptiles and amphibians. The 

potential exposure routes for reptiles and amphibians are ingestion of surface water and sediment, 

direct contact with surface water and sediment, and food chain transfer. For all potential 

receptors, exposures from food chain transfer will be limited to those chemicals that 

bioaccumuiate in lower trophic level organisms or biMnagnify through sucoessive trophic levels. 

It should be noted that there is no direct evidence that groundwater &om the SWMU is migrating 

to a surface water body. However, because groundwater flow is in the direction of the New River 

(a tidal water body 5,400 feet southwest of the SWMU) and its W w a t e r  tri'butaries, as a 

7-7 



wnsemtive measure, the surface water and sediment exposure pathway for aquatic receptors 

was evaluated by comparing groundwater analytical data to NCDENR recommended surface 

water screening values for brackish water. 

Slrbsurface and Surface Soil Esposure Pathway. The release source for the subsurface and 

surface soil exposure pathway is the material that may have leaked or spilled h m  the former 

wash area and oil/water separator at the site. Chemicals may remain in study area soils or migrate 

via surface runoff and fugitive dust emissions. Due to the pavement, buildings, and lawn 

covering the majority of the study area, fugitive dusts would be mbhkd. 

Soil invertebrates, such as earthworms, may be exposed to chemicals in surface soil through 

direct contact and ingestion. Termtrial plants may be exposed to chemicals in surface soil 

through root uptake. T m t r i a l  birds may be exposed to chemicals in surface soil through 

incidental ingestion and food chain transfer. Dermal absorption in birds is mostly excluded 

through feather coverings; however, preening will contribute to incidental ingestion. Mammals 

and reptiles may be exposed to chemicals in surface soil through incidental ingestion and food 

chain transfer. For mammals and some reptiles (e.g. lizards) dermal absorption is mostly 

excluded through fur and scale coverings, respectively. Similar to preening by birds, grooming 

by mammals will contribute to incidental ingestion. Based upon the limited size of the SWMU 

and the active use of the nurounding area, exposure to mammals and reptiles is likely to be 

limited Again, exposure from food chain transfer will be limited to those chemicals that 

bioaccumulate in lower trophic level organisms or biomagnify through successive trophic levels. 

Subsurface soil is not considered a complete exposure pathway for terrestrial receptors for the 

following reasons: 

The mass of most mot systems is within the surface soil 

Most soil heterotrophic activity is within the surface organic layer 

Soil invertebrates occur on the surface or within the oxidized mot m e  

Surface soil is considered a complete exposare pathway for terrestrial receptors. The surface soil 

exposure pathway was evaluated by comparing contaminant concentmtions in the surface soil to 

the NCDENR recommended Soil Screening Values. 



Air Exposnre Pathway. Contaminated s u r f ~ ~ e  soil may s w e  as a release source for the air 

exposure pathway (fugitive dust emissions fkom wind erosion). In addition to this release 

mechanism, v o l a ~ t i i o n  of chemicals fiom surface soil may also occur. Terrestrial mammals, 

birds, and reptiles may be exposed to chemicals in fugitive dust emissions and volatilization 

through inhalaticm As discussed above, the study area is covered with buildings, concrete, or a 

manicured lawn providing a dense vegetative cover* These features minimizes fugitive dust 

emissions to ambient air and would also limit the area over which volatilization of chemicals 

could potentially occur. The fence mmunding the site limits access by larger mammalian 

receptors. Burrowing mammals may be exposed to volatile missions in subteamean 

passageways; however, due to the industrial nahue of the site, bumowing mammals are unlikely 

to be present in the study area. No evidence of burrowing mammals was found during the July 

2002 site visit. For fhese reasons, the inhalation exposure pathway is considered insign&ant for 

terrestrial receptors. It is noted that this pathway is not indicated in the ecological conceptual 

model. 

7.1.4 Conelnsions of Step 1 

Step 1 of the SLERA posed the question "Is there an ecology here to protect?" Based on 

information regarding the ecological setting of the site, fate and ttansport mechanisms, and 

potentially complete exposure pathways, which are discussed in the preceding sections, there is 

an ecoIogy at the site to protect Terreshial habitat on site consists a manicured lawn that leads 

into an off-site wooded habitat. Potential migration of contaminated groundwater to off-site 

aquatic habitats is also a concern, although there is a substantial distance between the site and the 

nearest downgradient surface water body. An evaluation of the potential for ecological effects to 

occur in each of these habitats is presented in the following section. 

7.2 Stcv 2 - Screenin-Level Preliminarv Exvosure Estimate and Risk Calculation 

Step 2 of the ERA process consists of the preliminary exposure estimate and risk calculation. 

The following sections describe the data available for the preliminary exposure estimate, and the 

methods and results of the abiotic screen. 



7.2.1 Data Used in the SLERA 

Data available for the SSLERA at SWMU 311 include mrkx soil, subsurface soil, and 

groundwater data collected for the Phase I SWMU CSI (Baker 2001), Phase 11 S W  CSI 

(Baker 2002), and the current RFI field investigation. These investigations were conducted in 

series with specific goals for each investigation The Phase I investigation was conducted to 

determine if activities associated with the SWMU had possibly impacted the environment 

surrounding the SWMU. Therefore, the samples collected as part of this investigation were 

located as near the SWMU as physically possible or in areas where evidence of possible 

environmental impact had been observed. If a specific group of contaminants were not detected 

in the samples (e.g. volatiles), then they were eliminated as contaminauts of concern for that 

particdm SWMU. As  such, subsequent investigations did not include any group of contaminants 

that had been eliminated as a potential contaminant of concern. Likewise, if a particular group of 

contaminants have been delineated during any investigation or combination of investigations, the 

extent of the contamination is assumed to be delineated and further investigation of these 

compounds would not be considered necessary. 

As part of the Phase I CSI, surface (0-2 feet bgs) and subsurface (>2 feet bgs) soil samples were 

collected from each of three soil brings advanced around the perimeter of the S W  and were 

analyzed for aromatic VOCs (1,2-dichlorobenzene, 13-dichlmbenzene, 1,4-dichlorobenzene, 

benzene, cblorobenzene, ethylbenzene, toluene, and xylenes), SVOCs, and RCRA metals. 

As part of the Phase 11 CSI, surface (0-1 foot bgs) and subsurface (>1 foot bgs) soil samples were 

collected fiom three soil borings and three temporary well borings, and groundwater was sampled 

from three temporary wells. Soil and groundwater samples were analyzed for VOCs and RCRA 

metals. SVOCs analysis was not included in the Phase 11 study because the none of the ten 

SVOCs detected during Phase I were detected at concentrations greater than NC DENR soil to 

groundwater screening criteria or USEPA Region M residential PRGs (Baker 2001). Because 

these compounds did not exceed any of the comparison criteria in the samples collected closest to 

the SWMU, the COPC list was reduced to include only VOCs and RCRA metals based on the 

Phase 1 results. 

The RFI field investigation included the collection of six surface soil samples (0-1 foot bgs), 37 

subsurface soil samples (>I foot bgs) from 10 soil borings, and 10 groundwater grab samples 



from soil borings (not including QC samples). Surface soil and groundwater samples collected 

for the RFI were analyzed for VOCs (benzene, PCE, TCE, cis-DCE, trans-DCE, methylene 

chloride, and 1,l-DCE) by a mobile laboratory. Subsurface soil samples were analyzed for VOCs 

by a mobile laboratory andlor a fixed based labonttory and for RCRA metals by a fixed base 

laboratory (Table 2-1). 

A subset of the avaiiable data was used for the SWMU 3 11 SLERA. The six surface soil samples 

collected h m  0-1 feet bgs dwing the Phase II investigation were used in the S L E W  Soils fiom 

depths greater than 1-foot bgs are genetally not included in a SLERA because they are not 

vesentative of the most biologically active soil zone. However, the three surface soil samples 

collected &om 0-2 feet bgs during the Phase I investigation were included in the ecological data 

set because they were collected h m  the area immediately surrounding the oiVwater separator, at 

locations not represented by the 0-1 foot surface soil data. It is noted that the use of the 0-2 foot 

bgs surface soil samples adds uncertainty to the risk evaluation. In addition to not being 

representative of the most biologically active soil zone, the inclusion of soits from 1-2 feet bgs in 

these samples may d k t e  the concentration of any contaminants that may be present in the top 

foot of soil. This uncertainty is addressed in Section 7.2.3. Mobile laboratory surface soil data 

collected during the RFI was not included in the SLERA. Field decisions based on quick-turn 

mobile laboratoty analysis of VOCs determined the direction and termination of the RFI field 

investigation. It should be noted that soil and groundwater samples tbat were analyzed by the 

fixed base laboratory and validated were collected from locations distributed throughout the 

source area. Also, the exclusion of the mobile; laboratory data would not affect the conclusions of 

the SLERA (discussed in Sections 7.2.3 and 7.5). No subsurface soil data were included in the 

SLERk 

Groundwater data oollected from temporary wells during the Phase I1 investigation were included 

in the SLERA. Groundwater grab sample mobile laboratory data collected during the RFI were 

not included in the SLERA because, as for the soil samples, these data were not validated. 

Surface soil and groundwater data evaluated in the SLEBA are the same as those used for the 

human health risk assessment (Section 6.0). These data are summarked on Table 7-1 and are 

presented in full in Appendix F. 

Duplicate samples were included in the data set by the following means. In instances where the 

original and duplicate sample were both detected or both nondtected the values were averaged 



for the risk assessment. In instances when the original and duplicate samples contained one 

detection and one non-detection, the detected value was averaged with one-half of the detection 

limit of the non-detected value and the sample was considered a detection. 

7.2.2 Abiotic Screen 

The screening-level exposure estimate and risk calculation provides a highly conservative 

evaluation of potential ecological risks at a site. Although upper trophic level receptors (e.g., 

terrestrial mammals, piscivorous birds) may be identitled as potential receptors at the site, the 

SLERA is limited to a comparison of analytical data to media-specitic screening values. 

Screening values used in the SLERA were recommended by NCDENR (2003) and are consistent 

with ecological screening values established by USEPA Region IV (USEPA Region IV 1995, 

updated April 2001). The sections that follow describe the various criteria and toxicological 

benchmarks used as screening values (toxicological tlmsholds) for chemicals analyzed in 

groundwater and surface soil. NCDENR's recommended chemical-specific mrbce water and 

d c e  soil screening values are summarized on Table 7-2. The screening vAes represent 

conservative exposure thresholds above which adverse ecological effects may o m .  

7.2.2.1 Media-S~ecific screenin= Values 

Surface Water Screening Values - USEPA Region IV 

Surface water screening values (SWSVs) used in this evaluation were obtained from the 

NCDENR Guidelines for Performing SLERAs (NCDENR 2003). Surface, water was not present 

at SWMU 311; however, brackish surface water screening values were used to screen 

groundwater contaminant concentrations. Brackish screening values were used for the 

groundwater screen because there is the potential for groundwater discharge to M w a t e r  andlor 

marine habitats. Brackish surface water screening values represent the lowest of available 

freshwater and marine screening values. 

The NCDENR recommended chronic freshwater SWSVs for the RCRA metals cadmium and lead 

and the chronic value for trivalent chromium are expressed as a function of water hardness. As a 

conservative measure, chromium in site groundwater was assumed to be hexavalent chromium, 

the more toxic form of the element. Therefore the screening value for hexavalent chromium, 



which is not hardness based, was used in the risk assassessment. Screening values for cadmium and 

lead are ideally calculated based on site-specitic hardness values. Hardness is usually calculated 

for each groundwater sample using the following equation (Franson, 1992): 

Hardness = 2.497*[Calcium](mg/L) + 4.1 18*~agnesium](mg/l) 

However, because calcium and magnesium are not included in the RCRA metals analysis, these 

inorganic constituents were not analyzed in the groundwater samples used in the SLERA and site- 

specific hardness could not be calculated. A default hardness of 50 mg calcium carbonate per 

liter (CaCOdL) was used in place of a mean of site-specific hardness value to calculate SWSVs 

for total recoverable metals as follows (USEPA 2002a): 

. cadmium: SWSV = e ( 0 . 7 M g * ~ ~  ~91=)-4.719) 

Lead: SWSV = e(l.273'k@rb~s "YslueV.705) 

In the SLERA, only total recoverable metals data for groundwater were considered. This is done 

as a conservative measure. For some metals (including arsenic, cadmium, chromium, lead, 

mercury, and selenium), the dissolved fraction more closely indicates the bioavailable fraction of 

the metal; therefore, the use of total recoverable metals data for these chemicals is likely to 

overestimate potential risks. The uncertainty the use of total recoverable metals data adds to the 

risk assessment is addressed in Section 7.2.3. 

The SWSV selected for pentachlorophenol is expressed as a function of pH. A default pH value 

of 7.8 S.U. was used to adjust the chronic criterion for this organic chemical (USEPA 2001~). 

Surface Water Screening Values -North Carolina Water Qualiw S t d r d s  

North Carolina Surface Water Quality Standards (NCWQS) for Aquatic Life were obtained from 

the Noah Carolina guidelines for performing SLERAs (NCDENR 2003). These standards were 

originally published as North Carolina Administrative Code (NCAC) Section 15A NCAC 2B 

(Nc 2002). 



Swjiace Soil Screening Values 

Surface soil screening values (SSSV) used in this evaluation were obtained ffom the NCDENR 

Guidelines for Performing SLERAs (NCDENR 2003). The recommended soil screening values 

presented by NCDENR are consistent with values recommended by USEPA Region 4 in the 

Ecological Risk Assessment Bulletins. The original sources for these values include the 

following: Beyer (1990), Effoymson et al. (1997), Ehymson et al. (1997a), Canadian Council of 

Ministers of the Environment (1997), the Dutch Minishy of Housing, Spatial Planning and 

Environment (CCME, 1994), and Crommentuijn et al. (1997). 

7.2.2.2 Hazard Ouotient Calculation 

A HQ was calculated for each chemical by dividing the maximum exposure concentration of the 

chemical by the ecological screening value for that chemical: 

Maximum Exposure Concenhation 
Hazard Quotient = 

Screening Value 

The maximum exposure concentration is estimated as the maximum detected concentration of the 

chemical or, in cases where the chemical was not detected in a given media, the maximum sample 

detection limit (MDL)(NCDENR 2003). HQs equal to or exceeding 1.0 indicate the potential for 

risk since the estimated exposure exceeds the estimated effects concentration However, 

screening values and exposure estimates are derived using intentionally conservative assumptions 

such that HQs greater than or equal to one do not necessarily indicate that risks are present or 

impacts are occurring. Rather, they identify chemical-pathway-receptor combinations requiring 

furtber evaluation. Following the same reasoning, HQs that are less than one indicate that risks 

are very unlikely, enabling a conclusion of no unacceptable risk to be reached with high 

contidence. 

Chemicals were identified as COPCs if they fell in to one or more of the following categories 

(NCDENR 2003): 

Cateeorv 1 - Chemicals whose maximum detection exceeds the NCDENR media specific 

ecological screening value (HQ> 1.0; chemical detected). 



Cateeorv 2 - Chemicals that were not detected in any samples for a given media, but for 

which the MDL exceeded the NCDENR media specific ecological screening value 

(HQ>I.O; chemical not detected). 

Cateporv 3 - Chemicals that have no NCDENR ecological screening value but were 

detected above the laboratory sample quantitation level (SQL) (No screening value; 

chemical detected). 

Category 4 - Chemicals that were not detected above the laboratory SQL and have no 

NCDENR ecological screening value (No screening value; chemical not detected). 

Cateeow 5 -Chemicals for which the maximum detection or the MDL exceeds the North 

Carolina Surface Water Quality Standards (for aqueous samples only). 

Any tentatively identified compounds (TICS) or unknown chemicals present at the site would 

have been identified as preliminary COPCs and included as Category 3 contaminants; however, 

no such chemicals were present at SWMU 31 1. Chemicals that do not fall in to one or more of 

the contaminant categories were not identified as COPCs. It should be noted that chemicals 

could be classified into more than one category only if one of those categories was Category 5 .  

Furthermore, because of the differential toxicity of many contaminants to ecological verses 

human receptors, the COPCs for ecological receptors may differ fiom those selected for the 

human health risk assessment. 

7.2.2.3 Results of the Abiotic Screen 

The results of the abiotic screen for surface soil are presented in the following section. Chemicals 

identified as ecological COPCs based on the abiotic screen proceed to Step 3A of the ERA 

(Section 7.3). 

7.2.2.3. I Surface Soil 

Three surface soil samples collected fiom 0-2 feet bgs and six surface soil samples collected 

h r n  0-1 feet bgs were evaluated in the SLERA. As discussed in Section 7.2.1, the 0-2 foot 



samples were analyzed for VOCs, SVOCs, and RCRA metals while the 0-1 foot samples were 

analyzed for VOCs and RCRA metals. Table 7-3 presents HQ calculations for surface soil. 

Sixty-nine chemicals were identified as ecological COPCs in surface soils. One VOC 

(chloroform), and four metals (cadmium, chromium, lead, and selenium) were identified as 

Category 1 COPCs because maximum detected concentrations exceeded surface soil screening 

values. The HQ for chloroform was 2.0 while HQs for Category 1 metals ranged from 1.12 

(selenium) to 72.0 (chromium). 

Figure 7-3 presents all detected concentrations of Category 1 COPCs that exceeded NCDENR 

soil screening values. As indicated on the figure, detections of chloroform exceeded the soil 

screening value at two locations. Detections of *omium, lead, cadmium, and selenium 

exceeded soil screening values at 9,2, 1, and 1 locations, respectively. 

One VOC and 11 SVOCs were not detected but were identified as Category 2 COPCs because 

their MDL exceeded surface soil screening values. HQs for Category 2 COP& ranged from 4.0 

(for S SVOCs) to 950.0 (for pentachlorophenol). 

Five VOCs (2-butanone, 4-methyl-2-pentanone, acetone, bromoform, and carbon disulfide), and 

ten SVOCs (benzo(a)anthracene, benzo(a)pyrene, benzo@)fluoranthene, bbenzo(g,h,i)peryIene, 

benzo(k)fluoranthene, Kbis(2ethyIhexyophthalate, cbrysene, fluoranthene, indeno(l,2,3- 

cd)pyrene), and pyrene were identified as Category 3 COPCs because they were detected at the 

site but lacked soil screening values with which to evaluate potential risks. 

F i y ,  nine VOCs and 28 SVOCs were identitied as Category 4 COPCs because they were not 

detected and are lacking soil weening values. 

7.2.2.3.2 Groundwater 

Three groundwater samples collected from temporary wells and analyzed for VOCs and RCRA 

metals were evaluated in the SLERA. Table 7 4  presents HQ calculations for groundwater. 

'J%rty-tbree chemicals were identified as ecological COPCs in groundwater. Two metals 

(chromium and lead) were identified as Catego~y 1 COPCs because maximum detected 

concentrations exceeded brackish surface water screening values. The HQ for chromium was 

1.29 and the HQ for lead was 8.05. Figure 7-4 presents all detected concentrations of chromium 



and lead that exceeded NCDENR screening values or NCWQS for bwkish water aquatic life. 

As indicated on the figure, contaminant levels that exceeded sc~eening values were limited to 

sample SWMU3 11-GWO1, collected from temporary monitoring well TWD1. 

One VOC (1,2,4-thrichlombenzene) and three metals (cadmium, mercury, and silver) were not 

detected but were identified as Category 2 COPCs because their MDL exceeded brackish surface 

water screening values. HQs for Category 2 COPCs ranged from 1.11 (for 1,2,4- 

ftichtorobenzene) to 75.0 (for silver). 

Four VOCs (cyclohexane, hpropylbenzene, methylcyclohexane, and total xylenes) and one 

metal @arium) were identified as Category 3 COPCs because they were detected in site 

groundwater but lacked surface water screening values with which to evaluate potential risks. 

Twenty VOCs were identified as Category 4 COP& because they were not detected and are 

lacking surface water screening values. 

Finally, two VOCs and two metals were identified as Category 5 COPCs because they were 

detected in groundwater at concentrations exceeding NCWQS. Carbon tetrachloride and 

tetrachlomethene were identified soley as Category 5 COPCs, while mercury and silver were 

identified both as Category 2 and Category 5 COPCs. 

7.23 Uncertainties Associated with the SLERA 

The procedures used in this evaluation to assess risks to ecological receptors, as in a l l  such 

assessments, are subject to unc&ties because of the limitations of the available data and the 

need to make certain assumptions and extrapolations based on incomplete information. 

Uncertainties associated with the SLERA for SWMU 31 1 and their effects on risk conclusions are 

presented and discussed below. 

Limitations of Available Data Set 

Surface soil samples collected in 1997 during the Phase I investigation were obtained 

from 0-2 feet bgs. This is a deeper sampling depth than is typically included in the 

SLERA, however, these samples were included in the ecological data set because they 



were collected h m  the area immediately surzounding the former oivwater separator, an 

area that is not repmated by the 0-1 f i t  surface soil data. Surface samples ftom 0-1 

feet bgs are preferred for use in an ERA because this depth represents the most 

biologically active soil zone. In addition to not being representative of the most 

biologically active soil zone, the inclusion of soils h m  1-2 feet bgs in the 1997 samples 

may dilute the concentration of any contambuts that may be. present in the top f i t  of 

soil (e.g., those deposited b t l y  on to soils or tram- to down gradient soils via 

surface nmofQ, or alternatively may elevate apparent surface concentrations of those 

chemicals that may be more prevalent at depths greater than 1 foot (e.g., those that have 

leaked into soils b m  underground piping). 

A second source of uncertainty related to the use of the Phase I surface soil data is 

a t t n i  to the fact that these samples were not validated by an independent third-party 

data validator; therefore, there is some unceztainty regarding the quality of these data. 

However, these data were analyzed by a fixed-base laboratory following CLP procedures. 

As described above, due to the location of these samples and their repremtation of 

important source and migration pathways at the site, the inclusion of these samples in the 

data set was considered a more conservative approach that would be most protective of 

the environment 

A third source of uncertainty regarding the Phase I soil data is introduced because these 

data were analyzed for aromatic VOCs (13-dichtorobenzene, 1,3-dichlmbanzene, 1,4- 

dichlorobeme, benzene, chlorobenzene, ethylbenzene, toluene, and xylenes) and not 

the full TCL VOC list Soil samples collected during the Phase n investigation were 

analyzed for the full TCL VOC list. VOCs detected in Phase n soil samples that were 

not analyzed for in Phase I samples include 2-butanone, 4-methyl-2-pentanone, acetone, 

bromofom, carbon &sulfide, chloroform, cyclohexane, methyl cyclohexane, and 

methylene chloride. These chemicals and potentially additional VOCs may be present in 

the soils closest to the oilhater separator. The lack of analytical data on the full TCL 

VOC list for Phase I may lead to an underestimation of ecological risk at the SWMU. 

Phase I samples were also not analyzed for pesticides or herbicides. Because the SWMU 

is not in an area associated with the storage or manufacture of pesticides or herbicides 

these chemicals were not suspected contaminants of concern at the SWMU. 



Surface soil samples cokcted as part of the Phase I1 investigation (2002) and RFI 

investigation (2003) were not analyzed for SVOCs, pesticides, or herbicides. As indicated 

above, because the SWMU is not in an area associated with the storage or manufacture of 

pesticides or herbicides these chemicals were not suspected contaminants of concern at 

the SWMU. SVOCs were excluded ftom the Phase II and RPI investigation analyses 

because the none of the ten SVOCs detected during Phase I were detected at 

concentrations greater than NC DENR soil to groundwater screening criteria or USEF'A 

Region DL residential PRGs (Baker 2001). The exclusion of SVOCs in subsequent 

phases of investigation at this SWMU is in agreement with the phased nature of the 

investigation (see Section 7.2.1). It should be noted that of the 10 SVOCs detected in the 

Phase I samples, seven were identified as Category 3 COPCs on Table 7-3 due to the lack 

of established surface soil screening valuw. The remaining three SVOCs were detected 

at concentmtions below established ecological screening criteria 

Groundwater data were used to evaluate potential risks to off-site aquatic habitat that may 

be impacted by groundwater discharge i+om the SWMU. There is no evidence that 

groundwater h m  the site reaches a surface water body, nor is there any indication that 

groundwater contamination is migntting outside the study area. However, evaluation of 

the groundwater migration pathway is included as a conservative approach aimed at 

preventing the elimination of chemicals &om the list of COPCs that may in fact be 

contributing unacceptable risks to the environment. 

Mobile laboratory data from the RFI field invatigation were not included in the SLERA 

because these data were analyzed for VOCs by a mobile laboratory using a gas 

chromatograph headspace method (as opposed to standard CLP methods) and were not 

validated. The exclusion of mobile laboratow data limits the information that can be 

used to evaluate potential ecological risks. However, the data evaluated were collected 

h m  l o e a t i ~ ~ ~  dismbuted throughout the source area Furthermore, the inclusion of RFI 

data would not change the risk evaluation for surface soils. In the groundwater 

evaluation, using the Phase I and Phase Il data set, cis-1,2-DCE is classified as a 

Category 4 COPC because it was not detected in any of the three groundwater samples 

and no screening value has been wtablished If the RFI data set (i.e. mobile laboratory 

data) were included in the SLERA, this chemical would be classified as a Category 3 



con taminant because it was detected in one of the 10 groundwater samples from the RFI 

investigatim 

Identification of Ecoloaical COPCs 

T!xm is wcmbinty regarding potential risk that may be conm'buted by chemicals that 

were identified as COPCs but were not detected in site media (Category 2 and Category 4 

COPCs). It is as likely that the concentrations of these chemicals at the SWMU are at or 

near zero and that they are not present in ecologically harmful concentrations. The 

identification of such chemicals as COPCs is a conservative measure designed to be 

highly protective, but is Wrely to ovaestimate the potential for adverse effects. 

There is also uncertainty regatding the potential risk that may be contributed by 

chemicals that lack soil or surface water screening values (Category 3 and Category 4 

COP&). Because toxicological data regatding the potential effects of such chemicals on 

ecological receptors is lacking, it is not possible to quantitatively evaluate risks to 

ecological receptors. The identification of such chemicals as COPCs is a highly 

conservative approach aimed at preventing the elimination of compounds that could have 

harmful impacts on the environment from the list of COPCs. Although this approach is 

conservative, the absence of toxicological data on these chemicals adds uncertainty to the 

conclusions of the risk assessment and may lead to an underestimation or overestimation 

of potential ecological impacts contributed by the S W .  

Exnosure Point Concentrations 

As is typical in a SLERA, a finite number of samples of environmental media are used to 

develop the exposure estimates. The maximum m m e d  concentration provides a 

conservative estimate for immob'ie biota or those with a limited home range. The most 

realistic exposure &bates for mobile species with relatively large home ranges and for 

species populations (even those that are immobile or have limited home ranges) are those 

based on the mean chemical concentrations in each medium to which these receptw are 

exposed. This is reflected in tbe wildlife dietary exposure models contained in the 

Wildlife Exposure Factors Handbook (USEPA 1993a), which specify the use of average 

media concentrations. The use of mean concentrations to estimate exposure in a 



rehement (Step 3a of the BERA) is more likely to provide a more accurate picture of 

potential risks at the site. 

A second source of uncertainty related to exposure point concentrations applies to the 

evaluation of groundwater data. Current USEPA guidance (USEPA 1995 and 1999) 

indicates that the dissolved fraction of some metals (amenic, cadmium, chromium, 

copper, lead, mercury, nickel, selenium, and zinc) more closely estimates the bioavailable 

hction of these metals in the water column. In the SLERA, mahum total recoverable 

metal concentrations in groundwater were used as exposure point concentrations in the 

screening level risk calculation assuming discharge to surface waters. The use of total 

recoverable metals data for these chemicals is likely to overestimate potential risks; 

however, because the fiaction of dissolved metals may change upon discharge to surface 

water, the use of total metals concentdons in groundwater is more appropriate than the 

use of dissolved concentrations. 

Media-svecific Screening Values 

Potential adverse impacts to terrestrial flora and fauna were evaluated by comparing the 

detected compound concentrations to surface soil screening values. Screening values 

may not take into account soil type, which may have a great influence on the toxicity of 

the chemicals. For example, soil with high organic carbon content will tend to absorb 

many of the organic compounds, thus making them less bioavailable to terrestrial 

receptors. Some screening values can be developed based on both field and growth 

chamber studies; therefore, the reported toxic concentrations are not always equivalent to 

actual field conditions. In addition, some screening values may be calculated based on a 

low number of studies or may have only examined toxicities to a limited diversity of 

invertebrate species. 

Screening values for some chemicals, including many polynuclear aromatic hydrocarbons 

(PAN) and pesticides, are based on background soil concentrations and not on 

toxicological studies. The use of these values may overestimate risks at the site. 



In the case of chromium, to be wnse~ative, screening levels were estimated from the 

chromium VI form of the element Chromium ID, which is orders of magnitude less 

toxic than chromium VI, is most likely to be the predominant form in the environment. 

In the case of mercury, screening values were estimated assuming the methylated form of 

the element, which is the more toxic form. It is unlikely that mercury detected at the site 

is 100 percent methylated; therefore, risk estimates for this compound are likely to err on 

the side of being overly-wnseryative. 

Surface water screening levels are established to be protective of most of the potential 

ecological receptors. However, some species will not be protected by the values because 

of their increased sensitivity to the chemicals. For example, the Ambient Water Quality 

Criteria developed by the USEPA, in theory, only protect 95percent of the errposed 

species. Therefore, there may be some sensitive species present that may not be 

protected with these criteria. In addition, most of the values are established using 

laboratory tests, where the wncentrations of certain water quality parameters (pH, total 

organic &n) that may influence toxicity are most likely at Merent concenttations 

than in surface waters that may be influenced by the study area. 

The species used to develop the screening values may not be present at the site, or have 

the potential to exist at the site. Depending on the sensitivity of the tested species relative 

to that of the species at the site, use of the toxicity values may overestimate or 

underestimate risk. 

Groundwater data were used to evaluate potential risks to aquatic receptm in off-site 

aquatic habitats via a camparison of data to brackish surface water screening values. 

Because there is no clear indication that groundwater is in fact discharging to an aquatic 

habitat off-site, the inclusion of this evaluation in the risk assmment is a wnsewative 

feature. Evaluation of surface water and sediment data would provide a more realistic 

evaluation of potential risks to an aquatic habitat; however, no such data were collected 

because no connection between the source of contamination at the site and any specific 

aquatic habitat was established. 



Chemical Mixtum 

Information on the ecotoxicological effects of chemical inferactions is generaUy lacking, 

which required (as is standard for ecological risk assessments) that the chemicals be 

evaluated on a compound-by-compound basis during the comparison to screening values. 

This could result in an underestimation of risk (if there are additive or synergistic effects 

among chemicals) or an overestimation of risks (if there are antagonistic effects among 

chemicals). 

Bioacamulative Chemicals 

Many of the chemicals identified as ecological COPCS at SWMU 311 have been 

identified as important bioacamulative chemicals by the USEPA (2000a). There is 

some potential that bioaccumulative chemicals may pose maaqtable risks to upper 

trophic level receptors even if no unacceptable risk is posed to primary receptors. 

Because ecological screening values are typically based on toxicological studies of 

primary receptors (e.g., terrestrial plants and invertebrates), the abiotic screen alone may 

underestimate the number of COPCs at the SWMU. An evaluation of risks to upper 

trophic level receptors is beyond the scope of the SLERA. The bioaccumulative 

potential of individual chemicals is considered in Step 3A of the BERA when 

det- the need for further evaluation. 

7.3 S t e ~  3A- Refinement of the List of Chemicals of Potential Concern 

The SLERA for SWMU 3 11 indioated that, based on a set of conservative exposure assumptions, 

there are multiple chemicals that may present a risk to ecological receptors at the site. Therefore, 

SWMU 311 was carried in to Step 3A of the ERA process. In Step 3 4  the ecological COPCs 

identified in Step 2 are further evaluated to determine which chemicals, if any, can be removed 

h m  further ecological consideration. The Step 3A evaluation examines multiple factors that 

improve the teakmi of the risk evaluation while remaining protective of the environment. These 

factors include. consideration of population-level effects, use of alternative screening values, an 

evaluation of background data, consideration of the frequency and distribution of detections, 

consideration of bioavailability, dilution, and natural attenuation, and any chemical or site- 

specific considerations that may be relevant These factors were used to weigh the evidence of 



potential risk for each COPC identified for each media to assess whether the COPC should be 

carried in to Step 3B of the BERA. The specific assumptions and methods that were modified for 

Step 3A are identified below, along with justification for each modification. If reevaluation of 

the conservative exposure assumptions supports an acceptable risk determination then the site 

may exit the ecological risk assessment process (USEPA 1997a, CNO 1999). 

75.1 Refinement of Exposure and Effects Level Estimates 

During Steps 1 and 2, maximum chemical concentrations of detected chemicals were used as 

conservative estimates of receptor exposure to calculate HQs. Because many of the receptors 

evaluated are relatively immobile or have a limited home range, individuals are more Likely to be 

impacted by locations of maximum concentration; however, average contaminant wncentratiom 

are more appropfiate for evaluating impacts to populations of soil invertebrates, sediment 

invertebrates, and aquatic receptoors. Arithmetic means were calculated for all compomds 

identified as COPCs in the SLERA. For COPCs detected in less than 100 percent ofthe samples 

collected, arithmetic means were calculated using one half the detection limit of nondetected 

samples. These means were used to estimate the exposure of ecological receptors to site 

contaminants. If the arithmetic mean for a given chemical was greater than the maximum 

detected concentration, the maximum detected concentmion was used as the exposure estimate. 

Effects levels used in Steps 1 and 2 were NCDENR media screening values. In Step 3A, 

screeniog values were introduced, when available, for chemicals that did not have screening 

values recommended by NaENR.  All screening values used in Step 3A are provided on Table 

7-5. Screening values that were introduced for Step 3A are shaded on the table. Introduced 

screening values for soils included those established by NCDENR for chemical classes (e.g., the 

screening value for total chlorobenzetm is applied to individual chlorobenzenes), and the USEPA 

Region III Biological Technical Assistance Group (USEPA 1995). If the USEPA Region III 

value was obtained from a sowee that has since been updated, the apdated value was used and the 

updated source referenced. USEPA Region V soil ecological screening values for RCRA 

hazardous consMuents (USEPA, 2003b) were also introduced in Step 3a when available. 

Introduced screening values for fresh surface water included (in order of preference), those 

established by NCDENR for chemical classes, USEPA Region V fresh surface water screening 

values for RCRA hamdous constituents (USEPA, 2003b), and USEPA Region III BTAG 

screening values for k s h  surface waters (USEPA, 2004). Freshwater values that were less than 



cormponding marine values were selected as the brackish snrface water screening value used in 

the evaluation of groundwater. 

A mean HQ was calculated for each COPC using the refinal estimates of exposure and effects. 

Beoause chemicals with mean HQs less than one are unlikely to pose uoacceptable risks to 

populations of ecological receptors, such chemicals were not considered to be risk-driving 

COPCs and were not recommended for further ecological evaluation 

Results of the refinement of exposure assumptions are summarized on Table 7-6 for surface soil 

and Table 7-7 for groundwater. Those C O P 0  that were removed fiom farther consideration 

because mem HQs were less than one are indicated on the table by the comment "Mean HQ < 

1 .o.* 

7 3 3  Comparison to Background Data 

Tnorgauic constituents in surface soils and groundwater that were selected as COPCs based on the 

SLERA were compared to background data. Surface soil background data were obtained from 

the Final Area of Concern Background Study (Baker 2001b). SWMU-specific background 

concentrations were established using protocol outlined in OEPA's Closure Plan Review 

Guidance for RCRA Facilities (OEPA 1999). NC DENR agreed that SWMUs could be grouped 

together into AOCs based on geographical location, geology and type of SWMU, and that 

background concentrations for metals could be established for each of these AOCs. These 

backgound data are to be evaluated in comparison to the levels inorganic constituents detected at 

individual SWMUs to assess whether the presence of such constituents is naturally occurring or 

may be amibuted to activities (past andlor present) within the AOCs. Surface and subsurface soil 

samples were collected h m  eleven AOCs. Surface soil samples were collected fiom 0 to 1 foot 

bgs, and subsurface soil samples were collected from just above the water table. All soil samples 

were analyzed for TAL metals, TOC, and pH. SWMU 31 1 is one of 14 SWMUs included within 

AOC 5, which is located on the eastern side of MCB Camp Lejeune. Therefore, surface soil data 

from SWMU 311 are compared to the A W  5 background data set. The complete set of 

background data wllected for each AOC is presented in the AOC Background Study. 

Groundwater background data were obtained &om the Draft Base Background Groundwater 

Investigation (F3aker 2002a). Background groundwater data were collected &om locations 



throughout the Base away from identified sites in relatively undisturbed areas not near any known 

sources of contamination. In the Base Background Groundwater Investigation, groundwater data 

were divided into two categories, including upper (shallow) and lower (deep) portions of the 

suficial aquifer. Groundwater samples at SWMU 31 1 were collected h m  the shallow portions 

of the snrficial aquifer (less than 25 feet bgs); therefore, they wae  compared to the background 

data set for the upper surficial aquifer. 

In accordance with USEPA Region 4 Human Health Risk Assessment Bulletins, Supplement to 

RAGS, t n a x i m ~  site concentrations were compared to two times the base background mean 

(USEPA Region IV, 2001~). The comparison is useful for determining wheber or not the 

presence of chemicals at the site should be considered site related or may be considered naturally 

occuning. Inorganic constituents with background concentrations (two times the mean) that 

exceed maximum site concentrations are not considered risk-driving COPCs and ate not 

recommended for hther evaluation. Organic compounds, unlike inorganic analytes, ate not 

ubiquitous in nature and were not analyzed as part of the AOC Background Study or 

Gronndwater Base Background Groundwater Investigation. 

Tables 7-6 and 7-7 present background data and results of comparisons to maximum soil and 

groundwater concentrations, respectively, at SWMU 3 11. Those COPCs that were removed from 

further consideradon because maximum site concentrations were less than twice. the mean 

background concentration are indicated on the tables by the comment "< Background" 

73.3 Frequency and Distribution of Detections 

Chemicals not detected in any environmental samples zw unlikely to be present in sufficient 

volume to contribute significant risks to receptors at a site, especially at the population level. 

Those COPCs that were not &Wed in surface soil or groundwater were removed h m  M e r  

consideration and are indicated on Tables 7-6 (for surface soil) and 7-7 (for groundwater) by the 

comment "Not Detected." 

It should be noted that COPCs detected Mequently may also be removed h m  further 

consideration after evaluation of a variety of factors including the the distribution of detections, 

the magnitude of potential risks, and site history and presence or absence of chemical precursors 

in any site media When appropriate, a discussion of such COPCs will be included in the text. 



7.3.4 Considerations of Bioavailability 

The USEPA has identified certain chemicals as "important bioaccumuhtive chemicals" (USEPA 

2000a). Bioawumdative chemicals may pose unacceptable risks to upper trophic level receptors 

even if no unacceptable risk is posed to primary receptom. Although an evaluation of risks to 

upper trophic level receptors is not included in the SLERA, consideration of the bioaccumulative 

potential of each COPC will be made before detertqining the need for additional evaluation of a 

parti& chemical. Those chemicals identified as important bioaecumulative chemicals by the 

USEPA are indicated in the third column from the right on Tables 76 and 7-7. 

73.5 Diiution and Natural Attennation 

The risk evaluation for groundwater assumes discharge to a surface water body with no natural 

attenuation or dilution Buchman (1999) recommends the use of a dilution factor of 10 to account 

for the dilution expected during migration and upon discharge of groundwater to surface water in 

the absence of site-specific dilution factors. Under this scenario, mean HQs for chloroform, TCE, 

2,4-dimethylphenol, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2-methylphenol, 2-nitroaniline, 2- 

nitrophenol, 3,3'-dichlorobenzidine, 3-nitroadline, 4,6-dinitro-2-methylphenol, 4-chlorophenyl- 

phenylether, 4methylphenol, 4-nitroaniline, acenaphthylene, anthracene, dibenz(a,h)anthracene, 

naphthalene, phenanthrene, phenol, and lead (Table 7-7) would be less than one and they would 

not be recommended for M e r  evaluation. Refined HQs for all remaining ecologioal COPCs 

with the exception of pentachlorophenol would be less than eight if dilution were accounted for. 

Considerations of dilution were not used as a sole criteria for removing a COPC i h m  fuaher 

consideration. 

73.6 Additional Considerations 

Additional factors that were considered when detemhing the need for further e v b t i o n  of an 

ecological COPC include but are not limited to the following: 

Identification of chemicals as common laboratory contaminants. 



For chemicals lacking screening values, comparison to range of available seeening 

values for chemicals in the same chemical class. 

For chemicals with screening values not based on toxicological studies, consideration of 

toxicological-based screening d u e s  fiom the scientific literature. 

Chemical specific considerations for surface soil and groundwater COPCs are addressed in the 

following sections. 

7.3.6.1 Surface Soil COPCs 

The VOCs 2-butanone and acetone and the SVOC bis(2-ethyIhexy1)p~ate were identified as 

Category 3 COPCs in Step 2 of the SLERA because they were detected in surface soils and 

lacked soil screening values. The maximum detected concentrations of 2-bntanone (1 1 J &kg) 

and acetone (34 J p&) were within the range of available screening values for VOCs (1 [for 

TCE] to 1,000,000 [for carbon tetrachloride; Table 7-21). The maximum detected concentration 

of bis(2-ethyIheq1)phthalate (230 pgkg) was within the range of available screening values for 

SVOCs (2 [for pentachlorophenol] to 200,000 [for dimethylphthalate and di-n-butylphthalate]). 

USEPA (1989) identifies 2-butanone, acetone, and bis(2-ethyUxexyl)phthalate as common 

laboratory contaminants, indicating that the presence of these chemicals may be amiiutable to 

analytical procedures and not to site-related factors. Based upon these considerations, 2-butanone, 

acetone, and bis(2-ethylhexy1)phthalate are not recommended for further evaluation at SWMU 

311. The fact that these chemicals are common laboratory contaminants is indicated by the 

comment "Lab. Contaminaut" on Table 7-6. 

4-Methyl-2-pentanone, bmoform, and carbon disuLfide were identified as Category 3 COPCs 

because they were detected in surface soils but lacked surface soil screening values. The 

maximum detected concentrations of each of these chemicals (2 J pglkg, 19 pg/kg, and 2 J p&, 

respectively), are at the low end of the range of available soreening values for VOCs (1 pgkg to 

1,000,000 pg/kg, see preceding paragraph), and in the case of 4-methyl-2-pentanone and carbon 

disultide are less than the range of detection limits for these chemicals uable 7-3). Based on 

these considerations, the potential for adverse ecological impacts from Pmethyl-2-pentanone, 

bromoform, and carbon disulfide is considered low and no further evaluation is recommended. 



Chlorofom~ a Catepory 1 COPC, was detected in two of six soil samples with a maximum 

concentration of 2.0 J pglkg. This is twice the NCDENR soil screening value (1.0 p&g; 

maximum HQ = 2.0). Because detection limits for chloroform (5U - 6U pgkg) exceeded the 

maximum detected concentration, the SWMU mean concentration exceeded the maximum 

detected concentration; therefore, the Step 3A HQ value was calculated using the maximum 

detected concentration (HQ = 2.0). Positive detections of chloroform were found in samples 

SWMU311-TWO1 and SWMU3 11-TW03, collected as part of the Phase II Investigation (Baker 

2002a). During this investigation, chloroform was also detected in blank samples including 

equipment rinsates, field blanks, and hip blanks (maximum detection in blank = 85 pgL; 

Appendix E of Baker 2002). Because detections in blank samples exceeded five times detections 

in site samples, chloroform detections may be the d t  of sample contamination and not 

representative of conditions at the study area (USEPA 1989). Furthermore, the NCDENR 

screening value for chloroform (1 pglkg) is a very conservative value that is a Dutch soil quality 

standard (Ministry of Housing, Spatial Planning and Environment m P E ]  1994) representing a 

"target value." Target values indicate soil quality required for "'the full restoration of the soil's 

functionality for human, animal, and plant life" (Friday 1998). MHSPE also established an 

"intervention value" for chloroform of 10,000 p&g, a concentration level above which "the 

functionality of the soil for human, plant, and animal life is seriously impaired or threatened" 

(Friday 1998). The level at which chlorofom effects on ecological receptors begin to be 

expressed is intermediate to these two values. Based on the low HQ value calculated with a 

highly conservative meening value and uncertainty regarding the presence of chloroform at 

SWMU 31 1, it is unlikely that chloroform is present at SWMU 31 1 at concenfmtions sufficient to 

pose adverse ecological effects and no further evaluation is recommended. 

Chromium was detected in each of the nine surface soil samples (concentrations ranged from 3.3 

to 28.8 mg~kg); each of these detections was in excess of the soil screening value of 0.4 mg~kg 

(Figure 7-3). Concentrations of chromium in the study area were elevated relative to AOC 5 

background concenttations (Table 7-6). The maximum HQ for chromium was 72.0, and the 

mean HQ was 20.89. It should be noted that the USEPA Region IV ecological screening value 

for chromium was derived from earthworm toxicity studies on the chromium VI form of the 

element (Eftoymson et al. 199%). Chromium III, which is orders of magnitude less toxic than 

cbromium VI, is most likely to be the predominant form in the environment. In addition to the 

USEPA Region IV screening value, the Federal USEPA has established EcoSSLs for chromium 

(USEPA 2005b). An Eco-SSL of 26 m& (Cr 111) was established for avian receptors, while 



Eco-SSh of 34 mgkg (Cr III) and 81 mg~kg (Cr VI) were established for mammalian receptors. 

With the exception of the maximum detected concentmtion (28.8 mgkg in sample S W 3 1 1 -  

IS02-OO), chromium eoncentfations at SWMU 311 were less than each of these values. 

Wufficient data were available for the USEPA to eaablish Eca-SSLs for temestrial plants or 

invertebrates; however, USEPA 2005b does provide data &om two invertebrate toxicity studies 

that they consider eligible for EcoSSL derivation (a m i n h  of three studies sre required to 

establish an Eco-SSL). In the first study, Van GesteI et al, (1992) identified a Maximum 

Acceptable Toxicant Concentration (MATC) of 57 mglkg for effects on reproduction of the 

earthworm Etrenia undrei in soils with a pH of 6.7. In 1993, the same researchers studied 

repmductive effects of chromium on E. andrei in a soil with a pH of 6.0 and again identified a 

MATC of 57 mgkg (Van Gestel et aL, 1993). Each of the detected concentrations of chromium 

was less than these toxicity-based values. Bared on comparisons to federal Eco-SSLs, chromium 

at SWMU 311 is unlikely to pose adverse ecological impacts to populations of ecological 

receptors. No additional evaluation of chromium in soils is recommended 

Lead was detected in all nine d a c e  soil samples. Lead concentrations in excess of the soil 

screening value (50 mgkg) were limited to two hot spots at sample loc~ttions S W 3  11-IS02-00 

(21 1 mglkg) and SWMU3 11-IS04-00 (1,110 mg/kg). The horizontal extent of these hot spots is 

very limited, as lead concentrations in mounding samples did not exceed screening values. It 

should be noted that both of these samples were collected h m  0-2 feet bgs, and therefore, there 

is uncertainty regarding the concentration of lead in the most biologically active surface soils (0-1 

foot bgs) at these locations (Section 7.2.3). The maximum HQ for lead was 22.2 and the mean 

HQ was 3.08, indicating some potential for adverse ecological impacts. Lead is associated with 

many faels; therefore, the presence of lead in the study area may be SWMU-related. There is no 

evidence of migration of lead ftom the site at ecologically significant concentrations. Lead has 

been identified as an important bioaccumulative chemical by the USEPA (2000a). Although the 

SLERA and Step 3A indicate some potential for adverse ecological effects h m  lead at SWMU 

3 11, based on the relatively low mean HQ, limited spatial extent of detections above screening 

values, industrial nature of the site, and uncertainty regarding the presence of this constituent in 

the biologically active zone of soils, it is unlikely that lead conramination in the study area is 

sufficient to cause adverse ecological impacts to populations of ecological receptors. No further 

action or evaluation of lead in soils is recommended 



7.3.6.2 Groundwater COPCs 

The VOCs cyclohexane, isopropylbenzene, and methyl cyclohexane were identitied as Category 

3 COPCs in Step 2 of the SLERA became they were detected in groundwater and lacked surface 

water screening values. Each of these VOCs was detected in one of three groundwater samples at 

a concentration of 3.00 J pg&, which is lass than the minimum available screening value for 

VOCs (24.4 pg/L for cis- and trans-1,3-dichloropropene, Table 7-1). Based on the sole detected 

concentrations being less than smening values for similar chemicals, it is unlikely that 

cyclohexane, isopropylbenzene, and methyl cyclohexane are present in groundwater at 

concentrations that would pose unacceptable ecological risks and no fuaher evaluation is 

recommended 

Lead was identified as an ecological COPC in groundwater in the SLERA because detected 

concentrations exceeded NCDENR brackish surface water screening values ardor NCWQS. 

Lead was detected in one of three groundwater samples (SWMU31 I-GWO1) at a concentration of 

10.6 JI&, exceeding the NCDENR brackish surface water screen& value of 1.32 pgiL. The 

maximum HQ for lead was 8.05 (Table 7-4) and the mean HQ was 3.05 (Table 7-7). As stated in 

Section 7.3.5, if reasonable estimates of dilution with migration and discharge to surface water 

were accounted for, both the mean and maximum HQs of lead would be less than 1.0. Based 

upon acceptable levels of risk when dilution is accounted for, no fiather evaluation of lead in 

groundwater is recommended. 

7.4 Risk Characterization 

The risk chamcmhtion integrates the results of the SLERA and Step 3A. The likelihood of 

adverse effects occurring as a result of exposure to a stressor is evaluated. The ecological 

significance of the risks characterized at the site is discussed considering the types and 

magnitudes of the effects and their spatial and temporal patterns. Ecologically si@cant risks 

are defined as those potential adverse risks or impacts to ecological integrity that affect 

populations, communities, and ecosystems, rather than individuals (i.e. measured impacts to 

individuals does not necessarily indicate impacts to the ecosystem). 



7.4.1 Surface Soil 

Of the 69 chemicals identified as ecological COPCs in surface soil based on Steps 1 and 2 of the 

SLERA, none are recommended for lkther action or evaluation based on the ml f s  of Step 3A. 

7.4-2 Groundwater 

Of the 33 chemicals identified as ecological COPCs in groundwater based on the SLERA, none 

are recommended for further action or evaluation based on the mults of Step 3% 

7.5 Uncertainties Associated with Stea 3A of the BERA 

Many of the uncertainties identified in Section 7.2.3 also apply to the refined screening level risk 

calculation. Additionally, many uncertainties present in the screening level risk calculation are 

reduced or eliminated with the Step 3a evaluation. In addition to the uncertainties identified in 

Section 7.2.3, the following uncertainty has been identified for Step 3A of the BERA at SWMU 

311. 

Limitations of Available Data Set 

Mobile laboratory data from the Rm field investigation were not included in the SLERA. As 

discussed in Section 7.2.3, the inclusion of RFI data in the SLERA would have led to the 

classification of cis-1,2-DCE as a Category 3 COPC in groundwater because it was detected in 

one of 10 groundwater samples &om the Rm investigation (detected in 1 of 13 groundwater 

samples total) but lacked a NCDENR surface water screening value. Under the Step 3A 

evaluation, an alternative screening value of 22,400 pg/L was introduced for cis-1 J-DCE (Table 

7-5). Because this value was much greater than the detected concenlration of 2.0 &L, cis-12- 

DCE would not be recommended for fiuther ecological evaluation. 

7.6 Summary 

Based upon the results of the SLERA and Step 3A of the BERA, terrestrial receptors that may 

forage or live in the manicured lawn surrounding the SWMU 311 study area are not estimated to 

be at unacceptable levels of risk from surface soil contamination. No further evaluation of 

surface soil is recommended. 



Based upon the results of the SLERA and Step 3A of the BERA, potential aquatic receptors in 

off-site habitats are not estimated to be at unacceptable levels of risk fkom groundwater 

contamination associated with SWMU 31 1. No further ecological evaluation of groundwater is 

recommended. 
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exposure pathway 

Uptake/ Terrestrial Biota 

FIGURE 7-2. ECOLOGICAL CONCEPTUAL MODEL 
SWMU 311, MCB CAMP LEJEUNE 

Accumulation - b 
Aquatic Biota tngest~on I . I I I I I I I I * I I I I I  . . . .  • 0 . e  



SAMPLE DATE 

, Ml3ALS (rng/kg) 
Cadmium 
Chromium 28.8 

- PHASE II TEMPORARY WELL 
J = value is estimated - PHASE II SOIL BORING DETECTIONS OF CATEGORY 1 ECOLOGICAL COPCS 

Hits boxes list all detections of Category 1 Ecological Contaminants of Potential Concern 0 - PHASE I SOIL BORING 
IN SURFACE SOlL EXCEEDING SCREENING VALUES 

that exceed Region N Ecological Screening Values for Soil. - SOIL BORING LOCATION SWMU 31 1 ,  CTO - 0 1 4 3  
Surface soil samples collected in 1997 were sampled from 0-2 feet bgs. All other samples were collected from 0-1 feet bgs. - SOIL BORING AND GROUNDWATER GRAB LOCATION 



@ - PHASE II TEMPORARY WELL 
@ - PHASE II SOIL BORING DETECTIONS OF C 

* Assumes water hardness of 50 mg/L 
OLOGICAL COPCs 

- PHASE II SURFACE SOlL SAMPLE 
0 - PHASE I SOlL BORING 

IN GROUNDWATER EXCEEDING SCREENING VALUES 
I - SOIL BORING LOCATION SWMU 31 1,  CTO - 0143 
( - SOIL BORING AND GROUNDWATER GRAB LOCATION MARINE CORPS BASE, CAMP LEJEUNE 



8.0 CONCLUSIONS AND RECOMMENDATIONS 

This section pmvides a discussion of conclusions based on the data coU&ed h m  the CSIs 

(phase I and II) and the RFI. Reeo~trmendations for future actions are presented after the 

conclusions. 

8.1 Conelusions 

Based on the nature and extent of contamination and human health and ecological risk 

assessments, the following conclusions can be made: 

The presence of lead in surface soil in the immediate vicinity of the oilfwater separator 

exceeds the PRG and STGC criteria. Additionally, lead contributes to possible adverse 

health effects &om exposure in muface soil for a future child resident. However, lead 

was not detected soil over a large area at concentrations exceeding the screening criteria. 

In fact, lead contamination was localized Therefore, the likelihood of a child to be at 

risk &om exposure to lead in the surface soil is fairly minimal. 

Detections of cadmium and chromium above STGCs were limited in extent Both metals 

were detected in one surface soil sample (SWMU311-IS02-00) in the vicinity of the oivwater 

separator. As with the lead detection, the detections of these constituents were localized. 

Additionally, cadmium and chromium did not pose an unacceptable human health or 

ecological risk. 

Arsenic and silver exceed STGC criteria in subsurface soil. Based on the distribution of 

the detections and the Ure1y sources for these constituents, evidence suggests that they 

are not related to S W  31 1. Additionally, these constituents did not present a human 

health or ecological risk. 

The detections of PCE and TCE exceeded the STGC in only one subsurface soil sample, 

but did not pmvide a human health or ecological risk. The limited extent of this 

contamination was evident by the constituents not being detected in soil samples 

collected h m  soil borings S W 3 1 1 - S B 2 5  and SWMU311-SB26. Additionally, PCE 

and TCE were not detected in groundwater. 



Chlorobenzene and benzene were detected above the STGC criterion in one mil sample 

each, but did not present a human health or ecological risk Evidence of chlorobemene 

and benzene at levels above screening criteria in a broader distribution pattern in soil and 

groundwater was not obsewed. 

Methylene chloride, chloroform, and bromofonn detections were limited, with evidence 

suggesting that they are not related to SWMU 311. Additionally, these constituents did 

not present a human health or ecological risk 

Based on the preceding conclusions, the following recommendations are provided: 

Conduct an Interim Measures removal action of surface soil in the immediate vicinity of 

the oiVwater separator to mitigate the human health risk associated with the presence of 

lead. 

PCE, TCE, benzene, chlorobenzene, cadmium, and chromium should not be considered 

in any future site management plans. 
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I - 1 Baker Environmental, Inc 
I I APPENDIX A 

Test Boring and Well Construction Records 



TEST BORING RECORD 

PROJECT.. Camp Lejeune RCRA Progam - SWMU 3 11 
PROJ. NO.: CTO-0143 BORING NO.: SB04 
COORDINATES: EAST: 2500000.789 NORTH: 337448.74 
ELEVATION. SURFACE: 27.40 

DRILLING COMPANY Pm-Wol f f  
DRILLER: Lewis LaFever 

S = Sample A =Auger SPT = Standard Rnebation Test (ASTM D1586) 
T = Shelby Tube W = Wash =Photo Ionization Detector Measurement 
R = Aim Rotary C = Core =Mean Sea Level 

D = Direct Push P = Piston 

V i s d  Description 

becoming brown wl depth; damp 

BAKER REP.: Mark DeJohn 
BORlNG NO.: SB04 SHEET 1 OF 2 - 

7 - 
- 

8 

- 
9 - 

- 
10 - 

8.0 

S-3 2.8 
70% 

-- 

04 

0.0 

0.0 - 
0.0 
0 

- 
- 
- 
- 
- 
- 

10.0 
Match to Sheet 2 

17.40 



TEST BORING RECORD 
Baker Environmental 



TEST BORING RECORD 
Baker Environmental 

PROJWST: Camp Lejenne RCRA Pmgram - SWMU 3 11 
PROJ. NO.: CMTOl43 BORING NO.: SB05 
COORDINATES: EAST: 2499974.753 NORTH: 337403.101 
ELEVATION: SURFACE: 29.15 

SPT = Standard P 
PID =Photo I&tion Detector Measurement 

Visual Description 

2-in of cinders & clay 

7 - 
- 

8 

- 
9 - 

- 
10 - 

DWLING COMPANY Pan&-Wolff BAKER RFP.: M A  DeJohn 
DWLER: Lewis LaFever BORING NO.: SB05 SHEET 1 OF 2 - 

8.0 

S-3 4.0 
1 0O0! 

-- 

04 

-- 

- 
22 
18.4 - 
0.5 
11.9 - 
2.2 
2.2 - 
0.5 

- 
- 

wet at 7.0-ft - 
8.0 

SILT, Little day, lnx fine sand: brown, then - 
gray; moist to wet - 

9.2 - 
F SAND. somesilf trace clay; brown and - 
gray; wet Match to Sheet 2 

21.15 

19.95 
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TEST BORING RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 3 11 
PROJ. NO.: CTO-0143 BORING NO.: SB06 
COORDINATES: EAST: 2499932.981 NORTH: 337352.171 
ELEVATION: SURFACE: 30.20 

DRILLING COMPANY Parcatt-WOW BAKER REP.: Mark DeJohn 
DRILLER: Lewis LaFever BORING NO.: SB06 SHEET 1 OF 2 

7 

T = Shelby Tube W = Wash PID =Photo Ionization Detector Measurement 
MSL =Mean Sea Level 
B W S  = Backgmundmoint S o n  

Visual Description 

- 
1 - 

- 
2 - 

- 
3 - 

- 
4 

- 
5 - 

- 
6 - 

- 
7 

- 
8 

- 
9 - 

- 
10 - 

4.0 

8.0 

S 1  

S-2 

S-3 

2.7 
6896 

3.5 
88% 

1 .o 
25% 

- 

- 

-- 

00 

01 

04 

55 - 
0.0 
- 0.6 
70.0 
48 
0.0 

- 0.0 
0.0 

0.0 - 
0.0 
0 

SILT, little clay; black; moist - 
- 
- 
- 
- 
- 

some sand; dark gray; moist - 
- 

wet at 4.0-8 - 
- 
- 
- 
- 

large wood merit 
- 

tittle clay; light greeninsh-gray; moist 8.0 
- 
- 
- 

F SAND, some silt, tittle clay; gray; moist 
to wet - 

Match to Sheet 2 

- 

22.20 
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TEST BORING RECORD 

PROJECT: Camp Lejeune RCRA Progrsm - SWMU 3 11 
PROI. NO.: CTO-0143 BORING NO.: SB07 
COORDINATES: EAST: 2499910.156 NORTH: 337335.8 
ELEVATION: SURFACE: 2629 

DRILLING COMPANY Parrutt-Wolff BAKER REP.: David D. Schilling 
DRILLER: Lewis LeFever BORING NO.: SB07 SHEET 1 OF 2 - 

SAMPLE TYPE 
S =Sample A = Auger 

T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

D = Direct Posh P = Piston 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D1586) 
PID =Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
BGPS = Backgroundmoint Source 
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TEST BORING RECORD 



TEST BORING RECORD 
Baker Environmental 

PROJECT: Camp Lejeune RCRA Program - SWMU 31 1 
PROJ. NO.: CT0-0143 BORING NO.: SBlO 
COORDINATES: EAST: 2499959.290 NORTH: 337469.49 
ELEVATION. SURFACE: 27.53 

SAMPLE TYPE 
S = Sample A =Auger 

T = Shelby Tube W = Wash 
R = Air Rotary C =Core 

D = D i i t  Push P = Piion 

DRILLER: Lewis LaEever BORING NO.: SBlO SHEET 1 OF 2 - 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D1586) 
PID =Photo Ionization Detector Measurement 
MSL =Mean Sea Level 
BGrPS = Baekgrmdipoint Source 
ppm = parts per million 

Visual Description 

- 
- 

Lithology not recorded - 
- 
- 
- 
- 

F SAND, some silt; tan, damp - 
- 
- 
- 

some silt, little clay; o m g i s h - h m  - 
wet at 6.0-ft - 

- 
- 

some silf trace clay; orsngish-bmwn; w& - 
- 
- 

10.0 
Match to Sheet 2 

Depth (Ft.) 

DRILLING COMPANY Parratt-Wolff 

N 
Sample 
Type BE 

No. 

s-1 

S-2 

S-3 

Elevation 
(Ft. MSL) 

- .  

17.53 

1 

- 
2 - 

- 
3 

- 
4 

- 
5 - 

- 
6 - 

- 
7 - 

- 
8 

- 
9 - 

- 
10 - 

BAKER REP.: Mark &John 

4.0 

8.0 

= No Sample 
Sample 

Rec. 
(Ft.,%) 

Not 

Rewrdcd 

3.0 
75% 

4.0 
100% 

SPT 

- 

- 

- 

Lab 
ID 

02 

04 

PID 
(ppm: 
P* 

18.5 - 
1 .0 

14.8 - 
0.0 

52.0 - 
10.0 
52.0 - 
10.0 

40.0 - 
1 .o 

50.0 - 
10.0 
50 
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TEST BORING RECORD 

PROJECT Camp Lejeune RCRA Program - SWMU 3 1 1 
PROJ. NO.: CTO-0143 BORING NO.: SBll  
COORDINATES: EAST: 2499925.115 NORTH: 337431.115 
ELEVATION. SURFACE: 27 10 



TEST BORING RECORD 



TEST BORING RECORD 

PROJECT: Camp Lejewne RCRA Program - SWMU 3 11 
PROJ. NO.: CTO-0143 BORING NO.: SB15 
COORDINATES: EAST: 2500021.929 NORTFk 337362.667 
ELEVATION: SURFACE. 26.69 

DRILLING COMPANY Pm-WoI f f  BAKER REP.: David D. Schilling 
DRILLER: Phillip Nichols BORlNG NO.: SB15 SHEET 1 OF 2 - 

R=AiRotlry C=Core SL =Mean Sea h e 1  

Vial Description 

F.SAND, trace silt, bmwn, orange staining, 

7 - 
- 

8 

- 
9 

- 
10 - 

8.0 

S-3 1.3 
33Yo 

- 05 

0.0 

0.0 - 
0.0 

6.8 - 
- 

8.0 - 
FSAND, trace silt, brown, very loose, wet - 

9.1 
SHELL FRAGMENTS 9.3 - 

- 

19.89 

18.69 

17.59 
17.39 
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TEST BORING RECORD 

PROJECT: Camp L ejeune RCRA Progm - SWMU 31 1 
PROJ. NO.: CT0-0143 BORING NO.: SB16 
COORDINATES: EAST: 2499985.570 NORTH: 117177 7'7 - ----- 
ELEVATION: SURFACE: 26.7 

DRILLING COMPANY Parratt-Wolff BAKER REP.: David D. Schilling 
DRILLER: PhiUip Nichols BORING NO.: SB16 SHEET 1 OF 2 - 

= Sample A = Auger T = Standard Penetration Test (ASTM DIS86) 
T = Shelby Tube W = Wash = P110to Ionization Detector Measurement 
R=AirRotary C=Cwe - Mean Sea Level 

D = D i  Push P = Piston = BackgroundPoint Source 

F.SAND, trace clay, brown, loose, moist 

7 - 
- 

8 

- 
9 

- 
10 

8.0 

S 3  4.0 
100% 

- 05 

0.0 

0.0 
0.0 
0 .o - 
0.0 
0.0 

- 
- 
- 

F.SAND, trace s i 4  hnnvn, orange staining, - 
Iwse,wei - 

- 
9.7 

F.SAND, trace silt, brown, loose, wet 
17.00 
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TEST BOFUNG RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 3 11 
PROJ. NO.: CTO-0143 BORING NO.: SB18 
COORDINATES: EAST: 2499954.750 NORTH: 337513.24 
ELEVATION: SURFACE: 27.03 

Hammer Wt 

SAMPLE TYPE 
S = Sample A =Auger 

T = Shelby Tube W = Wash 
R = Air Rotary C = Core 

D =Direct Push P =Piston 

DRILLING COMPANY Parran-Wolff BAKER REP.: Mark DeJohn 
DRLLLER: Arnold Chapel BORING NO.: 5818 SHEET 1 OF 2 - 

DEFINITIONS 
SPT = Standard Penetration Test (ASTM D1586) 
PID = Photo Ionization Detector Measurement 
MSL = Mean Sea Level 
BGPS = BackgroundPoint Source - 

N 
Sample 
Type & 
No. 

S- 1 

5-2 

S-3 

ppm = parts per million 

Visual Description 

ASPHALT and subbase - 
0.8 - 

F SAND, some silt, trace clay; brown; moist 

some silt, little clay 

- 
trace silt & clay; gray; damp - 

A 

- 
- 

some silt, little clay; brown; damp - 
- 
- 

trace silt& clay; gray - 
some silt, little clay; brown - 

- 
trace silt& clay; gray - 

- 
some silt, little clay; gray & orangish-brown - 
W/  sty zones & laminae - 

Match to Sheet 2 

Depth (Ft.) 

=No Sample 
Sample 

Rec. 
(Ft.,%) 

2.1 
53% 

3.0 
75% 

3.1 
78% 

Elevation 
(Ft. MSL) 

26.23 

- .  

I - 
- 

2 - 
- 

3 

- 
4 

- 
5 

- 
6 - 

- 
7 - 

- 
8 

- 
9 - 

- 
10 - 

Lab 
ID 

02 
02MS 
/MSD 

04 

SPT 

- 

- 

-- 

4.0 

8.0 

PID 
(ppm: 
P S ~  

0.0 - 
0.0 
0.0 
0.0 

0.0 - 
0.0 
0.0 
0.0 
0.0 - 
0.0 

0.0 - 
0.0 
0.0 
0.0 
0.0 



TEST BORING RECORD 



TEST BORING RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 31 1 
PROI. NO.: CTO-0143 BORING NO.: SB2O 
COORDINATES: EAST: 2499878.650 NORTH: 337447.7 
ELEVATION: SURFACE: 27.30 

DRILLING COMPANY Parratt-Wolff BAKER REP.: David D. Schilling 
DRILLER: Lewis LeFever BORING NO.: SB20 SHEET 1 OF 2 - 

Hammer Wt 

PT = Standard Pen 

SL = Mean Sea Level 

Visual Description 

7 - 
- 

8 

- 
9 - 

- 
10 

8.0 

S-3 4.0 
100% 

-- 

0 
0 - 
0 
0 - 
0 
0 - 
0 
0 

7.0 - 
F.SAND, trace silt, brownish gray, loose, moist - 

8.0 - 
F.SAND, trace silt, brownish gray, very loose, - 
saturated - 

- 
- 

Match to Sheet 2 

20.30 

19.30 



TEST BORING RECORD 



TEST BORING RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 31 1 
PROI. NO.: CTO-0143 BORING NO.: SB25 
COORDINATES: EAST: 64789456.123 NORTH: 123456.789 
ELEVATION: SURFACE: 28.20 

SAMPLE TYPE 
J 

DEFINITIONS 
S = Sample A = Auger SPT = Standard Penetration Test (ASTM D1586) 

T = Shelby Tube W = Wash PID = Photo Ionization Detector Measurement 
R = Air Rotary C = Core MSL =Mean Sea Level 

D = Direct Push P = Piston BGlPS = BackgrouncLPoint Source 

DRILLING COMPANY Parran-Wolff BAKER REP.: Mark DeJohn 
DRILLER: Lewis LaFever BORING NO.: SB25 SHEET 1 OF 2 - 



r TEST BORING RECORD 



TEST BORING RECORD 

PROJECT: Camp Lejeune RCRA Program - SWMU 3 11 
PROJ. NO.: CTO-0143 BORING NO.: SB26 
COORDINATES: EAST: 64789456.123 NORTH: 123456.789 
ELEVATION: SURFACE: 282 

DRILLING COMPANY Parratt-Wolff BAKER REP.: Mark DeJohn 
DRILLER: Lewis LaEever BORING NO.: SB26 SHEET 1 OF 2 - 

Hammer Wt. 

MSL =Mean Sea Level 

Visual Description 

7 

- 
8 

- 
9 - 

- 
10 

8.0 

S-3 4.0 
100% 

-- - - 

- 
- 
- 
- 
- 

tan & oragnish-brown laminae; moist - .......................... 9.6 - 
Match to Sheet 2 

18.60 



TEST BORING RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

PROJECT. Camp Lejme RCRA Prognun - S W M U  3 11 
PROI. NO.: CTO-0143 BORING NO.: 3 1 1-PZ05 
COORDINATES: EAST: 2499974.753 NORTH: 337403.101 
ELEVATION: SURFACE: NA TOP OF W C  CASING: 29.15 



I 

TEST BORING AND WELL CONSTRUCTION RECORD 



TEST BORING AND WELL CONSTRUCTION RECORD 

I'KOJECP Camp Lejeune RCRA Program - SWMU 3 L 1 
PROJ. NO.: CTO-0143 BORING NO.: 311-PZ18 
COORDINATES: EAST: 2499954.750 NnRTU. 11121.1 1 4  - . . . . . -. . . - - - - -. 2.2 ,.T..s.&7 

ELEVATION: SURFACE: NA TOP OF PVC CASING: 27.08 

Rig: Ingersol Rand 
I Macro I Casing 1 Angers I Core Date 

I I I 
. . --. 

I spoon I I ~ a r r e l  I 
Size (ID) 

TYPc 
HnmmerWt 
FaU 

Promess Weather 

- I 2411 I - - 

Depth to 
w.+- 

Remarks: Piezometer was installed beside 31 I-SBIB 

- 
- 
- 

(Ft) I (.t, 
lmoth  - .. 

SS 
-- 
- 

I 7nnOO3 1 0.0 - 20.0 1 NA - - I d-61 I - I I - 
- 
- 
- 

- 
- 
- 
- 



TEST BORING AND WELL CONSTRUCTION RECORD 
( 



DRILLING CO.: Pmtt-Wolff 
DRILLER: Lewis Lafeva 

BAKER REP.: David D. Schilling 
BORING NO.: 311-pz20 SHEET 1 OF 2 - 



TEST BORING AND WELL CONSTRUCTION RECORD 
Baker Environmental - 



Baker 
D 
1 Baker Environmental, Inc 

APPENDIX B 
Chain-of-Custody Documentation 











SUMMARY OF GROUNDWATER DATA AND AQUIFER CHARACXTRETICS 
M A R W  CORPS BASE, CAMP LEJEUNE 

JACKSONVILLE, NORTE CAROLINA 

SUMMARY 
FILE:  CAG-/fl / .  3f 

M A W E / .  dkp  - 

This study examines the utilily of explomtory aquifertsts (pump tests) at invcstigstion sites across 
Marine colpd Base, Camp Lsjeune (MCB-CL). The study reviews the available information on the 
relevant wates-lvzuing layers, amiden the general &mcki&cs and appticabii of aquifer tests, 
and wncludes 

'Ibat available information is satisfactorily complete to allow appropriate designs 
of groundwater systems in the main operating areas of MCBCL; 

That quantified characterhhn of the water-beating layers in explored areas of 
MCBCL can be extended to other areas having similar geologic temmq 

That exploratory tests are no longer routinely ly or -1% 

That ~ C O  testing (well-head tests or slug tests) of each newly installed 
or othewise u d m s k s i d  data station is highly advisabls; awl, 

laat @onaanca tstiag of groundwater d systems should be the 
recommended form of evaluating and adjusting withdmd systems. 

BACKGROUND 

stady considers the aquifw chamcte&ics (especially, the Coefficient of T r a m m i d i )  and 
the production capacities (available d i m e  ratts) of the two water-bearhg layers relevant to the 
studi~8 *M&L. T~SSS ~ e - w g l a y e r 9  an ths (&now or surficii) water table sad the 
Upper Castle Hayne Aquife. 

'Ihswatcr~LsaM~~the*-~g-WithiD25to35fcctoftheslafacstho 
Csstle Hayne, immediately below this. However, the se$?fuation of the water table and the Castle 
Hayne is not always o b v i i .  Usually, this ssparation is effected only by the low permeability 
material of ffre water table hansiting to the significantly more permeable mattrial of the Upper 
Castle Haync; there is rarely an aquiclude or aquitard of vertically sxtsDsive clay m t i n g  tbe 
water table firom the Castle Hap. 

The data available for this summary deiive from three main somcss: 

AssessmcntofHydro1ogicsadHydrogeologicDatastCampLejeune~e~ 
Base. North Carolina; U.S. Geological Survey, Water-Resources Investigation 
Report 89-4096; 1989 

Wellhead Management Program Engineering Study 91-36; Geopbex, Ltd, 22Jao91 

Various site investigations by Baker Environmental. Inc, and reported to 
LANTDIV and MCB-CL 



DBTFUBUTION OF DATA 

The data available from the various ~ ~ l r a s  have been compiled on Tables 1.2 and 3, with Table 3 
summarizing the r e h a t  flow information. The accompanying map indicates the d i s t n i o n  of 
stations from which data am available. 

The tabulated data indicate the main chnoteristics of each water-bearing layer. 

There is low avaiJab1e production from the water table. 

Them is an excessive availability of production from the Castle Hayne compand 
tothe probably acqtable kvels of tmiment volumes f o d l e  in grouodwatu 
remediion systems. 

l'he water table had prodoction capacitiss of lsss than 5 galkua per minute (gpm) in all casastcsbcd. 
The specific capacities of the d i i  Hnllr were always less than 1 gallon per minuto per foot of 
- W A X  The- 

. . .. calcuhd~geacrsllynearorbelow 1OOOgaUonsper 
day per foot of drawdown Wft); d y  the deeper wells, which intempted at least part of the 
Castle Hayne, had transmissivities in a range indicative of an acceptably producing zone. The 
h~~coadudivityvahttswen,annmontyiathe~oftmtbsof~pcrday(Wd). Thelow 
produeton rates, low h.amsnissivitks and low hydraolic conductivities indicate that the water table 
is only marghully, at besf uMkr Mi cwditions. CaIcuktio~ b e d  an these data would. 
Umeikq be highly unreliable. However, the available infbmmtion all indicate an expectably low 
rate of grwndwatcr d i i  which in turn would produce only a narrow radius of effed around 
an individual pmduction well: 

The standard quation for calculetion of the radius of capture nroudl an indiidtlnl 
well is reaOQ/xTL With a discharge rate (Q) of 3 gpm, a tmmkivity (Tj of 
500 gpdlft and a representative gradient of 0.005, the radius of capture would be 
275 R However, this calculation applies only to Danian w n d i i  in a 
homogeaeous medium; the water tabkr at MCBCL is merginally Daroian and is 
highly non-homoganeous. l h  ULcUlatbn of rsdius must, thaeke, be in some 
degree of enor, with no mom usable data w calwlatioo possible. 

The Castle Hayne has paoduction capacities generally rangins above 200 gpm. Tht estimatai 
t ivities are at least in lhe mnge of 4 tens of thousands @it, with specific capacities 
usually about 5 to 10 gpmlft The calculated hydraulic conductivities am usually in the swm of 
feet per day. The available discharge fiam the Castle Hayne is, tharefore, much greater tban that 
from the w a k  tabk. The limiting factor in rrmcdiatioa schemes for the Castle Hayae then become 
the amount of water that can be treated by an affordable system, usually less than 500 gpm; tbis 
d u e  of 500 gpm would be available k m  one or two ~ I l s  in the Castle Hayne. The high values 
of aquifer parameters, the relatively low total discharge and the low number of production w e b  
would conspire to the radius of effect available to a remediion scheme: 

The sraadard equation for calculation of the radius of capture around an individual 
well is re=720QIxTi. With a Q of 500 gpm, a T of 50000 &l? and a 
representative gradient of 0.005, the radius of capture would be only 460 R 



COMPARMUUTY OF DATA ACROSS MCBCL 

The stratigraphic scqua~ccs of MCB-CL containing the water tabla and the Uppa Castle Hayno have 
been well characterized. The available informath indicahls that the lithology and tbe hydrol&c 
conditions can be oorrelated stmtigaphicslly across the base (Tables 1 and 2). F& th& 
oonslatims, aquifapcrformance can be p d i  sufficiently for an engineering design whose final 
criteria for suitability are performancbbsscd. 

The o p p s r w a t a - m  wne is a highly variable layering and intercalation of clay, silt and sand. 
This variability, h e r ,  is found within recognizable limits. These limas coms~and to the range 
of hydrologic &mte&tics described previously. Similar combtion is avsilabl~ for the litholo& 
and hydrology of the Uppe~ Castle Hayne. 

In areas not near s3atioos catalogued in Tables 1.2 and 3, a rrwxMnaisJlmcs anparison of welChead 
tests (slug tests) and an examination of lithologic desaiptbm will Wrcly be sutfu:ient to support the 
engineering evaluation of the site. 'Ihere is ample demonsbath that tithology has a significant 
infl-w on the hydrology of a site, and t& for a given gcologie Draw. the infl- is fairly 
coluirrtsnt T b c ~ e g W t a r a w o f M C B - C L b k e n m - a n d - k t c d m  
lithologic (stm&p& descriptions) and hydrologic (aquifd tests and well-head teats) sequcncss. 
Lithobgic descriptions can now provide a good indicaticm of hydrologic conditions at MCsCL in 
amas of similar &cane. 

- 

GENERAI. APPLICABILITY OF AQUIFERTESTS 

Aquifer (pump) tests am an extremely dangaws activity at contamination sites. While the 
infimnation adlablo from aquifer tests is required for engiseering design of withdrawal systems, 
aquifertesls should not be a rccwnaissana M an initial step in the indga t ioa  Full consid& 
must ba made of the redishibution of contaminants -10 h m  the test, of the chaw in 
strudurel support of disposal fe8ture-s by relaxation or haease of hydnxtatic loading, and so foah. 

C~nsidsrattoamodbbedofalbmatins~lrcesof~bdatroaths@f~. Inthecare 
of MCBCL. ahnatives to exploratory aquifer bwts am available fhm the tabulation and 
o~mlation of aquifer cha&xWcq production pcrfwmance and geologic tarsne preswtly 
available. 

From the available information and in light of the relative tmmktmy of the geoIogic temnc of 
MCB-CL, c o q , l ~ ~  at MCB-CL arc notgeaerallymquind. llmefom exploratory tcdr am 
not advisable and should not form part of the i n i i  investigation of a site. While they may be useful 
in certain ckum- after the initial investigation of a site, h y  should not, in the general case, 
ba part of the investigatioa Sufficiently satisfactory infinn~atim is presently available to allow the 
initial cnginccriig design of a groundwata response. 

Whik nrploratory @er tests are not advisable, paformame tests of a newly installed system am 
highly recommended Thcs~ tests, to some sxtent, are a normal part of the initial operation of a 
system. Only minor additional monitoring and modification of tha system during operation would 
provide data directly relevant to the long-term opention of that system. 

In the Coastal Plain of MCBCL, the information from an exploratory data station not coincident 
with the long-term extraction system is not fully transferable. l h t  is, if the test station and the 



recovery station an, not the same, tho aquifw parmeten and calculations based on those parameters 
will didt, This means that data fiom an expkmtory station src no man reliably usable that the data 
presently availabla, unless the exploratory station is coUocatcd with the mvay system. Howtva, 
if the exploratory and recovery stations nm identiad, and wnsiderins that altanarive sa- of 
acceptable dab on the aquifer ere available and that a performance test must be nm ss part ofthe 
initial opemiion of a rccovay system, tbe exploratory test represents a superfluous duplication of 
effort 





TABLE 2 
RYDRAVLIC m u m  TBST RESULTS mu0 TEpI) 



STATION b Q 
f t gP"' 

8SEP94 MCB-CAMP LEJEUfJE 

1.7 
0.2 
0.1 
0.3 
6.7 
0.6 
6.3 
3.6 
0.6 
13.2 
6.3 
0.6 
0.5 
0.1 
0.6 

570 5.1 
1220 LO. 9 
58 0.5 

9.0 
5.7 

1496 4.0 
1211 3.2 
793 2.1 

52962 142.0 
53102 142.0 
40381 108.0 
40392 108.0 
22081 59.0 
243.27 64.0 

0.1 
0.2 
5.8 



f - ,  
STATION 



;TATION PUMPING 
LEVEL 

154 3.5 
129 4.3 
267 7.0 
246 5.3 
208 9.9 
199 4.4 
214 15.3 
157 9.2 
178 11.9 
224 24.9 
330 6.0 
210 7.0 
172 3.8 
216 4.8 
224 10.7 
205 11.4 
219 6.1 
151 4.6 
14.9 4.3 
13 0 3.3 
201 2.4 

[--I 0.0 
210 7.5 
351 8 . 0  
[--I 0.0 
269 7.7 
230 4.4 
192 4.8 
154 14.0 
302 11.6 
263 3.1 
100 1.3 
480 6.4 
242 3.5 
216 2.6 
197 6.8 
175 5.8 

[ - - I  ERR 
150 ERR 
275 7.4 
148 2.8 
100 4.3 
216 6.5 
140 6.7 



STATION PUMPING 
LEVEL 



STATION PUMPING 
LEVEL 

8 
11 
60 
16 
19 
6 
10 
2 7 
53 
21 
17 



Baker Environmental, Znc 

APPENDIX D 
Background Data Summary 



APPENDIX D 

METALS (m&) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chmmium 
Cobalt 
Copper 
Imn 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

STATISTICS SUMMARY FOR INORGANICS IN SUBSURFACE SANDS 
BASE BACKGROUND STUDY 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Frequency Arithmetic Mean Arithmetic Mean + Log Arithmetic Mcsn Log Arithmetic Mem + 
Diitrlbution of Detection Range Half Non-Detects 2 Standard Deviations Half N o n - D e w  2 Standard Deviations 

Lognormal 
Neither 
Neither 

Lognormal 
Neither 
Neither 

Lognormal 
Lognormal 

Neither 
Lognomal 
Lagnormal 

Normal 
Lognormal 
Lognormal 
Lognormal 
Lognomal 
Lognormal 

Neither 
Neither 
N o m l  
Neither 

Lognormal 
Lognomal 

Backgmund range = Z'standard deviation 
Log mean + 2 STD was convened after the mean + 2 STD were added together 

Appendix D.xls 
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Baker EnvironmntaI, Znc. 

APPENDIX E 
Summary of Analytical Data 



SUBSURFACE SOILS ANALYTICAL RESULTS 
SWMJ31l 

SAMPLE ID 
SAMPLE DATE 
DBPTH RANGE 

v a u m E s  (ugixg) 
1,l.l-Tnobloroethnnc 
1,1,2.2-Tcmchlomclh~e 
l,I~-Tnohbmclhane 
1,I,2-Tnohlorotifluomham 
1.1-D~chlo&nnc 
I,l-Dlohlo&~e 
13 ,4 .Tnch lorobc~  
1,2-D~bromc-3~oropropunc 
1 2 D ~ h m m ~ e  
1.2-Dichlorobenzenc 
12-DichlomLhane 
1.2-Didabmprbpunc 
1.3-Dicblmobeazvlc 
1,4Diohlomhzane 
2-Burnnone 
2-Hemmne 
4-Methyl-2-Pentmonc 
Acctm 
Baua~ 
BmmoBohloromsthanc 
Bromoffim 
B m m o m ~ e  
Carbon hsulfide 
CarbonTcimhbridc 
Cblocd~auenc 
ctha&nc 
Chloroform 
Chloromdhc 
c1s-1,2-D1dlaocBeue 
c~s-l,l-D~&lompmpane 
Cyclohrranc 
D~bmnoohlommnhem 
DieblomdlUwm& 
EByl Bmzene 
lwpmpylbmrsne 
dpxy lmes  
Mahyl Acnau 

RCPA lKYeSnGAnON - CT0-0143 
MC& CAMP LEJEUIYE, NORTE CAROLINA 
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SUBSUIWACE SOILS ANALYTICAL RESULTS 
m 311 

SAMPLE lD 
SAMPLE DATE 
DEPTHRANGE 

VOLATILES (u-1 
l.l.1-Tnchlomethane 
1,1,2/-Tshachlomihane 
1 , 1 , 2 - T r i c h l o ~ c  
1,12~TrichlomtnJlumM~e 
I.l.D~chlomethanc 
1.1-Diohlomcthone 
l,2,4~Tnchlomkmone 
12 -Dlbmm~~Chlompmp~e  
1.2-Dibmmocthsne 
1.2-Dichbrobcmem 
1 , 2 9 i c h l b e  
1,2-Di~hloroppane 
IJ-hchlombolzene 
1 . 4 - h c h l m W  
2.BtlmnmC 
2-Hmanone 
4-Mdhyl-2-Penwonc 
AOdtOne 
Brmnnc 
Bromo&chlammMane 
Bmmoform 
BmmomMnnc 
Cubon haultick 
Carbon Tetmchlonde 
C b l o m h n c  
cblomctham 
Chlomform 
C h l o m m ~ e  
ca-1.2-Dichlomnhuu 
ois-I J-D~ohlompmpenc 
Cyclohorane 
D l b m m O L h ~ W  
Dichlomdiflwmmtthaee 
Ethyl Berum 
I w p n 0 g y l ~ C  
d p X y l m  
Methyl A~smw 

RCRA INVESTIGATION - CTO-0143 
MCB, CAMP LWEUNE, NORTE CAROLINA 



SAMPLE ID 
SAMPLE DATE 
DEPTH RANOE 

VOWTILES (&) 
Methyl tntbutyl Ether 
Mcmylcycl0hw.m 
Msthylenc Chloride 
&ylcne 
Stym* 
1-1.3-hchlompnpanc 
Tsaachloroethena 
T O h m  
traw-12-D1chlomcthc11~ 
Tnohlomahcne 
T n ~ o r o f l u o r o m ~  
V~nyl Chloride 
METAM (mgllrz) 
AIscnio 
BLnUm 
Cadmium 
Chromvm 
Lcsd 
Maw 
Selonivm 
Stlvcr 

S W ~ A C E  SOILS ANALYTICAL msam 
SWIU 311 

RCRA INvEmmnoN - CTOOIA~ 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

0.69 U 
5.8 J 
0.1 U 

0.15 U 
2.3 J 

O l l  U 
0.74 U 
025 UJ 



SAMPLE 11) 
SAMPLE DATE 
DEPTH RANGE 

VOLATILES (u#W 
1,l.l-Tnch1amcth.n~ 
1.1,2.2-Tstrechlomcthane 
1 , 1 , 2 - T n c h 1 o ~ m  
1.12-TnchbrouifiuoW~e 
1.1-D~~.hloroethmo 
I,l-Diohlomchhac 
12.4-Tnohlaobtmzsnc 
12-oibmmo3-Chloropmpanc 
I.2-Dlbmm&e 
12-Dnshlombcruenc 
12-Dcblomnhsne 
1,2-D1chlmopmpenc 
1.3~D~lchlorobawnc 
l,4-D~chlombcmmc 
2-BuPnonc 
2Haunonc 
4 - ~ l - 2 - P c n a w n e  
AcoMne 
B w m m  
Bromdiohlomm#hmIe 
BmmofOrm 
Bmmwnahane 
W o n  Dautfidc 
Carba Trtrschlondc 
Chlombawena 
Chlormhms 
Chlndorm 
C h I o m m ~ e  
crbl.2-Drchlomedme 
cu-1~-D1chlomgmpcnc 
CyclOhasne 
D~bmmochlommo(huu 
DichlotcdtRuomm&e 
Etbyl Bmuenc 
Isopmwlbaueac 
IdpXylena 
Methyl AWfC 

rmBSURFACE SOILS ANALYTICAL PE9ULTS 
m 311 

RCRA INVESTIGATION - CMO143 
MCB, CAMP LEJEUNE, NORI'E CAROLMA 



SAMPLE ID 
SAMPLE DATE 
DEPM RANGE 

YOLATILES (@kg) 
Methyl ten-butyl BIhw 
M ~ ~ o l o h u a n s  
Mahylcnc Chlonde 
o-Xylene 
SQmne 
t.1,3-DtEhlarop1opnc 
Tctrsohlorwthene 
Tollwnc 
m~-I,Z-D1cNomethcne 
T&& 
TnchlomtluoromsUunc 
Vlnyl Chloride 
METALS (mdlrg) 
Arsenic 
Blnvm 
Cadmium 
Chromium 
L a d  
M m  
S d c n ~ m  
Silwr 

SUBSURFACE SOILS ANALYTICAL RESULTS 
SWMU 1 1  -. -.. 

RCRA m w m c A n o N  - CTOOIU 
MCh CAMP LWEUST, NORTB CAROLNA 



SUBSURFACE SOILS ANALYTICAL RESULTS 
m 3 1 1  

WLE m 
SAMPLE DATE 
DEPTH RANGE 

VOLATILES (ugh@ 
1.1.1-Tncblorocfh.0~ 
1.1 22-Tdmchlcmothane 
1,124dehlomoUwe 
1,1,2~TrichlomtnflUOIDeIhpnc 
I,l-Dzchlomolhme 
1.1-Dichlomethene 
l,2,4bn0hlomblmuenc 
1.2-Dibmma3Chlompmpans 
1.2-Diimoethms 
I.2-Mcbhrohcnrmc 
1.2-D~chlor&e 
1.2-Dichlompmpw 
I.3-DiEhlombcnzene 
I,4-Dlchlolotcnwn~ 
2-Butananc 
2-Hexanone 
4Mcthyl-2-~cnwne 
A m m e  
B r n C  
BIomodichlmmcthanc 
Bmmofom 
Brommncthane 
Carbon Dwnltidc 
Csrbon T e u a c h W  
Chlombcrucne 
Cblomcthans 
Chlornform 
Chlommcthane 
oir-1,2-Dtohlomethsnc 
cirl.3.D~chloropropne 
Cyclohexm 
D~bmmochlommnhane 
Dichl&flwmmcthane 
Ethyl B c m e  
lsopo~lbnuenc 
nv'pXylona 
Mothyl AccW 





SAMPLE m 
SAMRE DATE 
DEPTH RANGE 

RCK4 LWE9TIGATION - -43 
MCB. CAMP LElEUNE, NORTH CAROLINA 

VOLATaES (ug/Lb) 
1.1.1-Trichlorm 
1.1,2.2*Tebghlomabatls 
1 . 1 3 - T r i c h l ~ ~  
1.12-TrWm- 
1 . 1 - D i o h l m  
1.1--1- 
1 . 2 , 4 - ~ r o b e o r w  
13abmna3Chlomp10pBn 
Iph'brometkaIe 
1.2- 
12-michlomemam 
wmdk%w= 
1.3-he- 
1.4-DichlomBcapm 
2-Bumone 
2-Haanne 
4-Memyl-2*tsn0~~ 
Aafwe 
Bm2Ble 
Lbmodlchlommeulane 
Bmmofonn 
BrncfeesXm 
cmbon Disvlfids 
Carbon Tehachloride 
Chlaobsmn 
ChlaMhane 
Chlomfarm 
Chlommethne 
ol41.2-Dichlaodhene 
& 1 , . 3 - D i c ~ c  
CydOhuaoc 
Diimochlommeh- 
Drchhm&l~mmehaa 
Jwl lBenrmc 
WJWd- 
m/pXyleser 
Methyl A m r n  
Mellylta+butylEther 
M~kyolohexane 
Methylene Chlonde 
c-Xylene 
Styme 
t-l,3-hchlompopne 
Teuachlomefhens 
Tol- 
h s a p - 1 . 2 - h r h l o ~  
Tnrhloroc(benc 
TncorrdlwrlndBr 
Vlnyl Chloride 



SUBSURFACE SOIL DUPLICATE ANALYnCAL RESLILTS 
SWMU311 

RCRA RWFSTIGATION - CTOOI43 
MCB, CAMP LEIEUNE, NORTH CAROLINA 

METALS (mglly) 
Amenic 
Barium 
Cadmium 
Chmmimn. 
Lcad 
Msmay 
Selenium 
S i l ~  



Site Sample I.D. 
Lab Sample I D. 
Sample D m  
h p f h  W e  

Benzene 
c~s-12-Dichloroetb@ne 
Methylone Chloride 
Tchaehlomnhcnc 
Tnchlawthsnc 
wan8 12-Dichloratbene 

SUBFACE SOU ANALYTICAL RESULTS - MOBILE LABDATA 
SWMU31l 

RCRA INVESTIGATION - CT0-0143 
MCB, CAMP LEJEUNE, NORTR CAROLINA 

SWMU311-SB04-00 SWMU3lI-SBW S W 1 1 - S B 0 7 - 0 0  S W 1 1 S B I I O  SWMU3ll-SB1600 SWMU3I I-SB2O-W 
Missing Missing Missing &W Missmg Missing 

06-19-2003 06-19-2003 06-24-2003 06-19-2003 0619-2003 0623dW3 
0.1 0.1 0-1 0.1 0.1 0-1 



Slte Sample 1.D. 
Lab Sample1.D 
Sample Dak 
DopUl Range 

22-D~chlompropane 
2-Chlorotolu~~o 
CChlomtoIuene 
Benzene 
Bromobenzene 
Bromoohlommethanc 
Bmm&chlomamcthane 
Bromoform 
BmmomcUlana 
C a h n  Tetrschlonda 
Chlomtemne 
Chlorwtham 
Chloroform 

SUBSURFACE SOILS ANALYTICAL RESULTS - MOBILE LAB DATA 
SWMU311 

RCRA INVESTIGATION - CTO-0143 
MCB, CAMP LEJEVNE, NORTH CAROLINA 

SWMU311-SBO4-01 S W 1  I-SB04-02 
Missing Missing 

06.19-2003 0619-2003 
1-3 3.5 



Stte Sample ID 
Lab Sample I D  
Sample Datc 
DcPm R w e  

V0l.W (Milt) 
Chloromuhme 
CIS-1 ,2-Dichlomtkne 
cu-1,3-D~chlompropene 
Drbromochlommethane 
DtbmmMnethnne 
Dichlorndfluommehe 
Ethylbsnzene 
~ w o b u t a d 1 e n e  
lsopropylbmzene 
meta,pan-Xylene 
Msthylene Chlonde 
NaphUaIene 
nButyl&nwne 
n-Ropylbolzene 
onhpXylane 
para-Isnpropyltolucne 
sco-Butylbaume 
wme 

Toluene 
~.1,2-Dtchloroahcne 
trans-1,3-Dichlompropane 
Tnohlomahenc 
Tnohlomfluwomethane 
Vtnyl Chloride 

SUBSURFACE SOILS ANALYTICAL RESULTS - MOBILE LAB DATA 
SWMU 311 

RCRA INVESTIGATION - CT0414.3 
MCB, CAMP LEJEUNE, NORTH CAROLESA 





Sne Sample LD. 
Lab Sample 1.D. 
Sample Date 
Depth 

Dibromomnhsne 
Dichlorodfluommethane 
Ethylbarzene 
HFnsChlombtad~ae 
lapmpylkamne 
meta.para-Xylene 
Methylone Chloride 
Nephthalene 
n-Butylbsnzcne 
n-Propylbanzcnc 
ortho-Xylene 
para-lsopmpylmluem 
see-Butylbenane 

mr-~utylberizenc 
Toaachlomthene 
Toluene 
@ano-1,2-D1chlomthcne 
ssns-1.3-D1chloropropene 
Tnchl~oclhcne 
Tnchlomfluommethane 
Vinyl Chlonde 

SUBSURPACE SOILS ANALYllCAL RESULTS - MOBILE LAB DATA 
SWMU3ll 

RCRA MVeSTICAnON - CTO-0143 
MCB, CAMP LFXUNE, NORTB CAROLINA 

Missing 
0&2e2003 



Site Sample 1.D. 
Lab Sample I.D. 
Sample Date 
Mpm Raoec 

Bmmoform 
BmrnomRhane 
Carbon TcWcbloride 
Chlorobwuene 
Chloroethw 
Chloroform 

S U B S W A C E  SOILS ANALYTICAL RESLnTS - MOBILE L4B DATA 
SWMU 311 

RCRA INVESTIGATION - CTO-0143 
MCB. CAMP LUEUNE, NORTH CAROLINA 



SUBWWACE SOILS ANALYTICAL RESULTS - MOBILE LAB DATA 
SWMU~II  

RCIU INVESTIGATION - CX0-0143 
MCB, CAMP LEJEUNE. NORTH CAROLINA 

slte Sample I D. 
Lab Sample LD. 
Sample Date 
B P f h  Rsngo 

. .. 
iWa,para-Xylene 
Mahylene Chloride 
Naphthalem 
nguty lhzene  
n-Propylbwuans 
orthc-Xylene 
pars-lsopropyltoluenc 
8wButylbenzsae 
Styrene 
ten-Buty lkme 
TeWchlorocthene 
Toluene 
m-1,2-D1ChloroclhEne 
wns-1.3-Dicfilomproj%ne 
Tnchloroethene 
TnchloratluommeIhae 
Vlnyl Chloride 



Site Smplc I.D. 
Lab Sample ID. 
Sample oste 
Depth Range 

SUBSURFACE SOILS ANALYTICAL RESULTS - MOBILE WBLMTA 
SWMU311 

RCRA INVESTIGATION - CTOdl43 
MCB, CAMP LEdEUNE, NORTA CAROLINA 



SUBSL%PACE SOILS ANALYTICAL RESULTS - MOBILE LAB DATA 
SWMU 311 

RCIU INVErnATIoN - mod143 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SW311SBlO46  SWMU311-SBII-02 SW311-SBl ld3  SWMU311-SBll-06 bKMU311-SBI1-08 
Mmlng Miming Miwing Miss~ng Missing 

06-1 8-2003 06-18-2003 06-18-2003 06-1 &UX)3 0618-2003 
11-13 3-5 S-7 11-13 15-17 

Site Sample I.D. 
Lab Sample LD 
Sample Date 
N p t h r n C  

Velatlla (conL) 
Chlommethsne 
cis-12-Dmhlomethene 
cm-I J-Dichloropropale 
Dlbmmochlar~mthire 
Ihbrow-e 
D~chlomAfluommethane 
F#.hylbcnane 
Hexachlombutadlene 
Isopmpylbenzene 
m ~ ~ X y l a r c  
Mcthyleac Chlonde 
Naphthalene 
n-Butylbemane 
n-Ropylbenzeuc 
orth*Xylene 
~lsopropyltoluene 
s s o - B u t y l b ~ e  
styrclxr 
ten-Butylbawne 
Tmachlomnhene 
Toluene 
trans-1,2-D1chlorocthene 
~~s-1,3-Dichloropmpole 
Tnchlorocthsm 
Tnchlomtluommahanc 
V~nyl Chlonde 



Site Sample I.D. 
Lab Ssmplc I.D. 
Smnplc ate 
EPm Ranee 

Bronmfonn 
Bmmomahane 
Carbon Tmchlonde 
Chlombenzenc 
Chlomethe 
Chlomfonn 

SUBSURFACE SOILS ANALYTICAL RESULTS - MOBILE LAB DATA 
SWMU 311 

RCRA INVESTIGATION - CTOdl43 
MC& CAMP LEJEUNE. NORTI3 CAROLINA 



slte Sample I D 
Lab Sfmple I D 
Sample Date 
Depth Ranee 

V0Ltikr (coot) 
Chlommahane 
c1s.12-Dichlorocthen 
es-1.3-D~chloropropene 
Dlbmmochlommahane 
D~bromwethane 
D~chlorcd~fluommethane 
E t h y l ~ e  
Hexachiombursd~ene 
lsopmpylbaucne 
rnetqpua-Xylene 
Methyhe Chlonde 
Naphthalene 
n - B u t y ~ e  
n-Pmpylbame 
orfh~xylcne 
psra-Ispmpylbluene 
set-Butylknme 
Styfern 
ten-Butylbeme 
Temhlorffithme 
TOlusm 
tfans-1,2-D1chlomthene 
sans-l,3-D1chlompropmeopme 
Trichlorffithene 
Trichlorofluoromnhane 
Ylnyl Chlondc 

SUBSURFACE SOUS ANALYTICAL RESULTS- MOBILE UBDATA 
SWMU 311 

RCRA JWESTIGATION - CT00143 
MCB, CAMP LEJEUNE, NORTE CAROLINA 

SWMU311JBIMO SWMU311-SB15-01 SWMl.311-SBIS-02 SWMU311-SB15-05 
h m g  Mhing Missing &ing 

06-lP2003 06-19-2003 06-19-2003 06-19-2003 
0-1 1-3 3-5 9.11 



6-L S-E 11-6 L-5 
EWE-EZ-90 EOOZ-CZ90 EWZ-61-90 EWZ-61-90 
alqssn Rmnw ¶'J'~YY sms~~ 
WBIBS-IIE~WMS zc-s[as-t~cms so-919s-IIC~S EWIBS-IIE~S 



Site Sample LD 
Ldb Sample 1 D 
?mple Date 
Dapth 

SUBSURFACE SOILS ANALYTICAL RESULTS - MOBILE LAB DATA 
SWMU 311 

RCRA INVESTIGATION - CTOOW 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SWMU311-SB16-03 
Missing 

06-19-2003 
5.7 

S W 3 l  I-SBI6-05 
Missing 

06.19-2003 
9-11 

SWMU311-SB18-02 
Missing 

06-23-2003 
3-5 

SWMU311-SB18-M SWMU311-SB18-06 
Missing Missing 

06-23-2003 06-23-2003 
7 4  11-13 



Sits Sample1.D. 
Lab Sample 1.D. 
Sample Date 
oopth RMge 

SUBSURFACE SOILS ANALYTICALRESULW- MOBILE LAB DATA 
SWMU 311 

RCRA INVESTIGATION - (TO4143 
MCB, CAMP LEJEUNE, NORTH CAROLMA 





GROUNDWATER ANALYTICAL RESULTS - MOBILE LABDATA 
SWMI311 

RCRA RWESnGAnON - CT0-0143 
MCB. CAMP LEJEUNE. NORTH CAROLINA 

Slu Sample I D SWMU311-GWM SWMU311-GWO5 SWMU311-GWO6 SWMU311-OW07 SWMU3110WIO 
Lab Sample ID. Missing M~ssmg Mlss~ng Wiep Missing 
Sample Date 06-L9-2QO3 D6-18-2003 06-19-2003 0623-2003 0618-2003 

Methylme Chlaride 
PCE 
X E  
bans 12-D€E 





baker 
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Baker Environmental, Imc 

APPENDIX F 
Risk Assessment Data Sets 



SURFACE SOIL ANALYTICAL RESULTS 
SWMU 311 

RCRA INVESTIGATION - CTOKI143 
MIX CAMP LEJEUNE, NORTE CAROLINA 

SAMPLE ID 
SAMPLE DATE 

NA 
NA 
N A 
NA 
N A 
NA 
NA 

I NA 
NA 

I Z U  
N A 
N A 
NA 
NA 

I Z U  
NA 
NA 

1 2 U  
N A 
NA 
NA 
NA 

t a u  
NA 
NA 
NA 
NA 
NA 

1 2 U  
NA 
NA 
NA 
NA 
N A 
NA 

12  U 
%A 

I . I - ~ ~ o - E  
1.1-Dmhlo&m 
I,2,4-Tnchlombcmm 
1,2-D1bromo-3shlompmpsne (DBCP] 
I,2.D1bmmoeUwp @LIB) 
I)-mdhIObSWEM (C-) 

I , Z - D ~ c h l o ~ c  
13.Diohlorocthenc (cln) 
1,2-D1chlnoahmc (Duns) 
1,2-!Jiohlompmpanc 
1.3-DicNombem (m) 
1.3-D~ohlompmpcnc (ow) 
1,3-Dichlompmpenc (tram) 
1.4Dwhlorobcmnc (p) 
2-BuBnn* W K )  
2-Hcxsno~ (MBK) 
CMathyl-2-pntaaonc (MIBKI 
Acsmnc 
Be- 
Bmmodd~mmathane 
BmmofOrm 
Bmmometbrne 
Carbon D~sPJflde 
CarbnnTcimAlondc 
chlombcmem 
Chloroethanc 
Chiomform 
CNommcthanc 
cvc1ohaxu~ 



APPENDIX P (Conlinn@d) 

SURPACE son ANALY~CAL ~ U L T S  
SWMD311 

RCRA MVZSTICATION - CT0-0143 
MCB, CAMP LEJEUNE, NORTH CAROLIh'A 

SAMPLE m 
SAMPLE DATE 
DEPTH 

VOLAT&ES (ti&@ (Coot) 
Mcthyl AoPaC 
Mcthyl Cyclohcxam 
Mcthyl Tm-Butyl Elher (MTBE) 
Mcthylm CNande 
Slynac 
TmaohlomtbLnc PCE) 
Tololucnc 
TneNormthanc (TCEI 
l h c h l o r o f l ~ ~ r ~ r n e ~  
Vinyl Chlondc 
Xylenes, total 
SEMIVOLATILES (urn@ 
1.2.4-Tnchlorobomcnc 

U O U  
340 U 
340 U 
340 U 

1104 U 
340 U 

1104 U 
17W U 
1704 U 
340U 
U O U  
340 U 
340u 
mu 

Appendix F&O Table 



APPENDIX w (Centlhutd) 

S W A C E  SOIL ANALYTICAL RESULTS 
SWMU311 

SAMPLE m 
SAMPLE DATE 
DEPTH 

~ii2-chlomchy1;c;hcr 
Bir(2.elhylhayl) Phthalalc (DEHPI 
Buwl Bcwl Phrhalue 

RCRA INVESTIGATION- CT091.U 
MCB, CAMP L E I E r n  NO- CARoLlNA 

I7W U 
I100 U 
Y O U  
340 U 
3 4  U 
340 U 
Y O U  
340 U 
340 u 
340 U 
340 u 
3 4  U 
190 J 
340 u 
340 U 

340u 
mu 
Y O U  
340 U 
Y O U  
340 U 
340 U 
340 U 
340 u 
Y O U  

17W U 
340 U 
34oU 
340 U 
340 U 
Y O U  
340 U 
Y O U  

lMO U 

~ppanbix F&Q Tabla.xla. SSI 
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APPENDIX F(Cantlqaed) 

SURPACE SOIL ANALYTICAL RESULTS -TRBSPASSER ONLY 
SWMU311 

RCRA INVESTIGATION. c m O 1 4 3  
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE m 
SAMPLE DATE 
DEPTH 

1 2 - m b l o m b c m  (0.) 
1 J - I ) l e h l o ~ e  
1,2-hohl40emsne (CIS) 
1.2.Dichlamdhcne (Wnr) 
1,2-Diohloropmpano 
I .3 -hoh lombne  (m-) 
l?.Dtchlompmpene (CIS) 
1,3.~Mompmpenc (m) 
I , d D I c h l n ~  (p) 
2-Butmom (WX) 
Z-HcxSav. (1MIK) 
4Mcthyl-2-pncanonc (MIBK) 
Acetone 
Bclunm 

Bdichlommethane 
B r o d o m  
Bmnwmcthrw 
CwbenMsulfidc 
Cabon Tamhlorrde 
Chlombcruenc 
ChloIoEthne 
Chloroform 
Chla-c 
Cvclohcxlne 

Appcdix FBcl Tables XI,, 8St 



SAMPLE m 
SAMPLE DATE 
D m  

VOLATILES (uylce) (cant) 
Mnhyl Ten-Butyl EUrr W E )  
MethyloneCNoddc 
S w m  
TetnohIomch~ (PCE) 
T o l ~ e  
Tnchtomahone (TCE) 
Trichlornfiuommcthwe 
Vinyl CNmdc 
Xylenss, total 
SEMIVOLATILES (ufle) 
1.2P-TW&hfobo~ 
1.2-DicNamtewDc (o-) 
13-D~shlombmrcne lm.) 

SURFACB SOIL ANALYTICAL RESULlS -TRESPASSER ONLY 
SWMU311 

RCRA INVESTIGATION - CIW14  
MC& CAMP LEJEUNE, NORTH CAFtOLINA 

Appendix FkGTabIcd XIS, SSt 



sAme ID 
SAMPLEDATE 
DEPTH 

SEMIVOWTILES (agkgl (Cont) 
AOcnaphtbm 
Aoenaphlhylm 
Anthraccnc 
BoIWabithrawns 
B n r o ( a ) m  
Bm$b)Uuonmhcnc 
B W & b l ) w l ~ l m  
BmwOtlflwranm 

SURFACE son ANALYTICAL RESULTS. TRESPAS~R ONLY 
SWMUJll 

RCRA LWESTICATION - W 1 4 3  
MW CAMP LEJEUNE, NORTH CAROLlNA 

A m %  F&GTabIrr.xlr, SSt 



SAMPLE m 
SAMPLE DATE 
DEPTH 

METALS ( m m  
AIssnrc 
Barium 
W i u m  
Chmmium 
Lcad 
Mercury 
Selenium 
Sku 

S W A C E  S O U  ANALYnCALREGUL7E - TIWPAS%R ONLY 
SWMU3ll 

RCRA INVEFI'IOATION- CTOQl4.3 
MCU CAMP LEJEUNE, NORTH CAROLINA 



SWURFACE SOIL ANALYTICAL RESULTS 
SWMU 311 

RCRA WWTIGATION - CI'04143 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

VOLATILES (ngny) 
1,l.l-Tnchlomethane (TCA) 
1.1,2,2-Te~chlomahane 
I , I ~ - ~ n o h ~ o r o - I  ~ , ? . - t n n ~ ~ ~ ~ m e  
1,1,2-Trichlorce~snc 
1.1-Dichlomdme 
1.1-Dichlomcthmc 
1 , 2 + T n c h l o m ~ c  
1.2-Dihmo-3-chloropmpsne (DBCP) 
12-D1bromacthaM (EDB) 
12-Dichlombuuene (0-) 
1,2.Dichloroethane 
I & D ~ c h ~ n c ( c ~ s )  
1.2-D~chlorodhcnc ( m s )  
12-D~chlompmpanc 
1,3-D1Uomte1ucne (m-) 
1,3.D1ohlmpmpolc (CIS) 
1,3-Dichlompmpnc (Wns) 
1.4-Dichlombcnzenc (p) 
2-Bufsnorm m) 
2-Hnanona (MBK) 
4-Methyl-2-pentanone (MIBK) 
Aoctane 
Benzene 
Bmmodichlommethane 
Bromoform 
Bmmomothane 
Carbon Disuifide 
Carbon Tchschlondc 
C h t o m b n c  
Chlomethane 
Chloroform 
ChlommcUlane 
Cyclohexane 
Dibromocbloromehne 
D~chlorodffluommethanc 
Ethylbnzenc 

Appendix FBG Tables.xls, SB 



APPENDIX F (ConLued) 

SAMPLE m 
SAMPLE DATE 
DEPTN 

VOLATILES (ugikg) (Cont) 
Isopmpylbemnc tCmm) 
Mahyl Acstlte 
Methyl Cyclobexmc 
M&yl TatButyl Ethcr (MIBE) 
Methylene Chloride 
Stynm 
Teunchlomtkne W E )  
Toluene 
Tnchlomcthcne (TCE) 
Tnchimfluwwlekhane 
Vlnyl Chlonde 
m/F-xyw 
~ x y l s a c  
Xylenw, mml 
SEMIVOLATILES ( u g k )  
1,2,4-Tnohlombcnzcnc 
1,2-Dichlmotmzene (0-1 
1.3-D1&lmkmne (m-) 
1 , 4 - D 1 b l o m ~ e  (p) 
2.2'4kybisIl~chlompropaneI 
2,4,5-T1~hlomphanoI 
2,4,€-Tnchlomphanol 
2+D~hlomphenal 
2,4-Dhthytphmpl 
2.4-Duubophenol 
2,4-DimnmOluene 
2.6-Dmnitmmluene 
2Eklom~phthalenc 
2-cWomphonol 
2-Methylnaphthalene 
2-Mcthylphcnol (Pcresol) 
2 - N 1 w I 1 w  
2-Nitmphml 
33-Dichlomknzid~ne 
3-Nitrom~liffi 

SURWRFACE SOIL ANALYlTCAL RESULTS 
SWMU311 

RCRA INVESTIGATION - CTO-0143 
MCB, CAMP LEJEUNE. NORTE CAROLINA 

Appendix FBG Tables.xls, SB 



APPENDIX F (Continlred) 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

SEMIVOLATILES (ugkg) (Coat) 
4.6-Dinitrc-2.mahylphencl 
4-Bromophenyl-phenylerhcr 
4-Chlorn-3-methylphenol 
CChiomiline 
4Chlnophmyl-phenylether 
CMethyIphmol (pCrwol) 
4-Nitmaniline 
4Nifrophenoi 
Aoenaphthene 
Aconaphthylenc 
Anthracme 
Bem(a)anthraccne 
B~nzo(a)pyrrnc 
Benzo@)fluornnthene 
Bewc@hi)ps~ylem 
Bemo(k)fluonnthcm 
Bis(2.chlorocthoxy)m~e 
B's(2-chlom*hyl)ether 
Bis(2zthylhexyl) Phthalate ( D m )  
Butyl Benzyl Phihalate 
carbazole 
Chrysme 
Diborw(qh)amhraccm 
D i b c n z a h  
Diahyl PhPhthalate (DEP) 
Dimethyl Phthalate 
Di-n-butyl Phthalate (DBP) 
Di-n-octyl PhthalDtc 
Flwrsndme 
flu or en^ 
H c x a c h l o r n ~ n e  
Henaohlornbutsdiene 
Hexaehlaocyciopntadiene 
Hwrachloroahane 

SUBSUWACESOIL ANALYTICAL RESULTS 
SWMU3ll 

RCRA INVESTIGATION - CTW1.U 
MCB, CAMP LEJEUNE NORTH CAROLINA 

S W I  I-SBOI-03 S W 1 1 - S B M - 0 3  SWMU311-SBOM3 S W 1 1 . W O I - M  SWMV311-TRr02-03 SWMU311-TW03-03 
03-24-2022 05-25-20M 03-25-1(X12 0214-2002 03-24-2002 03-25-2002 

5'-T 5' - 7' 5% 7' T - 7' 5, - 7, 5 ' -T  

Appendix F&G Tablw.xIs. SB 





APPENDIX F(CantInued) 

SAMPLE DATE 
DEPTH 

VOLATILES (*@kg) 
1,l.l-Triohlomerhane (TCA) 
1,1,2,2-Tamchlomethan1 
1.1 ,ZTnchIm-l ,2,2-tnfIum&e 
I,l,2.Trioblorathane 
I,l-D~chlomethane 
I,l-Dlohlormhwe 
1 . 2 . 4 T r i o h l o r o ~  
I , 2 - W ~ b m m 0 - 3 - c h l ~ c  (DBCP) 
1,2-D1bmmopthme (EDB) 
1,2-D1chlomberacne (0-1 
1,2-Dichlo&ne 
I~-Dioh~methPneohm (CIS) 
l,2-D1chIomethew (trans) 
1.2-D~chloropropm 
1.3-D~ohlombwusne (m-) 
1.3-D1ehfPmpmpene (ds) 
1,3-Diobloropropcno (trarui) 
1.4-Dihlombcmc (p) 
2.Butanono (MEK) 
2-Hexanow (MBK) 
4-Mahyl-2-pornone (MIBK) 
A w e  
Bcnzanc 
Bromod~chlommethana 
Bmmofonn 
B r o m m b  
Csrbon Dlrulfide 
Cerbon Tamchloride 
Chlorobnvene 
chlo- 
Chlomfm 
Chloromahane 
Cyclohexanc 
D i b m m o c h l o m ~  
DichIomd~ilw~omShane 
E t h y l b e m  

SUBSURFACE SOU ANALYTICAL RESULTS 
SWMU3ll 

RCRA INVESTIGATION - CFO-0143 
MCB, CAMP LEJEUNE. NORTH CAROLINA 



APPENDIX F (Conthned) 

SUBSURFACE SOU ANALYTICAL RESULTS 

SAMPLE m 
SAMPLE DATE 
DEPTH 

VOUllLE3 (IIYIU) (Cent) 
lsopropylkavrne (Cumene) 
Methyl Acetate 
Methyl Cyclohexane 
Methyl Tat-Butyl Ether (MTBE) 
Mdfhvlem Chlonde 

. ~ 

Toluene 
Ttichlomnhcne (TCE) 
TrichlomfluMomethane 
V i l  Chloride 
m/pxylmes 
o-Xylene 
Xylenes msl 
SEWIFOMTILES ( u r n  
I,2,kTrichIarobenme 
I,2.DiohloroaMcne (P) 
1.3-DichJoroWne (m-) 
1,4-Dichlorobsolme (p-) 
2,2'-Oxybis[l-ohlompropnel 
2,4d-Trichlomphenol 
2,4,&Trichlomphenol 
2.4-Dichlomphenol 
2.4.Dimthylphenol 
2.4-Dinitrophenol 
24-Diikotoluenc 
2.6-Dinimtolwne 
2-Chlomnaphthalene 
2-Chlorophenol 
2-Methylnaphthalcne 
2-Mahylphmol (O-crasol) 
2-NiWiline 
2-Nimpknol 
3,3'.Diohlombcnzidinc 
3-Nimaniline 

SWMU3ll 
RClU INYESTIGATION - CTQ0143 

MCB, CAMP LKTEUNE, NORm CAROLINA 

Appendix F&G Tablcs.ds, SB 



APPENDIX F (CooHoucd) 

SUBSURFACE SOIL AN.ALYnCALRESULTS 
SWMU3II 

SAMPLE ID 
SAMPLE DATE 
D E r n  

SEMNOLATILES (ugh@ (Coot) 
4,bDrd~o-Z-methylphenol 
4-Brmophenyl-phunylnher 
4ChI~3.mcthylphanol 
CChlomsn~l~ne 
4-CMorophcnyl-phcnylaher 
&Methylphenol (pCrml1 
&N~manilme 
&N1tro&n01 
Accn8phthone 
Accnephthylene 
Anthraoone 
B e ~ a ~ t h m c e n c  
w a r n  
Bcruo@pwmthe11~ 
BM&hl)perylene 
hzqk)nuoraathene 
B 1 s ( 2 s h l ~ ) m c t h m c  
B1~(2chlorc&yl)ethe1 
Bis(2-cthyL~l) PhWate IDEHP) 
Bu ty lBwl  Phthalate 
Carbazolt 
Chryrcne 
hbna(a,h)anthaccnc 
D i b m  
Dahyl PhWate (DEP) 
Dimahyl PhWatc 
DI-n-buiyl PhLalatc @BPI 
D1.n-onyl Phthalate 
Fluormhcne 
F l u o m  
Hnuchlombnuene 
Hexachlombutad~me 
Hoxachlnooydopentadiem 
Hexachlomethanc 

RCRA INVESTIGATION - CT00143 
MC& CAMP LEJEUNE, NORTH CAROLINA 





APPENDIX F (Conllnurd) 

SAMPLE ID 
SAMPLE DATE 
DEPTH 

VOLATILES (udly) 
I.t,l-Richlomihane(TCA) 
I ,1.2,2-TctraohIomethme 
I,13-~chlo~I~~.rnfl~0methanc 
1,1.2-Tnchlomthane 
1.1-Dichlorocthans 
I,l-Dichlomethae 
1,2,4hchlombmzwe 
1,2-DIbrom~3-chlompropane (DBCP) 
I,2-Dlbmmo*hano (WB) 
1,2-Dlchlombnucne (5) 

12.D1chlomthane 
1 2 - h C h l d e n s  (CIS) 

1.2-Dchlomahme (h~s) 
12-Dichloropropsne 
1,3-D~chlorobnucne (m-) 
I ~ ~ l a m p o F m ~ ~  (CIS) 
1.3-D~chlompropene (trans) 
1.4-D~cNombcmne (p) 
2 - B ~ m o w  (MEK) 
2 - & m m  (MBK) 
4-Methyl-2-ponmone (MIBK) 
Acetone 
Benene 
Br~ch lo romc thans  
Bmmofom 
Bmmomethe 
Carbon hsulfidc 
Csrbon Tmechlonde 
Chlombnucne 
Chl0mcthsne 
Chlomfom 
Chloromethme 
CyclOhnane 
D~bmmochlommcthane 
Dichlomdifluomnethme 
Ethylbenzene 

SUBSURFACE SOU ANALYTICAL RESULTS 
SWMUJll 

RCRA INVESTIGATION- CTO-0143 
MCB, CAMP LWEUNE NORTH CAROLINA 



APPENDIX F (ConUnucd) 

SAMPLE m 
SAMPLE DATE 
DEPTH 

VOLATILES (up/kp) (Cont) 
Isopmpylbmeene (Cumcne) 
Mothyl AFctste 
MWlyl Cyclohme 
Methyl Tst-Buwl Ehcr (MTBE) 
Mahylene Chlondo 
synoe 
Tc(raohlornethae (PCE) 
Toluene 
TrWlMMhene (TCE) 
Tnchlornflwromethane 
Vinyl Chlondc 
mlpXylsnss 
o-Xvlcne 
xyines, total 
SEMIVOLATUES tu&I . -  - 
1,2,4-Trichlombeazene 
1.2-Dichlornbenzem lo-) 

SUBSURFACE SOIL ANALYTICAL RESULTS 
WBlU311 

RCRA MVESTIGATION - CTO.0143 
MCB, CAMP LEJEUNE. NORTH CAROLINA 



APPENDLX F (Continued) 

SAMPLE m 
SAMPLE DATE 
DEPTH 

SEMN0LATLF.S ( n M  (Coot) 
4,&Dinim2-methylphenol 
4-Bmmophyl-phsnylnhcr 
4chlom-3-mabylphLnol 
4Xhloman111ne 
4-Chlompharyl-phmylather 
4 - M ~ l p h c n o l  (pCresol) 
4N1hoanilmne 
4-Nitrophenol 
A-e 
Acmphthylene 
Anmcene 
Bcm[a-c 
BeWa)pyrme 
Bcnzdb)fluomthe 
BsMo($h,i)perylenc 
B~11~4k)fluorenmOne 
Bii2.chlor&oxy)metha1te 
Bls(2ehlorodhyl)ethcr 
B~@CmyIhcn/l) Phthelate(DEIIP) 
Butyl E m y l  Phthalate 
CarMzolc 
Chrysene 
Dibna(a,h)antmacene 
Dlkmfuran 
Di&l Phtholatc (DEP) 
Dimethyl Phthalate 
Di-n-butyl PMhslatc (DBP) 
Dm-n-wtyl Phthalotc 
Fluorantheno 
m o m  
H u a c h l n r o k m e  
Holachlombutad~ene 
Hapohloroqolopentad~ene 
HapohlomOmsne 

SUBSURFACE S O U  ANALYTICAL RESULTS 
SWMU3ll 

RCRA I N v E s m u n o R  - cro.0143 
MCB, CAMP LEIEUNE, NORTH CAROLINA 
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APPENDIX G 
Statistical Summaries 



APPENDIX G 

VOLATILES (ugkg) 
2-Butanone (FXEK) 
&Methyl-2-putsnone (MIBK) 
Acetone 
&nzne 
Bmoform 
Carbon Disulfide 
Chloroform 
Cyclohexane 
Ethylbenzene 
Methyl Cyclohexane 
Methylene Chloride 
SEMNOLATILES (uglkg) 
Benzcia)mthracene 
B - ~ P Y ~  
~(b)f luoranthene  
Benw(g,h,i)perylene 
Benzo(k)fluomthcne 
Bis(2-ethylhexyl) Phthalate (DEW) 
Chrysene 
F l u o h  
Indeno(l.2.3-cd)pyrene 
Pyme 
METALS (mdk)  
Arsenic 
Barium 
Cadmium 
chromium 
Lead 
M w  
Selenium 

Minimum 
Detected 

Maximum 
D e w  

11 J 
Z J  

34 I 
2 I 
19 
2 I 
2 1  
1 J 
2 J  
1 J  
30 

33 1 
48 I 
48 J 
50 I 
MI I 

2301 
49 5 
6s J 
41 I 
62 1 

0.31 I 
13.65 I 

5 2  
28.8 
I l l0  
0.09 
0.91 

SURFACE SOIL STATISTICAL SUMMARY 
SWMU311 

RCRA INVESTIGATION - CTOdl43 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Location of Frequency U p p  95% 
MaximumDetea of D e t h  Contideace Lmel 

Log upper 95% 
Confidence Level 

LOGNORMAL 
NORMAL 

LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 

L O G N O W L  
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
L r n O R M A L  
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 

LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 

Appendix F&G Tables.xls, SSaS 



APPENDIX G (Continued) 

SURFACE SOIL STATISTICAL SUMMARY - TRESPASSER ONLY 
SWMU 311 

RCRA INVESTIGATION - CTO-0143 
MCB, CAMP LEJEUNE, NORTE CAROLINA 

Minimum Maximum Location of Frequency Upper 95% Log Uppa 95% 
Detected Detected M&um W c t  of Detection Confidence Level Confideace Level 

VOLATILES (ugkg) 
2-Butenone (MEK) 6 J  11 J 
Acetone 14 J 34 J 
h m e  2 J 2 J  
Bromoform 12 19 
Carbon Disulfide 2 1 2 5 
Chlorofom 2 1  2 1  
Cyolohexanc I J  1 J  
Ethylbenzene 2 J  2 1  
Methyl Cyclohexane 1 J  I J  
Methylene Chloride 18 30 
SEMTVOLATILES (ug/kg) 
Benzo(a)enthracene 33 J 33 J 
Benzo(a)ey~e 48 J 48 J 
Benzo(b)fluoranthene 48 J 48 J 
Benzo(g,h,i)pcrylene 50 1 50 J 
Bcnzo(k)fluoranthene 60 1 60 5 
Bis(2-ethylhcxyl) Phthalate (DEHP) 170 J 170 J 
Cluysene 49 J 49 J 
Fluoranthem 65 1 65 5 
Indeno(l,2,3-cd)pyrene 41 J 41 J 

62 J 62 J 
METALS (mglk) 
Arsenic 0.31 J 0.31 J 
Barium 8.5 11.6 
Cadmium 0.056 I 0.74 
Chromium 4.8 10.4 
Lcbd 5.2 J 15.6 
M ~ w  0.034 J 0.053 
Selenium 0.91 0.91 

W-Twt 
Result 

LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 

LOGNORMAL 
LOGNORMAL 
LOONORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 

LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 





VOLATILES (I&) 
Cyclohexane 
Ethylbenzene 
lsopmpylbenzene (Cumene) 
Methyl Cyclohexans 
Xylenss, total 
~vETALS (ugn) 
Arsenic 
Bdum 
Chmmium 
Lead 

APPENDM G (Continued) 

GROUNDWATER STATISTICAL SUMMARY 
SWMU 311 

RCRA INVESTIGATION - CTOa143 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Minimum Maximum Location of Frequency Upper 95% Log Uppu 95% 
Detected Detected Maximum Detect of Detection Confidence Level Confidence Level 

W-Test 
Result 

LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAC 

LOGNORMAL 
LOGNORMAL 
LOGNORMAL 
LOGNORMAL 



Baker Environmental, Znc 
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ADULT MILITARY BASE PERSONNn - CURRENT SCENARIO 
ACCIDENTAL INGESTION OF SURFACE S O L  - SWP/R1311 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEIEUNE, NORTH CAROLMA 

CDI (mgkdd) = (C*IR*CF*FI*EF*ED)I(BW*AT) 
ILCR = CD18CSFo 

HQ = CDVRfl)o 

Parameter 
CDI 
ILCR 
CSFo 
HQ 

RiDo 
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

Chmnic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hamd quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion mte of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Avemging time, nonminogens 

Military Base 
Personnel 

CS (Chemical Speoific) 
CS 
CS 
CS 
CS 
cs 
loo 

1.OOE-06 
1 
250 
4 
70 

25,550 
1,460 

m: 
-- - Not applicable. 
NA - Toxicity criterion not available. 

Page 1 of 3 



ADULT MILITARY BASE PERSONNEL -CURRENT SCENARIO 
DERMAL CONTACT WITH SURFACE SOIL - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION. MCB, CAMP LEIEUNE, NORTH CAROLINA 

DAD (mflgd) = (C*CF*AF*ABS*SA*EF*EDY(BW*AT: 
ILCR = CDI*CSFd 

HQ = CDyRfDd 

Fmma 
DAD mgikgld 
ILCR N A 
CSFd ~ K ~ & d d )  
HQ N A 

~ t ~ d  m N d  
C m f l g  

CF kdmg 
AF mg/cm2 

ABS N A 
SA cm2/day 
EF dayslyear 
ED years 
BW kg 

AT-C days 
AT-N days 

Descriotion 
Demally absorbed dose 
Incremental lifetime canw risk 
D m a l  cancer slope factor 
Hazard quotient 
Dennal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption won 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, oaroinogens 
Averaging time, noncaroinogens 

Military Base 
Personnel 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 

l.OOE06 
0.2 
CS 

3,300 
250 
4 
70 

25,550 
1,460 

N B  
- - Not applicable. 
NA - Toxicity criterion not available. 

Page 2 of 3 



ADULT MILITARY BASE PERSONNEL -CURRENT SCENARIO 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE S O L -  SwMu 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTlAL CARCINOGENIC AND NONCARCTNOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

ILCR = CDInCSFi 
HQ = C D W i  

lm&g 
CDI 

ILCR 
CSFi 
HQ 

RtDi 
Ca 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

Descriotipn 
Chronic daily intab 
Incremental lifetime cancer risk 
Inhalation w c c r  slope fact01 
Hazard quotient 
Inhalation refmnoo dose 
Concentration of chemical in air e fugitive 

dusts 
Conmaation of chemical in soil 
Partioulale emission ffictor 
Respiration rate 
Exposuse time 
Exposun frsquency 
Exposure duration 
Body wight 
Averaging time, carcinogens 
Averaging time, noncwcinogens 

Miitmy Base 
Eizanrd 

CS (Chemical Speaific) 
CS 
CS 
CS 
CS 

I I I I I 

I ~ o t a l  ILCR: 6.1E-11 100.0% I Total HI: - - 
m: -- - Not applicable. 
NA - Toxicity criterion not available. 

- 

P m t e r  

Cadmium 
Lead 

C 
(m&& 

5.2 
1,110 

Ca 
(m*) 
3.94E-09 
8.418-07 

CSFi 
I/(mglkgld) 

6.3E+00 
NA 

Carcinogsns Nopcaroinogsns 
Rmi CDI %Conbib. CDI % Conbib. 

(mgkdd) L C R  TotalILCR (Wd) HQ HI 
NA 9.7E-12 6.1E-11 100.0% 1.7E-10 - - 
NA 2.1E-09 .. -- 3.6E-08 - - 



ADLlT Ah'D YOUNG CHILD RESIDENTS - nrmRE SCENARIO 
ACCIDEXTAL INGESTION OF SURFACE SOU - S W  31 1 
REASONABLE MAXhdlJM EXF'OSURE 
POTENIIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACUITY INVESTIGATION - MCB. CAMP LEJELINE. NORTH CAROLINA 

CDI (mgkg/d) - (C*IR"CF31*EP*ED)I(BW6AT) 
nm= CDITSFD 

HQ - CDURfDo 

CSPO 
HQ 

m o  
C 

IR-S 
CF 
Fl 
EF 
ED 
BW 

AT-C 
AT-N 

lz&!hl 
Chronio daily in* 
I n m c n N  lifctim m e r  ria 
Oral mccr rlopt haor 
H& qwricm 
Orsl ntonaoo dWC 
Conccnntionofohomioal in soil 
In@on ratc of soil 
Conversion 5Uor 
FIircrionof roil ingested from aitc 

Ewm muogr 
Expasure dlmtnn 
Body wcighl 
A u m i n g  time, earcinagm 
Averaging tims.~wmimgmc 

- - Ncta!@icablc. 
NA - Toxioiry enlaion not aMiIaMe, 



ADULT AND YOUNG CHLD RESlDENlS -fUlVW SCENARU 
DERMAL CO~TACT wmi SWACE son - swu 31 
REASONABLE UAXLMCM EXPOSURE 
WTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY RWESTlGATlON - MCB. CAMP LESEUNZ, NORTHCAROLIN, 

Fmwu 
DAD 
ILCR 
CSFd 
HQ 

RtDd 
C 

CF 
AP 

ABS 

BW 
AT-C 
AT-N 

!&zkh 
h . U y  lbanbcBdora 
LManmtaJ lmimo .Mw,i.k 
Demul mnw slopo &Etm 
H d  q u b t  
D m d  miemwedor 
Crmcenmtlim dchsmid inmil 
C o n v d m  lkta 
Soil to s k i n d m m c o  tiam 
Aba@On ,?action 
skie - B W ~ I S  r n ~  
Expc.-*w 
Expame dmti(1a 
Body weight 
Avuaghg ti.., &8m 
A"& time, ~ O n & o p  



ADLZT AND YOUNO CHILD RESIDENTS - FUTURE SCENARIC 
IXHALATiOK OF F U G m  DUSTS EMANATMO FROM SURFACE S O L  - SWMU 31 
REASONABLE MAXIMUM EXPOSURE 
WTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRAPACILTYWiESTLOATlON - MCB. CAMPLWEUNE, NORTH CAROLIN, 

CDI (rag/kg/d) - (Ca*RR*ETEF*EDy(BWbAT: 
Whw: Ca- Cb(IPff1 

C d 8  
PEF m w  
RR m3lbwr 
ET blm/dy 
EF 
ED Y m  
BW k8 

AT* %I 

AT-N d.Yr 

mlm - - Not appiicsbla 
NA - Toxicity dlerion not waihblc. 



ACCIDENTAL INGESTION OF SUBSURFACE SOU - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
P O T E W  CARCINOGENIC AND NONCARCINWENIC W K S  
RCRA FACILITY INVESTIDATION - MCB. U\MP LWEUNE, NORTH CAROLINA 

CDI (m@'kS,d) = (C*IR*CFW*EF*EDY(BW*AT) 
ILCR = CDI'CSFo 
HQ = C D W  

y w  
pBIBmctcI lIpits &&liQa Am mild 

CDI msikd* Chmnic daily intake CS CS (Weal Spcific) 
UCR NA h n d  lifetime rwer risk CS CS 
CSPo I/(m@%S,d) oral oslwr slow factor CS CS 
HQ NA Hvard qwUent CS CS 

RfDo m f l @  Onl refereme doao CS CS 
C m&S ComPr(ion ofchemical in abil CS CS 

IR-s m d w  w s t i o ~  nn 0ra0i1 ICU) IW 
CF WQU Converrion factor 1 . W 6  1.WE-06 
Fl NA FIsnion of roil ingested from dk 1 1 
EP Exposure lnqvca~y 350 350 
ED Pus Exponnc dursti~n 24 6 
BW kg Bqdy weight 70 IS 

AT-C d a F  Averaging time, w c b w g e ~  25,550 25,550 
AT-N &F Averaging time, nonwrciuoge~ 8.764 2.190 

mz% - - Not applicable. 
NA - Toxicity criarion MI available. 



ADULT AND YOUNG CKaD R6SIDEKIS - FUTUKE SCENARIC 
DERMAL CONTACT WITH SUBSURFACE SOIL. SWMU 31 - -~ ~ ~ ~ ~ 

REASONABLE M A X W M  EXHMLTE 
POTENTIAL CARC~NOGENIC AM> NONCARCMOOENIC RISKS 
RCRA FACRIN WESTIOATION - MCB. CAMP LEJEVhF. NORTH CAROLIN. 

DAD (mwkB,d)- (CbCE'AF'ABS*SA*EE'EDY(BW'AT 
ILCR = CDl*CSFd 

HQ- C D m d  

maw 
DAD 
ILCR 
CSFd 
HQ 

R W  
C 
CF 
AF 

ABS 

AT-N 

DemLal nnca l l o p  flcmr 
H d  puoumt 
Dsnml reference dow 
c m r n n o r ~  of ch-4 rn -31 

Cmnraim PlcW 
Snl lo hn ldhomw flcmr 
AbrqKiom Man 
S k r n s m h c a u u d I M s P m ~ l m a a  
E x p l s u n ~  
Expoaw ducatton 
Body Woiphl 
A m 8  me, & o # m  
A v d q i w  me, no-glau 

- - N a  lppboebk 
NA - Tox!c~ly mmnm not avu11bIe. 



ADULT AND YOUNG CHILD RESIDENTS - FUTUBE SCENARIC 
lNHA.LATION OF FUQlllVE DUSTS EMANATING FROM SUBSURFACESOU - SWMW 31 
REASONABLE MAXIMUM EXWSlfRE 
POTENTIAL CARCINMi6NfC AND NONCARCINOGEMC RlSKS 
RCRA FACILITY MVESTIOAnON - MCB. CAMP LEJEUNE NORTH CAROLIN, 

vow 
&@!%@ YniU rm&&m a w 

CDI Osnisld Chmnic dally is& CS CS (Chaoiul Sp~dIinl  
lLCR N A 1nMmmt.l lit%lh canm dsk CS CS 
CSFi Il(n~~%p/dl Inhrlrr iMunoorrlw hLOr  CS CS 
HQ NA H.wd q u n i ~ l  CS CS 

RfDi mplkgld Inhdarion refmrm &w CS CS 
C. mp/& ConpOntntim o f b i d  in lir as t@ivc 

dwu CS CS 
C Conammb'on sf chsmicd in coil CS CS 

PEF Putieul.~ mi~lisd~ hem 1.32E+OP 1.32E109 
RR &hour Rsapimtim M 0.55 0.31 
ET ho &day EVIW tknc 1.5 1 6  
EF  day*^ ExpcaUrrfnqwnc~ 350 350 
ED Y- Expolw dudm 24 6 
BW b Body wcigbl 70 IS 

AT.C dw A ~ ~ s d U r ~ ,  wx~in08era 2S.ISO 25.10 
AT-N d.yr ~uorpping tima, ~ o ~ l ~ a w i q m  8,760 2,190 

NOTES: 
- - Not9pli1Pblo. 
NA . Toxicity clftnion ootavdhble. 



ADULT AM) YOUNG CHILD RESIDENTS. FUTURE SCENARIO 
INGESTION OF GROWWATER AS D W M  WATER - SWMU 31 1 
REASONABLE MAXIMUM EXPOSUR6 
P O T E W  CARCINOG%lC AND NONCARCINOGENIC RISKS 
RCRA FACUlTY MYESTIGATION - MCB. CAMP L E M  NORTH CAROLINA 

CDI (m#k#id) - (C*IR8EF*e0)t(BVAT) 
UCR - CDFCSFo 

HQ = CDLRfDo 

Yms 
&mL€kc w BL&si?a A& w 

CDI msrkdd Chronic ddy in* CS CS (Chmiod Spooilie) 
UCR NA I n m a e l  lifotimc osnea &k CS CS 
CSFo I l l m W d )  Onl c a m  dopcfmr CS CS 
HQ NA Hawdquaticnt CS CS 
Rim m W d  oral reftmnea d m  cs cs 

C lnnh C o m m d o n  of ohemid in i n w a t c r  CS CS 
R-W u&Y In~ePrion mts dwnts 2 1 
W &yrlytu sxpOrw hoclu~cy 350 350 
EP Y e a  exporn- 24 6 
BW kg Body might 70 IS 

AT-C day8 Amegingti!ne. winogem 25,550 25,550 
AT-N Av*g dm% nrmMmino8clui 8,760 2.190 

Kg.E& 
- - Not rpplicabls. 
NA - Toxicity critaiqtan .Milable. 
(I) Value for ohromium W 



ADULT AND YOUNO CHILD ReSlDENTS - NTURE SCENARIO 
DgRMAL CONTACT WITH QRO!JNDWATW - SWMU 311 
REASONABLE MAXlMUM EXWSURE 
W7Ehl lAL CARCIYOOENIC AND NONURCIN03ENlC RISKS 
RCRA FACILITY IhlrESTlGAllON - UCB. CAMF'LUtUhE, W R l H  CAROLMA 

LCR - CDI'CSFD MI CSF Adj - W I A D  
HQ = C D W  Adj RfO M j = R a r A D  

&zz+I5 
DAD 
ILCR 
CSFd 
HQ 
Rmd 
S A 
EF 
ED 
ET 
BW 

AT-C 
AT-N 

C 
CF 
KP 
AD 

KmS: - - No1 q @ i ~ b l c .  KP value is dsdvrS Umn the USEPA RAGS E Ouidaoe ~ d e l r  o tbw i~ao tod  
NA . Taxioily aimdm a ~ l a w i U I e ,  
[I) Vduefn Ehmmium m 



ADULT AND YOUNGCHILD RESIDEWS - SCENARIO 
ACCIDENTAL MGESnON OF SURFACE SOU - SWMU 3 11 
c m  rnNDENCY 
POTENTIAL CARCNOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB. CAMP LFJEUNE, NORTH CAROLINA 

CDI ( m w d )  = (C*IR*CFIFI*EF'ED~W1AT) 
ILCR = CDI8CSFo 
HQ = CDliRtDa 

You&? 
m!mu La& rn gdlP 

CDI W w d  Chmio daily intake CS CS (Chemiul Spccitlc) 
UCR N A lncrsmcmal lifdme me81 risk CS CS 
CSFo fl(m@g!d) Oral canwr rlopc factor CS CS 
HQ NA H d  quotient CS CS 

REID W w d  OTalrrRmdosc CS CS 
C m& Conccnmtion ofchsmiul in roil CS CS 

IRS mglda~ Ingostion ratc ofmil 50 100 
CF k%mg Canvcnian fW.01 1.WE-M 1.WE-N 
FI NA Fnrotionofsn~~inpmdfmmshc 1 I 
EF dayslyear a p o s ~  h u m y  234 234 
ED Y W  E ~ P Q ~ U I C  duntion 7 2 
BW L$ Body weight 70 IS 

AT-C ~ Y S  Avamgiug k. m i u s g w  25,550 25,550 
AT-N days AuenginSlime, m a e u c h ~  2,555 130 

- - Not applicable. 
NA - Toxiony miterionnnt &MilaMc 



ADULT AND YOUNO CHnD RESlDENTS -FVTVRE SCENARIC 
D6RMAL CONTACT WRf i  SURFACE S O L  - SwMU 3 I 
CEWRAL TFNDENCY -~ 

POTENTIAL CARClNffiENlC AKD KONCARCNOGEllC RlSKS 
RCRA FACILITY IWESTIGATIOX - MCB. CAMe LEJEUNE, NORTH CARGLN. 

DAD (m&%#d)= (C'CF*APMS*SA'EF*EDy(BWoAT 
ILCR = CDI*CSFd 
HQ = C D W d  

Ew.amm 
DAD 
ILCR 
CSPd 

HQ 
RtDd 

C 
CF 
AF 

ABS 
S A 
EP 
ED 
BW 

AT< 
AT-N 

DQesmu 
h d l y  sbMbod dw 
I m m t l l  lifeha wr tirli 
D d  mmrflopc fina 
w q v o e -  
h d n ~ ~  
C o m ~ o f  &mural 1" '@I 
cmmm h t w  
S o i l i l m ~ ~ R e m r  
A b q u a n  b n  
Ski" ~ E C  sM l v ~ l ~  fOIC011tW 
Erponur muoncy 
ExpaSwsdmhi  
Badv wctpbi . - 
Avarymp lime. swir~ogau 
Ar- time. c m w c i s o p s  

Yams 



ADLZT AND YOUNG CHILD RESIDEhTS - PUNRE SCMARIC 
NHALATlON OF FUOITM DUSTS EMANAmG FROM SURFACE SOIL - SwMu 31 
CKNIXAL TENDENCY .- - - -  
WTENTlAL CARCINOGENIC AND VONCARCINOOLNIC M K S  
RCRA FACILITY UVESTlGATlON -DICE. CAMP WEUNE, NORTH CAROLN, 

c m@g 
PEF m3kg 
RR m3Ihalrr 
ET bdhy 
EQ ~ ~ Y C B I  
KD Y M  
BW kg 

AT-C dsyl 

AT-N d.yl 



ADULT AhW YOUNO CHILD RESIDENTS - FLmmE SCENARIO 
ACCIDENTAL INGESTION OF S U B W A C 6  SOL - SwMu 31 I 
CENTRAL TENDENCY 
POTENTIAL CARCINOGENIC AND NONCARCMWENIC RISKS 
RCRA FACILITY INVESTlCATION - MCB, CAMP LUEUNE. NORTH CAROLINA 

cDI (q!k#d) - (C*IR*CFVl*eF4WY(BW*AT) 
ILCR - CDI'CSPO 
HQ = CDURfDo 

Fx??&S YOas 
CDI &s/d 

ILCR NA 
Chrome W y  ~ntpXc 
IPccemcntal l ifnim -r risk 

CSFo 
HQ 

RfDo 
C 

IR-S 
CP 
PI 
EF 
w 
BW 

AT-C 
AT-N 

Il(m&d) hal c a w  s top fmr 
NA H d  quodent 

W d  Onl n f e m  dolt 
mg/ke Conornuadon ofohemioal in ooll 
&Bay IngcstlOll ratc Ofsoi 
WmS Common fsomr 
NA PmFtlon ofsod megmkd Born site 

dsydyeu EaQm %W 
Y m  Exw5uredmm 

kg eoay  wig^ 
dayE Anra@~ng Umc,cmuinnw 
days Avcragingtimc, n n n c a r c ~ m  



ADULT AVD YOUNG CHILD RESIDENTS - N n R E  SCENARK 
DERMAL CONTACT W W  SUBSURFACE SOIL - SWMU 31 

.- 
P0TENnAL CARCMOGENC AND NOYCARCNWEMC WKS 
RCRA FACnlrY INVESTIOATIOS - MCB. CAMP LFJEL'T!, NORTH CAROLIN. 

DAD ( W d ) =  (C*CF*AFaABS8SA'EF'EDK(BW*AT 
ILCR- CDI'CSFd 

HQ - CDlfRfDd 

Rrnd W 4 I d  
C mmv*s 
CF V m &  
AF rnsl-2 

ABS N A 
S A 
EF daY0LD.r 
ED Y W  
BW ks 

AT-C ~ Q S  
AT-N *a 

&a%rh 
Dan.ny abswbod d m  
I U n c m d  r i  c m  %i#k 
D m s l ~ s n w r r l o p c N c t a  
H d  q w h t  
n n m r l  rsfacllce dew 
Cmmmtioa ofchmid in mil 
CanMRirm hfmr 
Soil m skin ldhononao h a m  
Aburmion W o n  
?&in & ma wailable In cmua 

Ewm f=q=-v 
Expsw duration 
5% weight 
A"nrsing6rn., &scnr 
AvMgiw time, noncarciwgms 

NQm 
- - N o t ~ l i E P b 1 ~ .  
NA- Torioigdtsrion n a ~ v i l ~ b l o .  



ADULT AND YOUNG CHILD RESIDENT3 - NTURE SCENARIC 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SUBSURFACE SOIL - SWMU 31 
CEh7RAL TENDENCY 
WT€NllAL CARCINOGENIC Ah'D NONCARCMWENIC RISKS 
RCRA FACIWTY INVFSTIOATION. MCB, CAMP LEIEUNR. NORTH CAROLIN. 

b'sm5E 
CDI 
ILCR 
CSFi 
HQ 

RfDi 
c. 

C 
PEF 
RR 
ET 
ET 
ED 
BW 

AT€ 
AT-N 

PPPPrhr6nn 
Cbmde &iiy i d s  
Incmrmul lifC4im4 amrri* 
IrMhalation csaotr dopp h r  
H u u d q u n i r n  
l o h n l m i ~  * &sc 
Conemmion oPobsmieal in air p. ~ d v c  

dub 
Conmtnrion oP&&ul in wi1 
Puricul~mamhtimfacm 
RDlphtiosNc 
E x p o r n  Ma 
E x p o r n f w ~ e y  
ExpMur duration 
sody woi* 
A w a k i n ~  lime. &ogau 
A v ~ ' ~ g r i r n e ,  n o d o s m  

I I I I I I I I 
TotdILCR. 4.8E.12 1W.M ( Toml HI. - - IToWILCR: I.%-I1 1W.0% 1 TotJHI. - - 

- - Notupplruble. 
NA - Toxicity dmim not mitable 



ADULT AND YOUNG CHUD RESDENTS -FUTURE SCENARIO 
INGESTION OF GROUNDWATER AS DRMKMO WATER - SWMU 31 1 
CBNTRAL THrnFNrY - - - -  . 
POTENTIAL CARCINOGEN~C AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION . MCB. CAMP LUEUNE. NORTH CAROLINA 

W I  (mplLdd)= (C*lR'EF*ED)/(BWgAT) 
ILCR - CDPCSFa 
HQ- W l ~  

kbm5.W 
CDI 
ILCR 
CSF0 
HQ 
rn 

C 
IR-W 

EF 
ED 
BW 

AT< 
AT-N 

SkeEdPliea 
Chmnic daily i&o 
IncnmmM Ufolimc anar ddr 
Oral canow 81- &OI 

H d  qunimt 
Onl refcrmce &M 
C o n o e o ~ o n  of o h a n i d  inmtw 

- - Netq&able, 
NA - Toxicity oritaim nota~allablc. 

(I) Value for chromium M 



ADULT AW YOUNO cnno ~ I D E W S  - PLXRE SCENARIO 
DERMAL CONTACT Wrm GROUNDWATER . S W L '  3 I I 
CEWRMTENDENCY 
POTENTIAL CARCmOOENlC AND NOKCARClh'OaMC RISKS 
RCRA FACILITY PWFSTIOATION. MCB. CAMP LUELW NORTHCAROLMA 

ILCR - CDI'CSFo Aqi 
HQ - CDYRfDo Adj 

Bomnsr llsin 
DAD Ww 
lLCR NA 
CSFd I l ( ~ s )  
HQ NA 

Rmd m w w d  
SA an1 
P 
ED 

dpyJVcar 
WI 

EI h o = w  
BW k8 

AT-C 
AT-N 

dnyr 
dw 

c regn 
CQ urn3 
Kp & 
AD NA 

CSQ kdj = CSWAD 
RO) Adj - RtD.AD 

- - Nciqpticable. K p W  isMvcd hanthaUSEPARA0SEOuid~~Imlou otbwrilrmtcd 
NA - Toxicity ailaim not avdlablo. 

(I) v l l vc  ax shranimn VI 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SURFACE SOIL - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEKJNE, NORTH CAROLINA 

CDl (mgkg/d) = (C*IR*CF*FI*EF*ED)I(BW*AT) 
ILCR = CDI*CSFo 

HQ = CDI/RtDo 

parameter 
CDI 
ILCR 
CSFo 
HQ 

RfDo 
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

d w d  
N A 

l~(mglkgld) 
N A 

mgkdd 
mpncs 

kg/mg 
N A 

dayslyear 
Years 
kg 

days 
days 

J&g@@ 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral refemce dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, wcinogens 
Averaging time, noncarcinogens 

CS (Chemioal Specific) 
CS 

Page 1 of 6 

Parameter 

Cadmium 
Lead 

mm: 
- - Not applicable. 
NA -Toxicity criterion not available. 

C 
( m a g )  

5.2 
1,110 

CSFo 
I/(mgkg/d) 

NA 
N A 

RfDo 
(mgkdd) 
5.OE-04 

N A 

Carcinogens 
CDI 

(mgkg/d) 
3.5E-07 
7.4E-05 

Noncarcinogens 
CDI 

(mgPngld) 
2.4E-05 
53,-03 

Total ILCR: - .. 

ILCR 
-- 
-- 

%Contrib. 
Total ILCR 

-- - 
Total HI: 4.9E-02 100.0% 

HQ 
4.9E-02 -- 

% Contrib. 
HI 

100.0% - 



ADULT CONSTRUCTION WORKERS -FUTURE SCENARIO 
DERMAL CONTACT WITH SURFACE SOIL - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

DAD (mgkgld) = (CWCF*AF*ABS*SA*EF*ED)IpW*AT: 
ILCR = CDI*CSFd 

HQ = CDIIRfDd 

l?immm units 
DAD w k ' d  
ILCR N A 
C S F ~  1Kmgkgld) 
HQ N A 

~ m d  mgkgld 
C m g k  

CF kglmg 
AF mgicm2 

ABS N A 
SA cm21day 
EF daydyear 
ED years 
BW kg 

AT-C days 
AT-N days 

Dermally absorbed dose 
Incremental lifetime cancer risk 
Dennal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure fnquency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Construction 
EQckrs 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 

1.OOE-06 
0.2 
CS 

3,300 
250 

1 
70 

25,550 
365 

m: 
-- - Not applicable. 
NA -Toxicity criterion not available. 

Page 2 of 6 

Noncarcinogens 
RtDd 

(mcgld)  
2.5E-05 

N A 

DAD 
(mglkgld) 
3.4E-08 
7.2E-05 

Carcinogens 

Parameter 

Cadmium 
Lead 

DAD 
(mg/kg/d) 
4.8E-10 
1.OE-06 

ABS 

0.001 
0.01 

C 
(m$g) 

5.2 
1,110 

Total HI: 1.3E-03 100.0% 

HQ 
1.3E-03 - 

CSFd 
II(mglkgld) 

N A 
NA 

% Contrib. 
HI 

100.0% - 
Total ILCR: - - 

ILCR 
-- 
- 

% Contrib. 
TotalILCR 

.. 
-- 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE SOU - SWMU 31 1 
REASONABLE MAXlMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOOENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

CDI (mapld)  = (CabWET*EF*ED)/(sW*AT: 
Where: Ca = C * (1PEF) 

ILCR = CDI'CSFi 
HQ - CDVRfDi 

psrameter w.8 
CDI w&c'd 

ILCR NA 
CSFi ~ ~ ( ~ B / k d d )  
HQ NA 

RtDi mg/kg/d 
Ca mghn3 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

m d k  
m J k  

nilmow 
hourslday 
dayslyear 

years 
kg 

days 
days 

C h n i c  daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in air us fugitive 

dusts 
Concentration of chemical in soil 
Particulate emission factor 
Respiration rate 
Exposure time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Construction 
E2Ck.a 

CS (Chemical Spcific) 
cs 

-- - Not applicable. 
NA - Toxicily criterion not available. 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SUBSURFACE SOIL - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

CDI (mgikgid) = (C*IR*CF*FI*EF*ED)I(BWbAT) 
ILCR = CDIfCSFo 

HQ = CDI/RfDo 

Parameter 
CDI 

ILCR 
CSFo 
HQ 

RfDo 
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

Units 
mgikgid 

N A 

I l ( ~ g k g ~ d )  
N A 

~g ikg id  
mgikg 
mglday 
kglmg 
N A 

dayslyear 
years 

kg 
days 
days 

Descriotion 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested fiom site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Construction 
workers 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 
480 

1.00E-06 
1 

250 
1 

70 
25,550 

365 

m: 
-- - Not applicable. 
NA -Toxicity criterion not available. 

Parameter 

Arsenic 
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C 

(mgkg) 
0.56 

CSFo 
li(mgikgid) 

1.5E+00 

Rmo 
(mg/kg/d) 

3.OE-04 

Carcinogens 
CDI 

(mglkgld) 

3.88-08 

Noncminogens 
CDI 

(mgkg/d) 

2.6E-06 

Total ILCR: 5.6E-08 100.0% 

ILCR 

5.6E-08 

% Contrib. 
Total ILCR 

100.0% 

Total HI: 8.88-03 100.0% 

HQ 

8.8E-03 

% Contrib. 
HI 

100.0% 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
DERMAL CONTACT WITH SUBSURFACE SOIL - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

DAD (mgkgld) = (C*CF*AF*ABS*SA*EF*ED)/(BW*AT; 
ILCR = CDl'CSFd 

HQ = CDlIRfDd 

Parameter - Units 
DAD m@gld 
ILCR N A 
CSFd ll(mgikg/d) 
HQ N A 

RtDd mgkgld 
C mgikg 

CF kdm/mg 
AF mglcm2 

ABS N A 
S A cm2lday 
EF day sly ear 
ED years 
BW kg 

AT-C days 
AT-N days 

Descri~tion 
Dermally absorbed dose 
Incremental lifetime cancer risk 
Dermal cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption !?action 
Skin surface area available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Construction 
Workers 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 

1.00E-06 
0.2 
CS 

3,300 
250 

1 
70 

25,550 
365 

m: 
-- - Not applicable. 
NA - Toxicity criterion not available. 

Parameter 

Arsenic 

Page 5 of 6 

C 
(mgikg) 

0.56 

ABS 

0.03 

CSFd 
l/(mgikgid) 

3.7E+00 

RiDd 
(mgkgld) 

1.2E-04 

Carcinogens 
DAD 

(mgkgid) 

1.6E-09 

Noncarcinogens 
DAD 

(mgkgld) 

l.lE-07 

Total ILCR: 5.78-09 100.0% 

ILCR 

5.E-09 

%Contrib. 
Total ILCR 

100.0% 

Total HI: 8.8E-04 100.0% 

HQ 
8.88-04 

% Contrib. 
HI 

100.0% 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
INHALATION OF FUGITIVE DUSTS EMANATING FROM EXCAVATED SUBSURFACE SOIL - SWMU 3 11 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

CDI (mgkgid) = (Ca*RR*ET*EF*ED)I(BW*AT) 
Where: Ca=  C * (IPEF) 

ILCR = CDI*CSFi 
HQ = CDIIRfDi 

Parameter Units 
CDI mgkgid 

ILCR N A 
CSFi ll(mg1kgld) 
HQ N A 

RfDi mgkgld 
Ca mglm3 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

m3kg 
m3lhour 

hourslday 
dayslyear 

years 
kg 

days 
days 

Descriotion 
Chronic daily intake 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of chemical in air as fugitive 

dusts 
Concentration of chemical in soil 
Particulate emission factor 
Respiration rate 
Exposure time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Construction 
Workers 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 

NOTES: 
- - Not applicable. 
NA -Toxicity criterion not available. 

Carcinogens Noncarcinogens 
C Ca CSFi RfDi CDI %Contrib. CDI 

ILCR Total ILCR (mg/kg/d) 

Arsenic 0.56 6.00E-10 1.5Et01 N A 2.28-12 3.3E-11 100.0% 1.6E-10 

Total ILCR: 3.3E-l l 100.0% Total HI: .- -. 

HQ --- 
- 

% Contrib. 
HI 
.. 



ADULT CONSTRUCTION WORKERS -FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SURFACE SOU - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

CD1 (mgikgld) = (C*lRaCF*FI*EF*ED)I(BW*AT) 
ILCR = CDItCSFo 

HQ - CDIRfDo 

Parameter 
CDI 

ILCR 
CSFo 
HQ 

m o  
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

Chronic daily intake 
Incremental lifetime cancer risk 
Oral canoer stope factor 
Hazard quotient 
Oral refermce dose 
Concenttation of chemical In soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested h m  site 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Construction 
YQrkEs 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 
CS 
480 

1.00M6 
1 
250 
1 
70 

25,550 
365 

m: 
- - Not applicable. 
NA -Toxicity criterion not available. 
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ADULT CONSTRUCTION WORKERS -FUTURE SCENARIO 
DERMAL CONTACT WITH SURFACE SOIL - SWMU 3 11 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

DAD (mgkdd) = (C*CF*AF*ABS*SA*EF*ED)/(BW*Aq 
ILCR= CDI*CSFd 

HQ = CDI/RfDd 

!%m&E !,!& 
DAD mf&B/d 
ILCR N A 
C S F ~  14mgkdd) 
HQ N A 

RfDd W W d  
C 

CF kdmg 
AF mgJcm2 

ABS N A 
SA m2tday 
EF dayslyear 
ED Ym 
BW kg 

AT-C days 
AT-N days 

Desorintiog 
Dermally absorbed dose 
Incremental lifetime cancer riQ 
Dermal cancer slope factor 
Hazard quotient 
Dermal refuence dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skim adherence factor 
Absorption fraction 
Skin surface area available for contact 
Exposure fkequency 
Exposure duration 
Body weight 
Averaging time, minogens 
Averaging time, noncareinogens 

Construction 
workers 

CS (Chemical Spcciflc) 
CS 

I I I 

Total ILCR: -- .- I Total HI: 1.3E-03 100.0% 

LJQcIs 

Parameta 
Cadmium 
Lead 

-- - Not applicable. 
NA -Toxicity criterion not available. 
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C 
(mgikg) 

5.2 
1,110 

ABS 

0.001 
0.01 

CSFd 
Il(m@B/d) 

NA 
N A 

RfDd 
((mg/kg/d 
2.5E-05 

NA 

Carcinogens 
DAD 

(m%kg/d) 
4.8E-10 
1 .OE-06 

Noncarcinogens 
DAD 

(m@g/d) 
3.4E-08 
7.2E-05 

ILCR 
- 
-- 

%Connib. 
TotalILCR 

- 
-- 

HQ 
1.3E-03 - 

% Conhib. 
HI 

100.0% - 



ADULT CONSTRUCTION WORKERS -FUTURE SCENARIO 
INHALATION OF FUGITIVE DUSTS EMANATING FROM SURFACE SOIL - SWMU 31 1 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCLNOGENIC RISKS 
RCRA FACILITY hlVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

CDI (m@g/d) = (Ca*RR*EPEFCED)/(BW*AT 
Where: Ca = C * (IIPEF) 

ILCR = CDI'CSFi 
HQ= CDI/RfDi 

CDI 
lLCR 
CSFi 
HQ 

Rmi 
Ca 

C 
PEF 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

Chmnic daily intake 
Incremental lifetime cancer risk 
Inhalarion cancer slope factor 
Hazard quotient 
Inhalation reference dose 
Concentration of ohemiosl in air as fugitive 

dusts 
Concentration of chemical in soil 
Particulate emission factor 
Respiration rate 
Exposure time 
Exposure frulucncy 
Exposure duration 
Body wight 
Ave- time, carcinogens 
Averaging time, nonminogem 

- - Not epplicsble. 
NA -Toxicity criterion not available. 



ADULT CONSTRUCTION WORKERS - FUTURE SCENARIO 
ACCIDENTAL INGESTION OF SUBSURFACE son - s w ~ u  311 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

CDI (mglkgid) - (C*IR*CF*FI*EF*ED)I(BW*AT) 
ILCR = CDI*CSFo 

HQ = CDIRtDo 

CDI 
ILCR 
CSFo 
HQ 

RfDo 
C 

IR-S 
CF 
FI 
EF 
ED 
BW 

AT-C 
AT-N 

!Jg& 

W W d  
N A 

W~g/kddd) 
NA 

mglkpid 
w& 
mg/day 
kg/mg 

N A 
dayslyear 

Years 
kg 

days 
days 

Description 
Chronic daily intake 
Incremental lifetime cancer risk 
Oral cancer slope factor 
Hazard quotient 
Oral reference dose 
Concentration of chemical in soil 
Ingestion rate of soil 
Conversion factor 
Fraction of soil ingested from site 
Exposure fkquency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncarcinogens 

Construction 
Workns 

CS (Chemical Specific) 
CS 
cs 
CS 
CS 
CS 
480 

1.OOE-06 
1 

250 
1 

70 
25,550 

365 

NOTES: 
- - Not applicable. 
NA - Toxicity criterion not available. 
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ADULT CONSTRUCTION WORKERS -FUTURE SCENARIO 
DERMAL CONTACT WITH SUBSURFACE SOIL - SWMU 3 11 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NONCARCINOGENIC RISKS 
RCRA FACILITY INVESTIOATION - MCB, CAMP LEEUNE, NORTH CAROLINA 

DAD (mgkgld) -; (C*CF*AF*ABSnSA*W*ED)/(BW*AT: 
ILCR - CDI0CSFd 

HQ - CDIRfDd 

Pameter 
DAD 
ILCR 
CSFd 
HQ 

RfDd 
C 
CF 
AF 

ABS 
S A 
EF 
ED 
BW 

AT-C 
AT-N 

!A& 
mwWd 

NA 
1hWkddd) 

NA 
wdkdd 
mglkg 
kg/mg 

mglcm2 
NA 

cm21day 
daysiyear 

years 
kg 

days 
days 

Dermally absorbed dose 
Incremental lifetime cancer risk 
D d  cancer slope factor 
Hazard quotient 
Dermal reference dose 
Concentration of chemical in soil 
Conversion factor 
Soil to skin adherence factor 
Absorption fraction 
Skin surface am available for contact 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, nonoarcinogens 

CS (Chemical Specific) 
CS 

m: 
- - Not applicable. 
NA - Toxicity criterion not available. 

- 

Parameter 

Arsenic 

Page 5 of 6 

C 
(w%) 

0.56 

ABS 

0.03 

RfDd 
(mgkgld) 
1.2E04 

CSFd 
I/(mgkg/d) 
3.7E+00 

Carcinogens 
DAD 

(mgikgld) 
1.6E-09 

Nonminogens 
DAD 

(mgkgld) 
1.lE-07 

Total ILCR: 5.7E-09 100.0% 

ILCR 

5.73-09 

%Contrib. 
Total ILCR 

100.0% 

Total HI: 8.8E04 100.0% 

HQ 
8.813-04 

% Contrib. 
HI 

100.0% 



ADULT CONSTRUCTION WORKERS -FUTURE SCENARIO 
INHALATION OF FUGITNE DUSTS EMANATING FROM EXCAVATED SUBSURFACE SOIL - SWMU 3 11 
REASONABLE MAXIMUM EXPOSURE 
POTENTIAL CARCINOGENIC AND NOWCARCMOGENIC RISKS 
RCRA FACILITY INVESTIGATION - MCB, CAMP LEJEUNE, NORTH CAROLINA 

E?a?.u& 
CDI 
ILCR 
CSFi 
HQ 

RtDi 
Ca 

C 
PEE 
RR 
ET 
EF 
ED 
BW 

AT-C 
AT-N 

mgncs 
m3kg 

m3ihour 
hours~day 
dayslyear 

y e w  
kg 

days 
dars  

Descriotion 
Chronic daily in& 
Incremental lifetime cancer risk 
Inhalation cancer slope factor 
Hazanl quotient 
Inhalation reference dose 
Conccnbation of chemical in air as fugitive 

dusts 
Concentration of chemical in soil 
Particulate emission &tor 
Respiration rate 
Expasurr time 
Exposure frequency 
Exposure duration 
Body weight 
Averaging time, carcinogens 
Averaging time, noncatcinogcns 

Comtruction 
wprkcrs 

CS (Chemical Specific) 
CS 
CS 
CS 
CS 

m: 
-- - Not applicable. 
NA -Toxicity criterion not available. 



PARTICULATE EMISSION FACTOR - CONSTRUCTION 
SWMU 311 

PEF = PIC, X llFo X T x An 
[5!% x ( ~ 1 3 p  x (365-p)l365 x Sum(VKT) - 1 

Symbol Definition (units) 
PEF Particulate Emission Factor (m*lkg) 

QIC,, Inverse of a l h  avg. air concentration 
along a straight road bisecting a 2.5 
acre square site (g/m2 -slkglm3) 

A Constant (unltless) 

As Areal extent of site surface so11 contamination (awes) 
B Constant (unitless) 
C Constant (unitless) 
FD Dispersion correction factor 
T Total time over which construction occurs (s) 

9s Surface area of contaminated road segment (m') 

W Mean vehicle weight (tons) 
P Number of days wlth at least 0.01 lnches of 

precipttaOon (daydyear) 
Sum(VICT) Sum of fleet vehid kilometers traveled dunng the 

exposure duration (km) 

2 &hides x 0.10 kmlday x 38 weekslyr x 5 d a y h e k  = 36 
9s assumptions: 

Based on VKT, the road length is 100 m and assume the mad 
width is 50 ft. (15.24 m). 

W assumptions: 1 2-ton car and 1 20-ton truck = 2 vehicles 
Sum(VKT) assumptions: 

Assume that the site is 2.5 acres wnfleured as a sauam with the 
unpaved road segment dividing the sqiare evenly. '?he mad 
length equals the square root of the 2.5 acres 

Reference 

Site-specific 
USEPA 2001 

USEPA 2001 
Site-specific 
USEPA 2001 
USEPA 2001 
USEPA 2001 
USEPA 2001 

Sitespecific 

USEPA 2001 
USEPA 2001 

96.671 1735 Q/cw X 1 l F ~  

2.1862E+11 T X AR 
1.6815453 (W13)"" 

0.67123286 (365-p)M5 
22592.2292 556 x ( ~ 1 3 ) ' ~  x (365-p)/365 x Sum(VKT) 
0676932.73 T x Ad556 x (~13)O.~ x (365-p)1365 x Sum(VKT) 
935480444 PEF 

USEPA 2001. Draft Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. 
OSWER 9355.4-24. 



ORAL ABSORPTION EFFICIENCIES TABLE 
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Table 6. Dermal rlsk valucsderived by cdculatlan 
trom gastrolntesUnal (GI) absorption data ln cllemtal otdcr 

GI GI 
Abo~plion Abmrplbn 

ChWlul CA6 Number ~ulorf%? h l e ~ t e  

0n18m ( m ~ ( ~ ~ l d ~ y \  . O d  SbM b ~ r m a l  R D  (mJSldry) Otrrnll Stop 
Qwor -i Rrmr 

Chronic Lbrbm~~lc Cg!k#dafl Chnnic S~lbrhtonie ~ m ~ l l ) . '  



T&le 6. Dermal risk valuw drrlved by ralculaNort 
&on gslminlcsllnsl(CI) nbaarpllon data in chemkat order 



Tabtr 6. Dermal rbk values derived by c~lculallon 
from gustrolntalinal (Cf) flhcorptlo~~ dala In chemt~il order 

P r a c  ' 

R.diua 126 

UaJium 211 

%I*niwl Acid 

hlrnirt 

Set<nlwa 

Silver 

Sdurn 

S o m h . 9 0  

SdBb 

TCDD.2.3.1.8- 

'Icuachlomubmr 1.1 J.2- 

Teu~rhboahyPtu 

llullium 

%urn 

Tin 

T i b u r n  

Tolutnc 

Tri~hla&now, I,z~. 

Trich)aoclhmt, I.1.t- 

Trihl~torlhanc, 1.12- 

G I  0 1 d R m b ~ ~ d r y )  . 0I.l Slop Dtrmrl R(D (mgiltgM~r) Dumrl Slop  
Abwrplioa Furor P~clor 
R t l tnna  Chronk 3ubrbmnlr (rn~Wda,i' chronte Subchmoic ( m ~ d a ~ l ' - '  

1 
b 

3 . W W  3.00E4l" NA 9.ME43 9.1OEOI NA 

I I  NA N A  N A NA N A  N h  

88 N A NA N A N A N A N A 

I ?  
b 

SWE.01 S.WE.O$ NA 4 JSE-43 4.35E.03 HA 

0 HA N A N A NA N A N h  

47 I.OOeOl 5,YJE-d N A 1.lOE4S 2.20EO3 N A 
b 

49 5 . W J  I ~ E &  . N A 9.WE.04 9.008.04 N A 

91 NA UA N A N A N A N A 

84 HA NA N A HA NA N A 

SO NA N A NA NA MA NA 

93 h'A NA I.50E105 NA NA 3 OdliiOS 
e 

b 
51 NA N A  2.006*11 NA NA 2 866.V1 

6) I .WW2 Lt4~4f NA b.WE.01 I W M l  N A  

11 N A N A NA N A HA NA 

53 Hn N A N A NA Nh N A 

26 
c 

6DOE41 6.00w)f NA 6.00&.02 6.00502 NA 

24 NA NA N A MA NA HA 
b 

56 1.lWE-91 1 .WE~OO~ N A 1.bDEQI I Mlt:r00 N A 

E9 ).tO5Dl ' I.WP$ N A 9.7DTvO3 9.70E-43 NA 

I S  N A N A  HA NA Nh NA 
b 

16 4.WE.03 4,aOEUf 5.lOEM Ir 3.2tE.01)) 3.24C42 7.06E.02 



anlab IlnqQp A] uopay vd3 yn ~~nlalul 
'Ma apul les!uym~ Sulm Xpnlrr u uo poseq r! onlnn ay~, *s]nl u! ,,-g'~-~'z '3~n)xtu auonlwqwa,, re lia~s!? P 

$661 (J.S\IBH) alqu Xrsutuln~ spaBv lewuuqhua puo qj[eaH :aa~nos, 
(~1x1) uratsXs uo!lewju[ PW polrfia~uj :aanosq 

~jeia ~138 Xq aryew!l wwj pa@wqo u013ej uo!pdoqv 
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Rcft*nm for Table 6 GI absorption data 

Rdtrtne 
Number Rdmw 
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References for Table 6 GI absorption data 
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ATSDR (Agvwy rotTmic S ~ ~ U U L D i ~ r n e ~ $ l q ) .  1993. Toximkgiml Rook fcq I . 4 ~ D k h b c n ~ e .  ATSDIWS, Public Wlh Som'ce 
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WdsttW.,Pndur. HL,mdNmrudAldsoM, 0 61&)b, Blood OIts+r,wdAc!d,baosllurpc. 8. TsrtboakdCllddCbxm+mr. ti.W.%t~r,W., W.B.SNndm&Cp 

U.S. BPA. 1989. Health ond QnvtonmcnUl WUDoumea6nRDX Cychile. U l ~ m n ~ d C B s i ~  md A~rctrornr 0Wiie.OKir~ ~~fWeal&u~d~vlvlm~~~~slal Atwmml, 
ChtOi~luL OW. ECM.CIH.GO?U. 

BNIYZT.!. ma h A.C.. 1994 HnlosmUd W e  Hydtwbons h RIM Muj~tbl Uydae atuJTo*irdogy. (clrd. Vol. n WC. Tmicoloey. 0.D. Cliyron vrd P.E. 
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TABtE25 
O C ~ C E . D ~ ~ N  AND SUECnON OF CHBMICNd OP POIBhflW. CONCERN 

S W 3 1 I  
RCRA FACILITY ~ l l 9 A T l O N  

Ma, CAMP ~ N M I T H  CAEOIINA 

xp-hidim: Omundwte, 

744047.3 Chromium 
7439.92-1 Lud 10.6 106 p g 5  SWMU3110WOI 113 I.IU.1.8U 10.6 

(I)  All nomYciwsmic RBC. wandivided by 10 tomamfor p w i d  dditiwdfemafdvnuolr DChnitio~: N A - N D ~ A M W  MCL-MaximmckmminuuM 
USEPARcsimIXCOC SursningVllw(dcrivcdfmUSEPA~U(POOTbla) COPC-Cho.1 d P d  Cdnsom NC WQC-Nonh C m h  W.tapluliyCritrrs@&X) 

AlUPnsC - A ~ f i u b l c m R o i a v r n u l d A p p m p r i ~ o ~ ~ ~ ~ B e C O N i d O l C d  
(2) Wide CDdol S s l d m  RnUm AbwoS~mingLovela(ASL) 

DdaimReam B d o w ~ g L e x l @ S L )  1. A d p a  p . ~ .  Rwned n l w  i~ mimd 
U-NU- 

(3) Scnlniu nlualOr&miun W wed, UI - R W  qwndtdim limit is qwlilid u dmld 
(4) A a b  iaai i n i d  

C-Wlcbgonic u g 5  - miarogma pa litor 
N -NeK&wqnic 
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TABLE 3.1 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

SWMLl311 
RCRAFACILlTY INVESTIGAnON 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

EPC = Exposure Point Concentration 
For non-detects, 112 sample quantitation limit was used as a proxy concentration. 

(1) 95% UCL exceeds maximum detected ooncentratiou Therefore, maximum wncentmtion used for EPC. 

COFC 0 EPC_l.xls, SS.E 



TABLE 3.2 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

SWMU311 
RCRA FACILITY MVESTIGATION 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Scenario Timeframe: Future 
Medium: Subsurface Soil 

xposure Medium: Subsurface Soil 
Ex sure Point: Subsurface Soil I 

EPC - Exposure Point Concentration 
For non-detects, 112 sample quantitation limit was used a s s  proxy concentration. 

(1) Conservative estimate of the arithmetic average concentration (95% UCL), based on the Shapim-Wilks (W-) or D-Agostino 0-) distribution tests 

COPC & EPC-1.~1~. SB-E 



TABLE 3.3 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

SWMll311 
RCRA FACILITY INVESTIGATION 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

1 1 95% Upper I I I Cenaal Tendmcv 11 

EPC = Exposure Point Concenhltion 
For non-detects, 112 sample quintitation limit was used as a proxy conccntmion. 

(1) Region 4 Human Health Risk Assessment Bulletin, 1996 



TABLE4 1.1 
VALUES USED FOR DAILY W A K E  CALCULATION: 

SWMU 31 l 
RCRA FACILITY INYESTlGATlOP 

MCB.CAMF LEJEUNE, NORlH CAROLINA 

cdium: Surface Soil 
u n  Medium: Surface Soil 

Point: Surface Soil 

w 
(1) If avdable, ABS values from OWL or RAGS Pan E were used O h m e ,  USEPA Region IV default values of 0 01% organlos and 0 001% for inorganlw w e  uscd for ABS values 

ProfJudge - Rofessional Judgment 
Std Tour of Duly - Standard Tour of Duly 

SQiIEa 

USEPA. 1989 Risk Assesmenl Guidance for Sumrfund Vol I. Human Health Evaluation Manual. Pan A OERR EPA/540/1-89/WZ 
USEPA. 1993 "Super fds  Srandard Defadt ~xporurc Fsnors for tho C e n d  Tendency and Reawnable Maximum Exposure" Novanbw, 1993 
USEPA, 1997 Exposun Factors Handbook Vol l Gtnaal Factors ORD EPA/6WP-9SXX)2Fa 
USEPA. 2Wl Rlsk Asressmenl Gu~dance for Superfund Vol I. Human H d t h  Evaluation Manual (Pan E. Supplemental Guidance for D m d  W Anesmun) EPAIS40IR-991005 



TABLE 4 1 la 
VALUES USED FOR DAILY INTAKB CALCULATION: 

RCRA FACILITY LNVESTIGATIOP 
MCB, CAMP LEJRINE. NORTH CAROLINA 

xpasun M e d b .  Air 
s u n  Point: Fugative dust 

cccptor Population: Military Base Pn3omcl 

Wrameter Definition 

xEFxEDXllPEFx 

sc!wa 
C~whmd, nal.. 1995: Rspid Awsment  of Exposun to PmticulatcE&ions fmm S u r f a c c C o u ~ a ~ n .  O W .  EPWIg.BSM02. 
USEPA. 1989: Risk Assessment Guidance for Suonfvnd Vol 1. Human Hsalth Evaluation Manual. Part A. OERR. EPA/540/1-891WZ. 
USEPA; 1997 Exposun Factors Handbook ~ o l '  I: General Factors. ORD. E P A / ~ o o / P - ~ ~ / w ~ F ~  
USEPA, 2001 R ~ r k  Assessmen1 Gu~dancc for Superfund Val I, Human H d t h  Evaluauon Manual (Par( E. Supplemmfal Guldann for Dmnal Risk Assessmmt). EPA/S40/R-99/005 



TABLE 4.2.1 
VALUES USED FOR DAILY MTAKE CALCULATION: 

SWMU3ll 
RCRA FACILITY NVESTIGATIOF 

MCB, CAMP LWEUNE, NORTH CAROLMA 

H!XB 
(I) If available. ABS values from ORNL or RAGS PanE wore used. Othemisc, USEPA Rcgion N defavlrvalua of 0.01% organics and 0.001% for inorganiw wen used for ABS values 

Rof Judge - Professional Judgment 

&&&% 

USEPA, 1989: Risk Assessmatt Guidance for Superfund Vol 1, H u m  HcalB EvslwianManual, Part A. OERR. EPAI54Oll-891002. 
USEPA. 1993: "Superfund's Sfaodard Default Exposun Facfors for Ute Central Tendency end Reasonable Maximwn Expasun." November, 1993. 
USEPA, 1997: ExposursFactorsHandbaok. Vol. I: General F a n .  ORD. EPAIMMP-95MOZFa. 
USEPA, 2001: Risk Assessment Guidance for Supnfund Vol I, Human Health Evaluation Manual (Part E, Supplmentsl Guidance for D a d  Rkk Asuusmsnt). EPA/540&-99MO5. 

Parameter Definition 

D m a l  

BW 
AT-C 
AT-N 

C 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 

AT-C 

e m g  

Body Weight 
Averaging Time (Cancer) 
Aversging Time (Non-Cancer) 
Contaminant Concenkmion in Soil 
Canversion Factor 
Surface A m  Available for C M W  
Soil to Skin Adherence Facfor 
Absorption Factor 
Exposun Frequency 
Exposun Duration 
BodyWcight 
Averaging Time (Cancer) 

Tiinemon-Cancer) 

kg 
days 

s 
mgkg 
kdmg 

Wnuday 
Indm2 

N A 
d s y d v ~  
Ym 

days 
days 

70 
25,550 
8,760 

Chemical Specific 
l.WE-06 

5.700 
0.07 
(1) 
310 
24 
70 

25,550 
, 8.7% 

USEPA, 1597 
USEPA, 1989 
USEPA, 1989 

Chemical Spscific 
USEPA, 1989 
USEPA. 1001 
USEPA, 2001 
USEPA, 2001 
USEPA, 2001 
USEPA, 1993 
USEPA, 1997 
USEPA, 1989 
USEP A. 1989 

70 
25,550 
2,555 

Chnnical Spkific 
I.OOE06 

5,7W 
6.01 
(1) 
234 
7 
70 

25,550 
2 , 555 

USEPA, 1597 
USEPA. 1989 
USEPA, I989 

Chnnicd Specific 
USEPA.1989 
USEPA. 2001 
USEPA, 2001 
USEPA, ZOO1 
USEPA, 1993 
USEPA, 1993 
USEPA, 1597 
USEPA, 1989 
USEPA, 1989 

CDI (mgrltg-dny)= 
CxCFxSAxAFxABSxEFxEDx 

llSW xl/AT 

, 



TABLE 4 2 I8 --- . 
VALUES USED FOR DAILY INTAKE CALCULATIONI 

SWMUPll 
RCRA FACILITY INWSTIGATIOI 

MCB. CAMP LUEUNE, NORTH CAROUNA 

ure Point: Fugative dust 

Parameter Defmition 

x E F x E D x l D E P x  

w 
Cowherd et al.. 1995: RaDid Aswssmant of Ex~osure to Particulate Emigsions from Swfacc Contamination. OHEA. EPM6WI&85hlM 
USEPA, i 989 '103k Auejlsmmt Guidance for ~ u p 1 I 7 ~ d  Vol I, Human H d t h  Evaluanon Manual, Pan A OERR. EPA/540/1-891002 
USEPA, 1993 ' Superfwd's S&d Default Expasure Faetorn for the Cmml Tendency and R a s o ~ b l s  W m u m  Exposure." November, 1993. 
USEPA. 1997 Emolwc FaftOn Handbook Vol. I. General Fmn. ORD EPA/WOP-9S,OOZFn. 
USEPA, 2001: U it Asassmmt ~uidancc far ~upmfund Vol 1, Human H d t h  fivaluafion Manual (PM E, Supplemental Guidaaee for D d  Risk Assessment). EPA1540R-99IW5. 



TABLE 4.2.2 
VALUES USED FOR DAILY INTAKE CALCULATION! 

SWMU311 
RCRA FAcRITY INVESllGAnOP 

MCB, CAMP LUEUNE, NORTH CAROLINA 

x!& 
(I) If available, ABS valueJ from ORNL or RAGS Pan E were wed. Otherwise, USEPA Reeion N default values of 0.01% organica and 0.001% for inorganics were used for ABS values 

Prof Judge - Professional Judgment 

s!ucw 
USEPA, 1989: Risk Assessment Guidance for Superfund Vol I, Human Healfh Evaluation Manual, Pan A. OERR. EPAl54011-89/W2. 
USEPA, 1993: "Superfund's Standard Default Exposun Factom forthe Central Tendency and Reasonable Maximum Exposure." November, 1993. 
USEPA, 1997: ExgosureFaftors Handbwk. Vol. 1: GsrmelFacton. ORD. EPAl6WP-95XKIZFa 
USEPA, 2001: Risk Assessment Guidance for SupntLRd Vol I, Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk k m e n t ) .  EPA/140IR-991005. 

mrPopulation: Residents 

Parameter Dcfmition 

, 

Dermal 

BW 
AT-C 
ATN 

C 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 

AT-C 
AT-N 

Body Weight 
Averaging Time (Cancer) 
Averaging Time (No~Cancer) 
Contaminant Concentration in Soil 
Conversion Factor 
Surface Area Available for Contact 
Soil m Skin A d h e w  Fpotor 
Absorption Factor 
Exposure Frequency 
Exposura Duration 
Body Weight 
Averaging Time (Cancer) 

Time Won-Cancer) 

kg 
days 
days 

mgkg 
k@'Q 

wnllday 
m d d  

N A 
& y s / y ~  

Yeas 
kg 

~ Y S  
day s 

70 
25,550 
8,760 

ChcmiEal Specific 
I.0OE-06 

5.100 
0.07 
(1) 
350 
24 
70 

25.550 
8 , 760 

USEPA, 1997 
USEPA, 1989 
USEPA, 1989 

Chemioal Specific 
USEPA. 1989 
USEPA. ZWI 
USEPA, 2001 
USEPA, 2001 
USEPA, Zoo1 
USEPA, 1993 
USEPA, 1997 
USEPA, 1989 
USEP A, 1989 

70 
25,550 
2,555 

Chomical Specific 
1 .WW)6 

5,700 
0.01 
(1) 
234 

7 
70 

25.550 
2.555 

USEPA, 1997 
USEPA, 1989 
USEPA. 1989 

Chemical Specific 
USEPA.1989 
USEPA, 2001 
USEPA.2001 
USEPA, 2001 
USEPA, 1993 
USEPA, 1993 
USEPA, 1991 
USEPA, 1989 
USEPA. 1989 

- 

CDl (m@g.&y)= 
CxCFxSAxAFxABSxEFxEDx 

I/BW xl/AT 



TABLE 4.2.2~ 
VALUES USED FOR DAILY INTAKE CALCULATION! 

SWMU311 
RCRA FACILITY INVESTIGATIOP 

MCB, CAMP LWEUNE, NORTH CAROLINA 

edium: Subsurface Soil 
xposureMedium: Air 
p o s w  Point: Fugative dust 

r Population: Residsnts 

Parameter D c f i n  

x E F x E D x I P E F x  

Cowherd, et al., 1993: Rapid Assessment of Exposure to Particulate Eminiom from Surfw Contamination. OHEA. EPA/MXU&851002. 
USEPA, 1989: R i s k k s s m c n t  Guidanec for Supmimd Vol 1, Human Health Evaluation Manual, Part A. OERR. EPA1540/1-89/002. 
USEPA, 1993: "Superfund's Standard Default Exposure Facfon for the Ccnwl Tendency and Reasoaablc Maximum Exposure." Novemter, 1993. 
USEPA, 1997: Exposure Factors Handbook. VoI. I: Genaal Factors. O m .  EPA/600m-95/WZFa. 
USEF'A. 2001: Risk Assessment Guidance for Supnfund Vol 1, H u m  Health Evaluation Manual (Pan E. Supplemental Guidance for Dermal Risk Assssment). EPA/540R-99/WS. 



TABLE 4.2.3 
VALVESUSED FOR DAILY INTAKE CALCULATIONI 

SWMIJJll - .. . 
RCRA F A C R I N  INVESlTOATlON 

MCB, CAMP LUEUNE. NORTH CAROLINA 

edium: Groundwstcr 
sureMediw: Groundwater 
rw Point Tap WUU - Drinking Warn S&o 

C x C P x S A x P C x E T x S F x E D x  

USEPA. 1989 Rusk ArrerrmM GwdPnce for Supnfund Val I .  Human Hedlb Evalubon Msnull. PutA OFRR EPA/540/1-89,W2 
USEPA, I992 &sk A s s c m u u  Gutdance for Superfund Vol I. H m H d t h  Evalvatlun M a n d  Supplmenul Gvldanw Dcrml Ruk Auesmca 
USEPA, 1993 'Suprfunbs Stsnd.rd Default Exposure F m m  for Ule C d  Tclldcnsy and h ~ b l c  Maxlmum Exwm ' N w m k .  1993 



TABLE 4.2.38 
VALUES USED F0RDAIL.Y INTAKE CALCULATIONS 

SWMU311 
RCRA FACILITY INVESTIGATION 

MCB. CAMP LEJEUhV, NORTH CAROLMA 

USRPA. 1989 Rlsk Asneasmrm Gludancc for Supcifud Vol 1. Humm Health Evaluation Manual. PM A OERR EPN14011-89 002 
USEPA. 1993 " S u p r i d s  SMdud Default Exposure F m r s  for the Ccnrml Tendency md Ruronable Mudmum Exposure." Nowmber, 1993 
USEPA, 1997 Exposure F m n  Hmdbwk Vol 1. General Facmra ORD EPAIMMm-9L002Fs 



TABLE 4.3.1 
VALUES USED FOR DAILY INTAKE CALCULATION: 

RCRA FACILITY NVESTIGATIOP 
MCB. CAMP L W E ,  NORTH CAROLINA 

xposurc Medium: Surface Soil 
posurc Point: Surface Soil 

Parameter Definition 

&m 
(I) If available, ABS ~ 8 . 1 ~  from O W L  or RAGS Part E were used. Omenvise, USEPA Region IV default values of 0.01% organics and 0.001% for inorganics wn ured for ABS values 

Prof Judge - Professional Judgment 

Sounes: 
USEPA. 1989: Risk Assessment Guidance for Suprfund Vol 1, H u m  Health Evduation Manual, P6rt A. OERR. EPA/540/1-891W2. 
USEPA, 1993: "Superfund's Standard Default Expaswe Factors for the Central Tendency and Rcssonnble Maximum Exposure." Novembn, 1993. 
USEPA, 1997: Exposure Factors Handbook. Vol. I: General Factors. ORD. EPA/600/P-95M02Pa 
USEPA, 2001: Risk Asswsment Guidance for Superfund Vol I, Human Hcalth Evaluation Manuel (Pan E, Supplemental Ollldancc for Dermal R i g  Asscssrnent). EPA/5401R-99IWS. 



V A L W  USED FORDAILY INTAKE CALCULATION: 
SWMUPll 

RCRA FACILITY INVESTIGATIO) 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Parsmeter Defmition 

xEFxEDxlmEFx 

Sources: 
Cowherd et al., 1995: Rapid Assessment of Exposurr to Particulate Emissions from Surface Contamination. OHEA. EPAIM)O/&85/002. 
USEPA, 1989: Risk Assessment Guidance for SuprIund Vol 1, Human Health Evaluation Manual. Pa17 A. OERR. EPAIS4011-89IW2. 
USEPA. 1993: "Superfund's Standard Default Exposwe Factors for the Cmhal Tondotcy and Roa~onablc Maximum Exposwc." November. 1993. 
USEPA, 1997: Expasun Factors Handbook. Vol. I :  G e n d  Factors. ORD. EPAlMX)ffm951WZFa. 
USEPA, ZW1: Risk Assessment Guidance for Sugcrfund Vol I, HwnanHcalth Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assassment). EPM401R-99M05. 



TABLE 4 3.2 
VALUES USED FOR DAILY M A K E  CALCULATION! 

SWMU3II 
RCRA FACILITY INVESTIGATlOt 

MCB. CAMP LF.lEUNE. NORTH CAROLINA 

mm 
(I) If available. ABS valucn from ORNL or RAGS Part E were uscd. Otherwise, USEPA Region IV default values of 0.01% organicsand 0.001Kfor inorganics wn wed for ABS values 

Prof Judge - F'rofesrional Judgment 

USEPA, 1989: Risk Assessment Guidance for SupcrIind Vol I, Human Health Evdution Manual, Part A. OERR. EPA/5Wl-S9/WZ. 
USEPA, 1993: "Supsrfund's StMdsrd Default Exposure Factors for the Central Tendency and Reasonable Maximum Eqmsure!' Novaaba, 1993. 
USEF'A, 1997: Exposure Factors Handbook. Vol. 1: General Factoa ORD. EPA/M)WP.95/002Fa. 
USEPA, 2001: Risk Assessmsnt Guidance for Supdund Vol 1, Hrmtan Health Evolution Manual (Part $ Supplemental Guidance for DDamal Risk Assssamcat). EPAi54O/R-99MOS. 

Parameter Definition 

Dermal 

A T 4  Averaging Time (Cancer) 
I 

BW 
AT-C 
AT-N 

C 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 

Body Weight 
Averaging Time (Cancer) 
Averaging Time (NowCancer) 
Contaminant Conosnbation in Soil 
Conversion Factor 
Surface Area Available for Conmct 
Soil to Skin Adherence Factor 
AMrption Factor 
ExposureFrquency 
ExpureDwa[ion 
Body Weight 

kg 
days 
days 

mgikg 
kp/mg 

cm2/day 
&m2 

NA 
day&= 

Y W  
kg 

15 
25,550 
2,190 

Chemioal Specific 
I.WE06 

2,8W 
0.2 
(1) 
350 
6 
15 

USEPA, 1997 
USEPA, 1989 
USEPA, 1989 

C b i d  Specific 
USEPA, 1989 
USEPA, 2W1 
USEPA, 2001 
USEPA, 2001 
USEPA, 2001 
USEPA, 1993 
USEPA, 1997 

I5 
25,550 

730 
Chamieal Spcoif~ 

1 .OOEM 
a,800 
0.04 
(1) 
234 
2 
I5 

USEPA. 1997 
USEPA, 1989 
USEPA, 1989 

Chemical Speoifio 
USEPA, 1989 
USEPA, 2001 
USEPA, Zoo1 
USEPA, 2001 
USEPA. ZWI 
USEPA, 1993 
USEPA, 1!E7 

CDi (&g.day)= 
CxCPxSAxAFxABSxEFxEDx 

I/BW xlIAT 



TABLE 4.3.23 
VALUES USED FOR DAILY INTAKE CALCULATIONl 

SWMU311 
RCRA FACILITY INVESTIGATIOI 

MCB, CAMP LUEUNE, NORTH CAROLINA 

Model Name 

x E F x E D x I P E F x  

&&% 

Couherd, etal., 1995: Rapid Assessment of Exposure to Particulate Emissions from Surface Conmination. OHEA. EPA160018-8SX102. 
USEPA, 1989: Risk Assemem Guidance for Superfund Vol1. Human Health Evaluation Manual, Pan A. OERR. EPA154011-89XK12. 
USEPA, 1993: "Superfund's Standard Defsvlt Exposure Factom for the Cenwl Tendency md RcaJonableMaximum Exposure!' Novcmbn, 1993. 
USEPA, 1997: ExposunFactomHandhk. Vol. I: Gmcral Factom. ORD. EPM600m-95lWZFa. 
USEPA, 2001: Risk Assessment Guidance for Sulrerfund Vol I. Human Health Evaluation Manual (Pan E. Supplemental Guidance for Dermal Risk Assessment). EPM540R-99/005 



TABLE 4.3.3 
VALUES om FORDAILY ~ A K E  mcuLAnow 

G m l s l l  - . . - . . . 
RCRA FACILITY INVZSTIGATION 

MCB. CAMP LEJEIEUNE, NORTH CAROLINA 

alium: Grnundwatcr 
un Medium: Groundwater 
ure Point: Tap Warn - DrinLing Wntor Sanario 

Pwneror Definition 

CxCFxSAxPCxETxEFxEDx 

3s!as& 
USEPA. 1989. Rzsk Arressmwt Gu~daacefor SupsrAvld Vol I. H m  He~lhEvdwtionManual. PwtA OERR EPA/540/1-WIWZ 
USEPA. 1992: IOsk Assesmwn Gwdaaffi for S w h d  Vol1,HumaaHulthEvpl~~~M~nurl S u w l e d  asdaw Darml~isk Ammont 
USEPA, 1993: "SuperAvl8s ~ tv ldud  Defavlt & x p a s ~ ~ ~  for the ~ s n t n l  ~ e n d c n c ~  a n d ~ w & l e  Maximum Exposure." Nomber, 1993 
USEPA, 1997: ExposufeFacmnHandboot Vol. I: GeneralFmn. ORD. EPAIMKKP-9SIOO2Fn 



TABLE 4.4.1 
VALUES USED FOR DAILY INTAKE CALCULATION: 

RCRA FAClLRY INVESTIGATIOI 
MCB. CAMP LEJEUNE. NORTH CAROLINA 

edium: Surface Soil 
xposure Medium: Surface Soil 

sure Point: Surtaca Soil 
r Population: Construction Workan 

Parameter Definition 

w 
(1) If available, ABS valusr fmm ORNL or RAGS Purl E were used. Othenwo, USEPA Reglon IV dcfaultvaluos of 0 01% organics and 0.001% for lnorganlcs wnr used for ABS values 

ProfJudgc - Profess~onal Judgment 

i%um% 
USEPA. 1989. Rksk Assssammt Gu~dance for Suarfund Vol I. Human Health Evaluation Manual. P M  A. OERR EPN540ll-891002 
USEPA, 1993 ' Superfunds Standard Default Exposure Factors lor b e  Cenoal Tcndcncy and Reasonable Maxlmwn Exposum " November, 1993 
USEPA. 1997 E x p o m  Facton Handbod Vol 1 General FaRon ORD EPA1600P-91002Fa 
USEPA. 2001 Rlsk Arrcssmcnl Gu~dance for Supwfund Vol 1, Human Health Evaluanon Manual (PM E, Supplemental Gludaaee for D e d  RsA Asscumenl) EPN540R-991005 



TABLE4.4.la 
VALUES USED FOR DAILY INTAKE CALCULATlONl 

SWMU311 
RCRA FACILITY INVESTIOATIOP 

MCB, CAMP LEJEUNE, NORTH CAROLlNA 

sure Point: Fugativc dust 
mr Population: Consbudion Workan 

Parameter Defmition 

Prof Judge - Pmfkwional Judgment 

USEPA. 1989. Risk Assessment Ouidance for Su~erfund Vol I. Human Health Evaluauon Manual. Part A. OERR. EPA/540/1.89M02 
USEPA. 1991 bak  Ascwncnt Gu~dance for Suprfund Vol 1, Human HealUl Evaluation M a a d  Supplcmcnd Gutdance Standard Default Expo~un  Factors 
USEPA. 1997 Exposm Factors Handbwk Vol I General Factors ORD EPh6WIP-9YOOZFa 
USEPA. 202 I Risk Assesmcnt Gu~dance for S u p m v d  Voi I. Human Health Eralvat~on Manual (Pan E, Supplmeatal hdance for b s l  Ruk Assenmcnl) EPh54CR-991005 



TABLE 4.4.2 
VALUES USED FORDAILY INTAKE CALCULATION 

- . . . . . - . . . 
RCRA FACILITY INVESTIOATIOP 

MCB, CAMP LWELNE. NORTH CAROLLNA 

w 
(I) Ifavadable. ABS values fmm ORNL or RAGS Puf  E were wed. Otherwise, USEPA Reson IV default values of 001% organicsand B.WI% for Inorganics w e  used for ABS v a l w  

Rof Judge - Profw~lonal Judgment 

sQuw& 

'urn: Subsurfw Sail 
xposure Medium: Subrurface Soil 

osure Point: Subsurface Soil 
tor Population: Conshuetion Workers 

Parameter Definition 

USEPA. 1989 Lsk Assessment Gu~dancc for Suprhnd Vol I. Hwnan Health Evaluauon Manual, Pa17 A OERR EPAJSWI-891W2 
USEPA, 1993 'Superfund's Standard Default Exposure Factors for fhe Cenbal Tmdmq and Reasonable Mnxvnwn E x p a w  ' November, 1993 
USEPA. 1997 Ex~osun Factors Handbook Vol 1 General Factors ORD EPAlWOE'-951002Fa 

DcmLll 

USEPA. 2001. Rlsk Assessment Gu~dance for Suwrfund Vol I, HwoaaHesllh EvaluationManual (Pmt E, Suppkrrtntd GUI~WW for Dmnd Risk A m s m t )  EPh15401R-99IWS. 

BW 
AT-C 
AT-N 

C 
CF 
SA 
AF 

ABS 
EF 
ED 
BW 

A T 4  
AT-N 

~ o d y  Weight 
Averaging Time (Causer) 
Averaging Time (Non-Cancer) 
Contaminant Concentrstbn in Soil 
Conversion Factor 
Surface Area Available for Contact 
Soil to Skin Adherence Factor 
Absorption Pactor 
ExposwePrequcncy 
E x p u r e  Duration 
Body Weight 
Aversging Time (Cancer) 
A v m i n g  Time Won-Cancer) 

t 
days 
days 

mgkg 
kdmg 

cm21day 

NA 
daygear 
yc84 

kg 
days 
days 

70 
25,550 

365 
Cllemical Speeffic 

1.0OE-06 
3,300 
0.2 
(1) 
250 

1 
70 

25,550 
365 

C P P P  

USEPA, 1997 
USEPA, 1989 
USEPA, 1989 

Chemical Specific 
USEPA, 1989 
USEPA, 2W1 
USEP.4 ZWl 
USEPA, 2WI 
USEPA, 2001 

Prof Judge 
USEPA, 1997 
USEpq 1989 
USEPA. 1989 

- 
-. 
-. - - - 
.- - - - - - - 

- - 
.. 
.- 
-. - - - - - - - - 

CDI (mgk%da~) = 
CxCFxSAxAFxABSxEPxEDx 

I B W  xIIAT 



TABLE 4.4.2a 
VALUBS USED FOR DAILY INTAKE CALCULATION: 

~. -.. 
RCRA FACILITY INVESTlGATIOP 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

odium: Subsurface Soil 

posm Point: Fugative dust 
tor Population: C o W o n  Wokers 

P m e t c r  Defmition 

Profludge - Professional Judgment 

sQwz 
USEPA, 1989: Risk Assessment Guidance for Superfund Vol I, Human Health Evaluation Manual, Part A. OEM. EPAl54011-891002. 
USEPA. 1591: Risk Assessment Guidance for Suprfund Vol 1, H u m  Health Evaluation Manual Supplanental Guidance: Standard Default E x p o s ~ F 8 ~ r a .  
USEPA, 1597: ExposumFaUon Handbook. Vol. 1: Gcncral FaMrs. ORD. EPA/60WP.95/M12Fa 
USEPA, 2001: Risk Assessment Guidance for Supcdund Vol I, Human Hcalth Evaluation Manual (Pan E, Supplemental Ouidancc for D m a l  Risk Assessment). EPM40iR-99M05 



TABLE 5.1 
NON-CANCER TOXICITY DATA - ORALnlERMAL 

SWMU3ll 
RCRA FACILITY lMrESTIGATION 

MCB. CAMP L E J E W .  NORTH CAROLINA 

Notes: 
(1) Refer to table presented as subsection of Appendix H &gee OTPm Abbreviations: &UES% 
(2) Adjusted dermal IUD = Oral RtD * Adj Factor CVS = Cnrdiovm~dm System IRIS = Integrated Risk Infomation System 
(3) For IRIS values, provide the date IRIS was searched. NOEL = No Observed Effect Level 

For HEAST values, provide the date of HEAST. 
For NCEA values, provide the date of the article provided by NCEA. 

NA = Not Applicable 

Tox Factors-].xis, m o d )  



TABLE 5.2 
NON-CANCER TOXICITY DATA -- INHALATION 

SWMU311 
RCRA FACILITY INVESTIGATION 

MCB. CAMP LEJEUNE. NORTH CAROLINA 

r r /  of Potential Subchronic Inhalation 
Concern 

(1) Provide equation used for derivation in text. 
(2) For IRIS values, provide the date IRIS was searched. 

For HEAST values, provide the date of HEAST. 
For NCEA values, provide the date of the article provided by NCEA. 

nenic 
Cadmium 

Chromium t 
NA =Not Applicable 

c h m n i v ~ ~ ~  
Inhalation 
RfD (1) 

Tox Fsotors_I.rds, Rnyi) 

NA 
Chronic 

Subchronic 

N A 

Tweet Orean Abbreviations; 
RsS = Respiratory System 

Units T 

f&!LC@x 
IRIS = Integrated Risk Information System 

N A 
NA 

8.OE-06 

NA 

Combined 
UncertaintyModi@ing 

Factors 

NA 
NA 

mglm3 

N A 

Sources of 
RR:RtD: 

Target Organ 

Dates (2) 
(MMDD/YYJ 

N A 
N A 

2.20E-06 

NA 

N A 
NA 

mgikgkhy 

NA 

N A 
Kidney 

RsS 

N A 

NA 
111 

90/1 (aerosols), 300/1 
(paaiculates) 

NA 

N A 
N A 

IRIS 

NA 

N A 
3/4/1999 

9/20/2002 

N A 



TABLE 6.1 
CANCER TOXICITY DATA - ORALIDERMAL 

SWMU311 
RCRA FACILITY INVESTIGATION 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Notes: 

(1) Refer to table presented as subsection of Appeadix H 
(2) Adjusted demal CSF = Oral CSF I A d  Factor 
(3) For IRIS values, provide the date IRlS was searched. 

For HEAST values, provide the date of HEAST. 
For NCEA values, provide article date provided by NCEA. 

NA =Not Applicable 

Sources: 
IRlS -Integrated Risk Information System 

EPA Group: 
A - Human cachogen 
B1 - Probable human carcinogen - indicates that limited human data are available 
B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 
C - Possible human carcinogen 
D -Not classifiable as a human wcinogen 
E - Evidence of nonuucinogenicity 

Weight of Evidence: 
Known/Likely (EPA classes A, Bl,B2, C) 
Cannot be Determined (EPA class D) 
Not Likely @PA class E) 

Tow F~cto~s~I.xls, CSF(od) Page 1 of 2 



TABLE 6.2 
CANCER TOXICITY DATA - INHALATION 

SWMU311 
RCRA FACILITY INVESTIGATION 

MCB, CAMP LEJEUNE, NORTH CAROLMA 

Chemical I Unit Risk I Units 1 Adjustment ( 1  1 Inhalation Cancer Units WeightofEvidend I S o u a  1 Date (2) 11 
of Potential Slope Factor I I Cancer Guideline (MMDDrrr) 

DesMi~tion 

w a 
(1) Adjustment Factor applied to Unit Risk to calculate Inhalation Slope Factor = IRIS = Integrated Risk Infonnation System 

lOkg x 112Om3lday x IOOOug/mg 
(2) For IRIS values, provide the date IRIS was searched. NA = Not Applicable 

For HEAST values, provide the date of HEAST. 
For NCEA values, provide the date of the article provided by NCEA. Weight of Evidence: 

Knowdikely @PA classes A, B1, B2, C) 
EPA Group: Carmot be Detnmined @PA class D) 

A - Human carcinogen Not Likely (EPA class E) 
B 1 - Probable human carcinogen - indicates that limited human data are available 
8 2  - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 
C - Possible human carcinogen 
D -Not classifiable as a human carcinogen 
E -Evidence ofnonminogenicity 

Tox Faoto~~~I.xls, CSF(i) Page 2 of 2 



TABLE 7 1 I RME 
CALCULATlON OF NONCANCER HAWRDS 

REASONABLE kUXMJM EXPOSURE 
SWMU3Il 

RCRA FAClLlN INVESTIOATLOP 
MCB, CAMP LUEUNE, NORTH CAROLINA 

NOTES: - 
EPC - Expoawe Point Conoontrstion mgkg - mitlignm per kilogram 
NA -Toxici$ crlbrion not available. mg/kg-day - milligram par k i l o m  per day 

(1) Spcclfy Mum-Swi f i c  M or RoutbSpecfic (R) EPC selened for hazard calculation 
(2) S p c c ~ f y  if subchronic 



TABLE7.1.h RME 
CALCULATION OF NONCANCER HAZARDS 

REASONABLE MAXIMUM EWOSURE 
SWMU311 

RCRA FACILITY INVESTIGATIOP 
MCB. CAMP L W E ,  NORTH CAROLINA 

sure Medium: Air 

EPC - Exposure Point Conwmlion mgkg - milligram per kilopram ( I )  Specify Medium-Specifis (M) or RoutbSgccific (R) EPC selected for- calculation. 
NA -Toxicity criterion not available. mglm' - millignm pcr cubic meter (2) Specify if utcbnic .  - - Not applicable. m&g-day - milligram per Mogram per day 



TABLE 72.1 RME 
CALCULATION OF NONSANCER HAZARDS 

REASONABLE W M U M  EXPOSURE 
SWMU3ll 

RCRA FACILITY rmnoAnor 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

17----------- 'on C a d m m  5.2 mgkg 5.2 mgkg M 7.lE-06 qkgday 5 D 5 0 4  m&aPy - - 
Lead 1,110 m& 1J10 mgkg M I S M 3  mflg-day - - - NA 

(Total) 

pasw Mdium Surface Soil 
w Pomt Surface Soil 

EPC - E x p m  Pomnt C a m i o n  mgllg - milligram per klagram 
NA - Taxloity ontononnot av~lable  mgPr@day - milll$am pr k i h ~ ~ ~  w d~ 
.- - Not appliwble. 

- 
EXPCSW ckmioal P 

(I) S p ~ ~ i r y  Medium-Sgscific(M) or Route-Spao~flc (R) E P C J o  for h d  cdculltion 
(I) Spetlfjr if subchrnn~c 

I- 
( N o n C ~ c c l )  &lam$ 

forHazard 
Calculation (I) 

Route EPC 
Value 

lntaln 
@Ton-Cmcd) 

Units 
ofpatenhal 

Conean 

Refmnoc 
DoseUnit3 

Refamm 
Doac(2) EPC 

Units 

Wrmce 
Coae~nbation EPC 

Value 
EPC 
Units 

REferm~a 
Conc~nhatim 

Units 

H a ' d  
Quotient 



TABLE 7.2.la RME 
CALCUUTlON OF NON-CANCER HAZARDS 

REASONABLE MAI(IMUM EXPOSURE 
SWMU 31 1 

RCRA FACILITY INVESnGATDI 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

EPC . Exposure Point Concentration mg&g - milligram per kilogram ( I )  Specify Medim.Speoifm (0 or Route.Spsciflo (I0 EPC selected for hazard oalculation. 
NA -Toxicity criterion not available. m g / d  - rdlignun per cubic mnsr (2) Speoify if subchronic. - - Not applicable. m&g-day - milligram pn kilogram per day 



Expoaura Point: Subsurface Soil 
ptor Population: Residents 

TABLE 7.2.2 RME 
CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 
SWMW311 

RCRA FAClLlTY TNVESllOATI(X 
MCB. CAMP LUEUNE, NORTH CAROLINA 

EPC EPC EPC 
Value Units Value Units for H d  

NOTES: - 
EPC - Exposure Point Concenmtion m&g - milligram per kilogram 
NA -Toxicity criterion not available. mglkgday - milligram per k i l m  per day -- - Not applicable. 

( I )  Specify MadimSpec~fio (M) or Route-Spsclfic @.) EPC selcotcd for h d  calculation 
(2) Specify ~f subchromc. 



TABLE 7.2.2a RME 
CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 
SWMU3II 

RCRA FACILITY M m n G A n o P  
MCB, CAMP LUEUNE, NORM CAROLMA 

&PC - Exporm Point Concsnmion mgkg - milltgram por kilognm 
NA - Touciw crttcrton not ava~lable. mglm' -millipram per cub~c meter - . Not appltcable mgkg-day - milligram pcrkilognm per day 

(I) Spffilfy Medium-Spcific (M) or RoUfbSpacific @)PC selected for h w d  calculation, 
(2) Specify if subohmnic. 



TABLE 7.2.3 RME 
CALCULATION OF NONCANCER HAZARDS 

REASONABLE MAXlMUM EXPOSURE - 

SWMUJll 
RCRA FACILITY INWSTIGATLOP 

MCB, CAMP LFJEUNE, NORTH CAROLINA 

ptor Population Residents 

EPC - Expmwe Point Concentration m a  - millignun per liter (1) Spffiify Medium-Specific (M) or RoutbSwific (R) EPC dccfed for hszardcaloulation. 
NA -Toxicity criterion not available. mgkgday - milligram per kilogram per day (2) Specify if subchmnic. 
- - Not a~l icable .  



TABLE 7.3.1 RME 
CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXF'OSURE 
SWMU 31 I 

RCRA FACILITY IMrESnGAnOPSllGATlOF 
MCB, CAMP LWFUNB, NORTH CAROLINA 

tor Population: Residents 

EPC - E x p s m  Point Concentration mgkg - milligram pw kilogram (I) Spooify MedimSpeeiflc M or RouteSpCoific (R) EPC selected for hazard calculation. 
NA -Toxicity criterion notavailablc. m W y  - millipram per kilogram per day (2) Specify if subchronic. - - Notapplicable. 



TABLE1.3.la RME 
CALCULATION OF NON-CANCER HAZARDS 

KEASONABLE MAXIMUM EXPOSURE 
SWMU 31 I 

RCRA FACILITY GWESTIGATIO? 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

edium: Surface Soil 

KxEs: 
EPC - Expaaura Point Concentration mgkg-milligram pcr kilogram (I) SpccifL Medium-Specific (M) or RouteSpecific (R) EPC selected for hazard calculstion. 
NA -Toxicity criterion not available. mglm' - milligram pcr cubic meter (2) Specify if subchronic. - - Not applicable. mgikg-day - milligram per kilogram per day 



TABLE 7.3.2 RME 
CALCULATION OF NON-CANCER HAZARDS 

edium: Subsurfnu Soil 

Exposure Poml Subsurfasc Soil 
Rece~tor PoouIaUon. ResldenB 

I~R&TA$: Young Child 

REASONABLE MAXIMUM EWOSURE 
SWMUJll 

RCRA FACILITY IMrESTIGATlO> 
MCB. CAMP LURIM. NORTH CAROLMA 

Exposun Chcmicsl Medtm Med~um Route Route Intake Refarenoe R e f m c e  Reference I I R W  of Pownbal EPC EPC EPC EK! Selmtcd Won-Cum) (Nan-Cancer) Dose (2) Dose Unlm Concentmaon 
C o r n  Value Unru Value Unlm for tbnrd  UNm Unlm 

Calculanon (1) 

- 
EPC - Exposure Point Concentration m a g  - milligram per kilogram (I) Speciw Medium-Spccific (M) or Route-Specific (R) EPC selected for hazard oalculatlon. 
NA -Toxicity niterion noi available. m a g d a y  - milligram per kilogram per day (2) Spedfy if subohmnic. - - Not applicable. 



TABLE 7.3.2s RME 
CALCuLAT1ON OFNONCANCER HAZARDS 

REASONABLE h4AXMM EWOSURE 
SWMU 311 

RCRA FACILITY INVESTIGATIOF 
MCB. CAMP L-, NORTH CAROLINA 

ium: Subsurface Soil 
tire Medium: Air 

EPC - Exposm Point Cowniration mgkg - milligram psr kilog~nm (I) Specify Medium-Spccitic (M) or Route-Speoific (R) EPC selemd for hazard calculation. 
NA -Toxicity criterion not available. mglm' - millignm per cubic meter (2) Specify if subchronio. 
-- - Not applicsblc. mpntg-day - milligram pr kilopram per day 



TABLE 7.3 3 RME 
CALCULATION OF NONWNCER HAZARDS 

REASONABLE MAMhm]M EXWSURE 
SWMU311 

RCRA FACILITY INVEST10ATIOP 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

cdium: Gmundwater 
Medium: Groundwater 

EPC - Exposure Point Concentation mgL - milligram pcr liter (1) Specify Medium-Spific (M) or RowSpecific (R) EPC sdectDd for hazard calculation. 
NA -Toxicity criterion not available. mg/kg-day - milligram pcr kilogram per day (2) Specify if subchmnic. 
- - Not mlicable. 



TABLE 7.2.1 CT 
CALCULAnON OF NONCANCER HAZARDS 

CENTRAL TENDENCY 
SWMU 311 

RCRA FACILJTY m n w n m  
MCB, CAMP LUEUNE, NORTH CAROLINA 

d i m :  Surface Soil 

sum Point: Surface Soil 

EPC - Exposure Point Cornnuation mgkg - milligram per kilogram 
NA -Toxicity criterion not available. mgllg-day - milligram per kilogram per day - - Not applicable. 

Quotient "I 

(I) Specify Medium-Spcciflc (M) or RoutbSpaiflc (R) EPC selened for hazard calculation. 
(2) Specify ifsubohmnic. 



TABLE 7.2.la CT 
CALCULATION OF NON-CANCER HAZARDS 

CENTRAL TENDENCY 
SWMU311 

RCRA FACILITY INVESTIGATIOP 
MCB, CAMP LEIEUNE,NORTH CAROLINA 

ure Medium: Air 
vgosure Point: Fugative dust 

Chemical Medium Medium Route Route 
ofPotmtia1 Route EX EPC EPC EPC Selected (Non-Caaocr) ( N o n - C ~ r )  Dmc(2) Dose Units Concentration C a n c 8 n ~ o n  Quotient 

Concern Value Units Value Units for Hazard Units 
Calculation (1) 

EPC - Evposure Point Concmtration m a g  - mUiigram p a  kilogram 
NA .Toxicity criterion not available. mum' - miliigrsm per cubic mum 
- - Not applicable. mgkgday - milligrsm pcr kilogram per day 

(I) Spcify Med~um-Specific (M) orRoutPSp?c~lic (R) EPC scleoted for hazard dculanon 
(2) Speify ~f subchronic 



TABLE 7.2.2 CT 
CALCULATION OF NON-CANCER HAZARDS 

CENTRAL TENDENCY 
S W  31 l 

RCRA FACILITY m v E s n o A n o p  
MCB, CAMP LFJEUNE, NORTH CAROLMA 

osum Mcdium: Subswfece Soil 
swe Point: Subsurface Soil 

~~ Chemical Medium Medium Ro 
Route of Potential EPC EPC EPC EPC Selcctcd Won-Cancer) Won-Cancer) Dose (2) Dose Units Concentration Concmlraiion Quotient 

C o r n  Value Unhr Value Unib for Hazard Unib 
Calculation (I)  

E.!&!a: 
EPC - Exposwe Point Concentration mgikg - milligram pcr kilogram (I) Spaify Medium-Specific (M) or RouteSpecifx (R) EPC selected for hatard calculation 
NA -Toxicity W o n  not avaiiable. mg/kpday - milligram per kilogram pcrdw (2) Spxify if subchronic. - - Not applicable. 



TABLE 7.2.2a CT 
CALCULATION OF NONSANCER HAZARDS 

CENTRAL TENDENCY 
SWMU311 

RCRA FACILITY INVESTIGATIOF 
MCB, CAMP LEIEUNE. NORTH CAROLINA 

sure Medium: Air 

€PC - Exposure Point Concentration m a g  - milligram per kilogram (I) Specify Medium-Specif= (M) or Route-Specific (R) EPC selected for hazard calcuistion. 
NA -Toxicity criterion not available. mdm' - milligram per cubic memr (2) Specify if s ~ o n i c .  - - Not applicable. mg/kg-day - milligram pr kilogram per day 

R~idml-CT-1x18, SB-A-N-I 



TABLE 7.2.3 CT 
CALCULATION OF NON-CANCER HAZARDS 

ENTRAL TENDENCY 
SWMU3II 

RCRA FACILITY INVESTIGATIOP 
MCB, CAMP LUEUNE. NORTH CAROLINA 

cdium: GromdwOPr 
sure Medium: Groundwater 

EPC -Exposure Po~nt ConcenUaIlon mgn - rnlllgmm pr lirer 
NA - Toxlctry cnrerton not ava~lable m@g-day - mlllrgram per blogram per da) 
- - Not applicable 

(1) Spcify McdiumSpccific(M) or RoUU-Spoc~fic (R) EPC selected for hazard calcul~tion, 
(2) Spctfy if subchmnic. 



TABLE 7.3.1 CT 
CALCULATlON OF NON-CANCER HA7,ARDS 

CENTRAL TENDENCY 
SWMuOll 

RCRA FACILITY INVESnGATlOP 
MCB, CAMP LUEUNE, NORTH CAROLINA 

- 
EPC - Expwlne Point Conffinnation 
NA -Toxicity criterion not available. 
- - Nor applicable. 

m&g- mill~gmm per kilogram 
m&g-day - m ~ l l i p n  pw lulopram per day 



TABLE7.3 la CT 
CALCULAnON OP NON-CANCER HAZARDS 

CENTRAL TENDENCY 
SWMUPl l 

RCRA FACILITY INMSTIGATIOP 
MCB. CAMP LURME, NORTH CAROLINA 

Expasun Pomnt Fugrtive dust 
tor Population: Residents 

EPC - Expure  Point Concentnrtion m& - m i l l i i  per kilogram (I) Specify Medium-Spcfic (M) ~Route~Specific (R) EPC s e l W f o r  hazard calculation. 
NA -Toxicity criterion not available, &m' - milligram par cubic meter (2) Specify ifsubchmnic. 
- - Notapplicsble. mgkg-day - milligram p r  kilogram per day 



TABLE 7.3.2 CT 
CALCULATION OF NON-CANCER HAZARDS 

ecepmrPopukion: Residuns 
eptor Age. Young Child I 

C6NTRAL TENDENCY 
SWMU 311 

RCRA FACILITY MMSTlGAnOP 
MCB, CAMP LUEUNE. NORTH CAROLINA 

Total Hamd Index Across AU Expwure RouwF'ath\~ys 

EPC - Expasure Point Concentration mghg - milligram per kilogram ( I )  Specify McdimSpecific (M) or Route-Specific (R) EPC selemd for hsmrrd calculation. 
NA -Toxicity criterion not available. m&-day - milligram por kilogram p r  day ) Swcify if subchmnic. 
- - Not upplicabk. 



TABLE 7.3.28 CT 
CALCULATION OF NONCANCER HAZARDS 

CENTRAL TWIDENCY 
SWMU311 

RCRA FACILITY INVESTIGATIOP 
MCB, CAMP LEIEUNE,NORTH CAROLINA 

Y I 

NOTES: 

sum Medium: Air 
xposure Point: Fugativc dust 

I 

7 

EPC - Exposure Point Concabalion 
NA -Toxicity criterion not available. - - Not applicable. 

Exposure 
Route 

I 

n@g - rmlligram p r  kilogram 
mg/m' -milligram per cubic meter 
mdkgday - milligram per kilogram per day 

(1) Specify Medium-Spific (M) or RoutbSgeoific (R) EPC selected for hazard calculation. 
(2) S p i f y  if subchmnic. 

Chemical 
of Potential 

C o n m  

Medium 
EPC 

Value 

Medium 
EPC 
Units 

Route 
EPC 

Value 

Route 
EPC 
Units 

EPC 
Selected 

forHazard 
calculation (1) 

Intake 
(Non-Canccr) 

Intake 
(Non.bcer) 

Unit8 

Reference 
Dose (2) 

Reference 
Dose Unit8 

Reference 
Conccnwtion 

Reference 
Concentration 

Unitp 

Hayrd 
Quotient 



ptor Population: Residents 

TABLE 7.3.3 CT 
CALCULATION OF NON-CANCER HAZARDS 

c m  TENDENCY 
SWMU311 

RCRA FACILITY MVESTlOATlOP 
MCB. CAMP LEIEWE. NORM CAROUNA 

EPC - Exposun Polnt Concentration 
NA - Toxicihi crimon not available 
- - Not applicable 

m a  - mdi~gram par l~ter 
mglkg-day - m~lligram per kilogram per day 

(I) Specify Medium-Spso~fic (M) or Route-Spac~fic [R) EFC sctccfed for hazard oalculanon 
(2) SpeclfL if subchron~c. 

RaidsnCTT1.xle, OW-T-N-OD 



sure Point: Surface Soil 

TABLE7.4.I RME 
CALCULATION OF NONCANCER HAZARDS 

REASONABLE MAXMUMEXPOSURE 
SwMUJl l  

RCRA FACLlTY INVESTIOATIO~ 
MCB. CAMP LWEUNE, NORTH CAROLINA 

Exposure Chan~cal Med~um Medlum Route Route EPC 1 Intake 1 Intake I Refarmce 1 Rsferena 1 Reference I R c f m n o ~  I EPC I EPC I EPC 1 EPC I Selsted (NonCarmr) (Non-Cancer) Dosc(l) DosUnns Concentration Concu~trahon 

II I I Value I UnrU I Value I Unm I forHazard 
CalculaUm (1) I I uoiLs I I I 

- 

EPC - Exposure Polnt Conccnmnon 
NA - Tox~cln, cnvnon not avsllable 

m&g- milligrsm per k i l o m  
m&g-day - milligram per kilogram pa day 

(1) S p c ~ f y  Medium-Specif* (M) or Routn-Speolfic (R) EPC selected for hazard caloulatlon. 
(2) Specify if subehmnic 

Quotient - I  



TABLE 7 . 4 . 1 ~  RME 
CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXLMUM EXPOSURE 
SWMU311 

RCRA FACILITY WVESTlGATIO> 
MCB, CAMPLEEKINE, NORTACAROLINA 

posure Medium: Air 

..am- Iuua: 
EPC - Exposure Point Concentrstion mgikg- m i l l i p  per kilogram (1) Spccify Medium.Spccific (M) or Row-Specific (R) EPC solecfcd for hplard calculation 
NA -Toxicity criterion not available. mum' - milligram p a  cubic mctcr (2) Specify if subchronic. 
- - Nor applicable. m a p d a y  - milligram p r  kilogram pcr day 



TABLE 7 4 1 RME 
CALCULATION OF NON-CANCER HAZARDS 

RCRA FACILITY MMSTIGATIOP 
MCB, CAMP LUEUNE, NORTH CAROLMA 

NOTES: - 
EPC - Exposure Point Concentation 
NA -Toxicity criterion not available. - - Not applicable. 

m&g - m l p  p a  kilogram 
mgkg-day - m i l l i p  pcr kilogram per day 

11) Specify MediumSwifie (M) M Routc-Specific (R) EPC selected for hazard calculation, 
(2) S w f y  ifaubchmnic. 



TABLE 7.4.2a RME 
CALCULAnON OFNON-CANCER HAZARDS 

ium: Subsurface Soil 
sure Medium: Air 

REASONABLE MAXIMUM EXPUSLIRE 
SWMU3ll 

RCRA FACILITY WVESnGATlOP 
MCB. CAMP LEJEUNE, NORTM CAROLWA 

Chem~cnl EPC Intake 

Concw 

EPC - Exposwe Point Concentration m&g - millignun per k i l m  (I)  Specify Medium-Specific (M) or Route-Specific (R) EPC selected for h d  calculation 
NA -Toxicity criterion not aud\able. mdm' - milligtun per ouhic meter (2) S w i f y  if subhronic. - - Nnapplicable. mgkg-day - milligram p r  kilognun per day 



TABLE 8.1.1 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

EPC -Exposure Point Concentration m a g  - milligram per kilogram 
NA -Toxicity criterion not available. mag-day - milligram per kilogram per day 
-- - Not applicable. (1) Specify Medium-Specific (M) or Route-Speoific (R) EPC selected for risk oalculation 

M i l i  Basc Pcrsonncl-1.~1~. SSC-OD Page 1 of2 



TABLE 8.l.la RME 
CALCULATON OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

nue Medium: Air 

EPC - Exposure Point Concentration mgkg - milligram per kilogram 
NA -Toxicity criterion not available. mgld  -milligram per cubie meter 
-- - Not applicable. mgikg-day - milligram per kilogram per day 

( I )  Specify Medium-Specific (M) or Routc-Speciflc (R) EPC selected for risk calculation. 

Military Bass Personnel-[.XIS, SSC-I 



TABLE 8.2.1 RME 
CALCULATTON OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEIEUNE, NORTH CAROLINA 

xposure Medium: Surface Soil 

Chemical Medium Medium Route Route EPC Seledcd Intake Intake Canw~ Slope Cancer Slope Cancer 1 Epc I Epc I E c  1 Epc I o r  a n  1 a n  1 r I Factor units I 1 Concern Value Units Vaiue Units Calculation (1) Units 

-.- .,. .- -,.." ,.-..- ..- .-.a .-O 

(Total) - II 

EPC -Exposure Point Concentration 
NA -Toxicity criterion not available. 
- - Not applicable. 

mgkg - millipram per kilogram 
mg/kg-day -milligram per kilogram pcr day 
(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 8.2.la RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

w. 
EPC - Exposure Point Concentration mg/kg,- milligram per kilogram 
NA -Toxicity criterion not available. mg/m -milligram per cubic meter - - Not applicable. mgikg-day - milligram per kilogram per day 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 8.2.2 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXWSURE 
SWMU3ll 

RCRA FACILITY INVESTIGA'MON 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

edium: Subsurface Soil 

xvosure Point: Subsurface Soil 
eceptor Population: Residents 
eceptor Age: Adult 

EPC - Exposure Point Concentration mgkg -milligram per kilogram 
NA -Toxicity criterion not available. mgkg-day -milligram per kilogram per day 
-- - Not applicable. (I) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 8.2.2a RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Exposure Chemical I Route I of Potential 
Concern Value Units 

.."A*". 

EPC - Exposure Point Concentration mgikg - milligram per kilogram 
NA -Toxicity criterion not available. mg/d  -milligram per cubic meter 
- - Not applicable. mgkg-day - milligram per kilogram per day 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected far riskcalcula~on. 



11 I Concem I Value I Units I Value 1 Units I Cdculation(1)II I units I I I 11 

TABLE 8.2.3 RME 
CALCULATION OF CANCERRISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

posure Medium: Groundwater 

Exposure 
Route 

NOTES: 
EPC - Exposure Point Concentration m g 5  - milligram per liter 
NA -Toxicity criterion not available. mgkg-day - m i l l i i  per kilogram per day 
- - Not applicable. (1) Specify Medium-Specific (M) or Route-Spcific (R) EPC selected for risk calculation. 

of Potential 

Ingestion 

Resident-RME_l,xls, OW-AX-OD 

Arsenic 
Chromium 

(Total) 

0.0034 
0.012 

mg5  
mg/L 

0.0034 
0.012 

mgR. 
mgL 

M 
M 

3.2E-05 
l . lE04 

mgikg-day 
mgikgday 

1.5Effl0 
NA 

(mgnig-day) -1 - 4.8E-05 - 
4.83-05 



TABLE 8.3.1 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

EPC -Exposure Point Concentration 
NA - Toxicity critrrion not available. 
- - Not applicable. 

mg&g - milligram per kilogram 
m&-day -milligram per kilogram per day 
(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 8.3.la RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Medium: Surface Soil 
Exposure Medium: Air 

xposure Point: Fugative dust 
eceptor Population: Residents 

Chemical Medium Medium Route Route EPC Selected Intake Intake Cancer Slope Cancer Slope Cancer 
of Potential I P C  I EPC 1 EPC I EPC I forRisk 1 (Cancer) I (Cancer) I Factor 1 n i  1 s ( 

Concern Value Units Value Units Calculation (1) Units 

EPC -Exposure Point Concentration 
NA -Toxicity criterion not available. 

mgkg - milligram per kilogram 
d m '  -milligram per cubic meter 

- - Not applicable. mgkgday - milligram per kilogram per day 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Resident-RME-l.xls, SS-T-C-I Page 7 of 10 



TABLE 8.3.2 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACLITY IMrESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

nario Timeframe: Future 
edium: Subsurface Soil 
posure Medium: Subsurface Soil 
osure Point: Subsurface Soil 

Chemical Medium Medium Route Route EPC Selected Intake Intake Cancer Slope Cenocr Slope Cancer I EPC ( P C  ( EPC I EPC I &Risk I (Cancer) ( (Canex) ( Factor I Factorunits ( Risk I 
Concern Value Units Value Units Calculation (1) Units 

EPC - Exposun Point Concentration 
NA -Toxicity criterion not available. - - Not applicable. 

mgkg - milligram per kilogram 
ngikg-dsy - milligram per kilogram per day 
(1) Specify Medium-Specitic (M) or Route-Specific (R) EPC selected for risk calculation. 

Page 8 of lo 



TABLE 8.3.2a RME 

'um: Subsurface Soil 
sure Medium: Air 

CALCULATION OF CANCER RISKS 
REASONABLE MAXMUM EXPOSURE 

SWMU311 
RCRA FACILITY WVESTIGATION 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

Chemical Medium 
of Potential EPC 

Concern 

Medium Route Route EPC Selected Intake Intake Cancer Slope Cancer Slope Cancer 

P C  1 1 1 forRisk 1 (Cancer) 1 ($mcnc) I Factor I FactorUnits 1 Risk 11 
Units Calculntion (1) 

-- 

EPC - Exposure Point Concentration mgkg - milligram per kilogram 
NA -Toxicity criterion not available. mglm' -milligram per cubic meter 
- - Not applicable. mglkg-day -milligram per kilogram per day 

(1) Specify Mcdium-Specific (M) or Ro&Specific (R) EPC selected for risk calculation. 



TABLE 8.3.3 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU 311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Chemical Medium Medium Route Route EPC SclWd Intake Intake Cancer Slope Canccr Slope Cancer I EPC I EPC 1 EPC I EPC ( brRisk 1 (Cancer) I (Cancer) I a ( FamrUnits I RM I 
Concern Value Units Value Units Calculation(1) Units 

EPC -Exposure Point Concentration 
NA -Toxicity criterion not available. - - Not applicable. 

mgil. -milligram per liter 
mgikg-day - milligram per kilogram per day 
(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 8.2.1 CT 
CALCULATION OF CANCER RISKS 

CENTRAL TENDENCY 
SWMU311 - - 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

cenario T i m e h e :  Future 
'urn: Surface Soil 
sure Medium: Surface Soil 

xposure Point: Surface Soil 

Chemical Medium Medium Route Route EPC Selected Intake Intake Canw Slope Cancer Slope Cancer I EPC 1 EPC I EPC 1 EPC 1 t'orRiL C a n  1 C a n  1 Sactor 1 Factorunits 1 Risk ) 
Concern Value Units Value Units Calculation (1) Units 

EPC - Exposure Point Concentration 
NA -Toxicity criterion not available. - - Not applicable. 

Ingestion 

m a g  - milligram per kilogram 
mgiljg-day - milligram per kilognun per day 
(1) Specify Medium-Specific (M) or Route-Spccitic (R) EPC selected for risk calculation. 

Cadmium 
L a d  

(Total) 

5.2 
1,110 

m%kg 
mglkg 

5.2 
1,110 

m d k  
& 

M 
M 

2.4E07 
5.1E45 

mgkg-day 
mgkgday 

NA 
NA 

- - 
- 
-- 
.. 



TABLE 8.2.la CT 
CALCULATION OF CANCER RISKS 

CENTRAL TENDENCY 
SWMU 311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

'um: Surface Soil 
sure Medium: Air 

osun Point: Fugative dust 

EPC -Exposure Point Concentration mg/kg - milligram per kilogram 
NA - Toxicity criterion not available. mg/m' - milligram per cubic meter - - Not applicable. mgOcg-day - milligram per kilogram per day 

(1) Specify Mcdium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 8.2.2 CT 
CALCULATION OF CANCER RISKS 

CENTRAL TENDENCY 
SWMlT311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Scenario Timeframe: Future 
edium: Subsurface Soil 1 
xposure Medium: Subsurface Soil 
xposure Point: Subsurfm Soil 

r Population: Residents 1 
Chemical Medium Medium Route Route EPC Selected Intake Intake Cancer Slope Cancer Slope Cancer 

of Potential I EPC I EPC ( EPC I EPC I forRisk I (Cancer) I (Cancer) ( Factor I F u a U n i t s  ( Risk I 
Concern Value Units Value Units Calculation (I) Units 

EPC - Exposun Point Concentration 
NA -Toxicity criterion not available. - - Not applicable. 

mgikg - milligram per kilogram 
mgtkg-day -milligram per kilogram per day 
(1) Specify Medium-Specific (M) or Route-Specific (R) EPC sclected for risk calculation. 



TABLE 8.2.2a CT 
CALCULATION OF CANCER RISKS 

CENTRAL TENDENCY 
SWMU 311 . . 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

M: Subsulfsce Soil 
sure Medium: Air 

xposure Point: Fugntive dust 

NOTES: 
EPC -Exposure Point Concenttation mgkg - milligram per kilogram 
NA - Toxicity criterion not available. mg/m' -milligram per cubic meter 
- - Not applicable. mgkgday - milligram per kilogram per day 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 8.2.3 CT 
C A L C U L A r n  OF CANCER RISKS 

CENTRAL TENDENCY 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

xposure Medium: Groundwater 

eceptor Population: Residents 

EPC - Exposun Point Concentration m a  - milligram per liter 
NA - Toxicity criterion not available. mgb-day - milligram per kilogram per day - - Not applicable. (1) SpecifL Medium-Specific (M) or Route-Specific (R) EPC seleaed for risk calculation. 

ResidcntCT-l.xls. GW-AX-OD Page 5 of 5 



TABLE 8.3.1 CT 
CALCULATION OF CANCER RISKS 

CENTRAL TErnENCY 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

wn: Surface Soil 
sure Medium: Surface Soil 

posure Point: Surface Soil 

u, 
EPC - Exposure Point Concentration mgkg - milligram per kilogram 
NA -Toxicity criterion not available. mgkg-day - milligram per kilogram pa day - - Not applicable. (1) Specify Medium-Specific (M) or RouteSpeeific (R) EPC selected for risk calculation. 
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TABLE 8.3.la CT 
CALCULATION OF CANCER RISKS 

CENTRAL TENDENCY 
SWMU 31 1 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

um: Surface Soil 
sure Medium: Air 

posure Point: Fugative dust 

EPC -Exposure Point Concentration mgkg -milligram per kilogram 
NA - Toxiciry criterion not available. mglm' - milligram per cubic meter 
- - Not applicable. mgtkg-day - mi l l i pn  per kilogram per day 

(1) Specify Medium.Specific (M) or Route-Specific (R) EPC selected for risk calculation. 
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TABLE 8.3.2 CT 
CALCULATlON OF CANCER RISKS 

CENTRAL TENDENCY 
SWMU311 

RCRA FAClLITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

ll~cenario T i m e h e :  Future 
Medium: Subsurface Soil 
Exposure Medium: Subsurface Soil 
Exposure Point: Subsurface Soil 

ewptor Population: Residents 

NOTES: - 
EPC - Exposure Point Concentration 
NA -Toxicity criterion not available. - - Not applicable. 

mgkg - milligram per kilogram 
mgkg-day -milligram per kilogram per day 
(1) Specify Medium-Specific (M) or Route-Specifie (R) EPC selected for risk calculation. 



TABLE 8.3.2a CT 
CALCULATION OF CANCER RISKS 

CENTRAL TENDENCY 
S W 3 1 1  

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

edium: Subsurface Soil 
xposm Medium: Air 
xposure Point: Fugative dust 

- 
EPC - Exposure Point Concentration mg/kg - milligram per kilogram . 
NA -Toxicity criterion not available. mglmJ -milligram per cubic meter 
- - Not applicable. mgkg-day -milligram per kilogram per day 

(1) SpecitJ Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 8.3.3 CT 
CALCULATION OF CANCER RISKS 

CENTRAL TENDENCY 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

edium: Groundwater 
p o r n  Medium: Groundwater 

- 
EPC -Exposure Point Concentration 
NA -Toxicity criterion not available. - - Not applicable. 

mgL -milligram per liter 
m&-day -milligram per kilogram per day 
( I )  Specify Medium-Specific (M) or Routc-Specific (R) EPC selected for risk calculation. 



TABLE 8.4.1 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

EPC - Exposun Point Conccnnation 
NA -Toxicity criterion mt available. 
- - Not applicable. 

m@kg - milligram per kilogram 
mglkg-day - milligram per kilogram per day 
(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 8.4.la RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMLT311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

xposure Medium: Air 
posure Point: Fugative dust 

eceptor Population: Construction Workcrs 

NOTES: 
EPC - Exposure Point Concentration mgkg - milligram per kilogram 
NA - Toxicity criterion not available. mdm' -milligram per cubic meter 
- - Not applicable. mgikg-day - milligram per kilogram per day 

( 1 )  Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Construction-1.~1~. SS-C-I 



TABLE 8.4.2 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTX CAROLINA 

sure Point: Subsurface Soil 

Chemical Medium Medium Route Route EPC Selected Intake Intakc Can= Slope Cancer Slope Cancer 
of Potential I P C  I EPC / EPC ( EPC ( XrRi* I (Cancer) I (Canca) ( Factor I FactorUnits I Risk I 

Concern Value Units Value Units Calculation (1) Units 

- 

EPC -Exposun Point Concentration 
NA - Toxicity criterion not available. 
-- - Not applicable. 

m%kg - milligram per kilogram 
mg/kg-day - milligram per kilogram per day 
(I) Specify Medium-Specific (M) or Route-Specific (R) EPC stlected for risk calculation. 

Conshuction-l.xls, SB-C-OD Page 3 of 4 



TABLE 8.4.28 RME 
CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FACILITY INVESTIOATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Conshuction Workers 

EPC - Exposure Point Concentration m a g  -milligram per kilogram 
NA - Toxicity criterion not available. mghd - milfigram per cubic meter 
- - Not applicable. m&-day - milligram per kilogram per day 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 9.I.RME 
SUMMARY OF RECEPTOR RISKS AND HA24RI)S FOR COPCr 

REASONABLE MAXIMUM EXPOSURE 
SWMU311 

RCRA FAClLlTY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLNA 

captor Population: Military Base Pefsonncl 

Total Hazard I n k  A c w  Surfsoa Soil 
Total Risk Across All Mcdia and All Exposure Routes wad bdcx Across All Modia and All Exposure Routes 

All Exposure Rout-: 
Total Kidney HI = 
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TABLE 9.2.RME 
SUMMARY OF RECEPTOR IUSKS AND HnZARDS FOR COPC, 

REASONABLE MAXIMllM EWOSURE 

nano Timeframe: Future 
sepbr Populanon. ResidenfP 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEIEUNE, NORTH CAROLINA 

Notes: T& Risk Across Swface Soil Total Hszard Index A c m  Surface Soil 
&@.Qwn Abbre ". la ti ogg, . Total Risk Acres Subsurface Soil Total H w d  Indm AUOSE S u b u d m  Soil 
CVS = Ciudiovasoular System Told Risk Aomss Groundwter Total H& lndcx A m s s  Gmundwatw 
RsS = R c s p h t y  System Total Risk Across All Media and All Exposure Routes I! Hazard In& Acmss All Media nnd All Exposure Roum 
NOEL = No Obwved Effect Level 

All Expoaun Routs! Oral and Dennnl Expasun Routw 
(0) Oral exposure Total ~ i d n c y  HI -= Oral l D d  Cardiov8sa!lar System HI = 
(i) Inhalation exposure Orsl IDsml Skin HI = 

Inhllrtloo Expwun Routea: 
lobslation ~espimtory System HI =- 



TABLE 9 2 CT 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCl 

CENTRALTENDENCY 
SWMJ311 

RCRA P A C ~ ~  M ~ T ~ G A T ~ O N  
MCB, CAMP LUEUNE, NORTH CAROLINA 

llScsnsno T~mdrame Future 1 
RecGptor Population b~dents 
R c c ~ t o r  Aek Adult 1 

Notes: TOM RM  cross S&%S soil Total Hazard Index Across Surfacc Soil 
Tareet O r m  Abbreviations: Total Risk Across Suhllrfwe Soil Total Hazard Index A m s s  Svbwface Soil 
CVS = Canliovasoular System Total Risk Acms  Groundwater 6.6E-06 Total Heard Index Acmss clro- 
RsS = Respiratory Sptem Total Risk Across All Media and All Eqmw Routas 6.61346 il Hazardindex Acmss All Media and All Exposure Roum 
NOEL = No Observed Effect Level 

(0) Oral expsurs 
(i) Inhalation exposure 

AUEXpci~urc RoutW 
Total Kidney HI -- 

1nh.latlon Exposure R o u t ~  
Inhalation Respiratory Syatw HI =- 

Onland Dermal Expasure RoutW 
Oral /Dermal Cardmvaacular Sysmm HI = 

Oral / Dmnsl Skin HI - 



TABLE 9.3.RME 
SLlMMARY OF RECEPTOR RISKS AND W R D S  FOR COPQ 

REASONABLE MAXIMUM EXPOSURE 
SWMU3ll 

RCRA FACILITY INVESTIOATION 
MCB, CAMP LWEUNE, NORTH CAROLINA 

Notes: Total Risk Across Surface Soil Told Hazard Index Across Surf= Soil 
Total Risk Across Subsurface Soil Total Hazard lndex Across Subutfsa Soil 

CVS = Cardiovascular System Total Rirk Across Gmundwau. Total Hazard lndex Across Omundwter 
RsS - Respiratory System Total Risk Acmss All Mediaand All Exposure Roums 31 Hwdlndox  Acmar All Media and All E x p m  Routes 
NOEL =No ObroMd Effect Level 

(0) Oral exposure 
(i) Inhalation exposure 

AU EaposunRoutcs: 
Total Kidney HI =- 

Inb~tiotio. E w u r e  Routa: 
Inbnlation Rasplratory System HI -- Oral and Dermal E x m u r e  Routa: 

O d  1 D W  Cardiovwular Symm HI = 
Oral I D c r d  Skin HI - 



TABLE 9 3.m 
SUMMARY OF RECEPTOR RISKS AND HAZARDS PORCOPCt 

CENTRAL TENDENCY 
SWMUJll 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEIEUNE, NORTH CAROLINA 

1 
cpmr Populauon Restdents I 

II I II I 1 
( Med~um I Exposure 1 Exposure 1 Chem~eal 1 Canmnogen~c Rlsk 1) Chemical 1 NonCmbogsnic Hazerd Quotient 

Notw' 
b d  Orean Abbnvlatwm 
CVS = Cardtovascular System 
RsS = Respmory System 
NOEL =No ObsefiedEffecf Level 

(0) Oral exposure 
(I) Inhalabon r*pmwe 

Total Rlsk Across Surface So11 5 2E-11 Total Hozardladcx Acmaa SuriBOC 9011 
Total Ruk Aoross S u b s W  So11 Total Hezard Index Across Subsurface So11 

Total Bsk Across Groundmter Total Ha7drd lndcx Across Groundmtm 
Total Bsk Acros All Medts and All Exposure Routes II Harard lndu Amss  All Media and AN Exposure Routm 

AU ExposumRou~ 
Total Kidney HI =Lm 

I n ~ t l o n  Expsun Routes 
Inhalauon Respmtory System HI -)Id 

Oral md Dtmd Expwum Routes 
Oral I hrmal  Cardiovaoular System HI = 

OrallDcnnalSWnHI- 



TABLE 9 4 RME 
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR C O P 0  

REASONABLE MAXMUN ExFOSURE 
SWMV311 

RCRA FACILITY INVESTIGA'ITON 
MCB, CAMP LUEWP, NORTH CAROLINA 

Nota: 
Tau HuPd I n k  Aemu Surfwe Soil 

TOM Hu*d I n k  A m l r  Sub- Soil 
T O M H u P d I n d e x A u a r A f l M ~ m d A l l ~ R D M ~  



TABLE 1O.I.RME 
RtSK ASSESSMENT SlJMM4RY 

REASONABLE MAXlMUM EXPOSURE 
SWMTT ?I  I - - . - - - . 

RCRA FACILITY MWBSnGAnON 
MCB, CAMP LElEUNE. NORTH CAROLINA 

1 

Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Now: Total Risk Across Groundwater Total Hazard Indm Across Groundwater 
Total Risk Acmas AU Mediaand AU Exposure Routes il Hazard Index Across All Media and All Exposum Routes 

CVS = Cardiovrwls System 
RsS - Respuatory ~ystsm 
NOEL =No Observed Effccf Level 

(0) 014 exposure 
(i) Inhalation exposure 

Inhalation ErposureRoutrr: 
Inhalation Respiratory System HI =- 

Oral and Dermal Expornre Routa: 
Oral /Dermal C a r d i o v ~ u l s  Sysan HI - 

Oral I Dermal Skin HI = 



TABLE IO.I.CT 
RISK ASSESSMRiT SUMMARY 

CENTRALTENDENCY 
SWMU311 

RCRA FACILITY INVESTIGATION 
MCB, CAMP LEJEUNE, NORTH CAROLINA 

Carcinogenic Risk Non.Cucinogenic Hauud Quotient 

Notes: Total Risk Aomss Groundwater Toml Hard Indcx Acms 0mudms.1 
T a r n e f m i a t i o n s ;  Total Riak A m s  All Mcdla and All Exposure Routes II Hazard Index A c r w  All Media and All Exposure Rome 
CVS = Cardiova~cular System 
RsS = Respirstoty System 
NOEL=No Obsoned Effect Lwcl 

InhalPHon Exposure Route% 
Inhalation Respuamly Syscm HI =- 

Oral andDermsl E x p ~ u r e  Routa: 
Orel / Dermal Cardiovrseular System HI = 

Oral/DermalSkmHI= 
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Checldist for Ecologkal AssessmentlSampllng 

1. SITE DESCRIPTION 

1.  Sie Name: Solid b&k U ~ w n *  3 1 1 
Location: wkb-uw ('.-- Camb nt2 

- - - - 

county: Q n s \ ~  i :  J-vi \k state: tbfth b t d c ~  

2. Latitude: N/4 Longitude: d/A 

Wff "F 
3. What is the approximate area of the site: g wab w r W  cwpRaw 10' ZZ' 

Afea enc -. -'x170'= a,-Ra- 0 , 5 5 3 h e c -  

4. Is this the first site visit? o Yes  NO. If no, attach trip report of previous site visit@), if available. - 
Date(s) of previous site visit(s): 

5. Please attach to of the site, if available. 

6. Are aerial or other site photographs available? Yes o No If yes, please attach any available 
phota(s) to the site map at the conclusion of thihedlon. . 

(m photugr-h -= f i y e  1-\ *) 
S ' I ~  ~ v a g h s  a-tt~.ched 



7. The land use of the site is: The area surrounding the site is: 
mile radius 

- % Urban 

- % Rural 

- % Residential 

\DO % Industrial L light - heavy) 

% A g r i c u l t u r a l  

(Crops: J 

- % Recreational 

(Describe: note if it is a park etc.) 

- % Urban 

- % Rural 

- % Residential 

- % Industrial U i g h t  h e a v y )  

- % Agr l cuh l  

(Crops: ) 

- % Recreational 

(Describe: note if it is a park, etc.) 

- % U n d i i  - % Undisturbed 

- % Other % O t h e r  

8. Has any movement of soil taken place at the site? 0- ~ e s L  No. If yes. please identify the 
most likely cause of this disturbance: 

0 Agricultural Use 

o Natural Events 

Please describe: 

o Heavy Equipment 

0 Erasion 

o Mining 

0 Other 



9. Do any potential sensitive environmental areas exist adjacent to or in proximity to the site, e.g.. 
Federal and State parks. National and State monuments, wetiando, prairie potholes? 
Remember, W p l a i n s  and wetlands are not always obvious; do not answer ho' without 
confirming inforation. 

blo 

Please provide the SOUrCe(S) of the information used to identify these sensitive areas. and 
indkate their general location on the site map. 

-- msu\*& "\nv&ry A * &re %.I&, * h m m u n h j  
 cur^^ ~ c a \  Weas OF Qv W i n e  &Ps - 1  

\.iw* cavo~;-d' C C e W  c.;C a\ - 1999) 
10. What type of facility is located at the site? 

Chemical 0 Manuiacturing 0 W n g  0 Waste disposal 

0 other (specify) Ueb;\ t)R U S \ n  Aac.!& 

I What are the suspeaed contaminants of concern at the site? If know, what are the madmum 
concenbtion levels? 

o,\s~ \ubn-* I&. b m  veW*cks 

2. Check any potential mutes of off-site migration of contaminants observed at the site: 

o Swales Depressions $Drainage ditches 

kRunoff 0 Windblown particulates Vehicular traffic 

0 Other (specify) 
I 

13. If known. what is the approximate dew to the water table? 15 . wrched I L I C A ~ ~ @  7 a L  bgs 

14. Is the direction of surface runoff apparent from site observations?pfyes n no. If yes, to which of 
the following does the surface runoff discharge? Indicate all that apply. 

u Surface water 0 Groundwater t#Sewer Collection impoundment 
Sk i s  reb-hve\ 4t.A b c t x l  Wb. .-5tds -drGrn3 & 

m \ c d  hxdi - 
15. I%= navigable waterbody or tributa, to a navigable waterbody? u no 

Not on 5ite 



16. Is there a waterbody anywhere on or in the vicinity of the site? If yes, also complete Section Ill: 
Aquatic Habitat Checklist - Non-Flowing Systems andlor Section N: Aquatic Habitat Checklist - 
Flowing Systems. 

x i e s  (approx. distance 2 cZrS ' U W  ) ono 

cows Cceeu- 
17. Is there evidence of flooding? 0 yes,&o Wetlands and floodplains are not always obvious; do 

not answer "no" without confirming infomation. If yes, complete Section V: Wetland Habitat 
Checklist 

18. If a field guide was used to aid any of the identifications, please provide a reference. Also. 
estimate the time spent identifying fauna. [Use a blank sheet if additional space is needed for 
text.] 

bI IF-. 

19. Are any threatened and/or endangered species (plant or animal) known to inhabit the area of the 
site? 0 ves d no If ves. vou are reouired to verifv this information with the U.S. Fish and Wildlife 
~ervice.~ If ipecies; id&ities are known, llst them next: 

20. Record weather conditions at the time this checklist was prepared: 

Date: \ \ &\y 200 '3 

6 Temperature ("CI"F) Normal daily high temperature 

Wind (diredlonkpeed) bode  Precipkation (rain.snow) 

Cloud cover 

Sunny ,  &\d .  131- 5 L - m  - cumdous ~ i w d ~  



IA. SUMMARY OF OBSERVATIONS AND SITE SETTING 

Completed by Hca% 6 wo' \da  ~ ~ i a t i o n  l3aXx.r Enw rsnrnental, 1 f l ~  . 

Additional Preparers a 1 

SlteManager d\rn Ck\o 1 Scott W\offett 

Date i \  2003 



Photographs of SWMU 311 taken 11 July 2003 

Photo 1. Building 1605 as viewed from M i c h l  Road. Wash rack to Eight of image. m t e t  
Wpuator includes cement structures between wash tack and road. 

Phota 2. View &om oiltwater separator faciag no&was$. Dmhge  ditch along Michael Road. 
Building 1664. 

Page 1 of 3 



Photo 3. Buildings 1604 and 1685 as view& from Wi the fence line. Ramp 6t-m wasti rack 
is jusl visible between the buildings. 

Photo 4. View from o M e r  separator toward wash rack. Top of wash rack ramp is 
visible on far right of photograph. 

Page 2 of 3 



Photographs of SWMU 311 taken 11 July 2003 

Photo 5. View h r n  Michael Road toward Cogdels Creek (approx. 2,500 fL in distance). 
Drainage diteh is present in shade of- in center of image. 

Phota 6 Drainage ditch I d  amss hrIichae1 Road southeast ofoiYw&er separator. 

Page 3 of 3 
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