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Executive Summary 

As required by DoD Instruction 4715.08,1 the Navy and Marine Corps Public Health Center 

(NMCPHC) performed a “health impact assessment” (human health risk assessment [HHRA]) to 

determine the likelihood of a substantial impact to human health and safety as a result of 

historical releases of chemicals stored at the Former Makiminato Service Area (MSA; Southern 

Area) and fill site (Northern Area) at Camp Kinser, Okinawa Prefecture, Japan.  Two areas of 

interest, referred to as the Southern Area and Northern Area, were the focus of this 

investigation.  For the purposes of the HHRA, the Southern Area and Northern Area are referred 

to as the Site.  

Conclusion 

As per the HHRA, and using USEPA Guidance, cancer risks and noncancer hazards were 

calculated for a six-year exposure duration (two tours) for a child and adult recreational user, 

and a 25-year adult landscaper.  Based on this health impact assessment findings, NMCPHC 

concludes that there is not a likelihood of a substantial impact to human health and safety from 

historical releases of chemicals stored at the Former MSA (Southern Area) and fill site 

(Northern Area) at Camp Kinser, except for three locations in the Southern Area.  These 

locations, or Decision Units (DUs), are DU-S1, DU-S2, and at one sample location (CKSA-SS40) in 

DU-S5.  The USEPA noncancer hazard benchmark of 1 was exceeded for the six-year child 

recreational user primarily as a result of potential exposures to a single constituent at DU-S1 

and DU-S2 (total 2,3,7,8-Tetrachlorodibenzodioxin [TCDD] Toxic Equivalents [TEQs]) and at one 

sample location (CKSA-SS40) in DU-S5 (Dichlorodiphenyldichloroethane [DDD]).  For the 25-year 

adult landscaper, the noncancer benchmark was exceeded at DU-S1 (total 2,3,7,8-TCDD TEQs) 

and one sample location (CKSA-SS40) in DU-S5 (DDD).     

Background 

This HHRA is part of a Site investigation2,3 for historical storage areas within Camp Kinser in the 

Okinawa Prefecture of Japan.  In the late 1960s to early 1970s, the United States Army Garrison 

operated a chemical storage area at the Former MSA Lumber Yard, located at the southwestern 

part of the island approximately 4 miles north of the capital city of Naha (see Figure 1-5). 

                                                        

1 DoD Instruction 4715.08, Remediation of Environmental Contamination Outside the United States, 1 Nov 2013 
2 AECOM Site Investigation Report Former Makiminato Service Area (Southern Area) and Fill Site (Northern Area) 
Camp Kinser Okinawa Prefecture Japan, In progress 
3 Marine Corps Installations Pacific – MCB Camp Butler ltr 5090 G-F of 7 May 2018 – Camp Kinser Historic 
Contamination Plan of Action 



 

ii 

Various supply materials retrograded from Vietnam were stored at an approximately 500,000-

square-foot area along an open beach shoreline.  

Storage conditions resulted in the chemical containers being subjected to oxidizing effects of 

weather that resulted in deterioration and ultimately a release in December 1974, 

contaminating the facility and surrounding tidal basin. All stored chemicals were removed and 

the following steps were taken: 

 repack chemicals that were in leaking containers; investigation of extent and degree of 

contamination to the tideland and indigenous aquatic life; sampling and identification of 

unknown chemicals;  

 dispose of certain chemicals by neutralization or burial on-Site, or burial in a sanitary 

landfill; and 

 decontamination of the lumber yard; Approximately 950 cubic yards of contaminated 

soil was removed and disposed of in an unknown location. Documentation suggests that 

the most likely location of the fill site is near right-field of the current North Baseball 

Diamond of the Northern Area. 

Sometime between 1979 and 1984, the beach shoreline of the Former MSA (Southern Area – 

Figure 1-5) was filled in with unknown material during a land reclamation project conducted by 

local government. The filled, ocean ward, reclaimed land is currently an industrial area. 

Currently, the Southern Area contains a Medical Clinic (Bldg. 1460), Dental Clinic (Bldg. 1463), 

baseball field, and other recreational fields; the Northern Area contains an elementary school 

(Bldg. 1040), soccer fields, berm, and baseball field. 

HHRA Summary 

The purpose of this report is to document the HHRA process used and present the risks for this 

Site based on current land use to support risk management decision-making (United States 

Environmental Protection Agency [USEPA] 1991).  

The HHRA was focused on two portions of the Site known to have contamination: the Northern 

Area and the Southern Area (see Figure 1-2). The Southern Area is the Former MSA where 

historical releases have been documented. The Northern Area is the fill site (see Figure 1-3), 

where contaminated soil from the Southern Area (see Figure 1-4) was placed as part of a 

cleanup action for a chemical spill. 
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Constituents of potential concern (COPCs) were based on historical documentation of stored 

chemicals at the Former MSA: 

Media Analytical Group 
Total Number of 

Samples Collected 

Number of Samples 
Collected in Northern 

Area 

Number of Samples 
Collected in Southern 

Area 

Surface Soil  

TPH-DRO 

107 48 59 

SVOCs 

PAHs 

 Organochlorine Pes icides 

Organophosphorus Pes icides 

Chlorinated Herbicides 

Total Cyanide  

Dioxins/Furans 

Solvent-Extractable Non-VOCs 

Hexavalent Chromium 

Mercury  

Other Metals 

PCB Aroclors 

PCB Congeners  

Groundwater 

VOCs 

6 3 3 Carbonyls  

TPH-GRO 

Sub-Slab Soil Gas 

VOCs 

37 23 14 TPH-GRO 

Aldehydes and Carbonyls 

Ambient Air  

VOCs 

2 1 1 TPH-GRO 

Aldehydes and Carbonyls 

     

The full suite of 209 PCB congeners were only analyzed in 11 surface soil samples (five in the 

Northern Area and six in the Southern Area).  A sub-set of PCB congeners (dioxin-like) were 

analyzed in all 107 surface soil samples.  VOCs were not analyzed in surface soil due to the age 

of the release. VOCs in surface soil would likely have volatilized in the time since the release. 

Sample count and analytical methods are based on those presented in the Final Site 

Investigation Work Plan (Naval Facilities Engineering Command [NAVFAC] 2018). 

The goal of the HHRA was to determine whether or not concentrations of COPCs in Site surface 

soil (via dermal contact, ingestion, and inhalation), groundwater, and sub-slab soil gas (through 

vapor intrusion [VI]) may result in unacceptable risks to human health based on current land 

use (NAVFAC 2018). 

Carcinogenic Risks 

For carcinogenic risks, the USEPA recommended acceptable cancer risk range is 1E-04 (1 x 10-4 

or 1 in 10,000) to 1E-06 (1 x 10-6 or 1 in 1,000,000; USEPA 1991).  In general, the USEPA 

considers cancer risks below 1E-06 to be so small as to be negligible (i.e., below a level of 

regulatory concern; USEPA 1991).  Conversely, cancer risks greater than 1E-04 are undesirable 

and typically require remedial action (e.g., soil removal).   
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Noncancer Health Effects 

For noncancer health effects, the USEPA uses a Hazard Quotient (HQ) of 1 as the benchmark 

below which adverse, noncancer health effects are not expected and action generally is not 

warranted (USEPA 1991).  An HQ greater than 1 shows that exposure levels exceed a reference 

dose (RfD) or reference concentration (RfC), indicating that adverse health effects via ingestion 

or inhalation are possible.  Because many reference concentrations incorporate protective 

assumptions designed to provide a margin of safety, an HQ greater than one does not 

necessarily suggest a likelihood of adverse effects.  An HQ greater than one can be best 

described as only indicating that a potential may exist for adverse health effects.   

Vapor Intrusion 

Before calculating cancer risks and noncancer hazards in the HHRA, two VI pathway evaluations 

were completed for receptors in the school buildings adjacent to the Northern Area and the 

dental and medical clinics located in the Southern Area. Appendix D presents the VI pathway 

evaluations of the Northern Area as a whole and the Southern Area, divided by building.  Based 

on the results of the VI pathway evaluations, no significant VI concerns were identified for 

receptors in the Northern or Southern Areas and the VI COPCs were not evaluated further in 

the HHRA.   

Child (0 to 6 years old) Recreators (recreational users)  

Cancer risks and noncancer hazards were calculated for children using the Site for recreational 

purposes for six years (living with adults serving two tours of duty [6 years]). The total cancer 

risks and noncancer hazards calculated including arsenic are presented on Table 5-2 and the 

total risks and noncancer hazards calculated excluding arsenic are presented on Table 5-3.  The 

total cancer risk calculated for child recreators were within the USEPA’s acceptable risk range of 

1E-04 to 1E-06 at each DU.  Total noncancer HIs for child recreators were below 1, with the 

exception of a hazard index (HI) of 6.7 in DU-S1 and an HI of 2.5 in DU-S2.  The HI for DU-S5 was 

0.44 when the elevated results from sample CKSA-SS40 were removed from the calculation; the 

HI was 2.4 at sample location CKSA-SS40 (see Table 5-2). 

Adult Recreators  

Cancer risks and noncancer hazards were calculated for adults using the Site for recreational 

purposes while deployed to the Site for six years (i.e., two tours of duty). The total cancer risks 

and noncancer hazards calculated including arsenic are presented on Table 5-2 and the total 

risks and noncancer hazards calculated excluding arsenic are presented on Table 5-3.  The total 

cancer risk calculated for adult recreators were within the USEPA’s acceptable risk range of 1E-

04 to 1E-06 in each DU.  Total noncancer HIs for adult recreators were below 1 for all locations.  

The HI for DU-S5 was less than 1 with or without the inclusion of sample CKSA-SS40 in the 

calculation. 
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Adult Landscapers  

Cancer risks and noncancer hazards were calculated for adult landscapers working at the Site 

for 25 years. The total cancer risks and noncancer hazards calculated including arsenic are 

presented on Table 5-2 and the total risks and noncancer hazards calculated excluding arsenic 

are presented on Table 5-3.  The total cancer risk calculated for adult landscapers in each DU 

was within the USEPA’s acceptable risk range of 1E-04 to 1E-06.  The total noncancer HI for 

adult landscapers was below 1 in each DU except DU-S1, which had a noncancer HI of 2.1.  

Noncancer hazards were 2.1 for DU-S1 when including or excluding arsenic from the risk 

calculations (see Tables 5-2 and 5-3).  The HI for DU-S5 was less than 1 with or without the 

inclusion of sample CKSA-SS40 in the calculation. 

Summary of Risks  

COPCs in surface soil responsible for the largest percentage of total cancer risks and noncancer 

hazards in both the Northern and Southern Areas include arsenic, dieldrin, DDD and total 

2,3,7,8-TCDD TEQs (see Tables E-12 through E-22). Arsenic surface soil concentrations are 

presented on Figures 5-2 and 5-3; dieldrin surface soil concentrations are presented on Figures 

5-6 and 5-7; and total 2,3,7,8-TCDD TEQ surface soil concentrations are presented on Figures 5-

8 and 5-9.   

Northern Area 

In the Northern Area, cancer risks greater than 1E-06 were reported for arsenic, chlordane 

(technical), dieldrin, total carcinogenic polycyclic aromatic hydrocarbons (cPAHs), and total 

2,3,7,8-TCDD TEQs for child recreator, adult recreator, and/or adult landscaper exposure 

scenarios; cancer risks were less than 1E-05 for all Northern Area COPCs for all exposure 

scenarios (see Tables E-1 through E-4).  Each surface soil COPC was below the noncancer hazard 

benchmark of one in the Northern Area regardless of exposure scenario (see Tables E-1 through 

E-4).  The highest total cancer risks and noncancer hazards were in DU-N4, located on the 

northernmost portion of the Northern Area (see Figure 5-4).  DU-N4 is located in the 

approximate area of former Building 919, northeast of the soil berm (see Figure 1-3). 

Southern Area 

In the Southern Area, cancer risks greater than 1E-06 were reported for arsenic, dieldrin, total 

PCBs (Aroclor Method), DDD and total 2,3,7,8-TCDD TEQs for child recreator, adult recreator, 

and/or adult landscaper exposure scenarios; cancer risks greater than 1E-05 were reported for 

total 2,3,7,8-TCDD TEQs only in DU-S1 and dieldrin and total 2,3,7,8-TCDD TEQs in DU-S2 (see 

Tables E-5 through E-11).  Only total 2,3,7,8-TCDD TEQs in DU-S1 and DU-S2 and DDD in sample 

CKSA-SS40 (located in DU-S5) exceeded the noncancer hazard benchmark of one in the 
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Southern Area (see Tables E-5 through E-11).4 Cancer risks and noncancer hazards were 

assumed to be zero for COPCs that were not detected in any samples within a DU. The highest 

total cancer risks and noncancer hazards were in DU-S1 and DU-S2, located on the 

northernmost portion of the Southern Area (see Figure 5-5).  DU-S1 includes the Skate Park and 

Maintenance Building (Bldg. 1304) and DU-S2 includes the Branch Medical Clinic and clinic field 

(see Figure 1-4 and Figure 1-7). 

Evaluation of Lead Exposures - To assess whether or not lead levels at the Site pose a risk to 

human health, two USEPA lead models were used: 

 The Integrated Exposure Uptake Biokinetic (IEUBK) model was used to evaluate lead risks 

in children (USEPA 2010); and  

 The Adult Lead Methodology (ALM) model was used to evaluate lead risks (represented 

by blood lead levels [BLL]) in adult workers, while also estimating the probability of a 

pregnant worker’s fetus having a BLL above a specified target value (USEPA 2017).   

All predicted BLLs were less than 5 µg/dL.  Based on available data, the results from the USEPA 

IEUBK and ALM models, and USEPA and ATSDR recommendations regarding BLL, the lead risks 

to children and the unborn fetus in pregnant women do not exceed the USEPA lead action 

levels for blood, or the current Centers for Disease Control and Prevention (CDC) and United 

States Department of the Navy (DoN) reference levels for children.  The model parameters, lead 

evaluation, and results are presented in Appendix C.  

Public Health Recommendations 

Risk Communication 
Recommendation: NMCPHC recommends that the results of this HHRA be communicated to 
the residents, recreators, and workers of Camp Kinser.  This may include the final report(s), 
additional fact sheets, email, and/or other means of communication (e.g., media and social 
media). 
 
Administrative Record 
Recommendation:  Create a Camp Kinser Administrative Record to gather in one location, all 
historical environmental records pertinent to Camp Kinser, and document actions taken and 
enduring processes recommended and implemented. It is likely these records will require 
retention to span the amount of time USMC will remain at Okinawa. 

                                                        

4 The HI for DU-S5 was 0.4 for a child-recreator when the elevated results from sample CKSA-SS40 were removed 
from the calculation and were 2.4 when the HI was calculated using only the sample results from CKSA-SS40.  The 
His for an adult recreator and landscaper for DU-S5 were less than 1 when the elevated results from sample CKSA-
SS40 were removed from the calculations and were also less than 1 when the HI was calculated using only the 
sample results from CKSA-SS40. 
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Medical Surveillance  
Recommendation: For Camp Kinser residents and workers, no specific occupational or 
environmentally related medical screening is recommended at this time based on the sampling 
results and the HHRA results.  Please note for general awareness of health care providers at 
U.S. Naval Hospital Okinawa, Navy medical surveillance for occupational exposures are based 
on Occupational Safety and Health Administration (OSHA) action level exceedances for workers 
and is contained in the NMCPHC Medical Surveillance Procedures Manual & Medical Matrix 
(NMCPHC – TM OM 6260 Apr 2016): 
http://www.med.navy.mil/sites/nmcphc/occupational-and-environmentalmedicine/ 
oemd/Pages/medical-matrix-online.aspx 
 

Also note for responses to stakeholder concerns regarding general environmental exposures, 

health care providers should follow the guidance from the U.S. Preventive Services Task Force 

(USPSTF) recommendations: 

http://www.uspreventiveservicestaskforce.org/BrowseRec/Index 

For personnel concerned about their exposure and appropriate medical testing, continue to 

recommend health screening for eligible beneficiaries in accordance with the United States 

Preventive Services Task Force (USPSTF) Guide to Clinical Preventive Services which includes 

recommendations for cancer screening. Beneficiaries should discuss these recommendations 

with their health care providers. The USPSTF guidelines are already widely used and considered 

the standard of care within the medical community. The USPSTF, established in 1984 under the 

United States Department of Health and Human Services, has routinely published 

recommendations for primary care practitioners on the medical testing or procedures that 

should be provided to apparently healthy persons based on age, sex, and risk factors for 

disease. The USPSTF’s recommendations are general medical screening recommendations that 

are appropriate for any and all members of the US population and provide early detection of 

diseases ranging from cancer to mental health conditions. 

Land Use 

Recommendation: This HHRA was conducted based on current land use; therefore, if intrusive 

activities (planned or yet unknown) occur which disturb soil in these affected DUs, a Soil 

Management Plan (SMP) should be developed to minimize contact with impacted soil and 

generation of airborne concentrations to adjacent building occupants, recreational users and 

workers performing the activities. The SMP should provide worker documentation of locations 

and levels of COPCs in soil for the Site, requirements for handling impacted soil and 

requirements for soil barrier management if required. Workers should be responsible for 

conducting Site work in accordance with the specifications outlined in the SMP and be under 

the oversight of the Camp Kinser representative.  Construction specifications should be 
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approved by the Camp Kinser representative in writing prior to construction activities including 

excavation for trenches (e.g., utility) and other activities. Earthwork and other necessary 

construction shall be planned to minimize disturbance of the soil. The SMP should include 

methods to achieve no visible emissions which may include, but are not limited to, equipment 

speed limits to reduce dust generation and/or low tipping of excavated loads. Use of a water 

spray unit to dampen surface materials should be considered if visible dusts are generated 

during excavation and soil movement. If water spraying is used, construction personnel shall 

avoid over-spraying the area to prevent run-off and mud-slick work surfaces. 
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Section 1: Introduction 

The Navy and Marine Corp Public Health Center (NMCPHC) conducted this human health risk 

assessment (HHRA) as part of an investigation of historical storage areas (Northern Area and 

Southern Area; Site) within Camp Kinser in the Okinawa Prefecture of Japan (see Figure 1-1). 

The investigation is being conducted in response to a Congressional Inquiry Letter from 

Congresswoman Julia Brownley (dated February 20, 2018) requesting information regarding the 

environmental status and potential contamination at Camp Kinser and any efforts to remediate 

the Site. The letter was written in response to a concern that a constituent from the 

Congresswoman’s district (whose grandson was deployed to Japan), expressed about 

environmental conditions at the Site. A February 10, 2018 article in The Japan Times was 

attached to the inquiry, in which it was implied that there is extensive contamination at the Site 

(see Appendix A).  

The goal of the HHRA was to determine whether or not constituent concentrations in surface 

soil (0 to 0.5 feet below ground surface [bgs]), shallow groundwater (less than 20 feet bgs), sub-

slab soil gas, and/or ambient air in the two areas may result in unacceptable risks to human 

health based on current land use (Naval Facilities Engineering Command [NAVFAC] 2018).5,6 In 

accordance with Department of Defense (DoD) Instruction 4715.08, the HHRA was focused on 

two portions of the Site known to have contamination: the Northern Area and the Southern 

Area (see Figure 1-2). The Southern Area is the former Makiminato Service Area (MSA) where 

historical releases have been documented. The Northern Area (see Figure 1-3), also referred to 

as the fill site, is the location where contaminated soil from the Southern Area (see Figure 1-4) 

was placed as part of a cleanup action for a constituent spill. 

The purpose of this report is to document the HHRA process used and present the risks for the 

Site, based on current land use only, to support risk management decision-making.  

Project Background  

The former MSA was used in the late 1960s to early 1970s to store constituents (including 

pesticides) from the Vietnam War (see Figure 1-5). The constituents were stored in cardboard 

and metal containers (e.g., drums) along an approximately 500,000-square-foot open beach 

area. Some of the containers deteriorated over time and released contaminants to the former 

MSA and surrounding tidal basin area. The releases, coupled with heavy rainfall in December 

                                                        

5 In accordance with Department of Defense (DoD) Instruction 4715.08, only impacts to human health were 
evaluated in the HHRA. 

6 Risks based on any future land use that differs from the current use were not evaluated in this HHRA. 
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1974, resulted in a fish-kill incident. It was later determined that the fish died due to 

concentrations of the pesticide Malathion (Department of the Air Force [DAF] 1994a). 

Cleanup activities were conducted in response to the releases and fish kill incident. Stored 

constituents were removed and repackaged and some constituents were disposed (neutralized 

or buried in a sanitary landfill). The extent and degree of contamination was investigated, the 

former MSA was remediated, and long-term monitoring was implemented (NAVFAC 2018). The 

open beach area was filled during a land reclamation project initiated by the host nation 

(between 1979 and 1984); the reclaimed (filled) land is currently an industrial area (see Figure 

1-4). As part of the cleanup activities, approximately 950 cubic yards of contaminated soil was 

removed from the former MSA and used in the Northern Area as fill in the berm and near 

former Building 919 (see Figure 1-3).  

According to historical documentation, excess or waste constituents may have also been 

dumped in this area at the same time (DAF 1994b). The baseball field and soccer fields are 

potentially located on top of the contaminated fill area. It is unknown whether or not the 

contaminated soil was removed prior to the construction of these facilities or where the 

contaminated soil may have been transferred (NAVFAC 2018). Family housing, an elementary 

school, a child care facility, and recreational fields were built proximate to the contaminated 

soil in the Northern Area in the mid- to late-1980s (DAF 1994b). Summaries of previous 

investigations are presented in Table 1-1.  

Site Summary 

Site Setting 

The Site is located in the southwestern portion of Okinawa Island, Japan, along the East China 

Sea, and approximately eight miles southwest of the city of Okinawa and four miles northeast 

of Naha (see Figure 1-1). The land surface of the Site slopes downward towards the East China 

Sea. The westernmost portions of the Site are approximately 15 feet above mean sea level 

(MSL) and the easternmost portions are approximately 100 feet MSL. The majority of the 

Northern and Southern Areas appear to have been filled, graded, or paved over during the 

construction of Camp Kinser support facilities (NAVFAC 2018). The Northern Area is relatively 

flat with the exception of a berm north of the softball field (see Figure 1-3). The elevation of the 

berm is approximately six to 10 feet above the surrounding area. The Southern Area is relatively 

flat with the exception of the baseball field, which is three to 12 feet higher than the 

surrounding areas (see Figure 1-4). 

The Site was divided into nine decision units (DUs) for evaluation purposes only. Four DUs were 

drawn in the Northern Area and five DUs were drawn in the Southern Area. The DU boundaries 

were determined based on general land use and topography. The DUs are described in the 

following table and presented in Figures 1-6 and 1-7. 
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included in this HHRA because contaminated soil from the Southern Area was placed near 

former Building 919 and right field of the baseball field (see Figure 1-3). Although contaminated 

soil was not placed in the same location as the school and associated buildings, there is the 

potential for contaminants in Northern Area soil to leach to the groundwater and flow beneath 

the school, which could result in the potential for vapor intrusion (VI; i.e., volatile constituents 

in groundwater could volatilize and migrate into the indoor air of the buildings).  

The media of potential concern in the Northern Area are surface soil, groundwater, and soil gas. 

The potential for people to come into contact with surface soil could occur during recreational 

or landscaping activities. The potential for people to come into contact with soil vapors in the 

indoor air of the school or associated buildings could occur if volatile constituents in 

groundwater volatilize and migrate into the indoor air of occupied buildings. 

Southern Area 

The Southern Area currently contains a medical clinic, dental clinic, baseball field, skate park, 

and maintenance building (see Figure 1-4). Military personnel and their families, DoD teachers 

and their families, and civil servants and their families may use this area for recreational and 

commercial purposes; landscapers are responsible for maintaining this area.  

The media of potential concern in the Southern Area are surface soil, groundwater, and soil gas. 

The potential for people to come into contact with surface soil could occur during recreational 

or landscaping activities; people visiting the medical or dental clinic are unlikely to result in 

contact with surface soil due to asphalt and concrete pavement. The potential for people to 

come into contact with soil vapors in the indoor air of the medical or dental clinic could occur if 

volatile constituents in soil and/or groundwater volatilize and migrate into the indoor air of 

occupied buildings. 

Climate 

Okinawa’s climate is subtropical with very mild winters, and long, rainy summers (Climates to 

Travel 2018). Although the winter is very mild, the sky is often cloudy, and wind and rain are 

common. The long summers are muggy, with fairly frequent (sometimes abundant) rain. On 

average, it rains 141 days per year, with over 80 inches (203 centimeters [cm]) of rain annually.  

Most rainfall occurs between May and September. With the exception of July, the average 

monthly rainfall for the summer months is nine inches (23 cm); the average monthly rainfall in 

July is 5.5 inches (14 cm). The average annual temperature on Okinawa is 72.1 ℉ (22.3 ℃) with 

the hottest months being July and August (average high temperature of 90 ℉ [32 ℃]) and the 

coldest months being January and February (average high temperature of 68 ℉ [20 ℃]).  

Temperatures rarely fall below 55 ℉ (13 ℃), even in the winter (Weathercloud 2018). 
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The predominant wind direction measured at Naha Airport (approximately four miles 

southwest of the Site) is from the southwest to northeast, with an average velocity of 4.0 

meters per second (Weathercloud 2018). 

Geology/Hydrogeology 

Holocene alluvium (unconsolidated carbonate sands, silts, and gravels) and Ryukyu Limestone 

(unconsolidated to partially-lithified coralgal limestone biolithite with karst conditions) underlie 

the Site.  The alluvium and limestone thicknesses are highly variable.  The alluvium thickness is 

estimated to be, on average, 40-feet-thick and the limestone thickness is estimated to be less 

than 125-feet-thick (Takayasu 1978).  The limestone is generally located nearer to the surface 

on the eastern upland portions of the Site, away from the East China Sea. The soil in the 

Northern Area consists of permeable, fat clays atop the limestone. The soil/bedrock contact is 

irregular, and pinnacle karst is common with relief to 10 feet bgs.  The soil in the Southern Area 

consists of coral sand, which is generally indistinguishable from the underlying Holocene marine 

sands (Nicol et al. 1957).  

Depth to groundwater in both the Northern and Southern Areas is shallow, measured at four to 

13 feet bgs, and is typically shallower closer to the ocean. Groundwater flow occurs through 

both primary porosity (matrix flow through pore spaces within the sediment matrix) and 

secondary porosity (fracture flow). Matrix flow dominates within the vadose zone, while 

fracture flow dominates with depth. The Ryukyu Limestone contains significant secondary 

porosity in the form of macro-karst (i.e., caves and caverns) which results in rapid, conduit-type 

groundwater flow (Yoshimoto et al. 2011). Groundwater discharges into the East China Sea; 

however, localized flow directions vary due to the tidal influence and presence of karst. 

On December 14, 2018, groundwater elevations varied between 1.6 and 3.7 feet MSL at the 

Site. Localized groundwater flow in the Northern Area was to the northeast, away from the East 

China Sea (potentially as a result of karst conditions) and localized groundwater flow in the 

Southern Area was to the northwest, towards the East China Sea. Additional information about 

the groundwater elevations will be presented in the Site Investigation Report, which is currently 

in production.  

Overview of Risk Assessment Methodology 

Risk assessment is an established, scientific approach used to evaluate the potential for impacts 

to human health and the environment associated with exposure to constituents in 

contaminated media (e.g., soil, water, and air).  Risk assessment is a management decision tool; 

risk assessment does not provide absolute statements about health and environmental 

impacts, and typically focuses on constituents and exposure pathways (e.g., inhalation, 

ingestion, and dermal contact) directly related to a Site.  Risk assessments generally do not 

address risks from other sources of exposure (e.g., dietary exposures, unless associated with 
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food that might be contaminated from the Site), or risks from other constituents not associated 

with the Site.  Risk managers use the results of risk assessments to determine if a Site, or a 

portion thereof, requires further investigation or action (e.g., mitigation and remediation).  

This risk assessment was performed in accordance with:  

 DoD Vapor Intrusion Handbook (DoD 2009); 

 US Navy Human Health Risk Assessment Guidance (PIONEER Technologies Corporation 

[PIONEER] 2008); 

 United States Environmental Protection Agency (USEPA) Risk Assessment Guidance for 

Superfund (RAGS; USEPA 1989); and 

 OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from 

Subsurface Vapor Sources to Indoor Air (USEPA 2015).   

The HHRA process is comprised of the following steps: 

 Step 1 – Hazard Identification and Data Evaluation and Reduction.  In this step, data 

were identified and reduced for use in the risk assessment.  Through this process, viable 

exposure pathways as well as constituents of potential concern (COPCs) were identified.  

Hazard identification and data evaluation and reduction tasks are presented in Section 

2. 

 Step 2 – Exposure Assessment.  In this step, potentially exposed populations (i.e., 

receptors), exposure scenarios, complete exposure pathways, and exposure factors 

were identified.  The algorithms used to calculate media concentration and exposure 

assessment tasks are presented in Section 3. 

 Step 3 – Toxicity Assessment.  In this step, toxicity values for the COPCs identified in 

Step 1 were identified.  Toxicity values used in this HHRA included Inhalation Unit Risk 

(IUR) factors, noncarcinogenic reference concentrations (RfCs), noncarcinogenic 

reference doses (RfDs), cancer slope factors (CSFs), relative bioavailability (RBA) factors, 

volatilization factors (VFs), age dependent mutagen factors, and the fraction of 

constituents absorbed dermally through skin (ABSd).  The toxicity assessment is 

presented in Section 4. 

 Step 4 – Risk Characterization.  In this step, health risks associated with exposure to the 

COPCs were calculated using the information developed in Steps 1 through 3.  The 

health risks are summarized in Section 5. 

 Step 5 – Uncertainty and Sensitivity Analysis.  In this step, key uncertainties, either 

inherent in the evaluation or from Site-specific analyses, were identified.  The results of 

the risk assessment were evaluated to determine sensitivity to modifications of specific 

input parameters.  The uncertainty and sensitivity analysis is presented in Section 6.  
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The HHRA is organized into the following sections: 

 Section 2 – Hazard Identification and Data Evaluation and Reduction 

 Section 3 – Exposure Assessment 

 Section 4 – Toxicity Evaluation 

 Section 5 – Risk Characterization 

 Section 6 – Uncertainty and Sensitivity Analysis 

 Section 7 – Conclusions 
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and a solvent-extractable nonvolatile compounds.8 Surface soil analytical data will be presented 

in the Site Investigation Report, which is currently in production. A summary of the surface soil 

analytical methodology is presented in Table 2-1. 

Groundwater Data 

Shallow groundwater samples were collected from six monitoring wells, which were screened 

across the water table: three were located in the Northern Area and three were located in the 

Southern Area (see Figures 2-1 and 2-2, respectively). Groundwater samples were collected to 

evaluate the potential for VI only as groundwater is brackish and not used as drinking water 

and/or any other potable water use.  

Groundwater samples were analyzed for VOCs, carbonyl compounds, and TPH-gasoline range 

organics (GRO).  Groundwater analytical data will be presented in the Site Investigation Report, 

which is currently in production.  A summary of the groundwater analytical methodology is 

presented in Table 2-1. 

Sub-Slab Soil Gas Data 

Sub-slab soil gas samples were collected from 37 locations on the Site: 23 samples were 

collected from the school and associated buildings (adjacent to the Northern Area to the 

northeast; see Figure 2-3 and Table 2-2) and 14 samples were collected from the medical and 

dental clinics in the Southern Area (see Figure 2-4 and Table 2-3). The Northern Area sub-slab 

soil gas samples were collected from the school and associated buildings even though the soil 

beneath these buildings was not impacted (i.e., from the former MSA cleanup actions). The 

sub-slabs of these buildings were sampled because the contaminated soil in the Northern Area 

could migrate to groundwater and be transported beneath the school and associated buildings 

(based on the direction of groundwater flow [see Figure 2-1]), resulting in the potential for VI. 

Southern Area sub-slab soil gas samples were collected from the medical and dental clinics to 

evaluate the potential for VI from impacted soil and/or groundwater beneath the buildings.9 

The sub-slab soil gas sampling locations were selected based on how the indoor spaces in the 

buildings were used and the duration for which they were occupied. The sub-slab soil gas 

                                                        

8 Due to the age of the release at the Site, volatile organic compounds (VOCs) in surface soil would likely have 
volatilized and were therefore not sampled.   

9 Four of the seven sub-slab soil gas samples collected from the dental clinic (samples CK1463-01 through CK1463-
03 and CK1463-05) were collected from a utility vault/corridor that runs beneath portions of the building.  
Although not true sub-slab soil gas samples, these samples were representative of air beneath the floor slab of the 
building. 
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sample locations in the Northern Area are presented on Figure 2-3; the sub-slab soil gas sample 

locations in the Southern Area are presented on Figure 2-4.   

Sub-slab depressurization systems (SSDSs) were previously installed in five of the seven school-

related buildings to mitigate radon concentrations (NAVFAC. 2018).10 The systems were 

operating during sub-slab soil gas sampling to best represent actual building conditions 

(exposures) while occupied and may have impacted sub-slab soil gas results in these buildings 

(e.g., soil gas concentrations might have been higher if the systems were turned off during the 

sampling event).   

Sub-slab soil gas samples were analyzed for VOCs, GRO, carbonyl compounds and aldehydes.  

Sub-slab soil gas analytical data will be presented in the Site Investigation Report, which is 

currently in production.  A summary of the sub-slab soil gas analytical methodology is 

presented in Table 2-1. 

Background Ambient Air Data 

Background ambient air samples were collected from two locations on the Site: one in the 

Northern Area and one in the Southern Area (see Figures 2-3 and 2-4, respectively).  The 

background air concentrations were used to support the VI evaluation (i.e., ambient air 

screening was not conducted).   

Ambient air samples were analyzed for volatile organic compounds (VOCs), GRO, carbonyl 

compounds and aldehydes. Ambient air analytical data will be presented in the Site 

Investigation Report, which is currently in production.  A summary of the ambient air analytical 

methodology is presented in Table 2-1. 

Data Validation and Analysis 

All analytical data packages were reviewed independently from the laboratory to assess data 

quality; analytical data will be included in the Site Investigation Report, which is currently in 

production. The data were reviewed for conformance to the analytical methods and 

requirements of the following documents: 

 DoD and Department of Energy (DOE) Consolidated Quality Systems Manual for 

Environmental Laboratories, Version 5.1.1 (DoD and DOE 2018).   

                                                        

10 SSDSs were installed in the following elementary school buildings; (1) Kinser 1039 (Preschool) - three SSDSs were 
installed in Jan 1999, (2) Kinser 1040R (Kindergarten) - one SSDS was installed in Jun 2012, (3) Kinser 1041A 
(Maintenance) - one SSDS was installed in Jan 1999, (4) Kinser 1042 (Art) - four SSDSs were installed in Jan 1999, 
and (5) Kinser 1043 (Gym) - four SSDSs were installed in Jan 1999.   SSDSs were not installed in the main school 
building (Building 1040) and the cafeteria and music room (Building 1041). 
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 Project Procedures Manual, United States [U.S.] Naval Facilities Engineering Command 

Environmental Restoration Program, NAVFAC Pacific, (DoN 2015). 

 Work Plan (NAVFAC 2018). 

When the quality control parameters did not fall within the specific method or data review 

guidelines, the data reviewer qualified (flagged) the corresponding constituents in accordance 

with the relevant standards in the following USEPA guidelines: 

 National Functional Guidelines for Inorganic Superfund Methods Data Review (USEPA 

2017a). 

 National Functional Guidelines for Organic Superfund Methods Data Review. (USEPA 

2017b). 

Data qualifiers and variances are presented in the Site Investigation Report which is currently in 

production.  No significant data flags were reported and the data were considered usable. 

Multiple sample results were qualified as estimated or non-detected based on values exceeding 

quality control limits (e.g., laboratory blank detections or surrogate recoveries outside 

acceptable criteria). 

Data Conversion 

SiteSTAT™ Statistical Software (SiteSTAT™) was used to evaluate the soil, groundwater, sub-slab 

soil gas, and ambient air data.  During the data upload process, the following conversions 

occurred to facilitate data evaluation: 

 Field duplicate results were combined and a single analytical result was identified for 

each location using the following method:  

 If both results were detected, the average of the two values was used. 

 If one result was detected and one result was not detected, the detected value was 

used. 

 If both results were not detected, lowest detection limit was used. 

 Analytical results qualified with an R (i.e., rejected) were eliminated from the dataset 

because the data did not meet quality control criteria. 

 Essential nutrients (i.e., calcium, magnesium, potassium, and sodium) were eliminated 

from the dataset because they are not associated with toxicity in humans under normal 

circumstances (USEPA 1989). 

 Southern Area soil samples were resampled as holding times from the initial sampling 

event were missed due to a shipment delay.  Consequently, the results from the initial 

sampling event were eliminated from the dataset and the results from the second 

sampling event were used. 
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 Some sample numbers were reassigned to eliminate multiple sample numbers for one 

sample location. For example, sample number JK222 results were merged with JK096 

results (and reassigned the JK096 sample number) since both were associated with 

sample location CKSA-SS01. In these instances, the lowest sample number was used.  

 Two laboratories (EMAX Laboratories, Inc. [EMAX] and Agriculture & Priority Pollutants 

Laboratories, Inc. [APPL]) reported hexachlorobenzene (HxBEN) and pentachlorophenol. 

Below is an evaluation of those constituents that were the primary risk drivers for the 

calculated cancer risks and noncancer hazards via USEPA Method 8270D; APPL analyzed 

HxBEN via USEPA Method 8081B and PCP via USEPA Method 8151A. EMAX’s detection 

limits were typically higher than APPL’s; therefore, the HxBEN and PCP results from 

EMAX were eliminated from the dataset.  

 A 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) toxic equivalent (TEQ) 

concentration was calculated for each sample based on dioxin and furan isomer and 

congener analytical results.  The calculations were performed by multiplying the 

isomer/congener concentrations by the corresponding 2,3,7,8-TCDD toxicity 

equivalency factors (TEFs) and summing the results. The 2,3,7,8-TCDD TEFs for dioxins 

and dioxin-like PCB isomers/congeners are presented in Section 4. 

 2,3,7,8-TCDD TEQs were calculated for each sample based on dioxin-like PCB congeners 

using the process presented in the previous bullet.  The 2,3,7,8-TCDD TEQ for the dioxin-

like PCB and the 2,3,7,8-TCDD TEQs for dioxins were summed, resulting in total 2,3,7,8-

TCDD TEQ for each sample.  The individual dioxin and dioxin-like PCB congers and 

individual TEQs were eliminated from the dataset.  A comparison of the 2,3,7,8-TCDD 

TEQs for dioxin-like PCBs and dioxins is presented in Section 6 to document the impact 

dioxin-like PCBs had on the total 2,3,7,8-TCDD TEQs.   

 A total carcinogenic PAH (cPAH) concentration was calculated for each surface soil 

sample by multiplying the concentration of individual cPAHs by the corresponding 

benzo(a)pyrene TEF and summing the results.  The benzo(a)pyrene TEFs are presented 

in Section 4. 

 A total PCB aroclor concentration was calculated for each surface soil sample by 

summing the individual PCB aroclors for each sample. The total PCB aroclor 

concentrations were included in the dataset. Individual PCB aroclor concentrations were 

evaluated further to determine whether heavier or lighter spectrum aroclors were 

contributing to total PCB aroclor concentrations.   

 Total PCB congener concentrations were calculated for the 11 surface soil samples that 

were analyzed for each of the 209 PCB congeners by summing the individual PCB 

congeners for each sample (see Section 6). The total PCB congener concentrations were 

then compared to the total PCB aroclor concentrations for those samples to determine 
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whether or not the total PCB aroclor concentrations underestimated total PCB 

concentrations. Individual PCB congeners were eliminated from the dataset.  

 Compound totaling (i.e., calculating the total 2,3,7,8-TCDD TEQs, total cPAH, total PCB 

aroclor, and total PCB congener concentrations) was conducted using the following 

criteria: 

 If all constituent concentrations were not detected, the sum of the non-detected 

concentrations was used. 

 If only some constituent concentrations were not detected, the sum of the detected 

constituent concentrations plus half of the sum of the non-detected concentrations 

was used. 

 If all constituent concentrations were detected, the sum of the detected 

concentrations was used. 

Data Reduction and Risk-Based Screening 

Following data validation and conversion, a risk-based screening (i.e., a U.S. Navy Tier 1 

evaluation) was conducted using the Site-wide dataset to focus the HHRA on those constituents 

that could pose a significant risk to human health.  Constituents that were not eliminated 

during risk-based screening were identified as COPCs and retained for further evaluation in the 

HHRA.   

Two risk-based screening evaluations were conducted to identify COPCs for further evaluation 

in the HHRA: one evaluation focused on surface soil and one evaluation focused on VI. For 

surface soil, concentrations were compared to May 2019 USEPA Regional Screening Levels 

(RSLs) for residential land use. For VI, groundwater and sub-slab soil gas sample results were 

compared to May 2019 VI Screening Levels (VISLs) for residential land use, which were derived 

from RSLs protective of residential ambient air.11  Residential land use parameters were used 

for the Tier 1 screening evaluations; however, these parameters were overly conservative for 

the Site, which is not currently used for residential purposes. The RSLs/VISLs correspond to a 

cancer risk of 1E-06 and noncancer hazard quotient (HQ) of 1 using generic, health protective 

exposure assumptions (USEPA 2019).   

The approach for identifying COPCs to retain in the HHRA is presented below and shown on 

Figure 2-5.  The surface soil, groundwater, and sub-slab soil gas COPC data-reduction results are 

summarized in Appendix B. 

                                                        

11 Groundwater results were evaluated for the VI pathway only; direct contact risks via groundwater were not 
evaluated.   
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Section 3: Exposure Assessment 

The purpose of this exposure assessment is to present the 

conceptual Site models (CSMs) for the Northern and 

Southern Areas based on current land use and identify the 

complete exposure pathways for the receptors evaluated in 

the HHRA.  The results of the exposure assessment are 

combined with toxicity information (see Section 4) to characterize potential risks (see Section 

5).  

A COPC poses a risk to human health only if the exposure pathway is complete.  A complete 

exposure pathway consists of the following elements: 

 A source and mechanism of COPC release to the environment; 

 An environmental transport medium for the released COPC; 

 An exposure point (e.g., a point of potential human contact with the impacted medium) 

which includes a location where humans are present and where there is an activity that 

results in exposure, referred to as the exposure scenario; and 

 An exposure route (i.e., inhalation, ingestion, dermal contact) at the exposure point.  

Complete exposure pathways are the pathways that are expected to occur for a receptor.  

Complete and incomplete pathways are presented on Figures 3-1 and 3-2.  A complete 

exposure pathway may result in possible health effects and is evaluated further in the HHRA.  

An incomplete exposure pathway results in no exposure, no health effects, and is not evaluated 

further in the HHRA.  The following exposure pathways were considered complete for receptors 

living and working at or near the Site: 

 Direct contact with soil via incidental ingestion, dermal contact, or inhalation of 

particulates and vapors in outdoor air; and 

 Inhalation of indoor air impacted by VI from surface soil and groundwater (i.e., VI). 

Conceptual Site Model  

Two CSMs were developed for the Site: a Northern Area CSM and a Southern Area CSM (see 

Figures 3-1 and 3-2, respectively). The Site CSMs are visual representations of how exposure to 

COPCs at the Site could occur.  The CSM is used to integrate all available information to identify 

how receptors may be exposed to COPCs, based on exposure scenarios for the receptors, 

assuming current land use.   

Receptors can be exposed to COPCs via ingestion, inhalation, or dermal contact depending on 

the COPCs and the location found in the environment. Receptors can be exposed to COPCs 

This HHRA was focused on current 

land use; therefore, the exposure 

scenarios evaluated in the HHRA 

reflected current land use only.   
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range of plausible exposures (USEPA 1991).  This approach does not require that the value of 

each exposure factor used in the calculation of constituent exposure be an upper percentile 

value (a value from the upper end of the possible range, such as the 90th or 95th percentile).  

More importantly, if high-end values are chosen for every exposure factor, then the resulting 

exposure estimate may no longer be consistent with the RME and may exceed the realm of 

possibility altogether.  

Quantitative characterization of carcinogenic and noncarcinogenic effects requires estimating 

the potential human exposure level for each COPC. The daily dose for each carcinogen was 

averaged over the lifetime of the exposed individual (i.e., 70 years) and is referred to as lifetime 

average daily dose (LADD). The daily dose for noncarcinogens was averaged over the duration 

of exposure and is referred to as average daily dose (ADD).   

The daily dose of a COPC was estimated from at least six basic exposure factors:  exposure point 

concentration (EPC), exposure frequency (EF), exposure duration (ED), contact rate, body 

weight and averaging time (USEPA 1989).  In this assessment, daily dose was normalized for 

time and body weight, and was expressed in milligrams of COPC per kilogram of body weight 

per day (mg/kg-day). The exposure parameters and algorithms used in this assessment to 

quantify exposure are presented in Tables 3-1 through 3-8.   

Exposure Scenarios 

The exposure scenarios for the Northern and Southern Areas 

are presented in this section.  

Northern Area Exposure Scenarios 

Exposure scenarios for the Northern Area include on-Site adult 

and child recreators, landscapers, teachers, and students.  

Recreational Exposure Scenarios 

Adult Recreator  

This scenario represents the potential for an adult using the recreational fields (adult recreator) 

in the Northern Area to be exposed to constituents in soil via direct contact (incidental 

ingestion, dermal contact, and inhalation) while stationed at Camp Kinser for one or two tours 

(three or six years).14,15  The exposure duration for a recreator was six years because this results 

in the highest risk and is protective of a 3-year exposure duration.  

                                                        

14 A three-year tour is the typical tour length for U.S. Navy and Marine Corps personnel. 

15 A six-year tour is the maximum tour length for U.S. Navy and Marine Corps personnel. 

Cancer risks and noncancer hazards were only 

calculated for the longest exposure durations per 

receptor (i.e., 6-year child and adult recreator and 

25-year landscaper). Total cancer risks for 3-year 
exposure durations were approximately one half 

the total cancer risks for 6-year exposure 

durations.  Noncancer hazards do not change 

based on exposure duration and therefore, were 
the same for 3- and 6-year exposures. 
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Child Recreator 

This scenario represents the potential for a zero to six year old child using the recreational 

fields (child recreator) in the Northern Area to be exposed to constituents in soil via direct 

contact (incidental ingestion, dermal contact, and inhalation) while their family is stationed at 

Camp Kinser for one or two tours (three or six years).  The exposure duration for a child 

recreator was six years because this results in the highest risk and is protective of a 3-year 

exposure duration.  

Landscaper Exposure Scenario 

This scenario represents the potential for a landscaper in the Northern Area to be exposed to 

constituents in soil via direct contact (incidental ingestion, dermal contact, and inhalation) 

while working at Camp Kinser for 25 years.  The exposure duration for an adult landscaper was 

25 years because this results in the highest risk and is protective of 3-year and 6-year exposure 

durations.  

Teacher Exposure Scenario 

This scenario represents the potential for a DoD teacher at the school outside of the Northern 

Area (off-Site) to be exposed to volatile constituents in indoor air from groundwater (VI) while 

working at the school for 25 years.  

Although the soil beneath the school and associated buildings is not impacted from the former 

MSA, concentrations in Northern Area soil could migrate to groundwater and be transported 

beneath the school and associated buildings, resulting in a VI concern.  Therefore, VI from the 

groundwater in the off-Site school and associated buildings was identified as a complete 

exposure pathway.  The exposure duration for a teacher was 25 years because this results in 

the highest risk and is also protective of 3-year and 6-year exposure durations.  

Student Exposure Scenario 

This scenario represents the potential for a student attending the school outside of the 

Northern Area boundary (off-Site) to be exposed to volatile constituents in indoor air from 

groundwater (VI) while their family is stationed at Camp Kinser for one or two tours (three or 

six years).  The exposure duration for a student was six years because this results in the highest 

risk and is protective of a 3-year exposure duration. 

For the same rationale explained above (for the teacher exposure scenario), VI from the 

groundwater in the school buildings was considered a potentially complete exposure pathway. 

Southern Area Exposure Scenarios 

Exposure scenarios for the Southern Area include on-Site adult and child recreators, 

occupational workers, adult and child patients, and landscapers.  
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Recreational Exposure Scenarios 

Adult Recreator  

This scenario represents the potential for an adult recreator in the Southern Area to be exposed 

to soil via direct contact (incidental ingestion, dermal contact, and inhalation) while stationed at 

Camp Kinser for one or two tours (three or six years).  The exposure duration for a recreator 

was six years because this results in the highest risk and is protective of a 3-year exposure 

duration. 

Child Recreator  

This scenario represents the potential for a zero to six year old child recreator in the Southern 

Area to be exposed to soil via direct contact (incidental ingestion, dermal contact, and 

inhalation) while their family is stationed at Camp Kinser for one or two tours (three or six 

years).  The exposure duration for a child recreator was six years because this results in the 

highest risk and is protective of a 3-year exposure duration. 

Landscaper Exposure Scenario 

This scenario represents the potential for a landscaper in the Southern Area to be exposed to 

soil via direct contact (incidental ingestion, dermal contact, and inhalation) while working at 

Camp Kinser for 25 years.  The exposure duration for a landscaper was 25 years because this 

results in the highest risk and is protective of 3-year and 6-year exposure durations.  

Occupational Clinic Worker Exposure Scenario 

This scenario represents the potential for a clinic worker in the Southern Area to be exposed to 

volatile constituents in indoor air from soil and/or groundwater (VI) beneath the medical or 

dental clinic while stationed at Camp Kinser for one or two tours (three or six years) or a civilian 

contract worker who works at Camp Kinser for 25 years.  The exposure duration for a clinic 

worker 25 years because this results in the highest risk and is protective of 3-year and 6-year 

exposure durations.  

Occupational Clinic Patient Exposure Scenarios 

Clinic Adult Patient 

This scenario represents the potential for an clinic adult patient in the Southern Area to be 

exposed to volatile constituents in indoor air from soil and/or groundwater (VI) beneath the 

medical or dental clinic while stationed at Camp Kinser for one or two tours (three or six years).  

The exposure duration for a patient was six years because this results in the highest risk and is 

protective of a 3-year exposure duration.  
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Clinic Child Patient 

This scenario represents the potential for a zero to six year old on-Site clinic child patient in the 

Southern Area to be exposed to volatile constituents in indoor air from soil and/or groundwater 

(VI) beneath the medical or dental clinic while stationed at Camp Kinser for one or two tours 

(three or six years).  The exposure duration for a patient was six years because this results in 

the highest risk and is protective of a 3-year exposure duration.  

Exposure Point Concentrations 

Once exposure scenarios and exposure pathways have been identified, EPCs are calculated and 

exposure algorithms are used to estimate daily COPC intakes based on these pathways. An EPC 

is the concentration of a COPC in soil at the location of potential contact with a receptor. The EPC 

represents the upper-bound estimate of the COPC concentration that a receptor could 

potentially be exposed to over an entire area (i.e., a DU for this Site). An EPC was calculated for 

each COPC in each DU (see Table 3-9).16 The COPCs identified for each DU are shown on Table 3-

10.  

The EPCs were calculated using the following decision rule, listed in order of precedence: 

1. Logarithmic 95% Upper Confidence Limit (UCL) on the mean (Log 95% UCL). 

2. 95% UCL on the arithmetic mean if the underlying distribution was determined to be 

normal assuming a significance level of 5%. 

3. The maximum detected concentration if the Log 95% UCL and/or the 95% UCL exceeded 

the maximum detected concentration. 

4. The maximum detected concentration if less than three sample points are located within 

the DU (insufficient data points to calculate the Log 95% UCL and/or the 95% UCL). 

5. Zero if the COPC was not detected in any sample within the DU. 

 

  

                                                        

16 The EPC for DU-S5 excludes the elevated concentrations of surface soil sample CKSA-SS40 (see Section 5). 
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Section 4: Toxicity Evaluation 

The purpose of the toxicity evaluation is to identify the constituent and route-specific health 

criteria that were used to evaluate potential health concerns and/or risks associated with 

COPCs. For this HHRA, toxicity values were used with calculated daily dose (exposure) estimates 

(from Section 3) to calculate cancer risks and noncancer hazards. Toxicity values were used to 

evaluate health impacts from different exposure pathways including ingestion, inhalation of 

particulates and volatiles, and dermal contact.   

Toxicity Values 

Toxicity values are developed and published by the USEPA and other agencies, and are used to 

evaluate potential health impacts from exposures to COPCs. Toxicity values are used to 

quantitatively estimate health effects based on level of exposure.   

The toxicity values used to calculate human-health risks include RfDs, RfCs, CSFs, and IURs.  The 

potential for both cancer risks and noncancer health effects must be evaluated when 

conducting a human health risk assessment.  Depending on the COPC, toxicity values may be 

available for both cancer and noncancer, only cancer, or only noncancer health endpoints.  

CSFs and IURs are used to evaluate potential cancer health impacts and estimate potential 

cancer risks from exposures to carcinogens.  The RfDs for oral and RfCs for inhalation exposures 

are used to evaluate potential noncancer health effects.  

The toxicity values used in this HHRA were obtained from the May 2019 USEPA RSL tables 

(USEPA 2019).  The toxicity of any constituent depends on the magnitude and frequency of 

exposure and the route-specific relative absorption into the body.  In some cases, a constituent 

may produce toxic effects only through a specific route of entry into the body and may not be 

toxic through other routes. Toxicity values used in this risk assessment are specific to the 

following complete pathways: incidental ingestion, dermal contact, and inhalation of 

particulates and/or vapors. 

Toxicity values for some constituents may be available from several sources (e.g., USEPA and 

California Environmental Protection Agency).  The following is the hierarchy of toxicity values 

used in this evaluation when multiple toxicity values exist for a given COPC.  This hierarchy is 

based on the toxicity value order used in the USEPA RSL table (USEPA 2019).  

 USEPA's Integrated Risk Information System (IRIS). 

 Provisional Peer Reviewed Toxicity Values (PPRTVs) derived by USEPA's Superfund 

Technical Support Center (STSC) for the USEPA Superfund program. 

 Agency for Toxic Substances and Disease Registry Minimal Risk Levels (MRLs). 
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 California Environmental Protection Agency, Office of Environmental Health Hazard 

Assessment's (OEHHA’s) Chronic Reference Exposure Levels (RELs). 

 Screening toxicity values in appendices for certain PPRTV assessments.  

 The USEPA Superfund program's Health Effects Assessment Summary Table (HEAST). 

Toxicity values used in this assessment are listed in Table 4-1. The following COPCs were not 

quantitatively evaluated in the HHRA due to a lack of toxicity values: 

 Acenaphthylene 

 Benzo(g,h,i)perylene 

 Carbazole 

 Phenanthrene 

 Thorium-232 

 Titanium 

Cancer Toxicity Values 

The USEPA describes the mechanism for how some constituents produce cancer as being a 

“non-threshold” process, meaning any level of exposure to a carcinogen carries some 

probability of causing cancer.  Risks at low exposure levels cannot feasibly be measured directly 

either by animal experiments or by epidemiological studies; therefore, a number of 

mathematical models and procedures have been developed to extrapolate risks from high to 

low doses.   

Extrapolation models or procedures may reasonably fit the observed data but may also lead to 

large differences in the projected risk at low doses.  The USEPA assumes that the risk of cancer 

is linearly related to dose for calculating cancer toxicity values (CSFs and IURs).  This means that 

relatively high doses, which are often used in animal studies, can be extrapolated downward to 

extremely small doses assuming that even a small number of molecules (possibly a single 

molecule) of a carcinogen may cause changes in a single cell which could ultimately lead to 

cancer.  

There is some dispute as to whether or not extrapolation from high to low doses is a valid 

approach, biologically. It has been argued that cells have the ability to detoxify carcinogens or 

repair cellular damage from exposures to very low doses.  Therefore, it is important to 

recognize the possibility that some carcinogens may have a threshold for toxicity, or nonlinear 

mode of action, where low doses would not lead to cancer.   

The CSFs are numerical estimates of the potency of a constituent.  When multiplied by an 

estimated lifetime average daily dose, CSFs yield a probability (e.g., 1 in a million) of an 

individual developing cancer due to exposure to the specific constituent over a lifetime.  The 

CSFs are usually derived by the USEPA using a linearized multistage model and reflect the 
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upper-bound limit of cancer potency for a carcinogenic constituent.  As a result, the calculated 

risk is likely to represent a plausible upper limit of the risk.  The actual risk for a specific 

constituent is unknown but is likely lower than the predicted risk, and may be as low as zero 

(USEPA 1989).  The CSFs are in units of kg-day/mg and are applied to oral and dermal exposures 

after adjusting for appropriate constituent-specific parameters.   

The IURs were used in this assessment to calculate cancer risks related to inhalation exposures 

(i.e., inhalation of particulates).  The IURs provide a cancer risk estimate associated with an air 

concentration and are in units of micrograms per meter cubed (µg/m3)-1. 

The CSFs and IURs used in the risk assessment are listed in Table 4-1.   

Noncancer Toxicity Values 

Constituents that produce noncancer health effects are thought to act through threshold 

mechanisms, (i.e., the constituents do not cause health effects below a certain level).  The 

assumption of a threshold for toxicity is based on the concept that the body has protective 

mechanisms that eliminate or detoxify constituents at low levels.  The threshold concept is 

important because it assumes that people can tolerate a certain amount of exposure without 

experiencing harmful health effects.  

The RfDs and RfCs are toxicity values used to assess noncancer health effects from a given 

exposure.  An RfD is defined as “an estimate (with uncertainty spanning perhaps an order of 

magnitude or greater) of a daily oral exposure level for a human population, including sensitive 

subgroups, that is likely to be without an appreciable risk of deleterious effects during a portion 

of the lifetime” (USEPA 1989).  An RfD sets a daily oral intake level (in units of mg/kg-day) below 

which harmful noncancer health effects are not expected.  The RfDs are also used to evaluate 

dermal exposures after accounting for any difference in oral and dermal absorption.    

An RfC is defined as “an estimate (with uncertainty spanning perhaps an order of magnitude) of 

a continuous inhalation exposure to the human population (including sensitive subgroups) that 

is likely to be without an appreciable risk of deleterious effects during a lifetime” (USEPA 2019).  

An RfC is a concentration of a constituent in air (in units of mg/m3) which is compared to an 

estimated constituent air concentration to determine if noncancer health effects are expected.  

The USEPA develops RfCs to assess inhalation exposures to noncarcinogens.   

The RfDs and RfCs are calculated based on no observed adverse effect levels (NOAELs) or 

lowest observed adverse effect levels (LOAELs) in animal toxicity studies, or occasionally, from 

human studies.  A NOAEL is an experimentally-determined dose at which there was no 

statistically or biologically-significant indication of a toxic effect.  A study chosen to establish a 

NOAEL represents the most sensitive target organ or tissue (i.e., critical organ) for that 

constituent.  In an experiment with several NOAELs, generally the lowest one is chosen as the 

critical NOAEL upon which an RfD or RfC is based.  Since many constituents can produce toxic 
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effects in several organ systems, with each toxic effect possibly having a separate threshold 

dose, the distinction of the critical toxic effect provides added confidence that the NOAEL is 

protective of a range of harmful health effects.  Uncertainty factors (ranging from 1 to not more 

than 3,000) are also incorporated in the calculation of RfDs and RfCs.  The equation below 

shows how an RfD is calculated:  

 
FactorModifying torsSafety Fac

NOAEL
doseily human average daRfD 

al DoseExperiment


  

Each safety factor represents a specific area of uncertainty inherent in the available data and is 

meant to account for these uncertainties (USEPA 2002, 2019).  The types of uncertainties 

accounted for in developing the RfD include:  

 Uncertainty in extrapolating animal toxicity data to humans (i.e., interspecies variability 

[factor of 10]). 

 Variation in sensitivity or susceptibility among individuals in the human population 

(factor of 10). 

 Uncertainty in extrapolating data from a study with less-than-lifetime exposure to 

lifetime exposure (i.e., using subchronic studies to predict chronic exposures [factor of 

10]). 

 Uncertainty when deriving an RfD from a LOAEL instead of a NOAEL [factor of 10]).17 

 Uncertainty in extrapolating from valid results in experimental animals when data are 

“incomplete” (accounts for the inability of any single study to adequately address all 

possible adverse outcomes [factor of 10]).18 

In addition to the safety factors, USEPA applies a modifying factor in some instances.  Modifying 

factors range from 0 to 10 and are included to reflect a qualitative professional assessment of 

additional uncertainties in the critical study and in the entire database for the constituent not 

explicitly addressed by the uncertainty factors.  The default value for the modifying factor is 

one (USEPA 2002). 

The USEPA’s IRIS profiles identify the target organ and critical effects from the study or studies 

used to develop an RfD or RfC.  Noncancer toxicity values can be developed for different 

exposure lengths and time periods such as short-term, chronic (long-term), and developmental 

exposures (short-term exposures during pregnancy).  Further, RfDs and RfCs are developed to 

                                                        

17 http://www.tera.org/Publications/UF%20in%20Noncancer.pdf 

18 http://www.tera.org/Publications/UF%20in%20Noncancer.pdf 
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be protective of the most sensitive members of the population, thereby providing added 

protection for everyone else (USEPA 2002).   

The RfDs and RfCs used in this HHRA are listed in Table 4-1.   

Adjustment of Toxicity Values and Estimation of Physical Properties for Certain COPCs 

Dermal Toxicity 

As described in the USEPA Dermal Risk Assessment Guidance (USEPA 2004), oral toxicity values 

can be used to evaluate toxicity from dermal exposures by adjusting for constituent-specific 

gastrointestinal absorption (GIABS).  GIABS factors are used to account for differences in 

absorbed doses between gastrointestinal and dermal routes of exposure.  The GIABS factors 

determine how much of a constituent is absorbed from soil compared to how much of that 

constituent is absorbed from a reference exposure medium (e.g., food, water) that relates back 

to the toxicity value of the constituent (USEPA 2019). GIABS factors are unitless and range from 

below 0.01 to 1.0 (1.0 is used as the default value).  The following equations show how this 

adjustment is calculated: 

𝐷𝑒𝑟𝑚𝑎𝑙 𝐶𝑆𝐹 =  𝑂𝑟𝑎𝑙 𝐶𝑆𝐹 ÷ 𝐺𝐼𝐴𝐵𝑆 

𝐷𝑒𝑟𝑚𝑎𝑙 𝑅𝑓𝐷 = 𝑂𝑟𝑎𝑙 𝑅𝑓𝐷 × 𝐺𝐼𝐴𝐵𝑆 

The fraction of constituents absorbed dermally from soil (ABSd) can also vary.  Certain 

constituent groups, such as PAHs, are more readily absorbed than others, like dioxins.   

cPAHs were not evaluated for carcinogenic risks associated with dermal exposure.  According to 

USEPA’s RAGS, cancer slope factors should not be used to evaluate risks associated with dermal 

exposure to carcinogens such as benzo(a)pyrene, which cause skin cancer through direct action 

at the point of application (USEPA 1989). 

Toxicity values (e.g., CSF) and physical properties of COPCs (e.g., GIABS values) used in this 

HHRA are presented in Tables 4-1 and 4-2, respectively. If a value was not available, a surrogate 

value with similar properties was applied. The following surrogates were used: 

Toxicity Value/Physical Property  
Not Available Surrogate Reason 

2,4-DDT and DDE USEPA values for DDT Similar constituents 

Alpha- and gamma-chlordane USEPA values for chlordane, technical Similar constituents 

Total cPAHs (BaP TEQs). USEPA values for benzo(a)pyrene Compound total value based on BaP TEQ 

Total Dioxins/Furans (2,3,7,8-TCDD TEQs). USEPA values for 2,3,7,8-TCDD Compound total value based on 2,3,7,8-
TCDD TEQ 

Total PCBs (Aroclor Method) USEPA values for PCB Aroclor 1260 
Aroclor 1260 was the only Aroclor detected 
in surface soil samples 
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Where Ci = media concentration and TEFi is the TEF for a given constituent i.   

The TEQ concentration is then used to calculate the cancer risk and noncancer hazard using the 

toxicity value for the index constituent.   

Mutagenic Mode of Action 

Some carcinogens act via a mutagenic mode of action, meaning that the carcinogens or 

associated metabolites react directly with deoxyribonucleic acid (DNA) or have the ability to 

bind to DNA.  Infants and children are more susceptible to cancer effects from mutagens 

because they are undergoing rapid growth and development.  The USEPA recommends that 

age-dependent adjustment factors be applied when evaluating cancer risks for mutagens to 

account for greater susceptibility during early-life exposures (USEPA 2005).  Below is a list of 

the eight COPCs evaluated in this assessment, which the USEPA identified as mutagenic (USEPA 

2018).   

The following carcinogenic COPCs are considered mutagens by the USEPA (2018): 

 Benzo(a)pyrene 

 Benzo(b)fluoranthene 

 7,12- Dimethylbenz(a)anthracene 

 Dibenz(a,h)anthracene 

 Hexavalent chromium 

 3-Methylcholanthrene 

 N-Nitrosodiethylamine 

 N-Nitrosodimethylamine 

To account for mutagenic modes of action, CSFs or IURs are multiplied by age-dependent 

adjustment factors for the following age groups.   

 A factor of 10 is used for exposures between birth and up to two years; 

 A factor of 3 is used for exposures between the ages of two through 15 years; and  

 No adjustment is used for exposures at 16 years and older.  

Children are defined as from birth to age six for this HHRA.  Therefore, a weighted age-

dependent adjustment factor of 5.33 (i.e., [(2x10+4x3)/6]) was applied to the IUR to account for 

mutagenic modes of action for children at the Site. 

Blood Lead Evaluation 

Lead is not evaluated using toxicity values.  Instead, two USEPA lead models are available to 

assess whether or not environmental lead levels at the Site pose a risk to human health:   
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 The Integrated Exposure Uptake Biokinetic (IEUBK) Model evaluates lead risk in children 

(USEPA 2010a); and 

 The Adult Lead Methodology (ALM) Model evaluates lead risk in adult workers and also 

predicts fetal exposures for pregnant workers (USEPA 1996).   

These models predict blood lead levels (BLLs) based on Site-specific exposure parameters and 

USEPA default values.  Evaluation of lead hazards is based on identifying whether or not BLLs 

exceed action levels (5 and 10 µg lead/dL blood; ATSDR 2016).  In addition, the DoN policy for 

children uses the recommended CDC reference level of 5 ug/dL (BUMEDINST 6200.14D - 30 Aug 

2017).  Please see Section 5 and Appendix C for details regarding the blood lead evaluation. 
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Section 5: Risk Characterization 

The purpose of the risk characterization is to combine the quantitative exposure estimates 

(daily doses) derived in the Exposure Assessment (Section 3) with the toxicity values described 

in the Toxicity Evaluation (Section 4) to develop numerical estimates of cancer risks and 

noncancer hazards for all exposure scenarios. 

Cancer risks and noncancer hazards associated with COPCs and complete exposure pathways 

were summed to yield total risks and hazards for receptors (i.e., 6-year child and adult 

recreators, 6-year child and adult clinic patients, 6-year students, and 25-year teachers, clinic 

workers, and landscapers).   

Total cancer risks and noncancer hazards associated with 

exposure to surface soil were calculated for the four 

Northern Area DUs (DU-N1, DU-N2, DU-N3, and DU-N4; 

see Figure 1-6) and five Southern Area DUs (DU-S1, DU-

S2, DU-S3, DU-S4, and DU-S5; see Figure 1-7).19 

The methods for calculating and evaluating cancer risks 

and noncancer hazards and evaluating exposures 

associated with surface soil are presented in this section. 

Calculating Cancer Risks 

Cancer risks associated with exposure to constituents are expressed as the probability of 

developing cancer during a lifetime (e.g., 1 in a million risk or 1.0E-06).  Risk estimates for 

ingestion and dermal routes are calculated by multiplying the estimated lifetime average daily 

dose (LADD) for each carcinogenic COPC by the constituent-specific CSF (see Table 4-1).20  

Inhalation risk estimates for each carcinogenic COPC are derived by multiplying the estimated 

air concentration by the IUR.  The sum of the risks for ingestion of soil, dermal contact with soil, 

and inhalation of air yields the total risk for a COPC, as described below:   

𝐶𝑅1 (𝐼𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝑜𝑖𝑙) =  𝐼𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝐿𝐴𝐷𝐷 × 𝐶𝑆𝐹𝑜𝑟𝑎𝑙 

𝐶𝑅2 (𝐷𝑒𝑟𝑚𝑎𝑙 𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑤𝑖𝑡ℎ 𝑆𝑜𝑖𝑙) = 𝐷𝑒𝑟𝑚𝑎𝑙 𝐿𝐴𝐷𝐷 × 𝐶𝑆𝐹𝑑𝑒𝑟𝑚𝑎𝑙  

𝐶𝑅3 (𝐼𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑖𝑟) = 𝐼𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 × 𝐼𝑈𝑅  

                                                        

19 Risks and hazards were calculated for exposure scenarios using assumptions based on typical exposure durations 
and frequencies for conducting activities in each DU. 

20 Dermal CSFs are calculated by dividing the Oral CSF by the GIABS. Oral CSF and GIABS values are provided in the 
USEPA RSL tables (USEPA 2019) and are presented in Tables 4-1 and 4-2, respectively. 

The use of a 6-year exposure duration for 

military and civilian adults and children 

(corresponding to two tours of duty) was used 

to calculate risk for these populations.  

Assuming an exposure duration of two tours of 

duty is plausible but overestimates the cancer 
for those spending only on tour of duty at 

Camp Kinser.  The calculated noncancer hazard 

is the same for one tour of duty as it is for two 

tours.  The exposure duration used to calculate 

risk for the landscaper contractor was 25 years.   
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𝐶𝑅𝐶𝑂𝑃𝐶 = 𝐶𝑅1 + 𝐶𝑅2 + 𝐶𝑅3 

Where,  

Parameter Definition 

CR Cancer risk; Lifetime probability of cancer from exposure to COPC  

LADD  Estimated lifetime average daily dose for ingestion and dermal absorption (mg/kg-day) 

CSF Cancer Slope Factor (mg/kg-day)-1 

Inhalation Exposure Concentration Concentration in air (mg/m3) 

IUR Inhalation unit risk (mg/m3)-1 

The total cancer risk was calculated for each receptor by summing the total cancer risk for each 

COPC associated with the receptor: 

𝑇𝑜𝑡𝑎𝑙 𝐶𝑅𝑟𝑒𝑐𝑒𝑝𝑡𝑜𝑟 = ∑(𝐶𝑅(𝐶𝑂𝑃𝐶1 + 𝐶𝑂𝑃𝐶2 + 𝐶𝑂𝑃𝐶3 … + 𝐶𝑂𝑃𝐶𝑛)

𝑛

𝑖=1

 

The calculated cancer risk-based screening criteria (RBSC) for each exposure pathway are 

presented in Table 5-1. 

Calculating Noncancer Hazards 

The potential for noncancer health impacts is quantitatively expressed as an HQ.  The HQ for an 

ingestion and a dermal exposure route is the ratio of the calculated average daily dose (ADD) to 

the RfD (see Table 4-1).21  The HQ for an inhalation exposure route is the ratio of the estimated 

air concentration to the inhalation RfC.  The sum of the HQs for ingestion of soil, dermal contact 

with soil, and inhalation of air yields a HI for a COPC, as described below:  

𝐻𝑄1 (𝐼𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝑜𝑖𝑙) =  𝐼𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝐴𝐷𝐷 ÷ 𝑅𝑓𝐷𝑜𝑟𝑎𝑙 

𝐻𝑄2 (𝐷𝑒𝑟𝑚𝑎𝑙 𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑤𝑖𝑡ℎ 𝑆𝑜𝑖𝑙) = 𝐷𝑒𝑟𝑚𝑎𝑙 𝐴𝐷𝐷 ÷ 𝑅𝑓𝐷𝑑𝑒𝑟𝑚𝑎𝑙  

𝐻𝑄3 (𝐼𝑛ℎ𝑎𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴𝑖𝑟) = 𝐴𝑖𝑟 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ÷ 𝑅𝑓𝐶  

𝐻𝐼𝐶𝑂𝑃𝐶 = 𝐻𝑄1 + 𝐻𝑄2 + 𝐻𝑄3 + 𝐻𝑄4 

Where,  

Parameter Definition 

HQ  Ratio of the calculated ADD to the RfD 

HI Sum of the HQs for all pathways 

ADD Average daily dose (mg/kg-day) 

Air Concentration Concentration in air (mg/m3) 

RfD  Estimate of a daily dose unlikely to produce harmful health impacts (mg/kg-day) 

                                                        

21 Dermal RfDs are calculated by multiplying the Oral RfD with the GIABS. Oral RfD and GIABS values are provided 
in the USEPA RSL tables (USEPA 2019) and are presented in Tables 4-1 and 4-2, respectively. 
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RfC  Estimate of an air concentration unlikely to produce harmful health effects (mg/m3) 

The total noncancer hazard was calculated for each receptor by summing the HIs for the COPCs 

associated with the receptor: 

𝑇𝑜𝑡𝑎𝑙 𝐻𝐼𝑟𝑒𝑐𝑒𝑝𝑡𝑜𝑟 = ∑(𝐻𝐼(𝐶𝑂𝑃𝐶1 + 𝐶𝑂𝑃𝐶2 + 𝐶𝑂𝑃𝐶3 … + 𝐶𝑂𝑃𝐶𝑛)

𝑛

𝑖=1

 

The calculated noncancer RBSCs for each exposure pathway are presented in Table 5-1. 

USEPA Acceptable Risk Range and USEPA Risk Benchmarks 

Risk managers use risk ranges and risk benchmarks to evaluate the significance of risks for 

people exposed to COPCs.  Risk ranges and risk benchmarks provide perspective on whether or 

not environmental levels are potentially harmful and help risk managers determine which areas 

and media may require further evaluation or actions.     

USEPA Acceptable Cancer Risk Range 

For carcinogenic risks, the USEPA recommends using an acceptable cancer risk range of 1.0E-04 

(1 x 10-4 or 1 in 10,000) to 1.0E-06 (1 x 10-6 or 1 in 1,000,000), based on an RME scenario (USEPA 

1991).  In general, the USEPA considers cancer risks below 1E-06 to be so small as to be 

negligible (i.e., below a level of regulatory concern; USEPA 1991).  Conversely, cancer risks 

greater than 1E-04 are undesirable and typically require remedial action (e.g., soil removal).   

USEPA Noncancer Hazard Benchmark 

The USEPA uses an HQ of 1 as the benchmark below which adverse, noncancer health effects 

are not expected and action generally is not warranted (USEPA 1991).  An HQ greater than 1 

shows that exposure levels exceed an RfD or RfC, indicating that adverse health effects are 

possible. 
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Vapor Intrusion Pathway Evaluation 

Before calculating cancer risks and noncancer hazards in 

the HHRA, a VI pathway evaluation was completed for the 

school buildings adjacent to the Northern Area and the 

clinics located in the Southern Area.  The purpose of the 

detailed VI pathway evaluation was to determine if Site-

specific data indicated that the VI Pathway was complete 

for buildings in the Northern Area and Southern Area of 

the Site.  Appendix D presents the detailed VI pathway 

evaluation for the Northern and the Southern Areas.  The 

VISLs used in the evaluation were overly conservative 

(i.e., based on residential land use) as the Site is currently used for commercial and recreational 

purposes only (see Appendix D).  Based on the results of the VI pathway evaluation, the VI 

pathway was determined to be incomplete for buildings evaluated in the Northern and 

Southern Areas.  Therefore, VI COPCs were not evaluated further in the HHRA.  The results of 

the VI evaluation are summarized below:22 

Northern Area 

 No constituents were detected in groundwater (which is the only source of VI from the 

MSA in the elementary school buildings in the Northern Area) at concentrations 

exceeding GW-to-IA VISLs (see Appendix D).   

 Acetaldehyde, acrolein, carbon tetrachloride, GRO, and isopropanol concentrations 

slightly exceeded the soil gas-to-indoor air screening levels (SG-to-IA VISLs) in two 

buildings at the elementary school (Building 1041 [cafeteria and music room] and 

Building 1041A [maintenance]); however, the constituents were either not detected in 

groundwater (acetaldehyde, acrolein, carbon tetrachloride, and GRO) or were detected 

at very low concentrations (isopropanol was detected orders of magnitude below the 

GW-to-IA VISL); therefore, the constituents were eliminated from further consideration 

for the VI pathway (see Appendix D).   

Southern Area 

 No constituents were detected in groundwater in the Southern Area at concentrations 

exceeding GW-to-IA VISLs (see Appendix D).  Isopropanol was the only constituent 

                                                        

22 This VI discussion/summary presented in this section is limited to those constituents with VISLs that were 
detected in groundwater and/or sub-slab soil gas.  However, Appendix D also includes an evaluation of 
constituents that do not have VISLs and constituents that were not detected. 

If the results of the VI pathway evaluation had 

determined that the VI pathway was complete, 

then the VI pathway would have been included 

in the quantitative risk calculations presented 

in this section.  However, since the results of 
the VI pathway evaluation indicated that the VI 

pathway was incomplete, the VI pathway was 

not included in the quantitative risk 

calculations presented in this section. 
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detected in groundwater but it was detected at concentrations orders of magnitude 

below the GW-to-IA VISL.  

 Acetaldehyde, acrolein, and ethylbenzene exceeded the SG-to-IA VISL in one sample 

each in Building 1460 (medical clinic).  No other detected COPC concentrations 

exceeded respective SG-to-IA VISLs in Building 1460 (see Appendix D).   

 Acetaldehyde was not detected in groundwater which rules out groundwater as a 

potential VI source.  Ambient air does not contribute to the sub-slab soil gas 

concentrations for acetaldehyde.  Acetaldehyde was detected in only one of seven 

sub-slab soil gas samples from this building.  The concentrations of acetaldehyde 

were compared to the concentrations observed in the Northern Area buildings 

where it had been concluded that there was no VI source for any constituent 

(including acetaldehyde).  The results of the comparison indicated that the range of 

concentrations of acetaldehyde in Building 1460 were similar to the range of 

concentrations in the Northern Area buildings.  Therefore, the sub-slab soil gas 

results from these buildings can be considered indicative of local background 

concentrations.  Consequently, acetaldehyde was eliminated from further 

consideration for the VI pathway in this building. 

 Acrolein was not detected in groundwater which rules out groundwater as a 

potential VI source.  The ambient air concentration for acrolein was greater than the 

sub-slab soil gas concentration which indicates that ambient air may be responsible 

for the sub-slab soil gas result.  Consequently, acrolein was eliminated from further 

consideration for the VI pathway in this building.      

 Ethylbenzene was not detected in groundwater which rules out groundwater as a 

potential VI source.  Ambient air does not contribute to the sub-slab soil gas 

concentrations for ethylbenzene.  Ethylbenzene was detected in all seven of the sub-

slab soil gas samples from this building.  However, only one sub-slab soil gas result 

exceeded the SG-to-IA VISL (i.e., 273 ug/m3 versus the VISL of 37 ug/m3).  The next 

highest sub-slab soil gas concentration was 1.9 ug/m3.  Gasoline Range Organics (C3-

C12), which are a likely source of ethylbenzene, were not detected in groundwater 

and were not detected in any of the sub-slab soil gas samples collected from this 

building.  This indicates it is unlikely that a fuel spill/release is the source of the 

ethylbenzene that was detected.  Given that (1) only one of the seven sub-slab soil 

gas concentrations exceed the SG-to-IA VISL and (2) Gasoline Range Organics (C3-

C12) which is a likely source of ethylbenzene were not detected in groundwater 

and/or sub-slab soil gas samples—It is more likely that an indoor air source is 

responsible for the elevated soil gas concentration detected in the X-Ray Room 45 
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(CK1460-01) than VI from groundwater and/or soil.  Consequently, ethylbenzene 

was eliminated from further consideration for the VI pathway in this building.      

 Acetaldehyde, acrolein, ethylbenzene, GRO, isopropanol, and naphthalene exceeded 

SG-to-IA VISLs in Building 1463 (dental clinic), which was undergoing renovations and 

asbestos abatement at the time of sampling (see Appendix D).  

 Acetaldehyde exceeded the SG-to-IA VISL in four of the seven sub-slab soil gas 

samples.  The sub-slab soil gas concentrations ranged from 4.8 ug/m3 to 94 ug/m3, 

with a mean of 48.7 ug/m3 and standard deviation of 40.3 ug/m3.  The highest sub-

slab soil gas concentrations were observed at CK1463-04 (66 ug/m3), CK1463-06 (70 

ug/m3), and CK1463-07 (94 ug/m3)—in the area of the building where asbestos 

abatement had been completed.  It was also detected in ambient air at low 

concentrations (relative to the sub-slab soil gas concentrations) which indicates that 

ambient air is most likely not the source of the measured soil gas concentrations.  

Acetaldehyde was not detected in groundwater which rules out groundwater as a 

potential source of VI.  The sub-slab soil gas concentrations in Building 1463 are 

similar to the sub-slab soil gas concentrations measured in the Northern Area where 

acetaldehyde was not identified as a VI COPC.  For example, the range of sub-slab 

concentrations for ethanol in the Northern Area Buildings was 14 ug/m3 to 150 

ug/m3 with a mean of 29.5 ug/m3, and a standard deviation of 56 ug/m3.  This is very 

similar to the acetaldehyde in sub-slab soil gas observed in Building 1463.  These 

data indicate that there is not a VI signature for acetaldehyde in this building.  

Consequently, acetaldehyde was eliminated from further consideration as a VI COPC 

in this building. 

 Acrolein sub-slab soil gas concentrations exceeded SG-to-IA VISLs but it was also 

detected in ambient air at high concentrations (relative to the sub-slab soil gas 

concentrations).  The concentrations ranged from 0.4 ug/m3 to 5.7 ug/m3, with a 

mean of 2 ug/m3, and standard deviation of 1.8 ug/m3.  Ambient air contributes 

significantly to the sub-slab soil gas concentration (approximately 42%).  Acrolein 

was not detected in groundwater which rules out groundwater as a potential source 

of VI.  The sub-slab soil gas concentrations in Building 1463 are similar to the sub-

slab soil gas concentrations measured in the Northern Area where acrolein was not 

identified as a VI COPC.  For example, the range of sub-slab concentrations for 

acrolein in the Northern Area buildings was 0.4 ug/m3 to 3.2 ug/m3 with a mean of 1 

ug/m3, and a standard deviation of 0.7 ug/m3.  This is very similar to the acrolein in 

sub-slab soil gas observed in Building 1463.  These data indicate that there is not a VI 

signature for acrolein in this building.  Consequently, acrolein was eliminated from 

further consideration as a VI COPC in this building. 
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 Ethylbenzene exceeded the SG-to-IA VISL in three of the seven sub-slab soil gas 

samples.  The concentrations ranged from 3.2 ug/m3 to 340 ug/m3, with a mean of 

115.4 ug/m3, and standard deviation of 143.6 ug/m3.  Ethylbenzene was also 

detected in ambient air at low concentrations (relative to the sub-slab soil gas 

concentrations) which indicates that ambient air is most likely not the source of the 

measured soil gas concentrations.  Ethylbenzene was not detected in groundwater 

which rules out groundwater as a potential source of VI.  Sub-slab soil gas 

concentrations were variable with the highest concentrations observed at CK1463-

04 (220 ug/m3), CK1463-06 (340 ug/m3), and CK1463-07 (230 ug/m3) in the area of 

the building where asbestos abatement had been completed.  A thorough 

examination of all sub-slab soil gas (including all constituents/locations sampled) 

revealed that nearly all of the highest sub-slab gas concentrations were detected at 

the same three stations: CK1463-04, CK1463-06, and CK1463-07.  Other lines-of-

evidence were evaluated and it was concluded that most likely indoor air sources 

(e.g., solvents/equipment used during asbestos abatement and renovations in 

Building 1463) and/or potential laboratory/analytical issues were responsible for the 

sub-slab soil gas concentrations in these samples and not VI.23  Consequently, 

ethylbenzene was eliminated from further consideration as a VI COPC in this 

building. 

 GRO exceeded the SG-to-IA VISL in four of the seven sub-slab soil gas samples.  The 

sub-slab soil gas concentrations ranged from 2,900 ug/m3 to 8,800 ug/m3, with a 

mean of 4,359.5 ug/m3 and standard deviation of 2,582.8 ug/m3.  The highest sub-

slab soil gas concentrations were observed at CK1463-04 (5,200 ug/m3), CK1463-06 

(8,800 ug/m3), and CK1463-07 (5,900 ug/m3)—in the area of the building where 

asbestos abatement had been completed.  It was also detected in ambient air at low 

concentrations (relative to the sub-slab soil gas concentrations) which indicates that 

ambient air is most likely not the source of the measured soil gas concentrations.  

GRO was not detected in groundwater which rules out groundwater as a potential 

source of VI.  The sub-slab soil gas concentrations in Building 1463 are similar to the 

sub-slab soil gas concentrations measured in the Northern Area where GRO was not 

identified as a VI COPC.  For example, the range of sub-slab concentrations for GRO 

in the Northern Area Buildings was 2,800 ug/m3 to 5,900 ug/m3 with a mean of 

                                                        

23 The concentrations observed at these locations were typically one to two orders of magnitude greater than the 
sub-slab soil gas concentrations observed at CK1463-02, and CK1463-05, which were located in the area of the 
building where asbestos abatement had not been completed.  This may be a coincidence but it is very unusual for 
the maximum detected concentrations of multiple, unrelated constituents to occur at the same locations.   
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1,322.5 ug/m3, and a standard deviation of 1,345.7 ug/m3.  This is very similar to the 

GRO in sub-slab soil gas observed in Building 1463.   These data indicate that there is 

not a VI signature for GRO in this building.  Consequently, GRO was eliminated from 

further consideration as a VI COPC in this building. 

 Isopropanol was detected in three of the seven sub-slab soil gas samples at 

concentrations that exceeded the SG-to-IA VISL.  The sub-slab soil gas 

concentrations ranged from 850 ug/m3 to 28,000 ug/m3, with a mean of 10,601 

ug/m3 and standard deviation of 12,150 ug/m3.  It is unlikely that there is a source in 

groundwater because isopropanol was not detected in groundwater at 

concentrations exceeding the GW-to-IA VISL.  Ambient air does not contribute 

significantly to the sub-slab soil gas concentration (i.e., <1%).  Sub-slab soil gas 

concentrations were variable with the highest concentrations observed at CK1463-

04 (20,000 ug/m3), CK1463-06 (28,000 ug/m3), and CK1463-07 (22,000 ug/m3)—in 

the area of the building where asbestos abatement had been completed.  Other 

lines-of-evidence were evaluated and it was concluded that most likely indoor air 

sources (e.g., solvents/equipment used during asbestos abatement and renovations 

in Building 1463) and/or potential laboratory/analytical issues were responsible for 

the sub-slab soil gas concentrations in these samples and not VI.24  Consequently, 

isopropanol was eliminated from further consideration as a VI COPC in this building. 

 Naphthalene was detected in one of the seven sub-slab soil gas samples at a 

concentration that exceeded the SG-to-IA VISL.  The sub-slab soil gas concentrations 

ranged from 0.18 ug/m3 to 4.2 ug/m3, with a mean of 0.8 ug/m3 and standard 

deviation of 1.5 ug/m3.  It is unlikely that there is a source in groundwater because 

naphthalene was not detected in groundwater at concentrations exceeding the GW-

to-IA VISL.  Ambient air does not contribute significantly to the sub-slab soil gas 

concentration (approximately 3%).  Sub-slab soil gas concentrations were variable 

with the highest concentration observed at CK1463-04 (4.2 ug/m3)—in the area of 

the building where asbestos abatement had been completed.  Other lines-of-

evidence were evaluated and it was concluded that most likely indoor air sources 

(e.g., solvents/equipment used during asbestos abatement and renovations in 

Building 1463) and/or potential laboratory/analytical issues were responsible for the 

                                                        

24 The concentrations observed at these locations were typically one to two orders of magnitude greater than the 
sub-slab soil gas concentrations observed at CK1463-02, and CK1463-05, which were located in the area of the 
building where asbestos abatement had not been completed.  This may be a coincidence but it is very unusual for 
the maximum detected concentrations of multiple, unrelated constituents to occur at the same locations.   
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sub-slab soil gas concentrations in these samples and not VI.25  Consequently, 

naphthalene was eliminated from further consideration as a VI COPC in this building. 

Surface Soil Elevated Concentration Evaluation for CKSA-SS40 

A qualitative evaluation was performed to identify samples with constituent concentrations 

significantly higher than the surrounding samples (i.e., outliers) at the Site. The results of the 

evaluation indicated that DDD, DDE, DDT, and total PCB aroclors concentrations in surface soil 

sample CKSA-SS40 in DU-S5 were several orders of magnitude higher than in other, proximate 

samples (see Figure 5-1). The total cancer risk for child recreator, adult recreator and 

landscapers in DU-S5 with sample CKSA-SS40 data included is 1.71E-05, 1.76E-06, and 2.13E-05, 

respectively. The total noncancer hazard for the child recreators, adult recreators, and 

landscapers in DU-S5 with sample CKSA-SS40 data included is 2.5, 0.26 and 0.75, respectively 

(see Table 5-2).  

Evaluations and Identification of Elevated Concentrations  

For comparison purposes, the RMEs for DU-S5 were recalculated for three risk evaluations: 1)  

DU-S5 with sample CKSA-SS40 included, 2)  DU-S5 with sample CKSA-SS40 data omitted from 

the DU, and 3) sample CKSA-SS40 only.26  

The RMEs for DU-S5 significantly decreased when sample CKSA-SS40 data were excluded from 

the calculations (see Table 3-9). The total cancer risk for child recreators in DU-S5 is 6.3E-06 

when CKSA-SS40 data were excluded from the calculation, compared to a total cancer risk of 

1.8E-05 for CKSA-SS40 data only. The total noncancer hazard for child recreators in DU-S5 is 

0.44 when CKSA-SS40 data were excluded from the calculation, compared to a total noncancer 

hazard of 2.4 for CKSA-SS40 data only. Similar decreases occurred for adult recreators and 

landscapers when sample CKSA-SS40 data were excluded from the calculations. 

The risk drivers at DU-S5 were DDD, DDE, DDT, and total PCB aroclors for sample CKSA-SS40.  

Although the cancer risk at DU-S5 was within the USEPA acceptable cancer risk range when 

including the sample results for CKSA-SS40, the cancer risk decreased by over an order of 

magnitude (more than 10-fold) when CKSA-SS40 was excluded from the risk calculations for 

DU-S5. When CKSA-SS40 was excluded from the calculation of the noncancer HI, the HI was less 

than 1.  

                                                        

25 The concentrations observed at these locations were typically one to two orders of magnitude greater than the 
sub-slab soil gas concentrations observed at CK1463-02, and CK1463-05, which were located in the area of the 
building where asbestos abatement had not been completed.  This may be a coincidence but it is very unusual for 
the maximum detected concentrations of multiple, unrelated constituents to occur at the same locations.   

26 See Appendix E (Tables E-9, E-10 and E-11) for a comparison of risks for DU-S5 when including sample CKSA-SS40 
data, DU-S5 when excluding sample CKSA-SS40 data, and risks for sample CKSA-SS40 data only. 
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The table below shows the comparison between total cancer risks and noncancer hazards in 

DU-S5 when including and excluding sample CKSA-SS40 data to the total cancer risks and 

noncancer hazards calculated for CKSA-SS40 data only.   

 Comparison of Total Risks in DU-S5 when Including and Excluding CKSA-SS40 Sample Data  

Decision Unit 

6-Year Child Recreator 6-Year Adult Recreator 25-Year Landscaper 

Cancer Risk 
Ratio 

Hazard Index 
Ratio 

Cancer Risk 
Ratio 

Hazard Index 
Ratio 

Cancer Risk 
Ratio 

Hazard Index 
Ratio 

DU-S5 
(CKSA-SS40 
Included)  

0.95 1.0 0.93 1.0 0.95 1.0 

DU-S5 
(CKSA-SS40 
Excluded) 

0.35 0.18 0.32 0.17 0.35 0.19 

A comparison done between the risk calculations including CKSA-SS40 data and the risk 

calculations of only sample CKSA-SS40 data, revealed that their cancer risks and hazard indices 

were nearly identical. This analysis indicates that higher concentrations of DDD, DDE, DDT and 

total PCB aroclors are in one central location (CKSA-SS40) and this sample of elevated 

concentrations is non-representative of the total cancer risk and noncancer hazards in DU-S5. 

For the purposes of the HHRA, sample CKSA-SS40 data was excluded from the risk assessment 

in DU-S5. Sample CKSA-SS40 data was evaluated separately from DU-S5 to investigate if the 

higher concentrations proposed a cancer risk outside the USEPA acceptable cancer risk range or 

a noncancer HI greater than one.   

Arsenic in Surface Soil Evaluation 

Arsenic was detected in surface soil throughout the Northern Area at concentrations ranging 

between 3.15 and 35.1 mg/kg and in the Southern Area at concentrations ranging between 3.6 

and 29.5 mg/kg, which exceeded RBSCs (see Table 5-1 and Figures 5-2 and 5-3, respectively).  

It is likely that the arsenic concentrations are representative of natural background 

concentrations and not related to the contamination, which has been documented in historical 

reports (DAF 1994a, 1994b; Shimada 2009). For example, naturally-occurring arsenic 

concentrations of over 20 mg/kg occurred in a random collection of soil samples taken on 

United States military installations in Japan (DAF 1994b). Naturally-occurring arsenic 

concentrations between 1 and 25 mg/kg are common for the Japanese Island Arc (Shimada 

2009). Including arsenic in the risk calculations may overestimate risk from Site-related COPCs. 

To evaluate the potential contribution of naturally-occurring arsenic at the Site, total cancer 

risks and noncancer hazards were calculated for complete exposure pathways. The cancer risks 

and noncancer hazards including arsenic concentrations are presented by DU, receptor, and 

exposure pathway in Table 5-2. The cancer risks and noncancer hazards excluding arsenic 

concentrations are presented by DU, receptor, and exposure pathway in Table 5-3. A sensitivity 

analysis for risks associated with arsenic is included in Section 6. 
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Total Cancer Risks and Noncancer Hazards  

Total cancer risks and noncancer hazards were calculated for each DU and exposure scenario 

(see Table 5-2 and Appendix E Tables E-1 through E-11).  Cancer risks and noncancer hazards 

were only calculated for the longest exposure durations per receptor (i.e., 6-year child and 

adult recreator and 25-year landscaper)27 and for current land uses; future land uses were not 

considered.  Figures 5-4 (Northern Area) and 5-5 (Southern Area) show total cancer risk and 

noncancer hazards calculated for each DU when including arsenic. Cancer risks and noncancer 

hazards were also evaluated by COPC and exposure pathway for each DU to determine risk 

drivers (see Appendix E, Tables E-12 through E-22).  

Child Recreators 

Cancer risks and noncancer hazards were calculated at all DUs for child recreators based on a 6-

year exposure duration.  These child recreators were assumed to spend four hours/day, two 

weekends each month at the Site (USEPA 2011). 

The total cancer risk calculated for child recreators were within the USEPA risk range of 1E-04 

to 1E-06 at each DU (see Table 5-2).  The highest child recreator cancer risk (6.3E-05) was 

calculated for DU-S2.  Appendix E presents cancer risks by COPC and exposure pathway for DU-

S2.  The ingestion pathway accounted for approximately 84% of the total cancer risk at DU-S2, 

with dieldrin contributing approximately 69% of the ingestion risk (see Table E-17). Dieldrin 

concentrations in surface soil in the Northern Area and Southern Area are presented on Figures 

5-6 and 5-7, respectively. 

Total noncancer HIs for child recreators were below 1 in all Southern DUs except DU-S1 and 

DU-S2, which had HIs of 6.7 and 2.5, respectively (see Table 5-2).  The HI, which was above 1 

(2.4) for DU-S5 was 0.44 when the elevated results from sample CKSA-SS40 were removed from 

the calculation (see Appendix E).  The HI for CKSA-SS40 sample result was 2.4 (see Appendix E).  

Tables E-5 and E-6 present noncancer hazards by COPC and exposure pathway for DU-S1 and 

DU-S2, respectively.  The ingestion pathway accounted for approximately 93% of the total 

noncancer risk at DU-S1, with total 2,3,7,8-TCDD TEQs contributing approximately 99% of the 

ingestion risk (see Table E-16).  The ingestion pathway accounted for approximately 90% of the 

total noncancer risk at DU-S2, with total 2,3,7,8-TCDD TEQs contributing approximately 72% of 

the ingestion risk (see Table E-17). Total 2,3,7,8-TCDD TEQ concentrations in surface soil in the 

Northern Area and Southern Area are presented on Figures 5-8 and 5-9, respectively. 

                                                        

27 Total cancer risks for 3-year exposure durations were approximately one half the total cancer risks for 6-year 
exposure durations. Noncancer hazards do not change based on exposure duration and therefore, were the same 
for 3- and 6-year exposures. Age-dependent mutagenic effects had a negligible effect on total cancer risk 
differences for 3- and 6-year exposure durations. 
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Total cancer risk decreased from 6.3E-05 to 6.0E-05 for DU-S2 when excluding arsenic from the 

risk calculations.  Noncancer hazards were 6.7 for DU-S1 when including or excluding arsenic 

from the risk calculations (see Tables 5-2 and 5-3). 

Adult Recreators 

Cancer risks and noncancer hazards were calculated for adult recreators for all DUs based on a 

6-year exposure duration.  These adult recreators were assumed to spend four hours/day 

during two weekends each month at the Site.   

The total cancer risk calculated for adult recreators were within the USEPA risk range of 1E-04 

to 1E-06 in each DU (see Table 5-2).  DU-S2 contained the highest adult recreator cancer risk of 

6.5E-06.  Appendix E presents cancer risks by COPC and exposure pathway for DU-S2.  The 

ingestion pathway accounted for approximately 75% of the total cancer risk at DU-S2, with 

dieldrin contributing approximately 69% of the ingestion risk (see Table E-17).  Dieldrin 

concentrations in surface soil in the Northern Area and Southern Area are presented on Figures 

5-6 and 5-7, respectively. 

Total noncancer HIs for adult recreators were below 1 for all locations (see Table 5-2). DU-S1 

contained the highest adult recreator noncancer HI of 0.7.  Appendix E presents noncancer 

hazards by COPC and exposure pathway for DU-S1.  The ingestion pathway accounted for 

approximately 88% of the total noncancer risk at DU-S1, with Total 2,3,7,8-TCDD TEQs 

contributing approximately 99% of the ingestion risk (see Table E-16). Total 2,3,7,8-TCDD TEQ 

concentrations in surface soil for the Northern Area and Southern Area are presented on 

Figures 5-8 and 5-9, respectively. 

Total cancer risk decreased from 6.5E-06 to 6.3E-06 for DU-S2 when excluding arsenic from the 

risk calculations.  Noncancer hazards were 0.7 for DU-S1 when including or excluding arsenic 

from the risk calculations (see Tables 5-2 and 5-3). 

Landscapers 

Cancer risks and noncancer hazards were calculated for landscapers working in all DUs for 25 

years.  Landscapers were assumed to spend four hours/day at work one day per week at the 

Site with two weeks of vacation per year.   

The total cancer risk calculated for landscapers in each DU was within the USEPA acceptable 

risk range of 1E-04 to 1E-06 (see Table 5-2).  DU-S2 contained the highest landscaper cancer risk 

of 7.8E-05. Appendix E presents cancer risks by COPC and exposure pathway for DU-S2.  The 

ingestion pathway accounted for approximately 90% of the total cancer risk in the DU, with 

dieldrin contributing approximately 69% of the ingestion risk (see Table E-17).  Dieldrin 

concentrations in surface soil for the Northern Area and Southern Area are presented on 

Figures 5-6 and 5-7, respectively. 
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The total noncancer HI for landscapers was below 1 in each DU except DU-S1, which had a 

noncancer HI of 2.1 (see Table 5-2).  Appendix E presents noncancer hazards by COPC and 

exposure pathway for DU-S1.  The ingestion pathway accounted for approximately 96% of the 

total noncancer risk at DU-S1; total 2,3,7,8-TCDD TEQs contributed approximately 99% of the 

ingestion risk (see Table E-16).  Total 2,3,7,8-TCDD TEQ concentrations in surface soil for the 

Northern Area and Southern Area are presented on Figures 5-8 and 5-9, respectively. 

Total cancer risk decreased from 7.8E-05 to 7.5E-05 for DU-S2 when excluding arsenic from the 

risk calculations.  Noncancer hazards were 2.1 for DU-S1 when including or excluding arsenic 

from the risk calculations (see Tables 5-2 and 5-3). 

Summary of Risks 

The surface soil COPCs responsible for the majority of total cancer risks and noncancer hazards 

at the Site were arsenic, dieldrin, and total 2,3,7,8-TCDD TEQs (see Tables E-12 through E-22). 

Arsenic surface soil concentrations are presented on Figures 5-2 and 5-3; dieldrin surface soil 

concentrations are presented on Figures 5-6 and 5-7; and total 2,3,7,8-TCDD TEQ surface soil 

concentrations are presented on Figures 5-8 and 5-9.  Arsenic cancer risks exceeded 1E-06 for 

child recreators and landscapers in all DUs in the Northern and Southern Areas (see Table 5-2). 

In the Northern Area, cancer risks greater than 1E-06 were reported for arsenic, chlordane 

(technical), dieldrin, total cPAHs, and total 2,3,7,8-TCDD TEQs for child recreator, adult 

recreator, and/or landscaper exposure scenarios; cancer risks were less than 1E-05 for all 

COPCs for all exposure scenarios (see Tables E-1 through E-4).  Each surface soil COPC was 

below the noncancer hazard benchmark of one in the Northern Area regardless of exposure 

scenario (see Table 5-4).  The highest total cancer risk and noncancer hazard were in DU-N4, 

which is located on the northernmost portion of the Northern Area (see Figure 5-4).  DU-N4 is 

located in the approximate area of former Building 919, northeast of the soil berm (see Figure 

1-3). 

In the Southern Area, cancer risks greater than 1E-06 were reported for arsenic, dieldrin, and 

total 2,3,7,8-TCDD TEQs for child recreator, adult recreator, and/or landscaper exposure 

scenarios; cancer risks greater than 1E-05 were reported for only dieldrin in DU-S2 and total 

2,3,7,8-TCDD TEQs in DU-S1 and DU-S2 (see Tables E-5 through E-11).  In DU-S1 and DU-S2 only 

total 2,3,7,8-TCDD TEQs exceeded the noncancer hazard benchmark of one (see Table 5-4).  A 

noncancer hazard greater than one was reported in DU-S5 when sample CKSA-SS40 data was 

included. Additionally, when evaluating the elevated COPC concentrations in surface soil at 

sample CKSA-SS40 [located in DU-S5], a noncancer hazard greater than one was reported for 

DDD. Noncancer hazards were below the noncancer hazard benchmark of one in DU-S5 when 

sample CKSA-SS40 data was omitted. Cancer risks and noncancer hazards were assumed to be 

zero for COPCs that were not detected in any samples within a DU.  The highest total cancer 

risks and noncancer hazards were in DU-S1 and DU-S2, located on the northernmost portion of 
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the Southern Area (see Figure 5-4).  DU-S1 includes the skate park and maintenance building 

and DU-S2 includes the clinic field and the medical clinic (see Figure 1-4). 

Evaluation of Lead Exposures  

To assess whether or not lead levels at the Site pose a risk to human health, two USEPA lead 

models were used: 

 The IEUBK model was used to evaluate lead risks in children (USEPA 2010); and  

 The ALM model was used to evaluate lead risks (represented by BLL) in adult workers, 

while also estimating the probability of a pregnant worker’s fetus having a BLL above a 

specified target value (USEPA 2017).   

The modeled adult and fetal BLLs were compared to the USEPA level of action threshold value 

of 10 micrograms of lead per deciliter (µg/dL) of blood and the CDC threshold value 5 µg/dL of 

blood.  A BLL of 10 µg/dL has been the USEPA threshold level of concern, requiring intervention 

if a child’s BLL reached or exceeded this concentration.  The USEPA set a post-remediation goal 

that the likelihood of a child having an elevated BLL (10 µg/dL or greater) should be no more 

than five percent (USEPA 2016).  More recently, researchers have found that harmful health 

effects can occur at lower BLLs, leading the CDC and other organizations to recommend 5 µg/dL 

as the new BLL of concern in adults and children (ATSDR 2016). 

All predicted BLLs were less than 5 µg/dL.  Based on available data, the results from the USEPA 

IEUBK and ALM models, and USEPA and ATSDR recommendations regarding BLL, the lead risks 

to children, workers (landscapers), and pregnant workers’ fetuses at the Site are below levels of 

concern.  The model parameters, lead evaluation, and results are presented in Appendix C. 

Toxicity Summaries for Selected COPCs 

Arsenic risk is associated with the dermal and cardiovascular toxicity endpoints (ATSDR 2007); 

dieldrin risk is associated with the hepatic toxicity endpoint (ATSDR 2002); and total 2,3,7,8-

TCDD TEQ risk is associated with the reproductive toxicity endpoint (ATSDR 1999). Toxicity 

summaries for arsenic, dieldrin, and dioxins, as well as chlordanes, DDD, DDE, DDT, PAHs, and 

PCBs, which pose a lesser risk to Site receptors, are presented in Appendix F.   
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Section 6: Uncertainty and Sensitivity Analysis 

The purpose of the uncertainty and sensitivity analysis is to evaluate sources of uncertainty and 

variability that can influence the results of the HHRA.  The results reported in this HHRA depend 

on a number of factors including the confidence in how well the environmental monitoring and 

modeling data represent actual exposures, the availability of relevant scientific information, 

USEPA policy decisions and risk assessment methodology, and exposure and toxicity 

assumptions.   

Risk assessment is not meant to predict actual health risks for specific individuals; rather, it is a 

tool for understanding where potentially harmful exposures may potentially exist and deciding 

what, if any, actions are needed.  The purpose of this section is to describe some of the 

uncertainty and variability associated with the data used in this HHRA in order to provide 

decision makers, and other users, information about how specific assumptions and parameters 

influence the risk results.  This section provides information about the general uncertainties 

inherent in the risk assessment process as well as Site-specific uncertainties associated with 

estimating exposures at different locations on the Site.  A sensitivity analysis is also provided to 

show how changing certain parameters and assumptions affect the risk results. 

Key Sources of Uncertainty 

According to the USEPA’s Guidance for Risk Characterization, the discussion of uncertainties 

should include the type and complexity of the risk assessment, and an evaluation of how the 

key uncertainties may impact the overall risk assessment (USEPA 1992). Key sources of 

uncertainty identified in this HHRA and professional judgement regarding the direction and 

magnitude of the impacts on the risk assessment are presented in the table below.  Key 

uncertainties are related to the development of EPCs, choice of toxicity values, lack of 

quantitative toxicity information, and the approach to estimating and aggregating risks (USEPA 

2009). 

  

Uncertainty refers to a lack of data or an incomplete understanding of factors used in a risk assessment (e.g., lack of 

information about environmental concentrations).  Uncertainty in estimating exposures can be reduced or eliminated 
with additional, more comprehensive data (USEPA 2019).   

Variability refers to the inherent variation of data used in a risk assessment.  Variability cannot be reduced with more 

sampling or data; however, it can be characterized or described qualitatively or quantitatively.  Sources of variability 

include changes of environmental concentrations over time or under different conditions, human behaviors that 
influence exposures (e.g., how much time people spend at a location), and individual susceptibilities which could impact 
health outcomes. 
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Uncertainty Direction1 Magnitude2 Action or Results 

Data Evaluation 

Identification of COPCs  N/A 0 
Site-specific information was used to develop the sampling 
work plan and to focus sampling efforts.  

Sampling Conditions + 1 

Samples were collected during the winter (i.e., the heating 
season) when the potential for VI is greatest due to 
temperature differences between the indoor and subsurface 
air which maximizes the potential for VI.  Soil and 
groundwater samples were collected during the dry season.  

Sampling Locations +/- 2 

Soil sample locations were collected in a tightly-spaced grid 
and are likely representative of the range of concentrations 
at Camp Kinser.  Groundwater sample locations were 
collected from perimeter locations and may not account for 
all constituents present in various portions of Camp Kinser 
groundwater.  Sub-slab soil gas samples were collected 
from each building and are likely representative of the 
range of concentrations present within buildings at or 
adjacent to Camp Kinser.  

Data Reduction N/A 0 

Data reduction focused on COPCs that could pose a 
significant risk to human health (see Section 2). RSLs and 
VISLs were used to screen out data that had minimal 
impact on the HHRA. Compound totaling of total PCBs, 
total cPAHs, and total 2,3,7,8-TCDD significantly reduced 
the number of data points, while preserving the risk 
associated with the individual data points. Data reduction is 
unlikely to under or overestimate risks.  

Quality of Analytical Data + 1 

Samples were collected during one sampling event; 
however, conservative assumptions were used in the 
HHRA to ensure risks were not underestimated and 
samples were analyzed for a large set of data groups. 

Exposure Assessment 

Exposure Parameters +/- 1 

Risks were calculated for exposed populations considered 
representative of the Site. The use of 6-year and 25-year 
exposure scenarios are the most conservative because 
they correspond to two tours (6-year) and host-nation, 
contractor work force career length (25-year). If the 
maximum tour length increased, the cancer risk would also 
increase. If the maximum tour length decreased, the cancer 
risk would decrease. 3-year exposure durations were not 
used to calculate risk because 6–year exposure durations 
were considered more conservative and would result in an 
overestimation of cancer risk compared to 3-year exposure 
durations. 

Representativeness of EPCs + 3 

Upper-bound (i.e., Logarithmic 95% UCL, 95% UCL, 
maximum detected) measured media concentrations were 
used to calculate exposures at Camp Kinser.  People are 
expected to encounter a range of concentrations during 
their daily activities at different locations at the Site and 
using upper-bound concentrations associated with a single 
elevated concentration is expected to overestimate risks.   

In situations where a COPC was not detected in any 
samples within a DU, the EPC was calculated as zero, 
which is expected to underestimate risk.  The COPC may 
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Uncertainty Direction1 Magnitude2 Action or Results 

be present at a concentration below the detection limit, but 
it is unlikely to have an impact on risk.  

Arsenic Background + 1 

The natural background concentration of arsenic is 
uncertain. Including risk from background concentrations of 
arsenic may overestimate risks from Site COPCs if arsenic 
concentrations are within the range of natural background. 

Land Use Assumptions N/A 0 
The HHRA was evaluated for current land-uses only. 
Future land uses were not accounted for in this HHRA. 

Toxicity Assessment 

Toxicity Values +/- 1 

Risks were calculated using toxicity values from the 
USEPA’s May 2019 RSL tables. While these values are the 
most-up-to-date scientific information, the values may be 
modified at a later time and the HHRA would thus be 
affected. If the values are modified, the risks could increase 
or decrease. In addition, RSLs were not available for 61 of 
the 253 constituents analyzed in surface soil. Excluding 
these constituents from the risk calculations could 
underestimate risks (see Table 6-1 for the list of 
constituents). 

Physical Property Values +/- 1 

Risks were calculated using physical property values from 
the USEPA’s May 2019 RSL tables. While these values are 
the most-up-to-date scientific information, the values may 
be modified at a later time and the HHRA would thus be 
affected. If the values are modified, the risks could increase 
or decrease. 

Toxicity Studies + 3 

The USEPA’s conservative approach of incorporating 
safety factors and upper-bound estimates were used. 
Uncertainty factors were included to account for the most 
sensitive human populations, conversions for NOAEL, and 
uncertainties in the database. Confidence stated by IRIS for 
toxicity values varies by constituent. 

Extrapolation from Animal 
Studies to Human Toxicity 

+ 3 

The USEPA’s conservative approach of incorporating 
safety factors and upper-bound estimates was used. 
Uncertainty factors were included to account for laboratory 
animal-to-human interspecies. 

Risk Characterization 

Assumed that Health Effects of 
Constituents are Additive 

+ 2 

Risks from all COPCs are added together to calculate total 
cancer risks and noncancer hazards.  Health effects from 
multiple constituents are assumed to be additive even if the 
constituents may not act similarly in the body or affect the 
same organ system. By summing all risks regardless of 
toxicity endpoint, risks are likely overestimated.   

Notes: 
1Direction ratings:  +: May overestimate risk.  -: May underestimate risk. N/A: Magnitude 0, direction not applicable. 
2Magnitude ratings: 0: Negligible effect on risk calculations.    1: Small effect on risk calculations. 

  2. Medium effect on risk calculations. 3. Large effect on risk calculations. 

Conservative assumptions were used in the HHRA to ensure risks were not underestimated.  

The uncertainties in the HHRA are more likely to overestimate than underestimate risks.  
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Site-Specific Sources of Variability  

Sources of variability in this HHRA include possible changes in measured COPC concentrations 

over time.  Environmental sampling was conducted at the Site in November and December 

2018.  Additional sampling could reveal variability in concentrations by season or other factors 

associated with Camp Kinser operations (e.g., building maintenance or heating, ventilating, air 

conditioning system replacement).  

Additional sources of variability include differences in people's behaviors and activity patterns 

on the Site throughout the year.  Within a population, a range of exposures is expected based 

on movement around a variety of DUs.  For example, for the adult and child recreator exposure 

scenarios, it was assumed that adults and children remain at a single DU (and may be at the 

location with the highest concentration for DU) for the entirety of their time at the Site.  In 

reality, exposures would vary by the time spent at different DUs during normal recreational 

activities.   

Sensitivity Analysis 

The purpose of the sensitivity analysis is to quantitatively evaluate the impact of certain 

parameters or assumptions on the risk estimates.  Below is a discussion of three parameters 

selected for this evaluation: 

1. Sensitivity Associated with Total PCB Aroclors versus Congeners in Risk Calculations 

2. Sensitivity Associated with Including Dioxin-Like PCB Congeners in Total 2,3,7,8-TCDD TEQ 

3. Sensitivity Associated with Including and Excluding Arsenic Risks 

Sensitivity Associated with PCB Aroclor versus PCB Congener Totals in Risk Calculations 

Total PCB aroclors were used to evaluate risk to Site receptors from surface soil rather than 

total PCB congeners.  Each surface soil sample was analyzed for individual PCB aroclors, which 

were summed to equal total PCB aroclors.  A total of 11 surface soil samples were also analyzed 

for the full suite of individual PCB congeners, which were summed to equal total PCB 

congeners.  

The results of total PCB congeners and total PCB aroclors were consistently very low and had 

minimal impact on total risk.  On average, the total PCB congener concentrations in surface soil 

were 41 times lower than the total PCB aroclor values.  A total of 26 different congeners were 

detected (without data flags) in surface soil samples; these data will be presented in the Site 

Investigation Report, which is currently in production.28  Calculating risk using total PCB aroclors 

rather than total PCB congeners did not result in a significant underestimation of risk to 

                                                        

28 Additional low-level PCB congener detections were qualified as estimates in the data set. 
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negligible as the ratio of total cancer risks (calculated with and without dioxin-like PCBs) is 

approximately one, which indicates minimal change in the overall risks.  The total 2,3,7,8-TCDD 

TEQ concentrations used in the risk calculations in Section 5 include dioxin-like PCBs; therefore, 

risks were not underestimated. 

Sensitivity Associated with Including and Excluding Risks from Arsenic  

The comparison of total cancer risks and noncancer hazards when including and excluding 

arsenic are presented by DU below to determine the uncertainty associated with natural 

arsenic background at the Site.   

 Comparison of Total Risks by DU when Including and Excluding Arsenic Risks 

Decision 
Unit 

6-Year Child Recreator 6-Year Adult Recreator 25-Year Landscaper 

Cancer Risk 
Ratio 

Hazard Index 
Ratio 

Cancer Risk 
Ratio 

Hazard Index 
Ratio 

Cancer Risk 
Ratio 

Hazard Index 
Ratio 

DU-N1 7.6 2.7 9.3 2.8 8.9 2.7 

DU-N2 3.2 1.5 3.6 1.6 3.5 1.5 

DU-N3 8.3 3.1 11 3.2 10 3.1 

DU-N4 1.4 1.4 1.4 1.4 1.5 1.5 

DU-S1 1.1 1.0 1.1 1.0 1.1 1.0 

DU-S2 1.0 1.0 1.0 1.0 1.0 1.0 

DU-S3 1.4 1.2 1.4 1.3 1.4 1.2 

DU-S4 3.4 1.7 4.0 1.7 3.9 1.7 

DU-S5 1.6 1.2 1.7 1.2 1.7 1.2 

Ratios are shown as total cancer risk or noncancer hazard including arsenic (see Table 5-2) divided by total cancer risk or noncancer hazard 
excluding arsenic (see Table 5-3). For example, the total cancer risk when including arsenic was 7.6 times higher than the total cancer risk 
when excluding arsenic. 

Arsenic had a minimal effect on risk decisions. Total cancer risks were greater and noncancer 

hazards were the same when arsenic concentrations were included in the risk/hazard 

calculations. The largest difference in total cancer risk and noncancer hazard when including 

and excluding arsenic concentrations was for DU-N3.   

The total cancer risks at the Site were on average 3.7 times higher when including arsenic in the 

risk calculations (ranged from 1.0 to 11 times higher); however, total cancer risks were within 

the acceptable risk range of 1E-04 to 1E-06 for all DUs when including or excluding arsenic (see 

Tables 5-2 and 5-3).   

The total noncancer hazard was on average 1.7 times higher when including arsenic in the risk 

calculations (ranged from 1.0 to 3.0). However, arsenic did not significantly contribute to the 

noncancer hazard for any exposure scenarios, as can be seen in Tables 5-2 and 5-3. HIs for DU-

S1 and DU-S2 were above the USEPA benchmark of one regardless of whether arsenic was 

included or excluded from the hazard estimate.  The noncancer hazard was below one for all 
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other exposure scenarios regardless whether arsenic was included or excluded in the hazard 

estimate. 

Therefore, the uncertainty associated with natural arsenic background did not significantly 

under or overestimate risks at the Site. Including and excluding arsenic from the risk 

calculations did not result in total cancer risks exceeding the acceptable risk range of 1E-04 to 

1E-06 or total noncancer hazards exceeding 1. 
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Section 7: Conclusions 

Summary of Cancer Risks and Noncancer Hazards 

This HHRA was completed to evaluate risk to Site receptors in the Northern and Southern Areas 

of Camp Kinser from surface soil (via dermal contact, ingestion, and inhalation) and 

groundwater and sub-slab soil gas (through VI).  The VI pathway was evaluated and a 

comprehensive assessment of multiple lines-of-evidence indicate that the VI pathway was not a 

pathway of concern.  Groundwater impacts were insignificant in the Northern and Southern 

Areas and were not responsible for concentrations in sub-slab soil gas that exceeded SG-to-IA 

VISLs.  Sub-slab soil gas VISL exceedances in the Southern Area were likely associated with 

anthropogenic activities (i.e., asbestos abatement and building renovations) or COPC 

concentrations in ambient or indoor air.   

The HHRA evaluated the potential for cancer and noncancer health affects for a 6-year adult 

and child recreator and a 25-year landscaper for various exposure in DUs within the Northern 

and Southern Areas.    

Northern Area 

Total cancer risks calculated for Site surface soils for all DUs in the Northern Area were within 

or below the USEPA’s acceptable cancer risk range.  DU-N4 had the highest cancer risks in the 

Northern Area which was 1.3E-05 for the 6-year child recreator and 1.5E-05 for the 25-year 

adult landscaper.  All other cancer risks were below 1.0E-05.  The primary risk drivers at DU-N4 

were arsenic and dieldrin.  Total noncancer hazards calculated for all DUs in the Northern Area 

were below the USEPA benchmark of one.  Arsenic surface soil cancer risks greater than 1E-06 

were widespread on the Site.  Arsenic is likely naturally-occurring, given the Site-wide nature of 

the elevated risks compared to the more focused elevated risks of remaining surface soil 

COPCs.  Naturally-occurring levels of arsenic similar to the concentrations found in surface soil 

at the Site have been noted in Okinawa.  

Southern Area 

Portions of the Southern Area (e.g., the baseball field) were historically filled with imported 

material and graded to allow for development. Total cancer risks calculated for Site surface soils 

for all DUs in the Southern Area were within or below the USEPA’s acceptable cancer risk range 

for all exposure scenarios.  The highest risks in the Southern Area are generally located in DUs 

where it appears that fill was not imported (DU-S1, DU-S2, and DU-S5).   DU-S1 and DU-S2 had 

the highest cancer risks in the Southern Area.  The cancer risks for the 6-year child recreator at 

DU-S1 and DU-S2 were 5.6E-05 and 6.3E-05, respectively.  The cancer risks for the 25-year adult 

landscaper at DU-S1 and DU-S2 were 7.2E-05 and 8.0E-05, respectively. The cancer risk for all 

other exposure scenarios in the Southern Area were below 1E-05 except for DU-S5. The cancer 
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risk for the Southern Area was primarily driven by the concentrations of dieldrin and to a lesser 

extent, total PCBs (Aroclor Method) in one sample (CKSA-SS40).  The cancer risk for the 6-year 

child recreator was 1.8E-05 and 2.2E-05 for the 25-year adult landscaper.  The noncancer HI for 

the southern area was above the USEPA benchmark of one for 2,3,7,8-TCDD TEQs in DU-S1 and 

DU-S2 and DDD in DU-S5.  DDD, DDE, and DDT concentrations in sample CKSA-SS40 resulted in 

an HQ of 2.4 for the child recreator.  Both the cancer risk and HI decreased by omitting CKSA-

SS40 concentrations from the calculations resulting in cancer risks below 1E-05 for both the 6-

year child recreator and the 25-year adult landscaper and reduced the 6-year child HI below the 

USEPA benchmark of 1. 

Summary of Primary Risk Drivers for Cancer Risks and Noncancer Hazards   

Below is an evaluation of those constituents that were the primary risk drivers for the 

calculated cancer risks and HIs. 

Arsenic in Soil – For the 6-year child and the 25-year adult landscaper, the cancer risks 

associated with arsenic concentrations in soil are at the lower end of the acceptable cancer risk 

range of 1.0E-04 (1 x 10-4 or 1 in 10,000) to 1.0E-06 (1 x 10-6 or 1 in 1,000,000) for all DUs.  

Naturally-occurring concentrations of arsenic, similar to the concentrations found in surface soil 

at the Site, have been noted in Japan.  The arsenic concentrations in soil across the Northern 

and Southern area of the Site range from 3.2 mg/kg to 35.1 mg/kg.  As previously noted in this 

report, these concentrations are comparable to naturally-occurring arsenic concentrations of 

over 20 mg/kg that have been observed in a random collection of soil samples collected on 

United States military installations in Japan.  Arsenic soil concentrations between 1 and 25 

mg/kg are common for the Japanese Island Arc (Shimada 2009).     

Risks Associated with Soil at Sample Location CKSA-SS40 (Located within DU-S5) – The HI 

associated with Total PCBs (Aroclor Method), DDD, DDE, and DDT in soil at sample location 

CKSA-SS40 (located in DU-S5) exceeded the USEPA noncancer benchmark of 1 for the 6-year 

child (i.e., the HI was 2.4 for a child recreator).  For the purpose of this evaluation, it was 

assumed that a receptor spends all of their time (6-years for a recreator or 25-years for a 

landscaper) at the location of highest concentration at DU-S5 (CKSA-SS40), which is overly 

conservative and an unrealistic exposure scenario.  It is important to note that the risks within 

DU-S5 are within USEPA risk management range when sample CKSA-SS40 is omitted from the 

analysis. 

Concentration of Dieldrin in Soil at Sample Location CKNA-SS48 (Located within DU-N4) – The 

total risk for DU-N4 for the 6-year child is 1.3E-05 and the HI is 0.3.  The total risk for the 25-

year landscaper is 1.5E-05 and the HI is 0.09.  The dieldrin soil concentration at sample location 

CKNA-SS48 was 2 mg/kg and was orders of magnitude higher than every other soil sample that 

was collected in the Northern Area.  This soil concentration is driving the cancer risk at this 

location, which is located proximate to a sports court and to the Gymnasium (Building 1043).  
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The cancer risk associated with this dieldrin concentration for the child is 5.9E-06 and it is 7.8E-

06 for the landscaper.  The HIs associated with this dieldrin concentration, for both populations, 

are below the USEPA HQ benchmark 1.    

2,3,7,8-TCDD (TEQs) in Soil – The risks associated with 2,3,7,8-TCDD (TEQs) exceeded the 

USEPA risk management range for the HI in DU-S1 and DU-S2. Based on the variability of the 

sampling results (two orders of magnitude (100-fold) difference between the highest and 

lowest concentrations), the maximum concentration was used to assess risk, per USEPA 

guidance.  As such, the cancer risk and noncancer hazards for DUS1 and DUS2 may be overly 

conservative.  However, total 2,3,7,8-TCDD (TEQs) may be associated with contributions from 

off-Site incinerators and not from releases from the MSA. A comparison (see below) of the 

2,3,7,8-TCDD (TEQs) congener profiles that were developed based on Site-specific data with 

those obtained from literature studies indicate that the on-Site 2,3,7,8-TCDD (TEQs) 

concentrations are similar to profiles representing urban background concentrations. The 

profile analysis of dioxin congeners for several samples detected in soil from both the Southern 

and Northern Areas is consistent with that associated with background levels in urban soils as a 

result of airborne deposition from non-specific sources (see below).  Review of the datasets for 

the Northern and Southern Areas indicates that dioxins in surface soils of the Northern Area 

appear to be consistent with the atmospheric deposition of dioxins but further evaluation 

would be needed on the Southern Area to clearly identify 2,3,7,8 concentrations that are 

greater than typical background soil concentrations in Okinawa and/or determine the source 

contribution for those concentrations on the Southern Area. 

Note:  Four standardization methods were used to graphically depict polychlorinated dibenzo-

p-dioxin and furan (PCDD and PCDF) congener profiles in environmental media, including the 

2,3,7,8-SUM, Relative Homologue, and Relative TEQ graphs: 

1. The 2,3,7,8-SUM standardization method represents the percent of each PCDD and 

PCDF congener as part of the total concentration of dioxins in the profile.  

2. The RELATIVE HOMOLOGUE standardization method presents each dioxin congener as a 

percentage of its homologue class. A homologue class is a grouping of dioxin 

compounds that all contain the same number of chlorine atoms.  

3. The RELATIVE TEQ standardization method represents the percentage of each dioxin 

congener TEQ as part of the total TEQ for the dioxin profile.  

4. The TOTAL HOMOLOGUE standardization method reflects the percentage of each 

homologue class as a percentage of the total dioxins in the profile. 
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Comparison of Dioxin Profiles in Site Soil with Off-Site, Urban Background Dioxin Profiles 

2,3,7,8-SUM  

Profile 

RELATIVE HOMOLOGUE 

Profile 

RELATIVE TEQ  

Profile 

TOTAL HOMOLOGUE 

Profile 

Dioxin Profiles for Site Soil Sample JK106 (the highest concentration of dioxin TEQ and risk present in DU-S1) 

Dioxin Profiles for Site Soil Sample JK116 (the highest concentration of dioxin TEQ and risk present in DU-S2) 

Dioxin Profiles for Site Soil Sample JK133_DC from DU-S3 

All three of the dioxin profiles from Site soils are similar and so it can be assumed to come from the same or similar dioxin source or 
process. 

Dioxin Profiles for Australian Urban Background Soils from Wollongong (Muller et al. 2004) 

A visual comparison of the dioxin profiles for Site soils to those provided by Shields et al. (2006) indicates that the dioxins in the Site soils 
are consistent with the dioxins is urban background soils arising from non-specific airborne dioxin deposition (Muller et al 2004, Prinz 2017) 
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Comparison of Dioxin Profiles in Site Soil with Off-Site, Urban Background Dioxin Profiles 

2,3,7,8-SUM  

Profile 

RELATIVE HOMOLOGUE 

Profile 

RELATIVE TEQ  

Profile 

TOTAL HOMOLOGUE 

Profile 

from various emission sources (e.g., waste incineration, production of chemicals). The primary task in the Muller et al. study was to 
determine background concentrations of dioxin-like chemicals in urban and industrial soils that are unrelated to specific sources. According 
to Sakurai (2003), the major sources of dioxins to aquatic surface sediments and soils in the Kanto region of Japan are multiple combustion 
processes, impurities in pentachlorophenol, and impurities in diphenyl ether herbicide chlornitrophen. 

Dioxin Profiles for Sediment Cores (0 to 1 cm Depth) from Shinji Lake (1993-1994) (Masunaga et al. 2001) 

These dioxin profiles in Site soils are also not visually different from that derived from dioxins detected in Lake Shinji sediment core 
samples (0 to 1 cm deep) which are suggested to be due to atmospheric deposition of combustion sources in 1993-1994. 
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Risk-Based Screening Evaluation 
A risk-based screening evaluation (i.e., a U.S. Navy Tier 1 evaluation) was performed as part of an 
investigation of historical storage areas (Northern Area and Southern Area) within Camp Kinser (Site).  
The risk-based screening evaluation was conducted using the site-wide dataset to focus the Human 
Health Risk Assessment (HHRA) on those constituents that could pose a significant risk to human health, 
identified as constituents of potential concern (COPCs). 

Two risk-based screening evaluations were conducted to identify COPCs for further evaluation in the 
HHRA: one evaluation focused on surface soil and one evaluation focused on VI. For surface soil, 
concentrations were compared to May 2019 USEPA Regional Screening Levels (RSLs) for residential land 
use. For VI, groundwater and sub-slab soil gas sample results were compared to May 2019 VI Screening 
Levels (VISLs) for residential land use, which were derived from RSLs protective of residential ambient 
air.1  Residential land use parameters were used for the Tier 1 screening evaluations; however, these 
parameters were overly conservative for the Site, which is not currently used for residential purposes. 
The RSLs/VISLs correspond to a cancer risk of 1E-06 and noncancer hazard quotient (HQ) of 1 using 
generic, health protective exposure assumptions (USEPA 2019). 

The approach for identifying COPCs to retain in the HHRA is presented below. The surface soil, 
groundwater, and sub-slab soil gas COPC data-reduction results are summarized in Tables B-1 through B-
3, respectively. 

Approach for Evaluating Constituents Not Detected in Any Sample 

 A constituent was retained for further evaluation as a COPC in the HHRA if it was not detected in 
any sample and: 
 the method detection limit (MDL) was greater than 10 times the RSL/VISL (or 10 times the 

laboratory limit of quantification [LOQ] if a RSL/VISL was not available).2 

Approach for Evaluating Constituents Detected in at Least One Sample 

 A detected constituent was retained for further evaluation as a COPC in the HHRA if it was 
detected in: 
 greater than or equal to 5% of the samples and the maximum detected concentration was 

greater than the RSL/VISL or no RSL/VISL was available; or 
 less than 5% of the samples but the maximum detected concentration was greater than 10 

times the RSL/VISL; or 

 less than 5% of the samples, there was geographical correlation, and an RSL or a VISL 
was not available.  

                                                           
1 Groundwater results were evaluated for the VI pathway only; direct contact risks via groundwater were not 
evaluated.   
2 The laboratory LOQ was presented in the Work Plan (NAVFAC 2018). 



 

 
 

Results 
A total of 34 surface soil COPCs3, 6 groundwater COPCs, and 29 sub-slab soil gas COPCs were identified 
based on the Tier 1 screening.  The COPCs were retained for further evaluation in the HHRA. 
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3 Total dioxins/furans (2,3,7,8-TCDD TEQs) as dioxins and total dioxins/furans (2,3,7,8-TCDD TEQs) as PCBs were 
combined in order to evaluate total dioxin/furans (2,3,7,8-TCDD TEQs) in the HHRA. 
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Blood Lead Evaluation 
A blood lead evaluation was performed as part of the Camp Kinser (Site) Human Health Risk Assessment 
(HHRA).  Though lead is a naturally occurring element in nature, industrial activity and human-made 
products can increase the amount of lead people are exposed to in the workplace and at home – 
potentially impacting human health. Lead exposure is of particular concern to children and pregnant 
adult females, as an elevated blood lead level (BLL) can result in health complications in a child or fetus. 
A BLL of 10 micrograms per deciliter (10 µg/dL) has been the United States Environmental Protection 
Agency (USEPA) threshold level of concern, requiring intervention if a child’s BLL reached or exceeded 
this concentration (USEPA 2016).  The USEPA set a post-remediation goal that the likelihood of a child 
having an elevated BLL (10 µg/dL or greater) should be no more than five percent (USEPA 2016).  More 
recently, researchers have found that harmful health effects may occur at lower BLLs, leading the 
Centers for Disease Control and Prevention (CDC) and other organizations to recommend five 
micrograms per deciliter (5 µg/dL) as the new BLL of concern in adults and children (Agency for Toxic 
Substances and Disease Registry [ATSDR] 2016). The Department of the Navy policy for children uses the 
recommended CDC reference level of 5ug/dL (BUMEDINST 6200.14D - 30 Aug 2017).1 

Based on soil samples collected at the Site in November and December of 2018, lead concentrations in 
soil ranged from 7.95 micrograms of lead per gram (µg Pb/g) of soil to 197 µg Pb/g (AECOM 2019).  No 
background studies of naturally-occurring lead in soil near or at the Site were available.  Therefore, lead 
concentrations detected in soil at the Site, were assumed to be site related although the concentrations 
may be consistent with natural background.   

To assess whether or not lead concentrations at the Site pose a risk to human health, a lead evaluation 
was performed using two USEPA lead models: the Integrated Exposure Uptake Biokinetic (IEUBK) model 
and the Adult Lead Methodology (ALM) model.  The IEUBK model was used to evaluate lead risk in 
children (USEPA 2010).  The ALM model was used to evaluate lead risk in adult workers and estimate the 
probability of a pregnant worker’s fetus having a BLL above a specified target value (USEPA 1996, 2017). 
The modeling results are presented in this appendix. The complete model inputs and outputs are 
included as Attachment 1.   

Lead Exposure Evaluation for Children at the Site 

The IEUBK analysis was performed with the assumption that children at the Site would spend the 
majority of time at the area with the maximum detected lead concentrations, which is a very 
conservative exposure assumption. The highest reported value for soil lead concentrations was the only 
site-specific input used in the IEUBK Model; the remainder of parameters were USEPA default values. 
The results from the IEUBK Model for the BLL for a child are presented in the table on the following 
page. Based on the worst-case scenario (maximum detected) lead soil concentrations, all projected BLLs 
are below the 10 µg/dL level of concern, as well as being below the more sensitive 5 µg/dL lead 
concentration. 

  

                                                           
1 https://www.med.navy.mil/sites/nmcphc/Documents/program-and-policy-support/BUMEDINST-6200-14D.pdf 
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Site-Specific Inputs for IEUBK Model 
Parameter Value Units 

Soil Lead Concentration 197 µg Pb / g 

Note: Model inputs that were not site-specific were USEPA default values. 

Blood Lead Level for Child (Results from IEUBK Model) 
Age of Child (Year) BLL (µg/dL) BLL Exceeds 10 µg/dL? (Yes/No) BLL Exceeds 5 µg/dL? (Yes/No) 

0.5-1 3.0 No No 

1-2 3.4 No No 

2-3 3.2 No No 

3-4 3.0 No No 

4-5 2.5 No No 

5-6 2.1 No No 

6-7 1.9 No No 

Note: Full model outputs can be found in Attachment 1. 

Lead Exposure Evaluation for a Site Worker  

The ALM analysis was performed to evaluate the worst-case lead exposure risks for a Site worker, which 
would be a host-country contract landscaper (landscaper) and a pregnant worker’s fetus.  Model inputs 
included the maximum detected soil concentration, the estimated soil ingestion rate for a landscaper, 
and the maximum days per year a landscaper would be at the Site. Based on the results of the ALM 
model presented below, landscapers would have a BLL less than the 10 µg/dL level of concern, and less 
than the more sensitive 5 µg/dL blood lead concentration. The probability that a fetal blood 
concentration would exceed 10 µg/dL was zero. The highest probability that a fetal blood concentration 
would exceed 5 µg/dL was 0.2%. 

Site-Specific Inputs for ALM Model 
 

Scenario 

Soil Lead Concentration 
(µg/g) 

 

Soil Ingestion Rate (g/day) 

Exposure Frequency 
(days/year) 

Landscaper 197 0.33 50 

Note: All other model inputs were USEPA default values.   

Blood Lead Level for Adult Worker and Probability of Fetal Blood Lead Level Exceeding Level of 
Concern (Results from ALM Model) 

 
Scenario 

BLL of Adult Worker, 
Geometric Mean (µg/dL) 

Probability that Fetal BLL 
Exceeds 10 µg/dL 

Probability that Fetal BLL 
Exceeds 5 µg/dL 

Landscaper 1.0 0.0% 0.2%  

Note: Full model outputs can be found in Attachment 1. 

Lead Exposure Conclusion 

Based on available data, the results from the USEPA IEUBK and ALM models, and USEPA and ATSDR 
recommendations regarding BLL, the lead risks to children, workers (landscapers), and pregnant 
workers’ fetuses at the Site are below levels of concern. Additionally, the soil lead concentrations are 
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below the 400 and 1,200 part per million (ppm) residential thresholds that USEPA has established for 
lead in bare soil in play areas and non-play areas, respectively.   
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Max Soil - no other changes.txt
                LEAD MODEL FOR WINDOWS Version 1.1

     
==================================================================================
     Model Version: 1.1 Build11
     User Name: 
     Date: 
     Site Name: 
     Operable Unit: 
     Run Mode: Research
     
==================================================================================

     ****** Air ******

     Indoor Air Pb Concentration: 30.000 percent of outdoor.
     Other Air Parameters:

     Age        Time        Ventilation          Lung          Outdoor Air
              Outdoors          Rate          Absorption         Pb Conc
              (hours)        (m³/day)            (%)          (µg Pb/m³)
     ----------------------------------------------------------------------
     .5-1      1.000           2.000            32.000           0.100
     1-2       2.000           3.000            32.000           0.100
     2-3       3.000           5.000            32.000           0.100
     3-4       4.000           5.000            32.000           0.100
     4-5       4.000           5.000            32.000           0.100
     5-6       4.000           7.000            32.000           0.100
     6-7       4.000           7.000            32.000           0.100

     ****** Diet ******

     Age     Diet Intake(µg/day)
     -----------------------------------
     .5-1      2.260
     1-2       1.960
     2-3       2.130
     3-4       2.040
     4-5       1.950
     5-6       2.050
     6-7       2.220

     ****** Drinking Water ******

     Water Consumption: 
     Age     Water (L/day)
     -----------------------------------
     .5-1      0.200
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Max Soil - no other changes.txt
     1-2       0.500
     2-3       0.520
     3-4       0.530
     4-5       0.550
     5-6       0.580
     6-7       0.590

     Drinking Water Concentration: 4.000 µg Pb/L

     ****** Soil & Dust ******

     Multiple Source Analysis Used
     Average multiple source concentration: 147.900 µg/g

     Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
     Outdoor airborne lead to indoor household dust lead concentration: 100.000
     Use alternate indoor dust Pb sources? No

     Age          Soil (µg Pb/g)       House Dust (µg Pb/g)
     --------------------------------------------------------
     .5-1              197.000             147.900
     1-2               197.000             147.900
     2-3               197.000             147.900
     3-4               197.000             147.900
     4-5               197.000             147.900
     5-6               197.000             147.900
     6-7               197.000             147.900

     ****** Alternate Intake ******

     Age      Alternate (µg Pb/day)
     -----------------------------------
     .5-1     0.000
     1-2      0.000
     2-3      0.000
     3-4      0.000
     4-5      0.000
     5-6      0.000
     6-7      0.000

     ****** Maternal Contribution: Infant Model ******

     Maternal Blood Concentration: 1.000 µg Pb/dL 

     *****************************************
     CALCULATED BLOOD LEAD AND LEAD UPTAKES:  
     *****************************************
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     Year         Air                Diet               Alternate       Water
                (µg/day)           (µg/day)              (µg/day)      (µg/day)
     -------------------------------------------------------------------------------
     .5-1        0.021               1.061               0.000          0.376
     1-2         0.034               0.912               0.000          0.930
     2-3         0.062               1.000               0.000          0.977
     3-4         0.067               0.966               0.000          1.004
     4-5         0.067               0.939               0.000          1.059
     5-6         0.093               0.993               0.000          1.124
     6-7         0.093               1.079               0.000          1.147

      Year     Soil+Dust             Total               Blood
               (µg/day)            (µg/day)             (µg/dL)
     ---------------------------------------------------------------
     .5-1        4.071               5.529                3.0
     1-2         6.404               8.280                3.4
     2-3         6.465               8.504                3.2
     3-4         6.523               8.560                3.0
     4-5         4.911               6.976                2.5
     5-6         4.446               6.656                2.1
     6-7         4.213               6.531                1.9

Page 3







 

 
 

Appendix D 
 

Vapor Intrusion Pathway Evaluation 

 

July 2019 

 

 

 

 

 

 

 

 

 

 

 

620 John Paul Jones Circle, Suite 1100 

Portsmouth, VA 23708-2103 



 

 

 

This page has been left blank to allow for double-sided printing.



 

i 

Table of Contents 

Section 1: Introduction ................................................................................................................................ 1 

1.1 Site Overview ................................................................................................................................................................ 1 

1.2 Vapor Intrusion Overview .............................................................................................................................................. 2 

1.3 Report Organization ...................................................................................................................................................... 3 

Section 2: Environmental Sampling Summary ......................................................................................... 4 

2.1 Weather Conditions during Sampling ............................................................................................................................ 4 

2.2 Groundwater Flow ......................................................................................................................................................... 4 

2.3 Northern Area Sample Summary .................................................................................................................................. 5 

2.4 Southern Area Sample Summary .................................................................................................................................. 5 

2.5 Laboratory Analyses ...................................................................................................................................................... 6 

Section 3: VI Evaluation Approach ............................................................................................................ 7 

3.1 Lines-of-Evidence Approach for the VI Evaluation ........................................................................................................ 7 

Section 4: Results and Discussion .......................................................................................................... 13 

4.1 Northern Area VI Evaluation Results ........................................................................................................................... 13 

4.2 Southern Area VI Evaluation Results .......................................................................................................................... 21 

Section 5: Conclusions ............................................................................................................................. 54 

Section 6: References ............................................................................................................................... 56 

 

 



 

ii 

Figures 

Figure D-1: Site Location Map with Northern and Southern Areas 

Figure D-2: Northern Area Site Features and Groundwater Flow Map 

Figure D-3: Southern Area Site Features and Groundwater Flow Map 

Figure D-4: Northern Area Sample Locations  

Figure D-5: Southern Area Sample Locations  

Tables 

Table D-1: Northern Area Groundwater COPC Statistics 

Table D-2: Northern Area Sub-slab Soil Gas COPC Statistics 

Table D-3: Southern Area Groundwater COPC Statistics 

Table D-4: Southern Area Sub-slab Soil Gas COPC Statistics 

Table D-5: Step 3 Sub-slab Soil Gas COPC Statistics for Building 1460 

Table D-6: Southern Area Building 1460 Sub-Slab Soil Gas Results 

Table D-7: Step 3 Sub-slab Soil Gas COPC Statistics for Building 1463 

Table D-8: Southern Area Building 1463 Sub-slab Soil Gas Results 

 

 

 





 
 
 
 
 
 
 
 

This page has been left blank intentionally to allow for  
double-sided printing. 





 

2 

The systems were operating during sub-slab soil gas sampling to represent actual building 
conditions (exposures) while occupied and may have impacted sub-slab soil gas results in these 
buildings. 

1.2 Vapor Intrusion Overview 

VI occurs when vapor-forming chemicals in soil or groundwater migrate through overlying 
unsaturated soil into the indoor air of nearby buildings. The vapors, which fill the spaces 
between soil particles, can migrate into the indoor air of buildings through cracks or 
perforations in the foundation or slab if the pressure in the building is different than beneath 
the building (e.g., during the heating season).  

 

According to the United States Environmental Protection Agency (USEPA), five conditions must 
be met under current conditions for VI to be a complete exposure pathway at a site (USEPA 
2015): 

1. A vapor-forming chemical must be detected in the subsurface under or near a building; 
2. The vapors must have a route/be transported toward the building; 
3. The soil gas must be able to enter the building (i.e., via cracks, conduits, perforations, or 

other openings in the foundation or slab) and conditions must be favorable for VI (e.g., 
differences in air pressure between the building and subsurface); 



 

3 

4. One or more vapor-forming chemicals must be detected in the subsurface and in indoor 
air; 

5. The building must be occupied by one or more receptors when the chemical is detected 
in indoor air. 

According to the USEPA’s VI guidance, “if one (or more) of the five foregoing conditions is 
currently absent and is reasonably expected to be absent in the future…the pathway is 
incomplete” (USEPA 2015). 

Lines-of-evidence evaluations were conducted for the Northern and Southern Area buildings in 
accordance with Department of Defense (DoD) and USEPA VI guidance (DoD 2009; USEPA 
2015). The lines-of-evidence evaluation were performed to determine if volatile constituents in 
groundwater and/or sub-slab soil gas could be related to former MSA releases (i.e., Site-
related) and were detected at concentrations that could impact indoor air and need to be 
evaluated further in the HHRA. The lines-of-evidence evaluation approach is discussed in detail 
in Section 3 of this report. 

1.3 Report Organization 

The remainder of this report is organized into the following sections: 

 Section 2 – Environmental Sampling Summary  
 Section 3 – VI Evaluation Approach  
 Section 4 – Results and Discussion 
 Section 5 – Conclusions 
 Section 6 – References 
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Section 2: Environmental Sampling Summary 

The groundwater, sub-slab soil gas, and background ambient air samples used in the VI 
evaluation were collected from the Northern and Southern Areas in November and December 
of 2018 as part of the Site investigation. Soil samples were also collected during the sampling 
event but were not included in this VI evaluation. The USEPA does not recommend using bulk 
soil samples for evaluating VI due, in part, to volatile organic compound (VOC) loss during 
sampling (USEPA 2014). Accurately measuring VOC concentrations in soil samples can be 
difficult because the chemicals may volatilize or escape either during collection or from the 
sample containers prior to analyses (DoD 2009).  In addition, using soil concentrations to 
calculate sub-slab soil gas concentrations is not ideal as the results can differ from measured 
sub-slab soil gas concentrations by several orders of magnitude (Hartman 2002). All samples 
used in the VI evaluations were collected in accordance with the Site Investigation Work Plan 
(NAVFAC 2018). 

2.1 Weather Conditions during Sampling 

Temperatures during the sampling event (i.e., November 15 - 17, 25, 30, and December 3 - 5, 
2018) were between 70 and 80 degrees Fahrenheit throughout the sampling period. The 
weather was sunny to partly cloudy throughout the sampling period except on November 16 
when there was moderate rainfall and December 5 when there were light showers. The 
predominant wind direction is towards the northeast (Weathercloud 2018). 

2.2 Groundwater Flow 

Groundwater flow directions in the Northern and Southern Areas likely coincide with rising and 
falling tides based on the proximity of the Site to the East China Sea. The tide was falling during 
sampling; therefore, it would be expected that regional groundwater flow would be west, 
towards the East China Sea. Localized groundwater flow in the Northern Area at the time of 
sampling was to the northeast, away from the East China Sea (see Figure D-2). The flow 
direction in the Northern Area was unexpected and may be associated with macro-karst, which 
has been documented in the region (Yoshimoto et al. 2011). The groundwater elevation in the 
Northern Area was between 1.6 and 1.8 feet above mean sea level (MSL). Localized 
groundwater flow in the Southern Area at the time of sampling was to the northwest, towards 
the East China Sea (see Figure D-3). The groundwater elevation in the Southern Area was 
between 2.8 and 3.7 feet MSL.  
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2.5 Laboratory Analyses 

The groundwater, sub-slab soil gas, and ambient air samples were submitted to McCampbell 
Analytical, Inc., EMAC Labs Inc., and APPL Inc. for laboratory analyses.  Samples were analyzed 
for the following: 

Medium Analytical Group USEPA Analytical Method 

Groundwater 

VOCs 8260C 

Carbonyls 8315A 

Gasoline Range Organics (C3-C12; GRO) 8015C 

Sub-Slab Soil Gas and 
Ambient Air 

VOCs TO-15 

Aldehydes and Carbonyls TO-11A 

GRO TO-03 (Mod) 
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Section 3: VI Evaluation Approach 

A lines-of-evidence approach was used to evaluate the potential for VI at the Site (DoD 2009; 
USEPA 2015). Summaries of the lines-of-evidence approaches for the Northern and Southern 
Areas are presented in this section. 

3.1 Lines-of-Evidence Approach for the VI Evaluation  

Separate lines-of-evidence evaluations were conducted for the Northern and Southern Areas. 
The Northern Area elementary school buildings were evaluated as a group (not by building) 
because building uses are relatively uniform and the only potential VI source was Northern Area 
groundwater migrating beneath the buildings. Conversely, the Southern Area buildings were 
evaluated individually because the potential VI sources were soil beneath buildings and/or 
groundwater migrating beneath the buildings. The lines-of-evidence evaluations for the two 
areas are described in this section. 

Northern Area Lines-of-Evidence Approach for the VI Evaluation  

The evaluation criteria for VI for the Northern Area and Southern Area are different. The school 
buildings were not constructed on top of the potentially 
contaminated soil in the Northern Area; however, an 
elementary school is located immediately northeast of the 
area where the potentially-contaminated soil was placed 
(see Figure D-2). In order for VI associated with releases from 
the MSA to occur at the elementary school, constituents in 
soil in the Northern Area must leach to groundwater, the 
groundwater must migrate proximate to or under the 
elementary school buildings, and the constituents in 
groundwater must volatilize and migrate upward, into the 
overlying buildings. Since the elementary school was not 
constructed on potentially-contaminated soil, groundwater 
is the only potential VI source in the Northern Area from the 
former MSA. Teachers and students could be exposed to 
vapors in indoor air if constituents in groundwater volatilize 
and migrate into the indoor air of the buildings at the 
elementary school.  The steps comprising the Northern Area 
lines-of-evidence approach are summarized below. 

1. Step 1: Perform an Initial US Navy Tier 1A Screen of 
Groundwater and Sub-Slab Soil Gas: The purpose of this step is to identify VI constituents 

Graphic 1: Northern Area Lines-of-Evidence 
Approach 

Step 1 

Perform an In tial U.S. Navy Tier 1A Screen of 

Groundwater and Sub-Slab Soil Gas

Step 2 

Assess Contribution of Ambient Background to 

Sub-Slab Soil Gas Concentrations

Step 3

Evaluate Groundwater and Sub-Slab Soil Gas 

Line of Evidence

Step 4

Consider Other of Lines of Evidence

Step 5

Document Conclusions Regarding VI 

Based on Lines of Evidence
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of potential concern (COPCs) for groundwater and sub-slab soil gas to evaluate further in 
the VI pathway evaluation.   

a. Constituents that were detected in groundwater with maximum concentrations 
greater than groundwater-to-indoor air (GW-to-IA) VI screening levels (VISLs) 
were retained for further evaluation via other lines of evidence.  

b. Constituents that were detected in groundwater but did not have VISLs were also 
retained for further evaluation via other lines-of-evidence. 

c. Constituents that were not detected in groundwater but had VISLs were also 
retained for further evaluation via other lines of evidence if their maximum 
detection limits were greater than 10 times the VISLs.     

d. Constituents that were detected sub-slab soil gas with maximum concentrations 
greater than SG-to-IA VISLs were retained for further evaluation via other lines of 
evidence.  

e. Constituents that were detected in sub-slab soil gas but did not have VISLs were 
also retained for further evaluation via other lines of evidence. 

f. Constituents that were not detected in sub-slab soil gas but had VISLs were also 
retained for further evaluation via other lines of evidence if their maximum 
detection limits were greater than 10 times the VISLs.   

g. Constituents in groundwater and sub-slab soil gas that did not meet the criteria 
presented above were eliminated from further evaluation of the VI pathway.    

2. Step 2:  Assess Contribution of Ambient Background to Sub-Slab Soil Gas 
Concentrations:  Background ambient air concentrations were compared to sub-slab soil 
gas concentrations and the sub-slab soil gas concentrations were “corrected” for the 
contribution from background ambient air (i.e., the ambient air concentrations were 
subtracted from the sub-slab soil gas concentrations to get the corrected sub-slab soil gas 
concentrations).  Corrected sub-slab soil gas concentrations that were less than or equal 
to zero were eliminated from the data set (i.e., ambient air was the sole source of the 
sub-slab soil gas concentrations).   

3. Step 3: Evaluate Groundwater and Sub-Slab Soil Gas Lines of Evidence:  Perform a 
detailed evaluation of the groundwater VI COPCs side-by-side with the sub-slab soil gas 
VI COPCs identified in Step 1 and Step 2.    
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a. A sub-slab soil gas VI COPC that is also 
considered groundwater VI COPC was 
retained for further evaluation based 
on the criteria from Step 1 and Step 2 
(e.g., the maximum detected 
groundwater concentration was 
greater than the VISL and the 
maximum detected soil gas 
concentration was greater than the VISL.) 

b. A sub-slab soil gas VI COPC was retained for further evaluation if the maximum 
detected concentration was greater than the VISL and was detected in 
groundwater and the modeled groundwater concentration (SG-to-GW) was less 
than the measured groundwater concentration (indicating that the groundwater 
concentration is high enough to have been responsible for the measured soil gas 
concentration). 

c. For all other constituents, sub-slab soil gas VI COPCs were retained for further 
evaluation if modeled groundwater concentrations, based on measured soil gas 
concentrations, were less than the measured groundwater concentrations or less 
than the maximum detection limits (indicating that the groundwater 
concentrations were high enough to have been responsible for the measured sub-
slab soil gas concentrations).  

4. Step 4:  Consider Other Lines-of-Evidence:  Other lines-of-evidence were considered with 
respect to VI to determine if they are consistent with VI for each VI COPC.  Other lines-of-
evidence included, but are not limited to: 

a. Previous investigation results 
b. Likely use of the constituent in the area based on historical information 
c. Spatial distribution of the constituent in groundwater, sub-slab soil gas, and 

ambient air 
d. Half-life of the constituent 
e. Relative potential for VI in the Northern Area to be associated with releases from 

the former MSA 
f. Background contributions from human activity (e.g., construction/remodeling) 

5. Step 5: Document Conclusions Regarding VI Based on Lines-of-Evidence Evaluation: 
a. A summary of Steps 1 through 4 will be documented 
b. The VI COPCs that meet all of the criteria in Steps 1 – 4 will be evaluated further 

in the HHRA when quantitatively assessing the VI pathway. 

Since groundwater (via leaching from soil to 
groundwater) is considered the only plausible 
source of VI COPCs associated with the former 
MSA in the Northern Area, the focus of the lines-
of-evidence evaluation is groundwater-to-soil gas.  
Soil sources of soil gas are not included because 
the school buildings are not built on top of a 
contaminated soil source.   
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c. The VI COPCs that did not meet all of the criteria in Steps 1 – 4 were eliminated 
further evaluation. 

Southern Area Lines-of-Evidence Approach for the VI Evaluation  

Two buildings (i.e., the medical clinic and dental clinic) were 
constructed on top of potentially-contaminated soil in the 
former MSA (see Figure D-3). Therefore, in the Southern Area, 
both soil and groundwater could be potential sources of VI 
(associated with releases from the MSA) in this area. Clinic 
workers and patients could come into contact with potential 
VI constituents in the indoor air of the medical or dental clinic 
if VI COPCs in soil and/or groundwater volatilize and migrate 
into the indoor air of these buildings.2  

The steps comprising the Southern Area lines-of-evidence 
approach are summarized below: 

  

                                                      
2 Building 1304 is a maintenance shed and is not regularly occupied; therefore, a VI evaluation was not performed 
for this building. 

Step 1 

Perform an Initial U.S. Navy Tier 1A Screen of 

Groundwater and Sub-Slab Soil Gas

Step 2 

Assess Contribution of Ambient Background to 

Sub-Slab Soil Gas Concentrations

Step 3

Evaluate Groundwater and Sub-Slab Soil Gas 

Line of Evidence

Step 4

Consider Other of Lines of Evidence

Step 5

Document Conclusions Regarding VI 

Based on Lines of Evidence

Graphic 2: Southern Area Lines of Evidence 
Approach 
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1. Step 1: Perform an Initial U.S. Navy Tier 1A Screen of Groundwater and Sub-Slab Soil 
Gas: The purpose of this step is to identify VI constituents of potential concern (COPCs) 
for groundwater and sub-slab soil gas to evaluate further in the VI pathway evaluation. 

a. Constituents that were detected in groundwater with maximum concentrations 
greater than GW-to-IA VISLs were retained for further evaluation via other lines 
of evidence.  

b. Constituents that were detected in groundwater but did not have VISLs were also 
retained for further evaluation via other lines of evidence. 

c. Constituents that were not detected in groundwater but had VISLs were also 
retained for further evaluation via other lines of evidence if their maximum 
detection limit was greater than 10 times the VISL.     

d. Constituents that were detected in sub-slab soil gas with maximum 
concentrations greater than SG-to-IA VISLs were retained for further evaluation 
via other lines of evidence.  

e. Constituents that were detected in sub-slab soil gas but did not have VISLs were 
also retained for further evaluation via other lines-of-evidence. 

f. Constituents that were not detected in sub-slab soil gas but had VISLs were also 
retained for further evaluation via other lines of evidence if their maximum 
detection limit was greater than 10 times the VISLs.   

g. Constituents in groundwater and sub-slab soil gas that did not meet the criteria 
presented above were eliminated from further evaluation of the VI pathway.    

2. Step 2:  Assess Contribution of Ambient Background to Sub-Slab Soil Gas 
Concentrations:  Background ambient air concentrations were compared to sub-slab soil 
gas concentrations and sub-slab soil gas concentrations were “corrected” for the 
contribution from background ambient air (i.e., the ambient air concentrations were 
subtracted from the sub-slab soil gas concentrations). Corrected sub-slab soil gas 
concentrations that were less or equal to zero were eliminated from the data set (i.e., 
ambient air was the sole source of the sub-slab soil gas concentrations). 

3.  Step 3: Evaluate Groundwater and Sub-Slab Soil Gas Lines-of-Evidence:  Perform a 
detailed evaluation of groundwater VI COPCs side-by-side with VI sub-slab soil gas VI 
COPCs identified in Step 1 and Step 2.    
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a. A sub-slab soil gas VI COPC that is also considered groundwater VI COPC was 
retained for further evaluation based on the criteria from Step 1 and Step 2 (i.e., 
the maximum detected groundwater 
concentration was greater than the 
VISL and the maximum detected soil 
gas concentration was greater than 
the VISL). 

b. A sub-slab soil gas VI COPC was 
retained for further evaluation if the 
maximum detected concentration was 
greater than the VISL (regardless of 
the groundwater concentration).  

c. A sub-slab soil gas VI COPC was 
retained if it was detected but did not have a VISL. 

d. A sub-slab soil gas VI COPC was retained if it was not detected and did not have a 
VISL but the maximum detection limit was greater than 10 times the VISL. 

4. Step 4:  Consider Other Lines-of-Evidence:  Evaluate other lines-of-evidence with respect 
to VI to determine if they are consistent with VI for each VI COPC.  Other lines of evidence 
include, but are not limited to: 

a. Previous investigation results 
b. Likely use of the constituent in the area based on historical information 
c. Spatial distribution of the constituent in groundwater, sub-slab soil gas, and 

ambient air 
d. Half-life of the constituent 
e. Relative potential for VI in the Southern Area to be associated with releases from 

the former MSA 
f. Background contributions from human activity (e.g., construction/remodeling) 

5. Step 5: Document Conclusions Regarding VI Based on Lines-of-Evidence Evaluation: 
a. A summary of Steps 1 through 4 will be documented 
b. The VI COPCs that meet all of the criteria in Steps 1 – 4 will be evaluated further 

in the HHRA when quantitatively assessing the VI pathway. 
c. The VI COPCs that did not meet all of the criteria in Steps 1 – 4 were eliminated 

from further evaluation. 

 

Since both groundwater (via leaching from soil to 
groundwater) and volatilization from a soil source 
are considered plausible sources of VI COPCs 
associated with the MSA in the Southern Area, the 
focus of the line-of-evidence is on groundwater  
and soil gas.  This means that, unlike the Northern 
Area, constituents that are not detected in 
groundwater at concentration greater than VISLs 
can’t be ruled out as VI COPCs.  There is still a 
potential for soil sources and further evaluation of 
soil gas results is required.   
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Section 4: Results and Discussion 

The results of the lines-of-evidence evaluations for the Northern and Southern Areas are 
presented in this section.  

4.1 Northern Area VI Evaluation Results 

As presented in Section 3.2, no buildings have been constructed on top of the potentially 
contaminated soil in the Northern Area. Therefore, VI COPCs detected in groundwater are the 
key to evaluating the VI pathway in the Northern Area. If VI COPCs are not detected in 
groundwater or are not detected in groundwater at concentrations sufficient to adversely 
impact indoor air via VI, then the VI COPC does not need to be evaluated further in the HHRA. 

Step 1: Initial Screening of Groundwater and Sub-Slab Soil Gas to Identify VI COPCs in the Northern 

Area 

An initial risk-based screening evaluation (i.e., US Navy Tier 1A screening) was conducted on 
Northern Area groundwater and sub-slab soil gas data to focus the VI evaluation on 
constituents that may need to be evaluated further in the HHRA. To identify VI COPCs for the 
Northern Area: 

 The maximum detected concentrations in 
groundwater were compared to GW-to-IA 
VISLs. The GW-to-IA VISLs were calculated 
using USEPA residential ambient air regional 
screening levels (RSLs; USEPA 2019). The GW-
to-IA VISLs were calculated by applying the 
USEPA’s default groundwater-to-indoor air 
attenuation factor of 0.001 (USEPA 2015). 

 The maximum detected concentrations in 
sub-slab soil gas were compared to SG-to-IA 
VISLs for residential land use. The SG-to-IA 
VISLs were calculated using USEPA residential 
ambient air RSLs. The SG-to-IA VISLs were 
calculated by applying the USEPA’s default 
sub-slab soil gas-to-indoor air attenuation 
factor of 0.03 (USEPA 2015). 

Residential land use parameters were used for the 
Tier 1A screening evaluations; however, these 
parameters were overly conservative for the Site, 
which is not currently used for residential 
purposes. The residential VISLs are based on an 
exposure duration and frequency of 26 years and 
350 days per year, respectively, while actual 
maximum exposure at the Site is 25 years and 235 
days per year (teachers and clinic workers).  
 
The RSLs/VISLs correspond to a cancer risk of 1E-
06 and noncancer hazard quotient (HQ) of 1 using 
health-protective, residential exposure 
assumptions (USEPA 2019).    
 
The GW-to-IA and SG-to-IA VISLs are considered 
protective of indoor air and represent the 95% 
Upper Confidence Limit of expected 
concentrations in indoor air from groundwater or 
sub-slab soil gas, respectively.  
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Step 1a: Initial Screening of Groundwater to Identify VI COPCs in the Northern Area 

Six groundwater VI COPCs were identified for the Northern Area based on the initial screening 
and were retained for further evaluation. Statistical summaries for the six groundwater VI 
COPCs are presented in Table D-1 and are summarized below. 

Summary of Initial Screening of Groundwater from the Northern Area 

VI COPC 

Lowest 
Residential  
GW-to-IA 

VISL  
(ug/L) 

Maximum 
Detection 

Limit  
(ug/L) 

Maximum 
Detected 

Groundwater 
Concentration 

(ug/L) 
Retain for Further Evaluation in Step 2 of the VI 

Assessment Process? 

Chloro-1,3-butadiene, 2- 0.0041 1 -- 
Yes. Not detected in groundwater but the maximum 
detection limit was greater than 10 times the VISL. 

Dibromo-3-chloropropane, 
1,2- 

0.028 0.5 -- 
Yes. Not detected in groundwater but the maximum 
detection limit was greater than 10 times the VISL. 

Dibromochloromethane -- 0.1 0.15 
Yes. Detected in groundwater but no VISL is 
available. 

Dichloro-2-butene, cis-1,4- 0.025 1 -- 
Yes. Not detected in groundwater but the maximum 
detection limit was greater than 10 times the VISL. 

Tert-Butyl Alcohol -- 2.5 7.9 
Yes. Detected in groundwater but no VISL is 
available. 

trans-1,4-Dichloro-2-butene 0.025 1 -- 
Yes. Not detected in groundwater but the maximum 
detection limit was greater than 10 times the VISL. 

Note:  Only three constituents were detected in Northern Area groundwater 
(dibromochloromethane, isopropanol, and tert-butyl alcohol). These constituents were 
detected in two of the three monitoring wells (MW-01 and MW-02).  No constituents were 
detected in MW-03, which is located northwest of the elementary school buildings. Only one of 
the constituents detected in groundwater had a VISL (isopropanol). Isopropanol was detected 
in MW-01 and MW-02 at concentrations (24 ug/L and 31 ug/L, respectively) well below the GW-
to-IA VISL of 634,441 ug/L (i.e., the level at which groundwater would impact indoor air).  
Consequently, isopropanol was not classified a VI COPC for groundwater in the Northern Area. 

Step 1b: Initial Screening of Sub-Slab Soil Gas to Identify VI COPCs in the Northern Area 

Twenty-nine constituents were identified in sub-slab soil gas samples collected from the 
Northern Area; however, only two of those constituents (dibromochloromethane and tert-butyl 
alcohol) were identified as VI COPCs based on groundwater concentrations (see Table D-2). The 
27 constituents in sub-slab soil gas that were not identified as groundwater VI COPCs in the 
Northern Area were eliminated from further evaluation. 

As stated in the lines-of-evidence approach, groundwater is the only potential source of VI in 
the Northern Area; therefore, the initial screening of sub-slab soil gas was limited to VI COPCs 
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identified in groundwater. A summary of the initial screening of sub-slab soil gas for the 
Northern Area VI COPCs is presented below. 

Summary of Initial Screening of Sub-Slab Soil Gas from the Northern Area 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential  

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit 
(ug/m3) 

Maximum 
Detected Sub-
Slab Soil Gas 
Concentration 

(ug/m3) 
Retained for Further Evaluation for VI in 

Step 2? 

Chloro-1,3-butadiene, 
2- 

Yes 0.31 
Not 

Analyzed 
Not  

Analyzed 

Yes. The VI COPC was not analyzed in sub-
slab soil gas so no evaluation could be 
performed. 

Dibromo-3-
chloropropane, 1,2- 

Yes 0.0057 
Not 

Analyzed 
Not  

Analyzed 

Yes. The VI COPC was not analyzed in sub-
slab soil gas so not evaluation could be 
performed. 

Dibromochloromethane Yes -- 0.068 0.13 
Yes. Detected in sub-slab soil gas but no VISL 
is available. 

Dichloro-2-butene, cis-
1,4- 

Yes 0.022 
Not 

Analyzed 
Not  

Analyzed 

Yes. The VI COPC was not analyzed in sub-
slab soil gas so no evaluation could be 
performed. 

Tert-Butyl Alcohol Yes -- 2.5 2.8 
Yes. Detected in sub-slab soil gas but no VISL 
is available. 

trans-1,4-Dichloro-2-
butene 

Yes 0.022 
Not 

Analyzed 
Not  

Analyzed 

Yes. The VI COPC was not analyzed in sub-
slab soil gas so no evaluation could be 
performed. 

Step 2: Assess Contribution of Background Ambient Air to Sub-Slab Soil Gas Concentrations:   

The sub-slab soil gas concentrations for Northern Area VI COPCs were compared to background 
ambient air concentrations to determine the impact of background ambient air concentrations 
on the measured soil gas concentrations. The results of this step are presented below. 

Summary of Comparison of Background Ambient Air to Sub-Slab Soil Gas Concentrations 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detected 
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc.  
(ug/m3) 

Corrected  
Sub-Slab Soil 

Gas Conc.  
(SG minus AA)  

(ug/m3) 

Retained for Further 
Evaluation for  
VI in Step 3? 

Chloro-1,3-butadiene, 2- Yes 0.31 NA NA -- 

Yes. The groundwater VI 
COPC was not analyzed in 
sub-slab soil gas so no 
evaluation could be 
performed. 

Dibromo-3-
chloropropane, 1,2- 

Yes 0.0057 NA NA -- 

Yes. The groundwater VI 
COPC was not analyzed in 
sub-slab soil gas so not 
evaluation could be 
performed. 
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Summary of Comparison of Background Ambient Air to Sub-Slab Soil Gas Concentrations 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detected 
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc.  
(ug/m3) 

Corrected  
Sub-Slab Soil 

Gas Conc.  
(SG minus AA)  

(ug/m3) 

Retained for Further 
Evaluation for  
VI in Step 3? 

Dibromochloromethane Yes -- 0.13 -- 0.13 

Yes. No contribution from 
ambient air to the sub-slab 
soil gas concentration was 
observed. 

Dichloro-2-butene, cis-
1,4- 

Yes 0.022 NA NA -- 

Yes. The groundwater VI 
COPC was not analyzed in 
sub-slab soil gas so no 
evaluation could be 
performed. 

Tert-Butyl Alcohol Yes -- 2.8 0.62 2.2 

Yes. A minimal contribution 
of ambient air to the sub-slab 
soil gas concentration was 
observed. 

trans-1,4-Dichloro-2-
butene 

Yes 0.022 NA NA -- 

Yes. The groundwater VI 
COPC was not analyzed in 
sub-slab soil gas so no 
evaluation could be 
performed. 

Step 3: Groundwater and Sub-Slab Soil Gas Line-of-Evidence Evaluation 

Groundwater and sub-slab soil gas VI COPCs were evaluated holistically to determine if there 
was a plausible cause and effect relationship between the source in groundwater and presence 
in sub-slab soil gas. The results of the Step 3 line-of-evidence evaluation are summarized below. 

Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW VI 
COPC from  

STEP 1?  

Lowest 
Residential  

Cancer  
SG-to-IA 

VISL  
(ug/m3) 

Maximum 
Detected 
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 

Ambient Air 
Conc.  

(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retain for Further Evaluation for  

VI in Step 4? 

Chloro-1,3-
butadiene, 2- 

Yes 0.31 NA NA -- 

No. The VI COPC was not 
detected in groundwater and was 
only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab soil 
gas samples were not analyzed for 
Chloro-1,3-butadiene, 2- so it is 
not possible to conclusively 
determine whether or not VI 
associated with Chloro-1,3-
butadiene, 2- is occurring in the 
Northern Area.   
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW VI 
COPC from  

STEP 1?  

Lowest 
Residential  

Cancer  
SG-to-IA 

VISL  
(ug/m3) 

Maximum 
Detected 
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 

Ambient Air 
Conc.  

(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retain for Further Evaluation for  

VI in Step 4? 

Dibromo-3-
chloropropane, 
1,2- 

Yes 0.0057 NA NA -- 

No. The VI COPC was not 
detected in groundwater and was 
only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab soil 
gas samples were not analyzed for 
dibromo-3-chloropropane, 1,2- so 
it is not possible to conclusively 
determine whether or not VI 
associated with dibromo-3-
chloropropane, 1,2- is occurring in 
the Northern Area.   

Dibromochloro
methane 

Yes -- 0.13 -- 0.13 

Yes (but inconclusive). This VI 
COPC was detected in 
groundwater in the Northern Area 
but at low concentrations (i.e., the 
maximum detected concentration 
was 0.15 ug/L); however, a VISL 
was not available to assess this 
result. Sub-slab soil gas sample 
concentrations were also low (i.e., 
the maximum detected 
concentration was 0.13 ug/m3); 
however a VISL is not available to 
assess this result.   

Dichloro-2-
butene, cis-1,4- 

Yes 0.022 NA NA -- 

No. The VI COPC was not 
detected in groundwater and was 
only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab soil 
gas samples were not analyzed for 
dichloro-2-butene, cis-1,4- so it is 
not possible to conclusively 
determine whether or not VI 
associated with dichloro-2-butene, 
cis-1,4- is occurring in the 
Northern Area.   

Tert-Butyl 
Alcohol 

Yes -- 2.8 0.62 2.2 

Yes (but inconclusive). This 
constituent was detected in 
groundwater in the Northern Area 
but at low concentrations (i.e., the 
maximum detected concentration 
was 7.9 ug/L); however, a VISL 
was not available to assess this 
result. Sub-slab soil gas sample 
concentrations were also low (i.e., 
the maximum detected 
concentration was 2.8 ug/m3); 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW VI 
COPC from  

STEP 1?  

Lowest 
Residential  

Cancer  
SG-to-IA 

VISL  
(ug/m3) 

Maximum 
Detected 
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 

Ambient Air 
Conc.  

(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retain for Further Evaluation for  

VI in Step 4? 

however, a VISL is not available to 
assess this result.   

trans-1,4-
Dichloro-2-
butene 

Yes 0.022 NA NA -- 

No. The constituent was not 
detected in groundwater and was 
only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab soil 
gas samples were not analyzed for 
trans-1,4-dichloro-2-butene so it is 
not possible to conclusively 
determine whether or not VI 
associated with trans-1,4-dichloro-
2-butene is occurring in the 
Northern Area.   

Only two of the six VI COPCs were retained for further evaluation (i.e., dibromochloromethane 
and tert-butyl alcohol). To further evaluate the potential for VI associated with 
dibromochloromethane and tert-butyl alcohol (i.e., the only VI COPCs retained for further 
evaluation in Step 3 [see the above table]), groundwater concentrations were modeled from 
sub-slab soil gas concentrations to determine what concentrations would be expected in 
groundwater if it were the source of the maximum detected soil gas concentrations. The 
modeled groundwater concentration for tert-butyl alcohol was significantly higher than the 
maximum detected groundwater concentration which indicates that Northern Area 
groundwater is most likely not the source of sub-slab soil gas concentrations in the elementary 
school buildings (see the table below). Consequently, tert-butyl alcohol was eliminated from 
further consideration in the VI evaluation. The modeled groundwater concentration for 
dibromochloromethane was similar to the maximum detected groundwater concentration (i.e., 
0.12 ug/L vs. 0.15 ug/L) which indicates that Northern Area groundwater could be the source of 
sub-slab soil gas concentrations in the elementary school buildings (see the table below).   
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Line-of-Evidence: Modeled Groundwater Concentration Comparison (Northern Area) 

VI COPC Detected in 
Groundwater 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Concentration 
(ug/m3) 

Modeled 
Groundwater 
Concentration 

Required to 
Produce 

Maximum 
Measured Sub-
Slab Soil Gas 
Concentration 

(ug/L) 

Maximum 
Detected 

Groundwater  
Concentration 

(ug/L) 

Maximum 
Detected 

Groundwater 
Concentration 
Large Enough 
to Result in the 
Measured Sub-
Slab Soil Gas 

Concentration? 
Retain for Further 

Evaluation for VI in Step 4? 

Dibromochloromethane 0.13 0.12 0.15 Yes 

Yes. Maximum detected 
groundwater concentration is 
large enough to be 
responsible for measured 
sub-slab soil gas 
concentration, which 
indicates that the source of 
dibromochloromethane in 
sub-slab soil gas is possibly 
groundwater. 

Tert-Butyl Alcohol 2.8 227 7.9 No 

No. Maximum groundwater 
concentration is not large 
enough to be responsible for 
measured sub-slab soil gas 
concentration, which 
indicates that source of tert-
butyl alcohol in sub-slab soil 
gas is not groundwater. 

Sub-slab soil gas concentrations were converted to indoor air concentrations using the 0.03 USEPA default SG-to-IA attenuation factor. The 
calculated indoor air concentrations were then converted to groundwater concentrations using the 0.001 USEPA default GW-to-IA attenuation 
factor and the dimensionless Henry’s Law Constant. 

Step 4:  Other Lines-of-Evidence for VI in the Northern Area 

The other lines of evidence for VI in the Northern Area are summarized in this section. This 
section focuses on dibromochloromethane because it is the only VI COPC that has not been 
eliminated from further evaluation based on Steps 1-3.  

Summary of Other Lines of Evidence 

Other VI Lines-of-Evidence 
Assessment of Lines of Evidence Relative Site-Specific 

Characteristics 

Do the Other Lines of 
Evidence Indicate a 

Likelihood of VI for this 
Constituent? 

Previous investigation results 

Dibromochloromethane was not evaluated in previous 
investigations. This is not unusual given that 
dibromochloromethane is typically only included in investigations of 
the treatment/disinfection of drinking water systems 

No 

Likely use of the constituent in the area 
based on historical information 

Not likely used and/or stored in the MSA.  Most of the 
dibromochloromethane that enters the environment is formed as 
byproducts when chlorine is added to drinking water to kill bacteria.  
Dibromochloromethane is colorless to yellow, heavy, 
nonflammable, liquid with a sweet odor.  Small amounts are formed 

No 
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Summary of Other Lines of Evidence 

Other VI Lines-of-Evidence 
Assessment of Lines of Evidence Relative Site-Specific 

Characteristics 

Do the Other Lines of 
Evidence Indicate a 

Likelihood of VI for this 
Constituent? 

naturally by plants in the ocean. It is somewhat soluble in water 
and readily evaporates into the air.  

Spatial distribution of the constituent in 
groundwater, sub-slab soil gas, and 
ambient air 

Dibromochloromethane was only detected in one of three 
monitoring wells in the Northern Area (i.e., CKNA-MW01), which is 
located south (and likely upgradient) of the elementary school. The 
concentration was very low at 0.15 ug/L.   

Dibromochloromethane was only detected in six of 23 (i.e., 26%) 
sub-slab soil gas samples in the Northern Area.   

Unlikely. Only one very low 
detection in groundwater and 
few detections in sub-slab soil 
gas. The results are not 
indicative of VI from a 
groundwater source. 

Half-life of the constituent 

The typical half-life in water is 46 hours. When released to air, 
dibromochloromethane is slowly broken down by reactions with 
other chemicals and sunlight or can be removed by rain.  
Dibromochloromethane does not build up in the food chain. 

No 

Relative potential for VI in the Southern 
Area to be associated with releases 
from the MSA 

Dibromochloromethane is volatile; however, based on its historical 
use in treating drinking water and its relatively small production 
quantities, it is unlikely that dibromochloromethane was stored at 
the MSA.   

No 

Background contributions from human 
activity (e.g., construction/remodeling) 

Most of dibromochloromethane that enters the environment is 
associated with treating drinking water to kill bacteria. 

Possibly from non-MSA 
sources. 

Source:  ATSDR Toxic Substance Portal – Bromoform & Dibromochloromethane.  Accessed on 07/05/19.  
https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=712&tid=128 

Step 5: VI Conclusions for the Northern Area 

Only one VI COPC was identified for the Northern Area—dibromochloromethane.  The 
dibromochloromethane results are summarized below. 

Line-of-Evidence Summary:  Groundwater to Soil Gas to Indoor Air VI pathway Analysis Summary (Northern Area) 

Potential VI 
Source: 

VI COPC 
Detected in 

Groundwater 

Maximum 
Detected 

GW  
Conc. 
(ug/L) 

GW-to-IA 
VISL  
(ug/L) 

GW Conc. 
Greater than 

GW-to-IA 
VISL? 

Maximum 
Detected  
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

SG-to-IA 
VISL 

(ug/m3) 

Soil Gas 
Conc. 

Greater 
than  

SG-to-IA 
VISL? 

Maximum 
Detected GW 
Conc. Large 
Enough to 

Result in the 
Measured 

Sub-Slab Soil 
Gas Conc.? 

Does the  
Lines-of-Evidence 

Evaluation Indicate a 
Complete  

VI Pathway? 

Dibromochlor-
omethane 

0.15 No VISL No VISL 0.13 No VISL No VISL Yes 

No. The results of 
the lines-of-
evidence evaluation 
indicate that the VI 
exposure pathway 
is incomplete based 
on concentrations 
of  
dibromochlorometh
ane in groundwater  
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Overall Conclusion Regarding the Northern Area VI Evaluation:  The results of the lines-of-
evidence evaluation indicate that it is unlikely that VI of dibromochloromethane from 
groundwater to indoor air, associated with releases from the MSA, is occurring at the 
elementary school and; therefore, does not need to be evaluated further in the HHRA. 

4.2 Southern Area VI Evaluation Results 

Two buildings in the Southern Area (i.e., the medical clinic and dental clinic) were constructed 
on top of potentially-contaminated soil in the former MSA. Therefore, in the Southern Area 
both soil and groundwater could be potential sources of VI (associated with releases from the 
former MSA) into the buildings in this area. Clinic workers and patients could come into contact 
with VI COPCs in the indoor air of the medical or dental clinic if VI COPCs in soil and/or 
groundwater volatilize and migrate into the indoor air of these buildings.3   

Step 1: Initial Screening of Groundwater and Sub-Slab Soil Gas to Identify VI COPCs in the Southern 

Area 

An initial risk-based screening evaluation (i.e., US Navy Tier 1A screening) was conducted on 
Southern Area groundwater and sub-slab soil gas data to focus the VI evaluation on those 
constituents that may need to be evaluated further in the HHRA. To identify VI COPCs for the 
Southern Area: 

 Maximum detected groundwater concentrations were compared to GW-to-IA VISLs 
(VISLs were the same as those used in the Northern Area Initial Screening).   

 Maximum detected sub-slab soil gas concentrations were compared to SG-to-IA VISLs 
(VISLs were the same as those used in the Northern Area Initial Screening).  

Step 1a: Initial Screening of Groundwater to Identify VI COPCs in the Southern Area 

Four groundwater VI COPCs were identified for the Southern Area based on the initial screening 
of groundwater and were retained for further evaluation. Statistical summaries for the VI 
COPCs are presented in Table D-3 and are summarized below. 

Summary of Tier 1A Screening of Groundwater from the Southern Area 

VI COPC 

Residential  
Cancer  

GW-to-IA 
VISL  
(ug/L) 

Residential  
Noncancer 
GW-to-IA 

VISL  
(ug/L) 

Maximum 
Detection 

Limit 
(ug/L) 

Maximum 
Detected 

Groundwater 
Conc. 
(ug/L) 

Retain for Further Evaluation in 
Step 2 of the VI Assessment 

Process? 

Chloro-1,3-butadiene, 2- 0.0041 9.2 1 -- Yes. Not detected in groundwater 
but the maximum detection limit 

                                                      
3 Building 1304 is a maintenance shed and is not regularly occupied; therefore, a VI evaluation was not performed 
for this structure. 
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Summary of Tier 1A Screening of Groundwater from the Southern Area 

VI COPC 

Residential  
Cancer  

GW-to-IA 
VISL  
(ug/L) 

Residential  
Noncancer 
GW-to-IA 

VISL  
(ug/L) 

Maximum 
Detection 

Limit 
(ug/L) 

Maximum 
Detected 

Groundwater 
Conc. 
(ug/L) 

Retain for Further Evaluation in 
Step 2 of the VI Assessment 

Process? 

was greater than 10 times the 
VISL. 

Dibromo-3-chloropropane, 1,2- 0.028 35 0.5 -- 

Yes. Not detected in groundwater 
but the maximum detection limit 
was greater than 10 times the 
VISL. 

Dichloro-2-butene, cis-1,4- 0.025 -- 1 -- 

Yes. Not detected in groundwater 
but the maximum detection limit 
was greater than 10 times the 
VISL. 

trans-1,4-Dichloro-2-butene 0.025 -- 1 -- 

Yes. Not detected in groundwater 
but the maximum detection limit 
was greater than 10 times the 
VISL. 

Note:  Only one constituent was detected in Southern Area groundwater (isopropanol). This 
constituent was detected in two of the three monitoring wells (MW-01 and MW-03).  No 
constituents were detected in MW-02.  Isopropanol was detected in MW-01 and MW-03 at 
concentrations (57 ug/L and 34 ug/L, respectively) well below the GW-to-IA VISL of 634,441 
ug/L (i.e., the level at which groundwater would impact indoor air).  Consequently, isopropanol 
was not classified a VI COPC for groundwater in the Southern Area 

Step 1b: Initial Screening of Sub-Slab Soil Gas to Identify VI COPCs in the Southern Area 

Twenty-eight constituents were identified as VI COPCs in the Southern Area based on the initial 
screening of sub-slab soil gas and were retained for further evaluation. Statistical summaries for 
the sub-slab soil gas data are presented in Table D-4 and are summarized below. 

Summary of Initial Screening of Sub-Slab Soil Gas from the Southern Area 

VI COPC 

GW  
VI COPC from  

STEP 1a? 

Lowest  
Cancer  

SG-to-IA VISL  
(ug/m3) 

Maximum 
Detection 

Limit (ug/m3) 

Maximum 
Detected Sub-
Slab Soil Gas 
Concentration 

(ug/m3) 
Retained for Further Evaluation  

for VI in Step 2? 

1,2-cis-Dichloroethylene No -- 0.31 0.091 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

1,2-trans-Dichloroethylene No -- 0.25 0.027 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 
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Summary of Initial Screening of Sub-Slab Soil Gas from the Southern Area 

VI COPC 

GW  
VI COPC from  

STEP 1a? 

Lowest  
Cancer  

SG-to-IA VISL  
(ug/m3) 

Maximum 
Detection 

Limit (ug/m3) 

Maximum 
Detected Sub-
Slab Soil Gas 
Concentration 

(ug/m3) 
Retained for Further Evaluation  

for VI in Step 2? 

1,3-Dichlorobenzene No -- -- 510 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

1,3-Dichloropropane No -- 18 -- 

Yes. Not detected in any sub-slab soil 
gas sample, no VISL, and maximum 
detection limit was greater than 10 
times the laboratory limit of 
quantitation (LOQ). 

2,2,4-Trimethylpentane No -- 5.4 0.87 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

4-Ethyltoluene No -- -- 45 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Acetaldehyde No 43 0.096 94 
Yes. The detected sub-slab soil gas 
concentration was greater than the 
VISL.   

Acrolein No 0.7 1.3 5.7 
Yes. The detected sub-slab soil gas 
concentration was greater than the 
VISL.   

Decane No -- -- 69 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Dibromochloromethane No -- 0.3 0.098 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Dodecane No -- 10 12 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Ethanol No -- 0.62 360 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Ethylbenzene No 37 -- 340 
Yes. The detected sub-slab soil gas 
concentration was greater than the 
VISL.   

GRO No 1,033 1,600 8,800 
Yes. The detected sub-slab soil gas 
concentration was greater than the 
VISL.   

Isopropanol No 7,000 0.37 28,000 
Yes. The detected sub-slab soil gas 
concentration was greater than the 
VISL.   
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Summary of Initial Screening of Sub-Slab Soil Gas from the Southern Area 

VI COPC 

GW  
VI COPC from  

STEP 1a? 

Lowest  
Cancer  

SG-to-IA VISL  
(ug/m3) 

Maximum 
Detection 

Limit (ug/m3) 

Maximum 
Detected Sub-
Slab Soil Gas 
Concentration 

(ug/m3) 
Retained for Further Evaluation  

for VI in Step 2? 

Naphthalene No 2.8 0.54 4.2 
Yes. The detected sub-slab soil gas 
concentration was greater than the 
VISL.   

n-Butylbenzene No -- 5.2 0.38 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

o-Chlorotoluene No -- 18 -- 

Yes. Not detected in any sub-slab soil 
gas sample, no VISL, and maximum 
detection limit was greater than 10 
times the laboratory limit of 
quantitation (LOQ). 

Octane No -- 8.1 0.57 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

p-Isopropyltoluene No -- 5.5 12 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

sec-Butylbenzene No -- 4.9 0.18 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Tert-Butyl Alcohol No -- 0.52 36 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

trans-1,3-Dichloropropene No -- 0.19 -- 

Yes. Not detected in any sub-slab soil 
gas sample, no VISL, and maximum 
detection limit was greater than 10 
times the laboratory limit of 
quantitation (LOQ). 

Trichlorofluoromethane No -- -- 1.2 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Undecane No -- 9.5 31 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Butraldehyde No -- -- 0.82 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Crotonaldehyde No -- -- 1.1 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 

Hexanal No -- -- 0.47 
Yes. Detected in greater than or equal 
to 5% of the sub-slab soil gas samples 
and no VISL was available. 
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Step 2: Assess Contribution of Background Ambient Air to Sub-Slab Soil Gas Concentrations:   

The sub-slab soil gas VI COPCs for the Southern Area (i.e., Building 1460 and Building 1463) 
were compared to background ambient air concentrations to determine the impact of 
background ambient air concentrations on the measured soil gas concentrations (see the 
following table). The results of this step are presented below. 

Summary of Comparison of Ambient Background to Sub-Slab Soil Gas Concentrations 

VI COPC 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit 
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected  
Sub-Slab  
Soil Gas  

Conc. 
(SG minus AA)  

(ug/m3) 
Retained for Further Evaluation for 

VI in Step 3? 

1,2-cis-Dichloroethylene -- 0.31 0.091 0.047 0.044 
Yes; however, ambient air potentially 
contributed approximately 50% of the 
sub-slab soil gas concentration.  

1,2-trans-Dichloroethylene -- 0.25 0.027 -- 0.027 
Yes. No contribution from ambient 
background to the sub-slab soil gas 
concentration was observed. 

1,3-Dichlorobenzene -- -- 510 3.6 506 
Yes. A minimal contribution of ambient 
background to the sub-slab soil gas 
concentration was observed. 

1,3-Dichloropropane -- 18 -- -- -- 

No. The VI COPC was not detected in 
sub-slab soil gas or in ambient air. The 
constituent was also not identified as a 
VI COPC associated with groundwater.   

2,2,4-Trimethylpentane -- 5.4 0.87 0.45 0.42 
Yes; however, ambient air potentially 
contributes approximately 50% of the 
sub-slab soil gas concentration. 

4-Ethyltoluene -- -- 45 0.21 45 
Yes. A minimal contribution of ambient 
air to the sub-slab soil gas 
concentration was observed. 

Acetaldehyde 43 0.096 94 5.8 88 
Yes; however, ambient air potentially 
contributed approximately 6% of the 
sub-slab soil gas concentration. 

Acrolein 0.7 1.3 5.7 2.4 3.3 
Yes; however, ambient air potentially 
contributed approximately 40% of the 
sub-slab soil gas concentration. 

Decane -- -- 69 2.1 67 
Yes. A minimal contribution of ambient 
air to the sub-slab soil gas 
concentration was observed. 

Dibromochloromethane -- 0.3 0.098 -- 0.098 
Yes. No contribution from ambient air to 
the sub-slab soil gas concentration was 
observed. 

Dodecane -- 10 12 3.2 8.8 
Yes; however, ambient air potentially 
contributed approximately 25% of the 
sub-slab soil gas concentration. 
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Summary of Comparison of Ambient Background to Sub-Slab Soil Gas Concentrations 

VI COPC 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit 
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected  
Sub-Slab  
Soil Gas  

Conc. 
(SG minus AA)  

(ug/m3) 
Retained for Further Evaluation for 

VI in Step 3? 

Ethanol -- 0.62 360 12 348 
Yes. A minimal contribution of ambient 
air to the sub-slab soil gas 
concentration was observed. 

Ethylbenzene 37 -- 340 1.3 339 
Yes. A minimal contribution of ambient 
air to the sub-slab soil gas 
concentration was observed. 

GRO -- 1,600 8,800 -- 8,800 
Yes. No contribution from ambient air to 
the sub-slab soil gas concentration was 
observed. 

Isopropanol -- 0.37 28,000 220 27,780 
Yes. A minimal contribution of ambient 
air to the sub-slab soil gas 
concentration was observed. 

Naphthalene 2.8 0.54 4.2 0.13 4.1 
Yes. A minimal contribution of ambient 
air to the sub-slab soil gas 
concentration was observed. 

n-Butylbenzene -- 5.2 0.38 -- 0.38 
Yes. No contribution from ambient air to 
the sub-slab soil gas concentration was 
observed. 

o-Chlorotoluene -- 18 -- -- -- 

No. The VI COPC was not detected in 
sub-slab soil gas or in ambient air. The 
VI COPC was also not identified as a VI 
COPC associated with groundwater.   

Octane -- 8.1 0.57 0.37 0.20 
Yes; however, ambient air potentially 
contributed approximately 65% of the 
sub-slab soil gas concentration. 

p-Isopropyltoluene -- 5.5 12 -- 12 
Yes. No contribution from ambient air to 
the sub-slab soil gas concentration was 
observed. 

sec-Butylbenzene -- 4.9 0.18 -- 0.18 
Yes. No contribution from ambient air to 
the sub-slab soil gas concentration was 
observed. 

Tert-Butyl Alcohol -- 0.52 36 6.9 29 
Yes; however, ambient air potentially 
contributed approximately 20% of the 
sub-slab soil gas concentration. 

trans-1,3-Dichloropropene -- 0.19 -- 0.42 -- 

No. The constituent was not detected in 
sub-slab soil gas but was detected in 
ambient air at a concentration that 
exceeded the maximum sub-slab soil 
gas detection limit. The constituent was 
also not identified as a VI COPC 
associated with groundwater.     
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Summary of Comparison of Ambient Background to Sub-Slab Soil Gas Concentrations 

VI COPC 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit 
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected  
Sub-Slab  
Soil Gas  

Conc. 
(SG minus AA)  

(ug/m3) 
Retained for Further Evaluation for 

VI in Step 3? 

Trichlorofluoromethane -- -- 1.2 0.95 0.25 
Yes; however, ambient air potentially 
contributed approximately 80% of the 
sub-slab soil gas concentration. 

Undecane -- 9.5 31 2.7 28 
Yes. A minimal contribution of ambient 
air to the sub-slab soil gas 
concentration was observed. 

Butraldehyde -- 0.22 0.82 0.49 0.33 
Yes; however, ambient air potentially 
contributes approximately 60% of the 
sub-slab soil gas concentration.  

Crotonaldehyde -- 0.12 1.1 -- 1.1 
Yes. No contribution from ambient air to 
the sub-slab soil gas concentration was 
observed. 

Hexanal -- 0.31 0.47 1.6 -- 

No. The constituent was detected in 
ambient air at higher concentrations 
than in sub-slab soil gas. Ambient air is 
the likely source of hexanal in sub-slab 
soil gas. 

Only 24 of the 28 constituents were retained for further evaluation for VI in Step 3.  

Step 3a: Line-of-Evidence Evaluation of Southern Area Groundwater and Sub-Slab Soil Gas 

The 28 VI COPCs (i.e., four groundwater VI COPCs and 24 soil gas VI COPCs) were evaluated 
holistically in this step. In the Southern Area, both soil and groundwater can be a source of VI 
COPCs in sub-slab soil gas (i.e., a VI COPC does not have to be detected in both groundwater 
and sub-slab soil gas greater than the VISL to be a VI COPC). The results of Step 3 of the VI 
evaluation are summarized below. 

Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

Chloro-1,3-butadiene, 
2- 

Yes 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not Analyzed 

No. The VI COPC was not 
detected in groundwater and 
was only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab 
soil gas samples were not 
analyzed for chloro-1,3-
butadiene, 2- so it is not possible 
to conclusively determine 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

whether or not VI associated 
with chloro-1,3-butadiene, 2- is 
occurring in the Southern Area.   

Dibromo-3-
chloropropane, 1,2- 

Yes 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not Analyzed 

No. The VI COPC was not 
detected in groundwater and 
was only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab 
soil gas samples were not 
analyzed for dibromo-3-
chloropropane, 1,2- so it is not 
possible to conclusively 
determine whether or not VI 
associated with dibromo-3-
chloropropane, 1,2- is occurring 
in the Southern Area.   

Dichloro-2-butene, cis-
1,4- 

Yes 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not Analyzed 

No. The VI COPC was not 
detected in groundwater and 
was only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab 
soil gas samples were not 
analyzed for dichloro-2-butene, 
cis-1,4- so it is not possible to 
conclusively determine whether 
or not VI associated with 
dichloro-2-butene, cis-1,4- is 
occurring in the Southern Area.   

trans-1,4-Dichloro-2-
butene 

Yes 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not 

Analyzed 
Not Analyzed 

No. The VI COPC was not 
detected in groundwater and 
was only retained because the 
maximum detection limit was 
higher than the VISL. Sub-slab 
soil gas samples were not 
analyzed for trans-1,4-dichloro-
2-butene so it is not possible to 
conclusively determine whether 
or not VI associated with trans-
1,4-dichloro-2-butene is 
occurring in the Southern Area.   

1,2-cis-
Dichloroethylene 

No -- 0.31 0.091 0.047 0.044 

No. This constituent was not 
identified as a groundwater VI 
COPC. It was initially retained as 
a soil gas VI COPC because it 
was detected in sub-slab soil 
gas and does not have a VISL. 
Ambient air potentially 
contributes approximately 50% 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

of the sub-slab soil gas 
concentration. Given the very 
low corrected/maximum 
detected sub-slab soil gas 
concentration (i.e., 0.044 ug/m3), 
frequency of detection (detected 
in only four of 14 samples) and 
lack of other evidence indicating 
a VI source, this constituent was 
eliminated from further 
consideration in the VI 
assessment 

1,2-trans-
Dichloroethylene 

No -- 0.25 0.027 -- 0.027 

No. This constituent was not 
identified as a groundwater VI 
COPC. It was initially retained as 
a VI COPC because it was 
detected in sub-slab soil gas and 
does not have a VISL. Ambient 
does not contribute significantly 
to the sub-slab soil gas 
concentration. Given the very 
low corrected/maximum 
detected sub-slab soil gas 
concentration (i.e., 0.027 ug/m3), 
frequency of detection (detected 
in only two of 14 samples) and 
lack of other evidence indicating 
a VI source, this constituent was 
eliminated from further 
consideration in the VI 
assessment 

1,3-Dichlorobenzene No -- -- 510 3.6 506 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source. It was retained for 
further assessment because it 
was detected in 14 of 14 soil gas 
samples and does not have a 
VISL. Also, minimal contribution 
of ambient background to the 
sub-slab soil gas concentration 
was observed. 

2,2,4-Trimethylpentane No -- 5.4 0.87 0.45 0.42 

No. This constituent was not 
identified as a groundwater VI 
COPC in groundwater. It was 
initially retained as a VI COPC 
because it was detected in sub-
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

slab soil gas and does not have 
a VISL. Ambient air potentially 
contributes approximately 50% 
of the sub-slab soil gas 
concentration. Given the very 
low corrected/maximum 
detected sub-slab soil gas 
concentration (i.e., 0.42 ug/m3), 
frequency of detection (detected 
in only seven of 14 samples) and 
lack of other evidence indicating 
a VI source, this constituent was 
eliminated from further 
consideration in the VI 
assessment.   

4-Ethyltoluene No -- -- 45 0.21 45 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source. It was retained for 
further assessment because it 
was detected in 14 of 14 soil gas 
samples and does not have a 
VISL. A minimal contribution of 
ambient air to the sub-slab soil 
gas concentration was observed. 

Actaldehyde No 43 0.096 94 5.8 88 

Yes. This constituent was not 
identified as a groundwater VI 
COPC in groundwater; however, 
it cannot be ruled out because it 
could be a soil source. It was 
retained for further assessment 
because it was detected in eight 
of 14 soil gas samples and the 
maximum detected 
concentration was greater than 
the VISL. Ambient air potentially 
contributed approximately six% 
of the sub-slab soil gas 
concentration. 

Acrolein No 0.7 1.3 5.7 2.4 3.3 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source. It was retained for 
further assessment because it 
was detected in 10 of 14 soil gas 
samples and the maximum 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

detected concentration was 
greater than the VISL. Ambient 
air potentially contributed 
approximately 40% of the sub-
slab soil gas concentration. 

Decane No -- -- 69 2.1 67 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source.  It was retained for 
further assessment because it 
was detected in 14 of 14 soil gas 
samples and does not have a 
VISL. A minimal contribution of 
ambient air to the sub-slab soil 
gas concentration was observed. 

Dibromochloromethan
e 

No -- 0.3 0.098 -- 0.098 

No. This constituent was not 
identified as a groundwater VI 
COPC. It was initially retained as 
a VI COPC because it was 
detected in sub-slab soil gas and 
does not have a VISL. Ambient 
air does not contribute 
significantly to the sub-slab soil 
gas concentration. Given the 
very low corrected/maximum 
detected sub-slab soil gas 
concentration (i.e., 0.098 ug/m3), 
frequency of detection (detected 
in only six of 14 samples) and 
lack of other evidence indicating 
a VI source, this constituent was 
eliminated from further 
consideration in the VI 
assessment. 

Dodecane No -- 10 12 3.2 8.8 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it can’t be ruled 
out because it could be a soil 
source. It was retained for 
further assessment because it 
was detected in 12 of 14 soil gas 
samples and does not have a 
VISL. Ambient air potentially 
contributes approximately 25% 
of the sub-slab soil gas 
concentration. 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

Ethanol No -- 0.62 360 12 348 

Yes. This constituent was not 
identified as a VI COPC in 
groundwater; however, it can’t 
be ruled out because it could be 
a soil source. It was retained for 
further assessment because it 
was detected in 11 of 14 soil gas 
samples and does not have a 
VISL. A minimal contribution of 
ambient air to the sub-slab soil 
gas concentration was observed. 

Ethylbenzene  37 -- 340 1.3 339 

Yes. This constituent was not 
identified as a VI COPC in 
groundwater; however, it can’t 
be ruled out because it could be 
a soil source. It was retained for 
further assessment because it 
was detected in 14 of 14 soil gas 
samples and the maximum 
detected concentration was 
greater than the VISL. A minimal 
contribution of ambient air to the 
sub-slab soil gas concentration 
was observed. 

GRO No -- 1,600 8,800 -- 8,800 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source. It was retained for 
further assessment because it 
was detected in six of 14 soil gas 
samples and the maximum 
detected concentration was 
greater than the VISL. No 
contribution from ambient air to 
the sub-slab soil gas 
concentration was observed. 

Isopropanol No 7,000 0.37 28,000 220 27,780 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source. It was retained for 
further assessment because it 
was detected in 13 of 14 soil gas 
samples and the maximum 
detected concentration was 
greater than the VISL. A minimal 
contribution of ambient air to the 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

sub-slab soil gas concentration 
was observed. 

Naphthalene No 2.8 0.54 4.2 0.13 4.1 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source.  It was retained for 
further assessment because it 
was detected in 12 of 14 soil gas 
samples and the maximum 
detected concentration was 
greater than the VISL. A minimal 
contribution of ambient 
background to the sub-slab soil 
gas concentration was observed. 

n-Butylbenzene No -- 5.2 0.38 -- 0.38 

No. This constituent was not 
identified as a groundwater VI 
COPC. It was initially retained as 
VI COPC for further assessment 
because it was detected in sub-
slab soil gas samples and does 
not have a VISL. Ambient air 
does not contribute significantly 
to the sub-slab soil gas 
concentration. Given the very 
low corrected/maximum 
detected sub-slab soil gas 
concentration (i.e., 0.38 ug/m3), 
frequency of detection (detected 
in only seven of 14 samples), 
and lack of other evidence 
indicating a VI source, this 
constituent was eliminated from 
further evaluation. 

Octane No -- 8.1 0.57 0.37 0.20 

No. This constituent was not 
identified as a groundwater VI 
COPC. It was initially retained as 
a VI COPC because it was 
detected in sub-slab soil gas and 
does not have a VISL. Ambient 
air potentially contributes 
approximately 65% of the sub-
slab soil gas concentration. 
Given the very low 
corrected/maximum detected 
sub-slab soil gas concentration 
(i.e., 0.20 ug/m3), frequency of 
detection (detected in only 10 of 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

14 samples) and lack of other 
evidence indicating a VI source, 
this constituent was eliminated 
from further evaluation   

p-Isopropyltoluene No -- 5.5 12 -- 12 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it can’t be ruled 
out because it could be a soil 
source. It was retained for 
further assessment because it 
was detected in 12 of 14 soil gas 
samples and does not have a 
VISL. No contribution from 
ambient air to the sub-slab soil 
gas concentration was observed. 

sec-Butylbenzene No -- 4.9 0.18 -- 0.18 

No. This constituent was not 
identified as a groundwater VI 
COPC. It was initially retained as 
a VI COPC because it was 
detected in sub-slab soil gas 
samples and does not have a 
VISL. Ambient air does not 
contribute significantly to the 
sub-slab soil gas concentration.  
Given the very low 
corrected/maximum detected 
sub-slab soil gas concentration 
(i.e., 0.18 ug/m3), frequency of 
detection (detected in only one 
of 14 samples), and lack of other 
evidence indicating a VI source, 
this constituent was eliminated 
from further evaluation. 

Tert-Butyl Alcohol No -- 0.52 36 6.9 29 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it cannot be 
ruled out because it could be a 
soil source. It was retained for 
further assessment because it 
was detected in nine of 14 soil 
gas samples and does not have 
a VISL. Ambient air potentially 
contributed approximately 20% 
of the sub-slab soil gas 
concentration. 

Trichlorofluoromethane No -- -- 1.2 0.95 0.25 
No. This constituent was not 
identified as a groundwater VI 
COPC. It was initially retained as 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

a VI COPC because it was 
detected in sub-slab soil gas 
samples and does not have a 
VISL. It was retained for further 
assessment because it was 
detected in 14 of 14 soil gas 
samples), with low 
corrected/maximum detected 
sub-slab soil gas concentration 
of 0.25 ug/m3. Ambient air 
contributed significantly to the 
sub-slab soil gas concentration 
(approximately 80%). Given the 
low corrected/maximum 
detected sub-slab soil gas 
concentration (i.e., 0.25 ug/m3) 
and the significant ambient air 
background contribution 
(approximately 80%) to the sub-
slab soil gas concentration, and 
lack of other evidence indicating 
a VI source, this constituent was 
eliminated from further 
evaluation.. 

Undecane No -- 9.5 31 2.7 28 

Yes. This constituent was not 
identified as a groundwater VI 
COPC; however, it can’t be ruled 
out because it could be a soil 
source. It was retained for 
further assessment because it 
was detected in 12 of 14 soil gas 
samples and does not have a 
VISL. A minimal contribution of 
ambient air to the sub-slab soil 
gas concentration was observed. 

Butraldehyde No -- 0.22 0.82 0.49 0.33 

No. This constituent was not 
identified as a VI COPC in 
groundwater.  It was initially 
retained as a VI COPC because 
it was detected in sub-slab soil 
gas and does not have a VISL. 
Ambient air potentially 
contributes approximately 60% 
of the sub-slab soil gas 
concentration.  Given the very 
low corrected/maximum 
detected sub-slab soil gas 
concentration (i.e., 0.33 ug/m3),  
frequency of detection (detected 
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Summary of Groundwater and Sub-Slab Soil Gas Line of Evidence 

VI COPC 

GW  
VI COPC 

from 
STEP 1? 

Lowest 
Residential 

SG-to-IA 
VISL  

(ug/m3) 

Maximum 
Detection 

Limit  
(ug/m3) 

Maximum 
Detected  
Sub-Slab  
Soil Gas 

Conc. 
(ug/m3) 

Maximum 
Detected 
Ambient 
Air Conc. 
(ug/m3) 

Corrected Sub-
Slab  

Soil Gas Conc. 
(SG minus AA) 

(ug/m3) 
Retained for Further 

Evaluation for VI in Step 4? 

in only 4 of 14 samples) and lack 
of other evidence indicating a VI 
source, this constituent was 
eliminated from further 
consideration in the VI 
assessment.   

Crotonaldehyde No -- 0.12 1.1 -- 1.1 

No. This constituent was not 
identified as a VI COPC in 
groundwater.  It was initially 
retained as a VI COPC because 
it was detected in sub-slab soil 
gas and does not have a VISL. 
Given the very low maximum 
detected sub-slab soil gas 
concentration (i.e., 1.1 ug/m3),  
frequency of detection (detected 
in only 3 of 14 samples) and lack 
of other evidence indicating a VI 
source, this constituent was 
eliminated from further 
consideration in the VI 
assessment.   

Only 14 of the 28 constituents were retained for further evaluation for VI in Step 3, including:  

• 1,3-Dichlorobenzene 
• 4-Ethyltoluene 
• Acetaldehyde 
• Acrolein 
• Decane 
• Dodecane 
• Ethanol 
• Ethylbenzene 
• GRO 
• Isopropanol 
• Naphthalene 
• p-Isopropyltoluene 
• Tert-Butyl Alcohol 
• Undecane 
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Step 3b: Line-of-Evidence Evaluation of Building 1460 (Medical Clinic) Groundwater and Sub-Slab 

Soil Gas  

Note:  The VI COPCs identified in the Southern Area were 
evaluated further based on the concentrations in each 
building (i.e., Building 1460 [Medical Clinic] and Building 
1463 [Dental Clinic]).  

Building 1460 (Medical Clinic)  
Fourteen VI COPCs were identified for the Southern Area.  
The groundwater summary statistics for the Southern 
Area are presented on Table D-3; the sub-slab soil gas 
summary statistics for Building 1460 (Medical Clinic) are 
presented on Table D-5. The lines-of-evidence for samples 
associated with Building 1460 (Medical Clinic) are summarized below. 

1,3-Dichlorobenzene  

1,3-Dichlorobenzene was detected in all seven of the sub-slab soil gas samples that were 
collected from this building but was not detected in groundwater and does not have a VISL for 
groundwater or soil gas. The concentrations in Building 1460 ranged from 0.20 ug/m3 to 0.60 
ug/m3, with a mean of 0.36 ug/m3 and standard deviation of 0.13 ug/m3.  The ambient air 
background concentration was 3.6 ug/m3, which indicates that the sub-slab soil gas 
concentrations in this building are less than ambient background and are not likely associate 
with VI from a sub-surface source. Therefore, 1,3-dichlorobenzene was eliminated from further 
evaluation in this building.  

4-Ethyltoluene 
4-Ethyltoluene was detected in all seven of the sub-slab soil gas samples that were collected 
from this building but was not analyzed for in groundwater and does not have a VISL for 
groundwater or soil gas.  The concentration in sub-slab soil gas ranged from 0.23 ug/m3 to 0.89 
ug/m3, with a mean of 0.42 ug/m3 and standard deviation of 0.22 ug/m3 which indicates that 
the sub-slab soil gas results for 4-ethyltoluene in this building are similar. These results are 
somewhat uncommon for VI unless there is a homogeneous and widespread source of 4-
ethyltoluene located in soil beneath the building. It is possible that there also could be a source 
in groundwater since groundwater was not analyzed for 4-ethyltoluene.  Ambient air 
contributed significantly to the sub-slab soil gas concentration (approximately 24%). The sub-
slab soil gas 4-ethyltoluene concentrations in Building 1460 are similar to the sub-slab soil gas 
concentrations measured in the Northern Area where 4-ethyltoluene was not identified as a VI 
COPC.  For example, the range of sub-slab concentrations for 4-ethyltoluene in the Northern 
Area buildings was 0.59 ug/m3 to 1.8 ug/m3 with a mean of 0.24 ug/m3, and a standard 

Northern Area sub-slab soil gas concentrations are 
unrelated to historical site activities (i.e., the VI 
pathway is incomplete).  Therefore, any detections in 
sub-slab soil gas in the Northern Area are considered 
representative of background.   Southern Area sub-
slab soil gas concentrations were subsequently 
compared to background concentrations found in the 
Northern Area to determine if sub-slab soil gas 
concentrations exceeding background were detected 
in the Southern Area. 
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deviation of 0.39 ug/m3. These results are similar to the 4-ethyltoluene in sub-slab soil gas 
observed in Building 1460. These data indicate that there is not a VI signature for 4-
ethyltoluene in this building. Therefore, 4-ethyltoluene was eliminated from further 
consideration as a VI COPC in this building. 

Acetaldehyde 
Acetaldehyde concentrations exceeded SG-to-IA VISLs in Building 1460 (Medical Clinic) and 
were detected in ambient air at low concentrations (relative to the sub-slab soil gas 
concentrations) which indicates that ambient air is most likely not the source of the measured 
soil gas concentrations. Acetaldehyde was not detected in groundwater which rules out 
groundwater as a potential source of VI. Acetaldehyde was only detected in one of the seven 
sub-slab soil gas samples collected from Building 1460 (i.e., sample CK1460-05 in Office 63/64).  
This result only slightly exceeded the SG-to-IA VISL (i.e., 56 ug/m3 vs. 43 ug/m3). The sub-slab 
soil gas concentrations in Building 1460 are similar to the sub-slab soil gas concentrations 
measured in the Northern Area where acetaldehyde was not identified as a VI COPC.  For 
example, the range of sub-slab concentrations for acetaldehyde in the Northern Area Buildings 
was 14 ug/m3 to 150 ug/m3 with a mean of 30 ug/m3, and a standard deviation of 56 ug/m3.  
This is similar to the acetaldehyde in sub-slab soil gas observed in Building 1460. These data 
indicate that there is not a VI signature for acetaldehyde in this building.  Therefore, 
acetaldehyde was eliminated from further consideration as a VI COPC in this building.           

Acrolein  
Acrolein concentrations exceeded SG-to-IA VISLs in Building 1460 (Medical Clinic). The 
concentrations ranged from 0.70 ug/m3 to 2.0 ug/m3, with a mean of 0.81 ug/m3, and standard 
deviation of 0.81 ug/m3.  Ambient air contributes significantly to the sub-slab soil gas 
concentration (approximately 120%).  Acrolein was not detected in groundwater which rules 
out groundwater as a potential source of VI. The sub-slab soil gas concentrations in Building 
1460 are similar to the sub-slab soil gas concentrations measured in the Northern Area where 
acrolein was not identified as a VI COPC. For example, the range of sub-slab concentrations for 
acrolein in the Northern Area buildings was 0.44 ug/m3 to 3.2 ug/m3 with a mean of 1 ug/m3, 
and a standard deviation of 0.74 ug/m3.  This is very similar to the acrolein in sub-slab soil gas 
observed in Building 1460. These data indicate that there is not a VI signature for acrolein in 
this building.  Therefore, acrolein was eliminated from further consideration as a VI COPC in this 
building.    

Decane  

Decane was detected in all seven of the sub-slab soil gas samples that were collected from 
Building 1460 but does not have a groundwater or soil gas VISL.  The sub-slab soil gas 
concentrations ranged from 1.6 ug/m3 to 3.5 ug/m3, with a mean of 2.6 ug/m3 and standard 
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deviation of 0.77 ug/m3 which indicates that the sub-slab soil gas results for decane in this 
building are similar. These results are somewhat uncommon for VI unless there is a 
homogeneous and widespread source of decane located in soil beneath the building.  It is 
possible that there also could be a source in groundwater since groundwater was not analyzed 
for decane. Ambient air contributes significantly to the sub-slab soil gas concentration 
(approximately 60%). The sub-slab soil gas concentrations in Building 1460 are similar to the 
sub-slab soil gas concentrations measured in the Northern Area where decane was not 
identified as a VI COPC. For example, the range of sub-slab concentrations for decane in the 
Northern Area Buildings was 0.34 ug/m3 to 2.5 ug/m3 with a mean of 0.79 ug/m3, and a 
standard deviation of 0.64 ug/m3.  This is very similar to the decane in sub-slab soil gas 
observed in Building 1460. These data indicate that there is not a VI signature for decane in this 
building.  Therefore, decane was eliminated from further consideration as a VI COPC in this 
building. 

Dodecane 

Dodecane was detected all seven of the sub-slab soil gas samples that were collected from 
Building 1460 but does not have a VISL for groundwater or soil gas.  The sub-slab soil gas 
concentrations ranged from 2.0 ug/m3 to 5.2 ug/m3, with a mean of 4.0 ug/m3 and standard 
deviation of 1.0 ug/m3 which indicates that the sub-slab soil gas results for dodecane in this 
building are similar. These results are somewhat uncommon for VI unless there is a 
homogeneous and widespread source of dodecane located in soil beneath the building. It is 
possible that there also could be a source in groundwater since groundwater was not analyzed 
for dodecane. Ambient air contributes significantly to the sub-slab soil gas concentration 
(approximately 62%). The sub-slab soil gas concentrations in Building 1460 are similar to the 
sub-slab soil gas concentrations measured in the Northern Area where dodecane was not 
identified as a VI COPC.  For example, the range of sub-slab concentrations for dodecane in the 
Northern Area Buildings was 0.72 ug/m3 to 4.0 ug/m3 with a mean of 1.6 ug/m3, and a standard 
deviation of 0.98 ug/m3.  This is very similar to the dodecane in sub-slab soil gas observed in 
Building 1460.   These data indicate that there is not a VI signature for dodecane in this 
building.  Therefore, dodecane was eliminated from further consideration as a VI COPC in this 
building. 

Ethanol 

Ethanol was detected in four of the seven sub-slab soil gas samples that were collected from 
Building 1460 but does not have a VISL for groundwater or soil gas.  The sub-slab soil gas 
concentrations ranged from 230 ug/m3 to 360 ug/m3, with a mean of 172 ug/m3 and standard 
deviation of 165 ug/m3 which indicates that the sub-slab soil gas results for ethanol in this 
building are similar. These results are somewhat uncommon for VI unless there is a 
homogeneous and widespread source of ethanol located in soil beneath the building. It is 
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unlikely that there is a source in groundwater because ethanol was not detected in 
groundwater.  Ambient air does not contribute significantly to the sub-slab soil gas 
concentration (approximately 4%). The sub-slab soil gas concentrations in Building 1460 are 
similar to the sub-slab soil gas concentrations measured in the Northern Area where ethanol 
was not identified as a VI COPC. For example, the range of sub-slab concentrations for ethanol 
in the Northern Area buildings was 22 ug/m3 to 260 ug/m3 with a mean of 81 ug/m3, and a 
standard deviation of 59 ug/m3.  This is very similar to the dodecane in sub-slab soil gas 
observed in Building 1460. These data indicate that there is not a VI signature for ethanol in this 
building.  Therefore, ethanol was eliminated from further consideration as a VI COPC in this 
building. 

Ethylbenzene 

Only one of the seven sub-slab soil gas concentrations at this building exceeded SG-to-IA VISLs.  
Ethylbenzene was also detected in ambient air at low concentrations (relative to the sub-slab 
soil gas concentrations) which indicates that ambient air is likely not the source of the 
measured soil gas concentrations. Ethylbenzene was not detected in groundwater which rules 
out groundwater as a potential source of VI. Ethylbenzene was detected in all seven sub-slab 
soil gas samples that were collected from this building.  The concentrations ranged from 1.2 
ug/m3 to 273 ug/m3 with a mean of 40 ug/m3, and standard deviation of 103 ug/m3.  Six of the 
seven sub-slab soil gas samples that were collected from this building were less than 1.9 ug/m3 
and the SG-to-IA VISL of 37 ug/m3.  GRO (which is a likely source of ethylbenzene) was not 
detected in groundwater and were not detected in any of the sub-slab soil gas samples 
collected from this building.  This indicates that a fuel spill/release is likely not the source of the 
ethylbenzene detection.  Given that (1) only one of the seven sub-slab soil gas concentrations 
exceed the SG-to-IA VISL and (2) GRO (which is a likely source of ethylbenzene) was not 
detected in groundwater and/or sub-slab soil gas samples—it is more likely that an indoor air 
source is responsible for the elevated soil gas concentration detected in the X-Ray Room 45 
(CK1460-01) than VI from groundwater and/or soil (see Table D-6) Therefore, ethylbenzene was 
eliminated from further consideration as a VI COPC in this building. 

GRO 

GRO was not detected in any of the sub-slab soil gas samples that were collected from this 
building. GRO was also not detected in any of the groundwater samples. Therefore, GRO was 
eliminated from further consideration as a VI COPC in this building.      

Isopropanol 

Isopropanol was not detected in any of the sub-slab soil gas samples that were collected from 
this building at concentrations exceeding the SG-to-IA VISL.  The maximum detected sub-slab 
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soil gas concentration was 710 ug/m3 and the SG-to-IA VISL is 7,000 ug/m3.  Therefore, 
isopropanol was eliminated from further consideration as a VI COPC in this building.      

Naphthalene  

Naphthalene was not detected in any of the sub-slab soil gas samples that were collected from 
this building at concentrations exceeding the SG-to-IA VISL.  The maximum detected sub-slab 
soil gas concentration was 0.38 ug/m3 and the SG-to-IA VISL is 2.8 ug/m3.  Therefore, 
naphthalene was eliminated from further consideration as a VI COPC in this building.      

p-Isopropyltoluene  

p-Isopropyltoluene was detected in all seven sub-slab soil gas samples that were collected from 
Building 1460 (Medical Clinic) but does not have a VISL for groundwater or soil gas and.  The 
sub-slab soil gas concentrations ranged from 0.13 ug/m3 to 0.20 ug/m3, with a mean of 0.16 
ug/m3 and standard deviation of 0.026 ug/m3 which indicates that the sub-slab soil gas results 
for p-isopropyltoluene in this building are very similar which is somewhat uncommon for VI 
unless there is a homogeneous and widespread source of isopropyltoluene located in soil 
beneath the building.  It is unlikely that there is a source in groundwater because 
isopropyltoluene was not detected in groundwater.  Ambient air does not contribute 
significantly to the sub-slab soil gas concentration because isopropyltoluene was not detected 
in ambient air.  The sub-slab soil gas concentrations in Building 1460 are similar to the sub-slab 
soil gas concentrations measured in the Northern Area where isopropyltoluene was not 
identified as a VI COPC.  For example, the range of sub-slab concentrations for ethanol in the 
Northern Area Buildings was 0.14 ug/m3 to 1.3 ug/m3 with a mean of 0.25 ug/m3, and a 
standard deviation of 0.30 ug/m3.  This is very similar to the isopropyltoluene in sub-slab soil 
gas observed in Building 1460. These data indicate that there is not a VI signature for 
isopropyltoluene in this building.  Therefore, isopropyltoluene was eliminated from further 
consideration as a VI COPC in this building. 

Tert-Butyl Alcohol 

Tert-butyl alcohol was detected in six of the seven sub-slab soil gas samples that were collected 
from Building 1460 (Medical Clinic) but does not have a VISL for groundwater or soil gas. The 
sub-slab soil gas concentrations ranged from 1.4 ug/m3 to 14 ug/m3, with a mean of 5.2 ug/m3 
and standard deviation of 5.3 ug/m3 which indicates that the sub-slab soil gas results for tert-
butyl alcohol in this building are somewhat variable.  It is unlikely that there is a source in 
groundwater because tert-butyl alcohol was not detected in groundwater. Ambient air 
contributes significantly to the sub-slab soil gas concentration (approximately 50%).  The sub-
slab soil gas concentrations in Building 1460 are slightly higher that the sub-slab soil gas 
concentrations measured in the Northern Area where tert-butyl alcohol was not identified as a 
VI COPC.  For example, the range of sub-slab concentrations for tert-butyl alcohol in the 
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Northern Area Buildings was 0.30 ug/m3 to 2.8 ug/m3 with a mean of 0.59 ug/m3, and a 
standard deviation of 0.67 ug/m3.  These data indicate that there is not a VI signature for tert-
butyl alcohol in this building.  Therefore, tert-butyl alcohol was eliminated from further 
consideration as a VI COPC in this building. 

Undecane 

Undecane does not have a VISL for groundwater or soil gas and was detected all seven of the 
sub-slab soil gas samples that were collected from this building.  The sub-slab soil gas 
concentrations ranged from 2.8 ug/m3 to 4.4 ug/m3, with a mean of 3.8 ug/m3 and standard 
deviation of 0.55 ug/m3 which indicates that the sub-slab soil gas results for undecane in this 
building are very similar which is somewhat uncommon for VI unless there is a homogeneous 
and widespread source of undecane located in soil beneath the building.  It is possible that 
there also could be a source in groundwater since groundwater was not analyzed for undecane.  
Ambient air contributes significantly to the sub-slab soil gas concentration (approximately 60%).  
The sub-slab soil gas concentrations in Building 1460 are slightly higher that the sub-slab soil 
gas concentrations measured in the Northern Area where undecane was not identified as a VI 
COPC.  For example, the range of sub-slab concentrations for undecane in the Northern Area 
Buildings was 0.20 ug/m3 to 1.0 ug/m3 with a mean of 0.44 ug/m3, and a standard deviation of 
0.4 ug/m3. These data indicate that there is not a VI signature for undecane in this building. 
Therefore, undecane was eliminated from further consideration as a VI COPC in the building.   

Step 3c: Line-of-Evidence Evaluation of Building 1463 (Dental Clinic) Groundwater and Sub-Slab Soil 

Gas  

Fourteen constituents were identified as VI COPCs from previous steps in the VI Evaluation of 
all buildings in the Southern Area.  The sub-slab soil gas summary statistics and sample location 
results for Building 1463 (Dental Clinic) are presented on Table D-7 and D-8, respectively. The 
lines-of-evidence for samples associated with Building 1463 (Dental Clinic) are summarized 
below.  

1,3-Dichlorobenzene  

1,3-Dichlorobenzene was detected all seven of the sub-slab soil gas samples that were collected 
from this building but was not detected in groundwater and does not have a VISL for 
groundwater or soil gas. The concentration ranged from 13 ug/m3 to 510 ug/m3, with a mean of 
231 ug/m3 and standard deviation of 255 ug/m3.  The ambient air background concentration 
was 3.6 ug/m3, which indicates that ambient air is most likely not the source of the measured 
soil gas concentrations.  Sub-slab soil gas concentrations were variable with the highest 
concentrations observed at CK1463-04 (510 ug/m3), CK1463-06 (510 ug/m3), and CK1463-07 
(490 ug/m3)—in the area of the building where asbestos abatement had been completed but 



 

43 

where remodeling was underway. Therefore, 1,3-dichlorobenzene was retained for further 
evaluation for VI in Step 4.  

4-Ethyltoluene  

4-Ethyltoluene was detected all seven of the sub-slab soil gas samples that were collected from 
this building but does not have a VISL for groundwater or soil gas.  The concentration ranged 
from 0.71 ug/m3 to 45 ug/m3, with a mean of 14 ug/m3 and standard deviation of 18 ug/m3.  
Ambient air does not contribute significantly to the sub-slab soil gas concentration at this 
building.  Sub-slab soil gas concentrations were variable with the highest concentrations 
observed at CK1463-04 (29 ug/m3), CK1463-06 (45 ug/m3), and CK1463-07 (21 ug/m3)—in the 
area of the building where asbestos abatement had been completed but where remodeling was 
underway.  Therefore, 4-Ethyltoluene was retained for further evaluation for VI in Step 4.   

Acetaldehyde  
Acetaldehyde exceeded the SG-to-IA VISL in four of the seven sub-slab soil gas samples.  The 
sub-slab soil gas concentrations ranged from 4.8 ug/m3 to 94 ug/m3, with a mean of 49 ug/m3 
and standard deviation of 40 ug/m3.  The highest sub-slab soil gas concentrations were 
observed at CK1463-04 (66 ug/m3), CK1463-06 (70 ug/m3), and CK1463-07 (94 ug/m3)—in the 
area of the building where asbestos abatement had been completed but where remodeling was 
underway.  It was also detected in ambient air at low concentrations (relative to the sub-slab 
soil gas concentrations) which indicates that ambient air is most likely not the source of the 
measured soil gas concentrations.  Acetaldehyde was not detected in groundwater which rules 
out groundwater as a potential source of VI.  The sub-slab soil gas concentrations in Building 
1463 are similar to the sub-slab soil gas concentrations measured in the Northern Area where 
acetaldehyde was not identified as a VI COPC.  For example, the range of sub-slab 
concentrations for acetaldehyde in the Northern Area buildings was 22 ug/m3 to 260 ug/m3 
with a mean of 81 ug/m3, and a standard deviation of 59 ug/m3.  This is very similar to the 
acetaldehyde in sub-slab soil gas observed in Building 1463.   These data indicate that there is 
not a VI signature for acetaldehyde in this building.  Therefore, acetaldehyde was eliminated 
from further consideration as a VI COPC in this building.   

Acrolein 
Sub-slab soil gas concentrations exceeded SG-to-IA VISLs but it was also detected in ambient air 
at high concentrations (relative to the sub-slab soil gas concentrations).  The concentrations 
ranged from 0.44 ug/m3 to 5.7 ug/m3, with a mean of 1.9 ug/m3, and standard deviation of 1.8 
ug/m3.  Ambient air contributes significantly to the sub-slab soil gas concentration 
(approximately 42%).  Acrolein was not detected in groundwater which rules out groundwater 
as a potential source of VI. The sub-slab soil gas concentrations in Building 1463 are similar to 
the sub-slab soil gas concentrations measured in the Northern Area where acrolein was not 
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identified as a VI COPC. For example, the range of sub-slab concentrations for acrolein in the 
Northern Area Buildings was 0.44 ug/m3 to 3.2 ug/m3 with a mean of 1.0 ug/m3, and a standard 
deviation of 0.74 ug/m3. This is very similar to the acrolein in sub-slab soil gas observed in 
Building 1463. These data indicate that there is not a VI signature for acrolein in this building.  
Therefore, acrolein was eliminated from further consideration as a VI COPC in this building. 

Decane 

Decane does not have a VISL for groundwater or soil gas and was detected all seven of the sub-
slab soil gas samples that were collected from this building.  The sub-slab soil gas 
concentrations ranged from 2.1 ug/m3 to 69 ug/m3, with a mean of 20 ug/m3 and standard 
deviation of 25 ug/m3. It is possible that there also could be a source in groundwater since 
groundwater was not analyzed for decane. Ambient air does not contribute significantly to the 
sub-slab soil gas concentration at this building.  Sub-slab soil gas concentrations were variable 
with the highest concentrations observed at CK1463-04 (31 ug/m3), CK1463-06 (69 ug/m3), and 
CK1463-07 (27 ug/m3)—in the area of the building where asbestos abatement had been 
completed but where remodeling was underway. Therefore, decane was retained for further 
evaluation for VI in Step 4. 

Dodecane  

Dodecane does not have a VISL for groundwater or soil gas and was detected all seven of the 
sub-slab soil gas samples that were collected from this building.  The sub-slab soil gas 
concentrations ranged from 3.2 ug/m3 to 12 ug/m3, with a mean of 5.3 ug/m3 and standard 
deviation of 3.0 ug/m3 which indicates that the sub-slab soil gas results for dodecane in this 
building are very similar which is somewhat uncommon for VI unless there is a homogeneous 
and widespread source of dodecane located in soil beneath the building.  It is possible that 
there also could be a source in groundwater since groundwater was not analyzed for dodecane.  
Ambient air contributes to the sub-slab soil gas concentration (approximately 27%). The sub-
slab soil gas concentrations in Building 1463 are similar to the sub-slab soil gas concentrations 
measured in the Northern Area where dodecane was not identified as a VI COPC.  For example, 
the range of sub-slab concentrations for dodecane in the Northern Area Buildings was 0.72 
ug/m3 to 4.0 ug/m3 with a mean of 1.6 ug/m3, and a standard deviation of 0.98 ug/m3.  This is 
very similar to the dodecane in sub-slab soil gas observed in Building 1463. These data indicate 
that there is not a VI signature for dodecane in this building.  Therefore, dodecane was 
eliminated from further consideration as a VI COPC in this building. 

Ethanol  

Ethanol does not have a VISL for groundwater or soil gas and was detected in all seven sub-slab 
soil gas samples that were collected from this building.  The sub-slab soil gas concentrations 
ranged from 12 ug/m3 to 190 ug/m3, with a mean of 55 ug/m3 and standard deviation of 65 
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ug/m3. The highest sub-slab soil gas concentrations were observed at CK1463-04 (190 ug/m3), 
CK1463-06 (72 ug/m3), and CK1463-07 (68 ug/m3)—in the area of the building where asbestos 
abatement had been completed but where remodeling was underway.  It is unlikely that there 
is a source in groundwater because ethanol was not detected in groundwater. Ambient air does 
not contribute significantly to the sub-slab soil gas concentration (approximately 6%).  The sub-
slab soil gas concentrations in Building 1463 are similar to the sub-slab soil gas concentrations 
measured in the Northern Area where ethanol was not identified as a VI COPC.  For example, 
the range of sub-slab concentrations for ethanol in the Northern Area Buildings was 22.0 ug/m3 
to 260 ug/m3 with a mean of 81 ug/m3, and a standard deviation of 59 ug/m3.  This is very 
similar to the ethanol in sub-slab soil gas observed in Building 1463. These data indicate that 
there is not a VI signature for ethanol in this building. Therefore, ethanol was eliminated from 
further consideration as a VI COPC in this building. 

Ethylbenzene  
Ethylbenzene exceeded the SG-to-IA VISL in three of the seven sub-slab soil gas samples.  The 
concentrations ranged from 3.2 ug/m3 to 340 ug/m3, with a mean of 115 ug/m3, and standard 
deviation of 144 ug/m3.  Ethylbenzene was also detected in ambient air at low concentrations 
(relative to the sub-slab soil gas concentrations) which indicates that ambient air is most likely 
not the source of the measured soil gas concentrations. Ethylbenzene was not detected in 
groundwater which rules out groundwater as a potential source of VI.  Sub-slab soil gas 
concentrations were variable with the highest concentrations   observed at CK1463-04 (220 
ug/m3), CK1463-06 (340 ug/m3), and CK1463-07 (230 ug/m3)—in the area of the building where 
asbestos abatement had been completed but where remodeling was underway. Therefore, 
ethylbenzene was retained for further evaluation for VI in Step 4.  

GRO (C3-C12)  
GRO exceeded the SG-to-IA VISL in four of the seven sub-slab soil gas samples.  The sub-slab soil 
gas concentrations ranged from 2,900 ug/m3 to 8,800 ug/m3, with a mean of 4,360 ug/m3 and 
standard deviation of 2,583 ug/m3.  The highest sub-slab soil gas concentrations were observed 
at CK1463-04 (5,200 ug/m3), CK1463-06 (8,800 ug/m3), and CK1463-07 (5,900 ug/m3)—in the 
area of the building where asbestos abatement had been completed but where remodeling was 
underway.  It was also detected in ambient air at low concentrations (relative to the sub-slab 
soil gas concentrations) which indicates that ambient air is most likely not the source of the 
measured soil gas concentrations.  GRO was not detected in groundwater which rules out 
groundwater as a potential source of VI.  The sub-slab soil gas concentrations in Building 1463 
are similar to the sub-slab soil gas concentrations measured in the Northern Area where GRO 
was not identified as a VI COPC.  For example, the range of sub-slab concentrations for GRO in 
the Northern Area Buildings was 2,800 ug/m3 to 5,900 ug/m3 with a mean of 1,322 ug/m3, and 
a standard deviation of 1,346 ug/m3. This is very similar to the GRO in sub-slab soil gas observed 
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in Building 1463. These data indicate that there is not a VI signature for GRO in this building. 
Therefore, GRO was eliminated from further consideration as a VI COPC in this building. 

Isopropanol  

Isopropanol was detected in three of the seven sub-slab soil gas samples at concentrations that 
exceeded the SG-to-IA VISL.  The sub-slab soil gas concentrations ranged from 850 ug/m3 to 
28,000 ug/m3, with a mean of 10,601 ug/m3 and standard deviation of 12,151 ug/m3.  It is 
unlikely that there is a source in groundwater because isopropanol was not detected in 
groundwater at concentrations exceeding the GW-to-IA VISL.  Ambient air does not contribute 
significantly to the sub-slab soil gas concentration (< 1%). Sub-slab soil gas concentrations were 
variable with the highest concentrations observed at CK1463-04 (20,000 ug/m3), CK1463-06 
(28,000 ug/m3), and CK1463-07 (22,000 ug/m3)—in the area of the building where asbestos 
abatement had been completed but where remodeling was underway.  Therefore, isopropanol 
was retained for further evaluation for VI in Step 4.  

Naphthalene  

Naphthalene was detected in one of the seven sub-slab soil gas samples at a concentration that 
exceed the SG-to-IA VISL.  The sub-slab soil gas concentrations ranged from 0.18 ug/m3 to 4.2 
ug/m3, with a mean of 0.80 ug/m3 and standard deviation of 1.5 ug/m3.  It is unlikely that there 
is a source in groundwater because naphthalene was not detected in groundwater at 
concentrations exceeding the GW-to-IA VISL.  Ambient air does not contribute significantly to 
the sub-slab soil gas concentration (approximately 3%).  Sub-slab soil gas concentrations were 
variable with the highest concentration observed at CK1463-04 (4.2 ug/m3)—in the area of the 
building where asbestos abatement had been completed but where remodeling was underway.  
Therefore, naphthalene was retained for further evaluation for VI in Step 4.       

p-Isopropyltoluene  

p-Isopropyltoluene does not have a VISL for groundwater or soil gas and was detected in five of 
the seven sub-slab soil gas samples that were collected from this building.  The sub-slab soil gas 
concentrations ranged from 0.21 ug/m3 to 12 ug/m3, with a mean of 2.8 ug/m3 and standard 
deviation of 4.2 ug/m3.  It is unlikely that there is a source in groundwater because p-
isopropyltoluene was not detected in groundwater.  Ambient air does not contribute 
significantly to the sub-slab soil gas concentration because p-isopropyltoluene was not detected 
in ambient air.  Sub-slab soil gas concentrations were variable with the highest concentration 
observed at CK1463-04 (12 ug/m3)—in the area of the building where asbestos abatement had 
been completed but where remodeling was underway.  Therefore, p-isopropyltoluene was 
retained for further evaluation for VI in Step 4.   
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Tert-Butyl Alcohol  

Tert-butyl alcohol does not have a VISL for groundwater or soil gas and was detected in three of 
the seven sub-slab soil gas samples that were collected from this building.  The sub-slab soil gas 
concentrations ranged from 12 ug/m3 to 36 ug/m3, with a mean of 12 ug/m3 and standard 
deviation of 16 ug/m3 which indicates that the sub-slab soil gas results for tert-butyl alcohol in 
this building are somewhat variable.  It is unlikely that there is a source in groundwater because 
tert-butyl alcohol was not detected in groundwater.  Ambient air contributes significantly to the 
sub-slab soil gas concentration (approximately 19%).  The sub-slab soil gas concentrations in 
Building 1463 are slightly higher that the sub-slab soil gas concentrations measured in the 
Northern Area where tert-butyl alcohol was not identified as a VI COPC.  For example, the range 
of sub-slab concentrations for tert-butyl alcohol in the Northern Area buildings was 0.30 ug/m3 
to 2.8 ug/m3 with a mean of 0.59 ug/m3, and a standard deviation of 0.67 ug/m3.  Sub-slab soil 
gas concentrations were variable with the highest concentrations observed at CK1463-04 (32 
ug/m3), CK1463-06 (12 ug/m3), and CK1463-07 (36 ug/m3)—in the area of the building where 
asbestos abatement had been completed but where remodeling was underway.  Therefore, 
tert-butyl alcohol was retained for further evaluation for VI in Step 4. 

Undecane  

Undecane does not have a VISL for groundwater or soil gas and was detected five of the seven 
sub-slab soil gas samples that were collected from this building.  The sub-slab soil gas 
concentrations ranged from 2.8 ug/m3 to 31 ug/m3, with a mean of 9.7 ug/m3 and standard 
deviation of 12 ug/m3 which indicates that the sub-slab soil gas results for undecane in this 
building are somewhat variable.  It is possible that there also could be a source in groundwater 
since groundwater was not analyzed for undecane.  Ambient air contributes significantly to the 
sub-slab soil gas concentration (approximately 9%).  The sub-slab soil gas concentrations in 
Building 1463 are slightly higher that the sub-slab soil gas concentrations measured in the 
Northern Area where undecane was not identified as a VI COPC.  For example, the range of sub-
slab concentrations for undecane in the Northern Area Buildings was 0.18 ug/m3 to 1.0 ug/m3 
with a mean of 0.44 ug/m3, and a standard deviation of 0.35 ug/m3.  Sub-slab soil gas 
concentrations were variable with the highest concentrations observed at CK1463-04 (23 
ug/m3) and CK1463-06 (31 ug/m3)—in the area of the building where asbestos abatement had 
been completed but where remodeling was underway.  Therefore, undecane was retained for 
further evaluation for VI in Step 4. 

Step 4:  Other Lines-of -Evidence for VI in the Southern Area 

The other lines-of-evidence for VI in the Southern Area are summarized in this section.  No VI 
COPCs were retained for further evaluation for VI for Building 1460 (Medical Clinic)—all were 
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eliminated from further consideration during Step 3.  The following VI COPCs were retained for 
further evaluation for VI for Building 1463 (Dental Clinic): 

• 1,3-Dichlorobenzene: an organic compound and is used to make herbicides, insecticides, 
medicine, and dyes 

• 4-Ethyltoluene: an organic compound that is typically used in the production of specialty 
polystyrenes 

• Decane: an alkane hydrocarbon and is a component of gasoline and kerosene 
• Ethylbenzene: an organic compound that is found in gasoline. Ethylbenzene is often found 

in other products, including pesticides, cellulose acetate, synthetic rubber, paints, and 
inks 

• Isopropanol: an alcohol that used in the manufacture of antiseptics, disinfectants, and 
detergents.  It is commonly known as rubbing alcohol 

• Naphthalene: an aromatic hydrocarbon that is made from crude oil or coal tar.  It is best 
known as the main ingredient of traditional mothballs and is often used as an 
insecticide/pest repellent 

• p-Isopropyltoluene: a number of essential oils, most commonly the oil of cumin and 
thyme. Significant amounts are formed in sulfite pulping process from the wood terpenes. 

• Tert-Butyl Alcohol: used as a solvent, ethanol denaturant, paint remover ingredient, and 
gasoline octane booster and oxygenate 

• Undecane: found in allspice; used as a mild sex attractant for various types of moths and 
cockroaches, and an alert signal for a variety of ants 

Summary of Other Lines of Evidence 

Other Lines-of Evidence for VI 
Assessment of Line-of-Evidence Relative Site-

Specific Characteristics 
Do the Other Lines-of-Evidence Indicate a 

Likelihood of VI for this Constituent? 

Previous investigation results. 

• 1,3-Dichlorobenzene: Not assessed 

• 4-Ethyltoluene: Not assessed 

• Decane: Not assessed 

• Ethylbenzene: Not assessed 

• Isopropanol: Not assessed 

• Naphthalene: Not assessed 

• p-Isopropyltoluene: Not assessed 

• Tert-Butyl Alcohol: Not assessed 

• Undecane: Not assessed 

Inconclusive 

Likely use of the constituent in the 
area based on historical 
information. 

• 1,3-Dichlorobenzene: Possibly since this constituent 
was used to make herbicides/insecticides 

• 4-Ethyltoluene: Unlikely 

• Decane: Unlikely 

No for:   

 4-Ethyltoluene 

 Decane 

 Isopropanol 
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Summary of Other Lines of Evidence 

Other Lines-of Evidence for VI 
Assessment of Line-of-Evidence Relative Site-

Specific Characteristics 
Do the Other Lines-of-Evidence Indicate a 

Likelihood of VI for this Constituent? 

• Ethylbenzene: Possibly if gasoline or ethylbenzene 
containing solvents were stored at the MSA 

• Isopropanol: Unlikely 

• Naphthalene: Possibly if petroleum products were 
stored at the MSA 

• p-Isopropyltoluene: Unlikely 

• Tert-Butyl Alcohol: Possibly 

• Undecane: Unlikely 

 p-Isopropyltoluene 

 Undecane 

 

Possibly for:  

 1,3-Dichlorobenzene 

 Ethylbenzene 

 Naphthalene 

 Tert-Butyl Alcohol 

Spatial distribution of the 
constituent in groundwater, sub-
slab soil gas, and ambient air. 

As summarized for Building 1463, these constituents 
were detected in sub-slab soil gas with the majority of 
the highest concentrations occurring at sampling 
stations: CK1463-04, CK1463-06, and CK1463-07, 
which are located in the area of Building 1463 where 
asbestos abatement has been completed.  These 
constituents were not analyzed, or were not detected in 
groundwater at concentrations that indicate a potential 
groundwater source for VI.  Therefore, it is unlikely that 
groundwater is a source of the measured sub-slab soil 
gas concentrations. 

Inconclusive 

Half-life of the constituent4. 

• 1,3-Dichlorobenzene:  0.62 days (<1 day) 

• 4-Ethyltoluene: 4 days 

• Decane: 9 days 

• Ethylbenzene: 8 days 

• Isopropanol: 2.5 to 16.2 hours (<1 day) 

• Naphthalene: 3 days 

• p-Isopropyltoluene: 3.5 hours to 4.6 days 

• Tert-Butyl Alcohol: 5 to 9 hours (<1 day) 

• Undecane: 7 days 

No 

Relative potential for VI in the 
Southern Area to be associated 
with releases from the MSA. 

• 1,3-Dichlorobenzene: Possibly since this constituent 
was used to make herbicides/insecticides. 

• 4-Ethyltoluene - Unlikely 

• Decane: Unlikely 

• Ethylbenzene: Possibly if gasoline or ethylbenzene 
containing solvents were stored at the MSA.   

• Isopropanol: Unlikely 

• Naphthalene: Possibly if petroleum products were 
stored at the MSA. 

• p-Isopropyltoluene: Unlikely 

• Tert-Butyl Alcohol: Possibly 

• Undecane: Unlikely 

No for:   

 4-Ethyltoluene 

 Decane 

 Isopropanol 

 p-Isopropyltoluene 

 Undecane 

 

Possibly for:  

 1,3-Dichlorobenzene 

 Ethylbenzene 

 Naphthalene 

                                                      
4 Source:  U.S. National Library of Medicine. National Center for Biotechnology Information. Accesses July 7, 2019.  
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Summary of Other Lines of Evidence 

Other Lines-of Evidence for VI 
Assessment of Line-of-Evidence Relative Site-

Specific Characteristics 
Do the Other Lines-of-Evidence Indicate a 

Likelihood of VI for this Constituent? 

 Tert-Butyl Alcohol 

Background contributions from 
human activity (e.g., 
construction/remodeling) 

As summarized for Building 1463, these constituents 
were detected in sub-slab soil gas with the majority of 
the highest concentrations occurring at sampling 
stations: CK1463-04, CK1463-06, and CK1463-07, 
which are located in the northern portion of Building 
1463 where asbestos abatement has been completed.  
This may be a coincidence but it is very unusual for the 
maximum detected concentrations of multiple, unrelated 
constituents to occur at the same location.  This may be 
indicative of indoor air sources and/or potential 
laboratory/analytical issues associated with these 
samples.  

No 

 
A key finding is that highest concentrations of these VI COPCs in soil gas occurred at the same 
three sample stations (i.e., CK1463-04, CK1463-06, and CK1463-07), which are all located in the 
northern portion of Building 1463 where asbestos abatement has been completed.  The 
concentrations observed at these locations were typically one to two orders of magnitude 
greater than the sub-slab soil gas concentrations observed at CK1463-02, and CK1463-05, which 
were located in the area of the building where asbestos abatement had not been completed. This 
may be a coincidence but it is very unusual for the maximum detected concentrations of multiple, 
unrelated constituents to occur at the same location.  This may be indicative of indoor air sources 
(e.g., constituents/solvents used during asbestos abatement or during renovation) and/or 
potential laboratory/analytical issues associated with these samples.  If sample stations CK1463-
04, CK1463-06, and CK1463-07 were eliminated from the VI assessment, then the assessment of 
the sub-slab soil gas concentration from Building 1463 would significantly change as the majority 
of the remaining concentration would be very low and consistent with the results from the 
Northern Area buildings and Building 1460.    

A photoionization detector (PID) was used during sub-slab soil gas sampling to determine 
concentrations of VOCs in air. Inconsistent PID readings were collected in this building, 
indicating that an indoor air source may have been introduced in the building after sampling 
started. PID readings in several areas of the building increased by at least one order of 
magnitude over the sampling period (0.0 parts per million [ppm] to 162.8 ppm; 0.8 ppm to 74.3 
ppm; 24.5 ppm to 87.5 ppm) and will be presented in the Site Investigation Report which is 
currently in production.  
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VI Conclusions for the Southern Area 

No VI COPCs for Building 1460 (Medical Clinic) need to be included in the HHRA.  Nine VI COPCs 
were identified in Building 1463 (Dental Clinic; 1,3-dichlorobenzene, 4-ethyltoluene, decane, 
ethylbenzene, isopropanol, naphthalene, p-isopropyltoluene, tert-butyl alcohol, undecane).  
These VI COPCs were generally unrelated (with respect to use/purpose) and it is unlikely that 
many of them would have been stored at the MSA. For example, they are not chemically-
related (breakdown/daughter products), they are not class-/purpose-related (not all 
petroleum-related or pesticide/herbicide-related), or not chlorinated. A summary of the VI 
lines-of-evidence for Building 1463 is presented below.   

Line-of-Evidence Summary:  Groundwater and/or Soil Gas to Indoor Air VI Pathway Analysis Summary for  
Building 1463 (Dental Clinic)  

Potential VI 
Source 

Maximum 
Detected 
GW Conc. 

(ug/L) 

GW-to-IA 
VISL 
(ug/L) 

GW 
Conc.  

Greater 
than 

GW-to-IA 
VISL? 

Maximum 
Detected  
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

SG-to-
IA VISL 
(ug/m3) 

Soil Gas 
Conc.  

Greater 
than 

SG-to-IA 
VISL? 

Location of 
Maximum 
Sub-Slab 
Soil Gas 
Conc.? 

Does the Overall Lines 
of-Evidence Assessment 

Indicate VI pathway 
Complete? 

1,3-
Dichlorobenzene 

Not 
Detected 

No VISL No VISL 510 
No 

VISL 
No VISL CK1463-06 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 
1,3-dichlorobenzene in 
sub-slab gas to indoor 
air at Building 1463 is 
occurring. 

4-Ethyltoluene 
Not 

Analyzed 
No VISL No VISL 45 

No 
VISL 

No VISL CK1463-06 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 4-
ethyltoluene in sub-slab 
gas to indoor air at 
Building 1463 is 
occurring. 

 Decane 
Not 

Analyzed 
No VISL No VISL 69 

No 
VISL 

No VISL CK1463-06 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 
decane in sub-slab gas 
to indoor air at Building 
1463 is occurring. 

Ethylbenzene 
Not 

Detected 
3.4 No 340 37 Yes CK1463-06 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 
ethylbenzene in sub-
slab gas to indoor air at 
Building 1463 is 
occurring. 
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Line-of-Evidence Summary:  Groundwater and/or Soil Gas to Indoor Air VI Pathway Analysis Summary for  
Building 1463 (Dental Clinic)  

Potential VI 
Source 

Maximum 
Detected 
GW Conc. 

(ug/L) 

GW-to-IA 
VISL 
(ug/L) 

GW 
Conc.  

Greater 
than 

GW-to-IA 
VISL? 

Maximum 
Detected  
Sub-Slab 
Soil Gas 

Conc. 
(ug/m3) 

SG-to-
IA VISL 
(ug/m3) 

Soil Gas 
Conc.  

Greater 
than 

SG-to-IA 
VISL? 

Location of 
Maximum 
Sub-Slab 
Soil Gas 
Conc.? 

Does the Overall Lines 
of-Evidence Assessment 

Indicate VI pathway 
Complete? 

Isopropanol  57 634,441 No 28,000 7,000 Yes CK1463-06 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 
isopropanol in sub-slab 
gas to indoor air at 
Building 1463 is 
occurring. 

Naphthalene 
Not 

Analyzed 
4.6 

Not 
Analyze

d 
4.2 2.8 Yes CK1463-04 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 
naphthalene in sub-slab 
gas to indoor air at 
Building 1463 is 
occurring. 

p-Isopropyltoluene  
Not 

Detected 
No VISL No VISL 12 

No 
VISL 

No VISL CK1463-04 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of p-
isopropyltoluene in sub-
slab gas to indoor air at 
Building 1463 is 
occurring. 

Tert-Butyl Alcohol  
Not 

Detected 
No VISL No VISL 36 

No 
VISL 

No VISL CK1463-07 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 
tert-butyl alcohol in sub-
slab gas to indoor air at 
Building 1463 is 
occurring. 

Undecane 
Not 

Analyzed 
No VISL No VISL 31 

No 
VISL 

No VISL CK1463-06 

No. The results of the 
lines-of-evidence 
evaluation indicate that 
it is unlikely that VI of 
undecane in sub-slab 
gas to indoor air at 
Building 1463 is 
occurring. 

Overall Conclusion Regarding VI from Groundwater and/or Sub-Slab Soil Gas to Indoor Air in 
the Building 1460 (Medical Clinic) and Building 1463 (Dental Clinic) in the Southern Area:  The 
results of the lines-of-evidence evaluation indicate that it is unlikely that VI from groundwater 
and/or sub-slab soil gas to indoor air, associated with releases from the MSA, is occurring at 
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Building 1460 (Medical Clinic) and Building 1463 (Dental Clinic).  Therefore, VI from 
groundwater and/or sub-slab soil gas to indoor air in Building 1460 (Medical Clinic) and Building 
1463 (Dental Clinic), associated with releases from the MSA, does not need to evaluated further 
in the HHRA.    
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Section 5: Conclusions 

Based on the results of the lines-of-evidence evaluations, the VI pathway (associated with 
releases from the MSA) is not complete in the Northern or Southern Area.  Since the VI 
pathway is not complete, there is no risk (associated with releases from the MSA) to people in 
the Elementary School, Building 1460 (Medical Clinic), or Building 1463 (Dental Clinic).  
Therefore, the VI pathway does not need to be evaluated further in the HHRA.   

The VI evaluation for the Northern Area and Building 1460 in the Southern Area were 
straightforward and the groundwater and sub-slab soil gas data did not indicate that VI 
associated with releases from the MSA was occurring at these locations.   

However, the VI evaluation for Building 1463 (Dental Clinic), located in the Southern Area, was 
more complex due to numerous detections of constituents in sub-slab soil gas that exceeded 
SG-to-IA VISLs.  Based on the groundwater sampling results from the Southern Area, it was 
concluded that groundwater was not a potential source of VI (associated with releases from the 
MSA) in the Southern Area. 

Five VI COPCs (acetaldehyde, ethylbenzene, GRO, isopropanol, and naphthalene) were detected 
in sub-slab soil gas in Building 1463 (Dental Clinic) at concentrations greater than background 
ambient air concentrations and SG-to-IA VISLs. During sub-slab soil gas sampling, the northern 
portion of Building 1463 (Dental Clinic) was being renovated (i.e., asbestos abatement followed 
by a full interior remodel).5  This work may have affected the sub-slab soil gas results.  For 
example, the highest concentrations of these constituents were observed at the following 
sample locations: CK1463-04, CK1463-06, and CK1463-07—in the area of the building where 
asbestos abatement had been completed but where remodeling activities were taking place.  
These sample locations were also where the highest concentrations of the eight VI COPCs (1,3-
dichlorobenzene, 4-ethyltoluene, decane, dodecane, ethanol, p-isopropyltoluene, tert-butyl 
alcohol, and undecane) were detected in sub-slab soil gas but did not have a SG-to-IA VISLs.  It 
is extremely unusual for the highest detected concentrations of 13, unrelated constituents to 
be co-located, especially when the other sub-slab soil gas concentrations in the building were 
typically orders of magnitude less than these concentrations.  These conditions would require a 
homogenous source and homogenous transport mechanism for VI in only this part of Building 
1463.  While possible, these conditions are unlikely given that the 13 VI COPCs are not related. 
For example, they are not chemically-related (breakdown/daughter products), they are not 
class/purpose-related (e.g., not all petroleum-related or pesticide/herbicide-related or 
chlorinated solvents).  The only relationship between these VI COPCs is that they were all 
detected in the same samples collected from the area of Building 1463 where asbestos 

                                                      
5 The dental clinic was vacant and undergoing asbestos abatement in southern portion of the building (abatement 
was complete in the northern portion) and renovations were underway at the time of sample collection. 
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abatement was completed and remodeling was occurring.  Consequently, the use of 
solvents/equipment during asbestos abatement and interior remodeling activities in Building 
1463 may have affected the sampling results at CK1463-04, CK1463-06, and CK1463-07.
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Appendix E 
 

Cancer Risk and Hazard Indices by Decision Unit, COPC, and 
Exposure Pathway 
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ATSDR ToxFAQs™ for Select COPCs 
 

 

 

 

 

 

 

 



 

i 

 

 

 

 

 

 

 

 

 

 

 

 

This page has been left blank to allow for double-sided printing. 
 

 

 

 

 

 

 

 

 

 

 

  



 

 
 

ATSDR ToxFAQs™ 

ATSDR ToxFAQs™ for the following constituents or groups of constituents are included in this appendix: 

 Arsenic 
 Chlordanes 
 Chlorinated dibenzo-p-dioxins (CDD) 
 Dichlorodiphenyldichloroethane (DDD), dichlorodiphenyldichloroethylene (DDE), and 

dichlorodiphenyltrichloroethane (DDT) 
 Dieldrin 
 Polycyclic aromatic hydrocarbons (PAHs) 
 Polychlorinated biphenyls (PCBs) 
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Arsenic   
CAS # 7440-38-2 

compounds are less toxic than inorganic forms. Ingestion 
of methyl and dimethyl compounds can cause diarrhea 
and damage to the kidneys. 

How likely is arsenic to cause cancer?
Several studies have shown that ingestion of inorganic 
arsenic can increase the risk of skin cancer and cancer 
in the liver, bladder, and lungs. Inhalation of inorganic 
arsenic can cause increased risk of lung cancer. The 
Department of Health and Human Services (DHHS) and 
the EPA have determined that inorganic arsenic is a known 
human carcinogen. The International Agency for Research 
on Cancer (IARC) has determined that inorganic arsenic is 
carcinogenic to humans.

How can arsenic affect children?
There is some evidence that long-term exposure to arsenic 
in children may result in lower IQ scores. There is also 
some evidence that exposure to arsenic in the 
 womb and early childhood may increase mortality in 
young adults. 

There is some evidence that inhaled or ingested arsenic 
can injure pregnant women or their unborn babies, 
although the studies are not definitive. Studies in animals 
show that large doses of arsenic that cause illness in 
pregnant females, can also cause low birth weight, fetal 
malformations, and even fetal death. Arsenic can cross 
the placenta and has been found in fetal tissues. Arsenic is 
found at low levels in breast milk. 

How can families reduce the risks of 
exposure to arsenic?

 • If you use arsenic-treated wood in home projects, 
you should wear dust masks, gloves, and protective 
clothing to decrease exposure to sawdust.

 • If you live in an area with high levels of arsenic in 
water or soil, you should use cleaner sources of water 
and limit contact with soil.

 • If you work in a job that may expose you to arsenic, 
be aware that you may carry arsenic home on your 
clothing, skin, hair, or tools. Be sure to shower and 
change clothes before going home.

Is there a medical test to determine 
whether I’ve been exposed to arsenic? 
There are tests available to measure arsenic in your blood, 
urine, hair, and fingernails. The urine test is the most 
reliable test for arsenic exposure within the last few days. 
Tests on hair and fingernails can measure exposure to high 
levels of arsenic over the past 6-12 months. These tests can 
determine if you have been exposed to above-average 
levels of arsenic. They cannot predict whether the arsenic 
levels in your body will affect your health.

Has the federal government made 
recommendations to protect  
human health?
The EPA has set limits on the amount of arsenic that 
industrial sources can release to the environment and 
has restricted or cancelled many of the uses of arsenic 
in pesticides. EPA has set a limit of 0.01 parts per million 
(ppm) for arsenic in drinking water.

The Occupational Safety and Health Administration 
(OSHA) has set a permissible exposure limit (PEL) of 10 
micrograms of arsenic per cubic meter of workplace air  
(10 μg/m³) for 8 hour shifts and 40 hour work weeks.

References
Agency for Toxic Substances and Disease Registry (ATSDR). 
2007. Toxicological Profile for Arsenic (Update). Atlanta, 
GA: U.S. Department of Health and  Human Services. 
Public Health Service.

Where can I get more information?
For more information, contact the Agency for Toxic Substances and Disease Registry, Division of Toxicology and  
Human Health Sciences, 1600 Clifton Road NE, Mailstop F-57, Atlanta, GA 30329-4027. 

Phone:  1-800-232-4636

ToxFAQsTM Internet address via WWW is http://www.atsdr.cdc.gov/toxfaqs/index.asp.  

ATSDR can tell you where to find occupational and environmental health clinics.  Their specialists can recognize, evaluate, 
and treat illnesses resulting from exposure to hazardous substances.  You can also contact your community or state 
health or environmental quality department if you have any more questions or concerns.
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DDT, DDE, and DDD - ToxFAQs™ 
 

CAS # 50-29-3, 72-55-9, 72-54-8

How likely are DDT, DDE, and DDD to 
cause cancer?
Studies in DDT-exposed workers did not show increases in 
cancer. Studies in animals given DDT with the food have 
shown that DDT can cause liver cancer. 

The Department of Health and Human Services (DHHS) 
determined that DDT may reasonable be anticipated to be a 
human carcinogen. 

The International Agency for Research on Cancer (IARC) 
determined that DDT may possibly cause cancer in humans. 
The EPA determined that DDT, DDE, and DDD are probable 
human carcinogens.

How can DDT, DDE, and DDD  
affect children?
There are no studies on the health effects of children  
exposed to DDT, DDE, or DDD. We can assume that children 
exposed to large amounts of DDT will have health effects 
similar to the effects seen in adults. However, we do not know 
whether children differ from adults in their susceptibility to 
these substances.

There is no evidence that DDT, DDE, or DDD cause birth 
defects in people. A study showed that teenage boys whose 
mothers had higher DDE amounts in the blood when they 
were pregnant were taller than those whose mothers had 
lower DDE levels. However, a different study found the 
opposite in preteen girls. The reason for the discrepancy 
between these studies is unknown.

Studies in rats have shown that DDT and DDE can mimic 
the action of natural hormones and in this way affect the 
development of the reproductive and nervous systems. 
Puberty was delayed in male rats given high amounts of DDE 
as juveniles. This could possibly happen in humans. 

A study in mice showed that exposure to DDT during the  
first weeks of life may cause neurobehavioral problems later 
in life.

How can families reduce the risk of 
exposure to DDT,DDE, and DDE?

 • Most families will be exposed to DDT by eating food  
or drinking liquids contaminated with small amounts  
of DDT.

 • Cooking will reduce the amount of DDT in fish.

 • Washing fruit and vegetables will remove most DDT 
from their surface.

 • Follow health advisories that tell you about 
consumption of fish and wildlife caught in 
contaminated areas.

Is there a medical test to show whether 
I’ve been exposed to DDT, DDE, and DDD?
Laboratory tests can detect DDT, DDE, and DDD in fat, 
blood, urine, semen, and breast milk. These tests may show 
low, moderate, or excessive exposure to these compounds, 
but cannot tell the exact amount you were exposed to, or 
whether you will experience adverse effects. These tests are 
not routinely available at the doctor’s office because they 
require special equipment.

Has the federal government made 
recommendations to protect  
human health?
The Occupational Safety and Health Administration (OSHA) 
sets a limit of 1 milligram of DDT per cubic meter of air (1 mg/
m3) in the workplace for an 8-hour shift, 40-hour workweek.

The Food and Drug Administration (FDA) has set limits 
for DDT, DDE, and DDD in foodstuff at or above which the 
agency will take legal action to remove the products from  
the market.

References
Agency for Toxic Substances and Disease Registry (ATSDR). 
2002. Toxicological Profile for DDT/DDE/DDD (Update). 
Atlanta, GA: U.S. Department of Health and Human Services, 
Public Health Service.

Where can I get more information?
For more information, contact the Agency for Toxic Substances and Disease Registry, Division of Toxicology and  
Human Health Sciences, 1600 Clifton Road NE, Mailstop F-57, Atlanta, GA 30329-4027. 

Phone:  1-800-232-4636 

ToxFAQsTM Internet address via WWW is http://www.atsdr.cdc.gov/toxfaqs/index.asp.  

ATSDR can tell you where to find occupational and environmental health clinics.  Their specialists can recognize, evaluate, 
and treat illnesses resulting from exposure to hazardous substances.  You can also contact your community or state 
health or environmental quality department if you have any more questions or concerns.
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Polycyclic Aromatic Hydrocarbons   
   

How can PAHs affect my health?
 Mice that were fed high levels of one PAH during 
pregnancy had difficulty reproducing and so did their 
off spring. These offspring also had higher rates of birth 
defects and lower body weights. It is not known whether 
these effects occur in people. 

Animal studies have also shown that PAHs can cause 
harmful effects on the skin, body fluids, and ability to 
fight disease after both short- and long-term exposure. 
But these effects have not been seen in people.

How likely are PAHs to cause cancer?
The Department of Health and Human Services (DHHS) 
has determined that some PAHs may reasonably be 
expected to be carcinogens. 

Some people who have breathed or touched mixtures 
of PAHs and other chemicals for long periods of time 
have developed cancer. Some PAHs have caused cancer 
in labora tory animals when they breathed air containing 
them (lung cancer), ingested them in food (stomach 
cancer), or had them applied to their skin (skin cancer). 

Is there a medical test to show whether 
I’ve been exposed to PAHs?
In the body, PAHs are changed into chemicals that can 
attach to substances within the body. There are special 
tests that can detect PAHs attached to these substances 
in body tissues or blood. However, these tests cannot 
tell whether any health effects will occur or find out the 
extent or source of your exposure to the PAHs. The tests 
aren’t usually available in your doctor’s office because 
special equipment is needed to conduct them.

Has the federal government made 
recommendations to protect  
human health? 
The Occupational Safety and Health Administration 
(OSHA) has set a limit of 0.2 milligrams of PAHs per cubic 
meter of air (0.2 mg/m3). The OSHA Permissible Exposure 
Limit (PEL) for mineral oil mist that contains PAHs is 5 
mg/m3 averaged over an 8-hour exposure period. 

The National Institute for Occupational Safety and 
Health (NIOSH) recommends that the average workplace 
air levels for coal tar products not exceed  0.1 mg/m3 for 
a 10-hour workday, within a 40-hour workweek. There 
are other limits for work place exposure for things that 
contain PAHs, such as coal, coal tar, and mineral oil.

Glossary
Carcinogen:  A substance that can cause cancer. 

Ingest: Take food or drink into your body.
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   several weeks or months developed various kinds of health effects, 

including anemia; acne-like skin conditions; and liver, stomach, 
and thyroid gland injuries.  Other effects of PCBs in animals 
include changes in the immune system, behavioral alterations, and 
impaired reproduction. PCBs are not known to cause birth defects.

How likely are PCBs to cause cancer?
Few studies of workers indicate that PCBs were associated with 
certain kinds of cancer in humans, such as cancer of the liver and 
biliary tract. Rats that ate food containing high levels of PCBs for 
two years developed liver cancer.  The Department of Health and 
Human Services (DHHS) has concluded that PCBs may reasonably 
be anticipated to be carcinogens. PCBs have been classified as 
probably carcinogenic, and carcinogenic to humans (group 1) 
by the Environmental Protection Agency (EPA) and International 
Agency for Research on Cancer (IARC), respectively.

How can PCBs affect children?
Women who were exposed to relatively high levels of PCBs in the 
workplace or ate large amounts of fish contaminated with PCBs 
had babies that weighed slightly less than babies from women 
who did not have these exposures. Babies born to women who ate 
PCB-contaminated fish also showed abnormal responses in tests of 
infant behavior.  Some of these behaviors, such as problems with 
motor skills and a decrease in short-term memory, lasted for several 
years.  Other studies suggest that the immune system was affected 
in children born to and nursed by mothers exposed to increased 
levels of PCBs. There are no reports of structural birth defects 
caused by exposure to PCBs or of health effects of PCBs in older 
children. The most likely way infants will be exposed to PCBs is from 
breast milk. Transplacental transfers of PCBs were also reported In 
most cases, the benefits of breast-feeding outweigh any risks from 
exposure to PCBs in mother’s milk. 

How can families reduce the risks of 
exposure to PCBs?

 • You and your children may be exposed to PCBs by  
eating fish or wildlife caught from contaminated locations. 
Certain states, Native American tribes, and U S. territories have 
issued advisories to warn people about PCB-contaminated 
fish and fish-eating wildlife. You can reduce your family’s 
exposure to PCBs by obeying these advisories. 

 • Children should be told not play with old appliances, electrical 
equipment, or transformers, since they may contain PCBs. 

 • Children should be discouraged from playing in the 
dirt near hazardous waste sites and in areas where 
there was a transformer fire. Children should also be 
discouraged from eating dirt and putting dirty hands, 
toys or other objects in their mouths, and should wash 
hands frequently. 

 • If you are exposed to PCBs in the workplace it is 
possible to carry them home on your clothes, body, 
or tools.  If this is the case, you should shower and 
change clothing before leaving work, and your work 
clothes should be kept separate from other clothes and 
laundered separately.

Is there a medical test to show whether 
I’ve been exposed to PCBs? 
Tests exist to measure levels of PCBs in your blood, body 
fat, and breast milk, but these are not routinely conducted. 
Most people normally have low levels of PCBs in their body 
because nearly everyone has been environmentally exposed 
to PCBs. The tests can show if your PCB levels are elevated, 
which would indicate past exposure to above-normal levels 
of PCBs, but cannot determine when or how long you were 
exposed or whether you will develop health effects.

Has the federal government made 
recommendations to protect  
human health?
The EPA has set a limit of 0.0005 milligrams of PCBs per 
liter of drinking water (0.0005 mg/L). Discharges, spills or 
accidental releases of 1 pound or more of PCBs into the 
environment must be reported to the EPA.  The Food and 
Drug Administration (FDA) requires that infant foods, eggs, 
milk and other dairy products, fish and shellfish, poultry 
and red meat contain no more than 0 2-3 parts of PCBs 
per million parts (0.2-3 ppm) of food. Many states have 
established fish and wildlife consumption advisories for PCBs.
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