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Purpose 
The purpose of this technical memorandum is to demonstrate that the groundwater and soil institutional controls 
identified in the September 1995 Record of Decision (ROD) for Site 16/Site Screening Area (SSA) 16 (Baker, 1995a) 
are not necessary for protection of human health or the environment based on a re-evaluation of the existing soil 
and groundwater data and resampling of those monitoring wells that have shown potential irregularities in their 
chemical analysis during the Round I Confirmation Study, Round One Remedial Investigation (RI), and Round Two 
RI.  The selected remedy in the 1995 ROD was No Further Action (NFA) with Institutional Controls, following a soil 
and debris removal action conducted in 1994. The institutional controls comprise land-use controls (LUCs) 
preventing residential development and a groundwater use restriction preventing its use as potable water. 
Supported by multiple lines of evidence, the Department of the Navy (Navy) is proposing that an Explanation of 
Significant Difference (ESD) be developed to remove the institutional control requirements from the 1995 ROD, 
clarify that all media at Site 16/SSA 16 are suitable for unlimited use and unrestricted exposure, and document 
this site is closed with NFA for the protection of human health or the environment.  

Site Setting and History 
Site 16, the West Road Landfill, is located adjacent to West Road near Lee Road on Naval Weapon Station 
(WPNSTA) Yorktown. The landfill operated from the 1950s to the early 1960s. Wastes reportedly disposed at the 
site included dry carbon batteries, banding materials, pressure-transmitting fluid, other chemicals, and 55-gallon 
drums with unknown contents.  

The boundary of SSA 16, the Building 402 Metal Disposal Area and Environs, overlaps the boundary of Site 16. 
SSA 16 was used for scrap metal storage. Because of overlapping geographic locations, previous investigations of 
Site 16 and SSA 16 were conducted concurrently. Figure 1 shows approximate site boundaries.  

Site 16 was first identified as a potential source of contamination during the 1984 Initial Assessment Study (IAS) 
(NEESA, 1984). Due to the waste materials reportedly disposed at the site and the location of the site upgradient 
of a wetland adjacent to Felgates Creek, Site 16 was recommended for further investigation in a confirmation 
study.  

The confirmation study at Site 16 was conducted as a two-round investigation in 1984 (Dames and Moore, 1986) 
and 1988 (Dames and Moore, 1988). Site 16 groundwater and surface water and sediment from the tributary to 
Felgates Creek downgradient of Site 16 were collected during these two rounds of sampling.  

Five groundwater samples, two surface water samples, and two sediment samples were collected during the 
Round I Confirmation Study (Dames and Moore, 1986). The analytical results indicated minimal site impacts to 
groundwater, surface water, and sediment. Methylene chloride, acetone, and phthalates were detected in several 
groundwater, surface water, and sediment samples; however, these constituents were considered to be 
laboratory contaminants. The only other detected volatile organic compound (VOC) was 1,1,1-trichloroethane 
(TCA), which was detected in groundwater from one well (16GW01) at a concentration of 110 micrograms per 
liter (µg/L). Several polycyclic aromatic hydrocarbons (PAHs) were detected in one sediment sample located 
slightly upgradient of the site. Total metals concentrations of antimony, lead, and zinc were detected in 



CONSIDERATIONS FOR RISK MANAGEMENT AT SITE 16 / SITE SCREENING AREA 16 

2 ES112012012902VBO 

groundwater. Antimony was detected in three of five groundwater samples at concentrations of up to 12.7 µg/L. 
Lead was detected in four of the five groundwater samples at concentrations up to 1.8 µg/L. Zinc was detected in 
all five groundwater samples at concentrations up to 72 µg/L. Arsenic was detected in sediment and chromium 
was detected in sediment and surface water at concentrations not exceeding any applicable screening criteria. In 
order to confirm reproducibility of these results, the Round I Confirmation Study Report (Dames and Moore, 
1986) recommended additional sampling for the same constituents.  

During the Round II Confirmation Study (Dames and Moore, 1988), four groundwater samples, two surface water 
samples, and two sediment samples were collected from the same locations sampled during the Round I 
investigation with the exception of 16GW01, which was not sampled because it was dry. Levels of copper and 
phenols slightly exceeded the Virginia Criteria for the protection of aquatic life in surface water in one of the two 
samples collected.  Of the constituents detected in sediment, none exceeded screening criteria and the metals 
concentrations were within background.  Methylene chloride and phthalates were detected in several 
groundwater samples but were considered to be laboratory contaminants. Three chlorinated VOCs (1,1,1-TCA; 
1,1-dichloroethane [DCA]; and 1,1-dichloroethene [DCE]) were detected in one groundwater sample. The only 
organic constituent that exceeded an applicable screening value was 1,1-DCE. This compound was detected at a 
concentration of 10 µg/L, 3 µg/L in excess of the maximum contaminant level (MCL) of 7 µg/L. Copper and zinc 
were detected in one or more groundwater samples at low concentrations not exceeding any applicable screening 
criteria. Antimony and lead were not detected in any groundwater samples during this investigation. The Round II 
Confirmation Study Report (Dames and Moore, 1988) did not include recommendations for further study.  

A Round One RI for Site 16/SSA 16 was conducted in 1992 and included sampling of site soil, sediment, surface 
water, and groundwater (Baker and Weston, 1993). Analytical results of 14 soil samples collected at Site 16/SSA 
16 indicated minimal site impact to soils. The only constituent detected in soils at a concentration exceeding an 
applicable screening value was arsenic, which was detected at a concentration of 1.7 milligrams per kilogram 
(mg/kg), 0.4 mg/kg in excess of the industrial risk-based concentration (RBC) for arsenic of 1.3 mg/kg. 
Groundwater samples were collected from the five existing wells at Site 16. Results were similar to those detected 
during the confirmation studies. Chlorinated VOCs were detected at concentrations not exceeding applicable 
screening values. Inorganic concentrations of aluminum, antimony, beryllium, cadmium, chromium, iron, lead, 
manganese, mercury, nickel and zinc exceeded either the federal MCLs or the Virginia Primary Drinking Water 
Standards in samples from one or more monitoring wells. Chlorinated VOCs and metals were also detected in 
surface water. PAHs, inorganics, and polychlorinated biphenyls (PCBs) were detected in sediment. Based on these 
data, it was recommended that additional groundwater, surface water, sediment, benthic macro-invertebrate, 
and fish tissue sampling be conducted at Site 16/SSA 16 under a Round Two RI in order to further evaluate 
potential risks to human health and the environment at the site.   

In 1994, a removal action was conducted at Site 16 (IT, 1995). The entire contents of the landfill and the metal 
debris area including approximately 420 tons of batteries, 60 tons of debris, 125 tons of silica gel, and other 
miscellaneous debris and buried waste, were removed from the site. Confirmation soil sampling was conducted 
following the removal of the waste material. Confirmation samples indicated concentrations of PCBs and one PAH 
(benzo[a]pyrene) above applicable screening criteria.  

In late 1994, a Round Two RI (Baker, 1995b) was conducted to evaluate the risk and nature and extent of 
contamination at Site 16/SSA 16 following the removal action. Sampling included site soils, groundwater, surface 
water, sediments, and biota. The only unacceptable risks identified during the human health risk assessment 
(HHRA) conducted using the Round Two RI data were based on the residential use scenarios, and were associated 
with arsenic, antimony, and manganese in groundwater and antimony, arsenic, cadmium, chromium, and 
Arochlor-1254 in surface soil. Attachment 1 includes the HHRA from the RI. A total of 13 surface soil, 
17 subsurface soil, and 9 groundwater samples were collected as part of this RI, and all samples were analyzed for 
target compound list organics and target compound list inorganics. Attachment 2 includes a sampling location 
map as well as maps identifying positive detections of organic and inorganic constituents in soils and 
groundwater.  
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In September 1995, a ROD (Baker, 1995a) was completed for Site 16/SSA 16. Although all waste had been 
removed at Site 16/SSA 16, the remedy included in the ROD was NFA with institutional controls to restrict 
residential land use and potable use of site groundwater. The reason for the selected remedy was related to 
potential risks from inorganics in surface soil and groundwater as detailed below. 1 

A review of the historical data suggested potential analytical interference associated with the antimony 
groundwater data.  Consequently, in August 2012 additional groundwater sampling was conducted at Site 16 
monitoring wells (6GW05 and 6GW07) for antimony, as agreed upon by the Navy, United States Environmental 
Protection Agency (USEPA), and Virginia Department of Environmental Quality (VDEQ), in order to further 
evaluate current groundwater concentrations of antimony.  Neither total nor dissolved concentrations of 
antimony were detected in either monitoring well sample. 

Groundwater Considerations 
Groundwater risk drivers identified during the Round Two RI (Baker, 1995b) included antimony, arsenic, and 
manganese. Restrictions on use of groundwater as a potable water source were included in the ROD to address 
risks from ingestion of these inorganics. Considerations for the termination of these restrictions are provided in 
the sections that follow based on the detected concentrations of these inorganics compared to the federal MCLs.  

Background 
All total and dissolved concentrations of antimony, total concentrations of arsenic, and total concentrations of 
manganese from the Round Two RI (Baker, 1995b) were below maximum background values for these 
constituents. Dissolved concentrations of arsenic exceeded the maximum detected background concentration for 
this constituent in the sample from 16GW09 only. Dissolved concentrations of manganese exceeded the 
maximum detected background concentration for this constituent in samples from two locations (16GW04 and 
16GW09). Figure 1 shows Round Two RI concentrations of antimony, arsenic, and manganese from the 
September 1994 field investigation. Table 1 summarizes Site 16/SSA 16 concentrations compared to background 
values for WPNSTA Yorktown.  

TABLE 1 
Antimony, Arsenic, and Manganese Concentrations in Groundwater (Round Two RI data, September 1994) 

 

Site 16 / SSA 16 Concentrations (µg/L) Background Concentrations (µg/L) 

Minimum Maximum Detects Mean 

95% Upper 
Confidence 
Limit (UCL) Minimum Maximum Detects 

Antimony 
Total < 12.4 < 12.4 0 / 10 -- -- 16.4 16.4 1 / 18 

Dissolved 13.1 19.3 2 / 10 8.2 10.8 16.7 21.1 5 / 18 

Arsenic 
Total 3 21.4 5 / 10 4.9 8.5 3.5 36.4 6 / 18 

Dissolved 5.9 5.9 1 / 10 1.8 2.6 3 5.5 2 / 18 

Manganese 
Total 9.9 146 10 / 10 47.3 75.4 4.5 413 18 / 18 

Dissolved 1.1 114 10 / 10 27.9 50 1.1 54.4 15 / 18 

 

                                                           
1 The selected remedy did not consider individual target organ effects or take into account current metal background levels used for risk management 
purposes. 
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1995 Round Two RI Human Health Risks 
Hazard quotients (HQs) are calculated for individual analytes and are used to evaluate noncarcinogenic health 
effects during the HHRA process. An HQ above unity represents an unacceptable potential hazard related to an 
individual analyte. HQs for individual chemicals of potential concern (COPCs) are typically summed to produce a 
hazard index (HI) that represents a conservative, quantitative estimate of potential hazards associated with 
exposure to site contaminants. HIs above unity represent an unacceptable potential hazard related to cumulative 
exposure to multiple analytes. HQs that have the potential to impact the same target organs can be summed to 
produce HIs specific to individual organs. These HIs are more representative of potential hazards because they are 
target organ-specific. Risk calculations from the Round Two RI are included as Attachment 3.  

For this site, the HI calculated by summing all HQs for ingestion of groundwater was 3 for the future child resident 
and 1.3 for the future adult resident (Attachment 3, Tables L-10 and L-17). However, these are not the HIs 
calculated by summing HQs of chemicals that affect the same target organ. Individual target organ HIs for each 
risk driver are described as follows. 

Antimony in Groundwater 

The 1995 HHRA determined an HQ of 1.7 for the future child resident and 0.74 for the future adult resident for 
ingestion of antimony in site groundwater. Ingestion of antimony can have critical hematological effects. None of 
the other COPCs at this site affect the body in this way, so antimony’s HQ of 1.7 represents the cumulative target 
organ HI for hematological effects. Similarly, for the adult, the HQ of 0.74 represents the HI for hematological 
effects. Therefore, the unacceptable hazard resulting from exposure to antimony is for the future child resident 
only, but, as noted in the previous section, the concentrations of antimony at the site are below background 
concentrations.   

Arsenic in Groundwater 

The 1995 HHRA determined an HQ of 0.55 for the future child resident and 0.24 for the future adult resident for 
ingestion of arsenic in site groundwater. The noncarcinogenic target organ effect from arsenic is on the skin and 
the vascular system. No other COPCs at the site have this same target organ. Therefore, the potential hazards 
from arsenic on the skin and vascular systems of both future adult and child residents are acceptable (that is, 
below unity). Note that the carcinogenic risks to the future child and adult due to ingestion of arsenic in 

groundwater were also within acceptable ranges (between 110-4 and 110-6). 

Manganese in Groundwater 

The 1995 HHRA determined an HQ of 0.64 for the future child resident and 0.27 for the future adult resident for 
ingestion of manganese in site groundwater. Knowing that the target organ effect from manganese is on the 
central nervous system (CNS) and no other COPCs at the site have this same target organ, the potential hazards 
from manganese on the CNS of both future adult and child residents are acceptable (that is, below unity). 

Further, the maximum level of daily nutrient intake of manganese that is likely to pose no risk of adverse effects 
for children ages 7 months to 8 years is 0.13 milligrams per kilogram per day (mg/kg-day) (NAS, 2001). Using the 
conservative assumptions for the child (15 kilogram child drinking 1 liter of groundwater per day) and the 
exposure concentration of 50 µg/L of manganese, one could estimate the potential manganese ingestion for a 
child at this site as follows: 

3

1 mg

10 g
50 g /

1 L/day 0.003 mg/kg-day of manganese
15 kg

L


 
   

Therefore, in addition to the HQ determined for manganese, ingestion of manganese at this level at this site by a 
resident child would be almost two orders of magnitude below the maximum acceptable daily nutrient intake. A 
similar result is obtained even if the exposure concentration of 75.4 µg/L for total manganese is assumed. 
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Source Removal 
The contents of the landfill and metal disposal area associated with Site 16/SSA 16 that may potentially have 
impacted groundwater have been removed and disposed offsite. Therefore, contaminant sources have been 
removed, the potential for future releases has been mitigated, and the risks previously calculated are expected to 
be appropriate for current and future site conditions. 

Comparison to Maximum Contaminant Levels 
Of the three groundwater risk drivers, antimony was the only inorganic that exceeded its applicable federal 
primary MCL (6 µg/L) in dissolved groundwater. Manganese exceeded its secondary MCL of 50 µg/L. Arsenic 
concentrations did not exceed the federal MCL of 50 µg/L at the time of the Round Two RI. The MCL has been 
modified since this document was produced; however, the highest dissolved arsenic concentration of 5.9 µg/L 
remains below the current MCL of 10 µg/L. 

Partnering Team Discussion 
Additional concerns were expressed by the USEPA with regards to the antimony concentrations exceeding MCLs 
in groundwater.  It was determined that an additional round of groundwater samples for total and dissolved 
antimony would be collected.  Project Action Limits (PALs) were developed as follows: 

 Tap water Regional Screening Level (RSL) – 6 µg/L 

 Federal MCL – 6 µg/L 

It was agreed by the Team that if the most recent antimony groundwater samples were non-detect or below the 
PALs, then antimony does not pose an unacceptable risk to human health and that NFA would be necessary for 
groundwater.   

August 2012 Groundwater Sampling Event 
Two additional samples were collected and analyzed for antimony in August 2012 from the monitoring wells 
(16GW05 and 16GW07) that had shown detectable levels of dissolved antimony during the Round I Confirmation 
Study, Round One RI, and Round Two RI.  Each monitoring well was sampled using low-flow sampling protocol and 
water quality parameters were stabilized over three consecutive readings prior to sample collection.  There were 
no concentrations of antimony detected during the August 2012 sampling above the PALs.  The results are 
presented in Table 2 and on Figure 1. 

TABLE 2 
Antimony Concentrations in Groundwater (August, 2012) 

 
Site 16 / SSA 16 Concentrations (µg/L) 

16GW05 16GW07 

Total Antimony 0.23 B 0.19 B 

Dissolved Antimony 0.19 B 0.22 B 

Notes: 
B - Analyte not detected above the level reported in blanks  
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Soil Considerations 
Surface Soil 
Institutional controls restricting residential land use were put in place at Site 16/SSA 16 in order to address an 
overall cumulative site HI of 1.6 for surface soil ingestion by a future child resident identified in the Round Two RI 
HHRA (Baker, 1995b). This unacceptable risk was mainly due to antimony (HQ=0.28), arsenic (HQ=0.26), cadmium 
(HQ=0.24), chromium (HQ=0.31), and Aroclor-1254 (HQ=0.23) detected in surface soil (Attachment 3, Table L-8). 
Individual HQs for these constituents do not meet or exceed 1.0. Target organs affected by these chemicals 
include skin (arsenic), blood (antimony), renal cortex (cadmium), and the immune system (Aroclor-1254). 
Chromium in its hexavalent state can also affect the skin. Therefore, only HQs for chromium and arsenic should be 
summed to calculate a target organ HI for skin of 0.57. Therefore, none of the individual HQs or those summed for 
cumulative effects is greater than 1 and thus soils do not warrant the need for land use restrictions. 

Subsurface Soil 
Potential risks to potential future residents via exposure to subsurface soil at Site 16 and SSA 16 were not 
evaluated in the Round Two RI (Baker, 1995b). However, a risk evaluation has been prepared for the purpose of 
this technical memorandum. The methodology used to evaluate the risks and the results of this evaluation are 
presented as follows. 

Human Health Risks 
For the purpose of evaluating subsurface soil, screening Table 6-3 of the Round Two RI (Baker, 1995b) 
(Attachment 1) was used to compare the subsurface soil screening values to current USEPA RSLs for residential 
soil. Based on this review, the following COPCs for the subsurface soil were identified: aluminum, arsenic, 
chromium, iron, manganese, and vanadium. Although beryllium concentrations exceeded the corresponding 1995 
RBC, site concentrations of beryllium do not exceed the corresponding current residential and industrial RSLs.  

Subsurface soil exposure point concentrations (EPCs) were calculated for each of the identified COPCs. The Round 
Two RI included subsurface soil samples collected from all depths, including depths greater than 15 feet below 
ground surface (bgs), to evaluate construction worker exposure to subsurface soil. It is unlikely soil at depths 
greater than 15 feet bgs would be contacted during construction activities or future residential use when 
subsurface soil could become surface soil. Therefore, EPCs were calculated without these deep subsurface soil 
samples.  

ProUCL was used to determine the distribution and calculate the appropriate 95 percent UCL. The EPCs and data 
distributions are shown in Table 3. 

Noncarcinogenic hazards to the child and adult residents were calculated based on EPCs. Carcinogenic risks were 
not calculated separately for the child and adult residents, but were calculated for a lifetime resident taking into 
account the differences in exposure from childhood to adulthood (body weights, daily soil ingestion rates, and 
exposure duration) that is anticipated for lifetime residents (USEPA, 1991). These calculations are shown in 
Tables 4 through 6. All of the exposure parameters used in the Round Two RI (Baker, 1995b) were incorporated 
into these calculations by using an adjustment of the chronic daily intake (and accounting for the omission of the 
soil collected at greater than 15 feet bgs), as shown in Tables 4 through 6.  The toxicity data (toxicity information 
was updated from the Round Two RI, and current values were used) are shown in Tables 7 and 8.   

Although the total noncarcinogenic hazard for child residents (3) exceeds USEPA’s target HI of 1, none of the 
target organs have HIs above 1, as shown in Table 4. As shown in Table 5, the total noncarcinogenic hazard (0.9) 
for adult residents does not exceed USEPA’s target HI of 1.   

The total carcinogenic risk (310-4) for the lifetime (child and adult) resident slightly exceeds USEPA’s target risk 
range of 10-4 to 10-6. The carcinogenic risk is primarily associated with chromium.  The analytical data for 
chromium are for total chromium. However, the cancer slope factor used to calculate the carcinogenic risk is for 
hexavalent chromium, the more toxic (and carcinogenic) valence state of this metal.  In the past, prior to including 
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the New Jersey Environmental Protection Agency (New Jersey EPA) oral cancer slope factor for hexavalent 
chromium, USEPA’s RSL table presented a Residential Soil RSL for total chromium assuming a one to six (1:6) ratio 
of hexavalent chromium to trivalent chromium.  Assuming this ratio is applicable to soil at Site 16/SSA 16, the 
maximum concentration of hexavalent chromium (the total measured chromium concentration multiplied by 1/6, 
or 4.5 mg/kg) would not result in an unacceptable risk associated with exposure to chromium and the total 
carcinogenic risk for the lifetime resident would be within USEPA’s target risk range.   

Conclusions  
In summary, the risk drivers identified for groundwater and soil are considered acceptable for unlimited use and 
unrestricted exposure for the following primary reasons: 

Antimony in Groundwater 
 All detected total and dissolved concentrations are below the maximum background concentrations. 

 Additional groundwater samples collect in August 2012 indicate that there were no detectable total or 
dissolved concentrations. 

Manganese in Groundwater 
 The future adult resident and future child resident target organ HIs for ingestion of manganese in 

groundwater are below unity. 

Arsenic in Groundwater 
 The future adult resident and future child resident target organ HIs for ingestion of arsenic in groundwater are 

below unity. Carcinogenic effects from arsenic are also within the acceptable risk range.  

Soils 
As previously discussed, assuming a 1:6 ratio of trivalent chromium to hexavalent chromium, chromium would not 
result in an unacceptable risk and the total carcinogenic risk for the adult resident would be within USEPA’s target 
risk range.  No other metals drove risk to human health or the environment; thus, NFA is required for unlimited 
use and unrestricted exposure with regards to soil.  

Recommendations 
Based on these conclusions, the Navy recommends that the LUCs and aquifer restrictions at Site 16/SSA 16 be 
rescinded because they are not necessary in order for the site constituent concentrations to be adequately 
protective of human health or the environment. Consequently, it is recommended that an ESD be prepared to 
remove the institutional control requirements from the 1995 ROD, clarify that all media at Site 16/SSA 16 meet 
unlimited use and unrestricted exposure, and document this site is closed with NFA for the protection of human 
health or the environment.  
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 Scenario Timeframe: Current

 Medium: Subsurface Soil

 Exposure Medium: Subsurface Soil

Exposure Point Chemical Units Arithmetic

of Mean (N/T)

Potential

Concern Value Units Statistic Rationale

Subsurface Soil

Aluminum MG/KG 1.0E+04 1.5E+04 (G) 2.8E+04 1.5E+04 MG/KG App. G 1, 3, 4

Arsenic MG/KG 7.1E+00 2.0E+01 (NP) 3.8E+01 L 2.0E+01 MG/KG 95% Cheb 1

Chromium MG/KG 1.8E+01 2.7E+01 (G) 5.7E+01 2.7E+01 MG/KG App. G 1, 3, 4

Iron MG/KG 1.1E+04 1.5E+04 (G) 3.9E+04 1.5E+04 MG/KG App. G 1, 3, 4

Manganese MG/KG 4.7E+01 7.8E+01 (G) 1.2E+02 J 7.8E+01 MG/KG App. G 4

Vanadium MG/KG 2.4E+01 3.5E+01 (G) 5.8E+01 3.5E+01 MG/KG App. G 1, 3, 4

For duplicate sample results, the maximum value was used in the calculation.

ProUCL, Version 4.1 used to determine distribution of data using the Shapiro‐Wilk W Test.  ProUCL used to calculate RME EPC, following recommendations

based on distribution and standard deviation  in users guide (USEPA. May 2010. ProUCL, Version 4.1.  Prepared by Lockheed Martin Environmental Services).

Options:  Maximum Detected Value (Max); 95% Student's‐T test UCL (95% Stud‐t);  95% Chebyshev (Mean, Sd) UCL (95% Cheb); 95% Approximate Gamma (App. Gamma)

(1)  Shapiro‐Wilk W Test/Lilliefors test indicates data are log‐normally distributed.

(2)  Shapiro‐Wilk W Test/Lilliefors indicates data are normally distributed.

(3)  Anderson‐Darling Test indicates data are gamma distributed.

(4)  Kolmogorov‐Smirnov Test indicates data are gamma distributed.

(5) Distribution tests are inconclusive (data are not normal, log‐normal, or gamma‐distributed).

(6) The maximum detected concentration was used as the UCL because the value recommended by ProUCL 3.0 was higher than the Max.

MG/KG = milligrams per kilogram

G = Gamma distribution.

NP = Non‐Parametric distribution.

(Qualifier)

Exposure Point ConcentrationMaximum

TABLE 3

Medium‐Specific Exposure Point Concentration Summary

Site 16 and SSA 16, Yorktown Weapons Station 

Concentration

95% UCL of Mean



TABLE 4
Child Resident

Ingestion
Constituent EPC CDI, noncarc RfD oral HI Noncancer

(MG/KG) (1/Day) (MG/KG‐day)‐1 Target Organ

Aluminum 1.5E+04 1.3E‐05 1.0E+00 2E‐01 Neurological

Arsenic 2.0E+01 1.3E‐05 3.0E‐04 9E‐01 Skin/Vascular

Chromium 2.7E+01 1.3E‐05 3.0E‐03 1E‐01 Not identified

Iron 1.5E+04 1.3E‐05 7.0E‐01 3E‐01 Gastrointestinal

Manganese 7.8E+01 1.3E‐05 2.4E‐02 4E‐02 CNS

Vanadium 3.5E+01 1.3E‐05 5.0E‐03 9E‐02 Hair

Ingestion Total 2E+00

EPC ‐ calculated on Table 3

RfD from Table 7

CDI, noncarc ‐ from Baker RI, Table L‐8, the CDI NONCARC presented on Table L‐8 divided

by the EPC on Table L‐8.

Dermal
Constituent EPC CDI, noncarc RfD dermal HI Noncancer

(MG/KG) (1/Day) (MG/KG‐day)‐1 Target Organ

Aluminum 1.5E+04 1.4E‐06 1.0E+00 1E‐01 Neurological

Arsenic 2.0E+01 4.1E‐06 3.0E‐04 3E‐01 Skin/Vascular

Chromium 2.7E+01 1.4E‐06 7.5E‐05 5E‐01 Not identified

Iron 1.5E+04 1.4E‐06 7.0E‐01 3E‐02 Gastrointestinal

Manganese 7.8E+01 1.4E‐06 8.0E‐04 1E‐01 CNS

Vanadium 3.5E+01 1.4E‐06 1.3E‐04 4E‐01 Hair

Dermal Total 1E+00

EPC ‐ calculated on Table 3

RfD from Table 7

CDI, noncarc ‐ from Baker RI, Table L‐9, the CDI NONCARC presented on Table L‐9 divided 

by the EPC on Table L‐9, however incorrect ABS for arsenic used on table, so corrected

value to 0.03.

Soil Total 3E+00

Note ‐ no target organs with hazard index (HI)>1, so hazard within acceptable range.



TABLE 5
Adult Resident

Ingestion
Constituent EPC CDI, noncarc RfD oral HI Noncancer

(MG/KG) (1/Day) (MG/KG‐day)‐1 Target Organ

Aluminum 1.5E+04 1.4E‐06 1.0E+00 2E‐02 Neurological

Arsenic 2.0E+01 1.4E‐06 3.0E‐04 9E‐02 Skin/Vascular

Chromium 2.7E+01 1.4E‐06 3.0E‐03 1E‐02 Not identified

Iron 1.5E+04 1.4E‐06 7.0E‐01 3E‐02 Gastrointestinal

Manganese 7.8E+01 1.4E‐06 2.4E‐02 4E‐03 CNS

Vanadium 3.5E+01 1.4E‐06 5.0E‐03 1E‐02 Hair

Ingestion Total 2E‐01

EPC ‐ calculated on Table 3

RfD from Table 7

CDI, noncarc ‐ from Baker RI, Table L‐15, the CDI NONCARC presented on Table L‐15 divided 

by the EPC on Table L‐15.

Dermal
Constituent EPC CDI, noncarc RfD dermal HI Noncancer

(MG/KG) (1/Day) (MG/KG‐day)‐1 Target Organ

Aluminum 1.5E+04 7.3E‐07 1.0E+00 1E‐02 Neurological

Arsenic 2.0E+01 2.2E‐06 3.0E‐04 1E‐01 Skin/Vascular

Chromium 2.7E+01 7.3E‐07 7.5E‐05 3E‐01 Not identified

Iron 1.5E+04 7.3E‐07 7.0E‐01 2E‐02 Gastrointestinal

Manganese 7.8E+01 7.3E‐07 8.0E‐04 7E‐02 CNS

Vanadium 3.5E+01 7.3E‐07 1.3E‐04 2E‐01 Hair

Dermal Total 7E‐01

EPC ‐ calculated on Table 3

RfD from Table 7

CDI, noncarc ‐ from Baker RI, Table L‐16, the CDI NONCARC presented on Table L‐16 divided 

by the EPC on Table L‐16.

Soil Total 9E‐01

Note ‐ no target organs with hazard index (HI)>1, so hazard within acceptable range.



TABLE 6
Lifetime (Adult and Child) Resident

Ingestion
Constituent EPC CDI, Carc CSF oral Cancer Risk

(MG/KG) (MG/KG‐Day) (MG/KG‐Day)

Aluminum 1.5E+04 1.6E‐06 NA

Arsenic 2.0E+01 1.6E‐06 1.5E+00 5E‐05

Chromium 2.7E+01 1.6E‐06 5.0E‐01 2E‐05

Iron 1.5E+04 1.6E‐06 NA

Manganese 7.8E+01 1.6E‐06 NA

Vanadium 3.5E+01 1.6E‐06 NA

Ingestion Total 7E‐05

EPC ‐ calculated on Table 3

CSF from Table 8

Ingestion: CDI, Carc = (EDc*IRc/BWc) + (EDa*IRa/BWa)*CF*EF*1/ATc

 using exposure assumption values from Baker RI, Table L‐8 for child resident (EDc, IRc, BWc)

 and Table L‐15 for adult resident (EDa, IRa, BWa).

Dermal 
Constituent EPC CDI, Carc CSF dermal Cancer Risk

(MG/KG) (MG/KG‐Day) (MG/KG‐day)‐1

Aluminum 1.5E+04 3.6E‐07 NA

Arsenic 2.0E+01 1.1E‐06 1.5E+00 3E‐05

Chromium 2.7E+01 3.6E‐07 2.0E+01 2E‐04

Iron 1.5E+04 3.6E‐07 NA

Manganese 7.8E+01 3.6E‐07 NA

Vanadium 3.5E+01 3.6E‐07 NA

Dermal Total 2E‐04

EPC ‐ calculated on Table 3

CSF from Table 8

Dermal: CDI, Carc = (EDc*SAc*AF/ BWc) + (EDa*SAa*AF/BWa)*CF*EF*1/ATc

 using exposure assumption values from Baker RI, Table L‐9 for child resident (EDc, SAc, BWc)

 and Table L‐16 for adult resident (EDa, SAa, BWa).

Soil Total 3E‐04



TABLE 7

Non‐Cancer Toxicity Data ‐‐ Oral/Dermal

Site 16 and SSA 16, Yorktown Weapons Station 

Chemical Chronic/ Oral RfD Oral RfD Oral to Dermal  Adjusted Units Primary Combined Sources of RfD: Dates of RfD:

of  Potential Subchronic Value Units Adjustment Dermal Target Uncertainty/Modifying Target Organ Target Organ  (3)

Concern Factor (1) RfD (2) Organ Factors (MM/DD/YY)

Aluminum Chronic 1.0E+00 mg/kg‐day NA 1.0E+00 mg/kg‐day Neurological 100 PPRTV 10/23/2006

Subchronic 1.0E+00 mg/kg‐day NA 1.0E+00 mg/kg‐day Neurological 30 ATSDR 9/1/2008

Arsenic Chronic 3.0E‐04 mg/kg‐day 95% 3.0E‐04 mg/kg‐day Skin/Vascular 3/1 IRIS 12/13/2012

Subchronic 3.0E‐04 mg/kg‐day 95% 3.0E‐04 mg/kg‐day Skin/Vascular 3 HEAST 7/1/1997

Chromium (hexavalent) Chronic 3.0E‐03 mg/kg‐day 2.5% 7.5E‐05 mg/kg‐day Not identified 300/3 IRIS 12/13/2012

Subchronic 5.0E‐03 mg/kg‐day 2.5% 1.3E‐04 mg/kg‐day Blood 100 ATSDR 9/1/2008

Iron Chronic 7.0E‐01 mg/kg/day NA 7.0E‐01 mg/kg/day Gastrointestinal 1.5 PPRTV 9/11/2006

Subchronic 7.0E‐01 mg/kg‐day NA 7.0E‐01 mg/kg‐day Gastrointestinal 1.5 PPRTV 9/11/2006

Manganese (non‐diet) Chronic 2.4E‐02 mg/kg‐day 4% 8.0E‐04 mg/kg‐day CNS 1 IRIS 12/13/2012

Subchronic NA NA NA NA NA NA NA NA NA

Manganese (diet) Chronic 1.4E‐01 mg/kg‐day 100% 1.4E‐01 mg/kg‐day CNS 1/1 IRIS 12/13/2012

Subchronic 1.4E‐01 mg/kg‐day 100% 1.4E‐01 mg/kg‐day CNS 1/1 HEAST 7/1/1997

Vanadium Chronic 5.0E‐03 mg/kg‐day 2.6% 1.3E‐04 mg/kg‐day Hair 100 IRIS/RSL 12/13/2012

Subchronic NA NA NA NA NA NA NA NA NA

(1)  Source: Risk Assessment Guidance for Superfund. Volume 1:  Human Health Evaluation Manual, Part E, Supplemental Guidance for Dermal Risk Assessment (Final). 

       Section 4.2 and Exhibit 4‐1.  USEPA recommends that the oral RfD should not be adjusted to estimate the absorbed dose for compounds when the absorption efficiency is greater than 50%.

       Constituents that do not have oral absorption efficiencies reported on this table were assumed to have an oral absorption efficiency of 100%.

(2)  Adjusted Dermal RfD = RfD (oral) x Absorption Efficiency or ABSGI

(3)  For IRIS values, provided the date IRIS was searched.

       For NCEA values, provided the date of the NCEA article provided.

       For HEAST values, provided the date of HEAST document.

       For PPRTV values, provided the date of PPRTV document.

       For ATSDR values, provided the date of ATSDR toxicity profile.

ATSDR = Agency for Toxic Substance and Disease Registry

CNS = Central Nervous System

IRIS = Integrated Risk Information System

HEAST= Health Effects Assessment Summary Tables

NA = Not Applicable

NCEA = National Center for Environmental Assessment

PPRTV = Provisional Peer‐Reviewed Toxicity Assessment

RSL = Regional Screening Level Table



TABLE 8

Cancer Toxicity Data ‐‐ Oral/Dermal

Site 16 and SSA 16, Yorktown Weapons Station 

Chemical Oral Cancer Oral to Dermal Adjusted Dermal Units EPA Source Date (2)

of Potential Slope Factor Adjustment Cancer Slope Factor (1) Carcinogen (MM/DD/YY)

Concern   Factor Group
   

Aluminum NA NA NA NA NA NA NA

Arsenic 1.5E+00 95% 1.5E+00 (mg/kg‐day)
‐1

A IRIS 12/13/2012

Chromium (hexavalent) 5.0E‐01 2.5% 2.0E+01 (mg/kg‐day)
‐1

D NJEPA 4/8/2009

Iron NA NA NA NA NA NA NA

Manganese NA NA NA NA NA NA NA

Vanadium NA NA NA NA NA NA NA

(1)  Source: Risk Assessment Guidance for Superfund. Volume 1:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment (Final). 

       Section 4.2 and Exhibit 4‐1.  USEPA recommends that the oral RfD should not be adjusted to estimate the absorbed dose for compounds when the absorption efficiency is greater than 50%.

(2)  For IRIS values, provided the date IRIS was searched.

       For NJEPA values, provided the date of NJEPA document.

IRIS = Integrated Risk Information System EPA Group:

NA = Not available A ‐ Human carcinogen

NJEPA = New Jersey Environmental Protection Agency B1 ‐ Probable human carcinogen ‐ indicates that limited human data are available

B2 ‐ Probable human carcinogen ‐ indicates sufficient evidence in animals and 

         inadequate or no evidence in humans 

C ‐ Possible human carcinogen

D ‐ Not classifiable as a human carcinogen

E ‐ Evidence of noncarcinogenicity



Figure 



")

")

")

")

+U

+U

+U

+U

+U

")

")

+U

+U

+U

+U

!(

!(
!(

!(

!(

!(

!(

!( !(
!(

!(

!(

!(

!(

!(

!(

!(

!( !(

Felgates Creek

WEST RD

16SS19
16SS18

16SS17

16SS16

16SS15

16SS14

16SS11

16SS10
16SS09

16SS07

16SS06

16SS04

16SS0316SS02

16SS01

16SS05
16SS08

16SS12

16SS13
16GW05

16GW04 16GW03

16GW02

16GW01

16GW09/SB09

16GW08/SB08

16GW06/SB06

16HP/SB02

16HP/SB01

16GW07/SB07

LE
E 

RD

MAIN RD

IN
DI

AN
 F

IE
LD

 R
D

BOLLM
AN RD

LEE RD

53

1751

1753

1757

1755

1754

1752

605

2024

1248

53B

92

1756

1376

2055

1511

1888
2046

1758

2027

Figure 1
Site 16 - West Road Landfill

SSA 16 - Building 402 Metal Disposal Area and Environs
Naval Weapons Station Yorktown

Yorktown, Virginia
0 200100

Feet

Legend
!( Post Removal Soil Confirmation Sample
+U Monitoring Well
") Subsurface Soil Sample Location

Approximate SSA 16 Site Boundary
Approximate Site 16 Boundary
Approximate Waste Removal Area
(Removed During 1994 Removal Action)

WPNSTA Yorktown

Site 16

James
City
County

York
County

Newport
News

YorkRiver

§̈¦64

/
Note:
Waste removed from the site during the 1994 removal action included drums, 
batteries, steel cables, mine casings, inert scrap ordnance, and general debris.
Text boxes in white are from the August 2012 groundwater sampling event; 
text boxes in yellow are from the 1994 RI groundwater sampling event. 
B - Analyte not detected above the
level reported in blanks
µg/L - micrograms per Liter
UL - Not detected above associated value; detection limit may 
be biased low
J - Value flagged as estimated by data validator
U - Not detected above associated value
L - Value flagged as biased low by data validator
K - Value flagged as biased high by data validator

16GW05 (µg/L) Total Dissolved
Antimony 0.23 B 0.19 B

16GW07 (µg/L) Total Dissolved
Antimony 0.19 B 0.22 B

16GW01 (µg/L) Total Dissolved
Antimony 12.4 U 12.4 U
Arsenic 5.2 L 2.6 UL
Manganese 17.7 5.5 J

16GW05 (µg/L) Total Dissolved
Antimony 12.4 U 19.3 J
Arsenic 21.4 L 2.6 UL
Manganese 22.1 14.9 J

16GW07 (µg/L) Total Dissolved
Antimony 12.4 U 13.1 J 
Arsenic 2.6 UL 2.6 UL
Manganese 54.8 51.7

16GW04 (µg/L) Total Dissolved
Antimony 12.4 U 12.4 U
Arsenic 8.1 L 2.6 UL
Manganese 123 69.4

16GW09 (µg/L) Total Dissolved
Antimony 12.4 U 12.4 U
Arsenic 5 J 5.9 K
Manganese 146 114

16GW08 (µg/L) Total Dissolved
Antimony 12.4 U 12.4 U
Arsenic 2. 6 UL 2.6 UL
Manganese 26.2 6 J

16GW03 (µg/L) Total Dissolved
Antimony 12. 4 U 12. 4 U
Arsenic 2.6 UL 2.6 UL
Manganese 9.9 J 2.7 J

16GW02 (µg/L) Total Dissolved
Antimony 12. 4 U 12. 4 U
Arsenic 2.6 UL 2.6 UL
Manganese 11.3 J 1.1 J

16GW06 (µg/L) Total Dissolved
Antimony 12. 4 U 12.4 U
Arsenic 2.6 UL 2.6 UL
Manganese 45. 9 9.2 J

DVR  \\MNUSTRICTGFS01\PROJECTS\USNAVFACENGCOM405450\400210YORKTOWN\MAPFILES\400210_SITE16_TM\FIGURE1_SITE16_SSA16_WEST_RD_LANDFILL_1994_2012.MXD  CBOWMAN 1/7/2013 2:35:00 PM
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6.0 HUMAN HEALTH RISK ASSESSMENT 

A baseline human health risk assessment was performed as part of the RI/l% for Site 16/SSA 16 at 

WPNSTA Yorktown, to evaluate the potential risks associated with exposure to environmental 

media resulting from existing conditions at the site if no additional remedial action is undertaken. 

The baseline RA considers the most likely routes of potential human exposure for both current and 

future risk scenarios. The baseline RA was conducted in accordance with the Risk Assessment 

Guidance for Super-fund (RAGS), Part A, Human Health Evaluation Manual (USEPA, 1989b), and 

the most recent updates. The baseline RA is comprised of nine sections; Section 6.1 presents an 

overview of the historical information for Site 16/SSA 16 pertinent to the development of the risk 

assessment technical approach. Section 6.2 presents the selection of chemicals of potential concern. 

Sections 6.3 and 6.4 present the Exposure Assessment and Toxicity Assessment, respectively. The 

risk characterization is presented in Section 6.5 and potential human health effects are provided in 

Section 6.6. Section 6.7 presents sources of uncertainty inherent in the estimation of inferential 

potential human health effects. A summary of the baseline RA is provided in Section 6.8 and total 

site risk to each potential human receptor is presented therein. Section 6.9 presents the references. 

Because the majority of SSA 16 overlies the northern portion of Site 16, the baseline RA addresses 

both areas as one site under consideration. A complete discussion of the spatial relationship between 

Site 16 and SSA 16 is included in Section 1.0; therefore, only a brief description is presented in the 

section below. 

6.1 Site 16/SSA 16 Overview 

Site 16 is a former landfill that reportedly received wastes such as dry carbon-zinc batteries and 

unknown types of chemicals. A removal action was conducted in 1994 to remove visible surface 

debris, including batteries, chemical drying agents, and mine casings (IT, 1995). SSA 16 is a former 

scrap metal storage area located along the northern border of, and overlying, Site 16. Access to the 

Site 16/SSA 16 is regulated by a fence which delineates the boundaries of the Stat-ion’s Restricted 

Area, allowing only authorized personnel into the area. The site is vegetated primarily with trees 

and underbrush, but also includes open, grass-covered areas. 

There are no drinking water wells at WPNSTA Yorktown; the coastal plain aquifer and other 

shallower aquifers are not used as a drinking water source. Drinking water is supplied by the City 
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of Newport News. There are, however, five supply wells at WPNSTA Yorktown, located at 

Buildings 120, 352, 304, 28 (all for fire-fighting purposes),-and Gate 13. Due to the poor water 

quality, the wells located at Buildings 120,352, and 304, have been decommissioned and capped; 

a forth well at Building 28 was abandoned and filled with cement. The remaining well at Gate 13, 

which is located in the deeper Yorktown aquifer, is a newer well that supplies water to the toilet 

facilities associated with the weigh station. Though approved by the Virginia Department off Health 

for potable use, drinking water is supplied in the form of bottled water. Gate 13 is located in the 

western portion of WPNSTA Yorktown, several miles from Site 16/SSA 16. 

6.2 Identification of Chemicals of Potential Concern 

The selection of COPCs was based on the information provided in the USEPA Region III Technical 

Guidance on Selecting Exnosure Routes and Contaminants of Concern. bv Risk-Based Screening 

(SCCRBS), dated January 1993 (USEPA, 1993) and USEPA’s Risk Assessment Guidance for 

Superfund (RAGS). Volume I. Human Health Evaluation Manual (Part A). Interim Final, December 

1989 (USEPA, 1989b). COPC selection was completed for each environmental medium and area 

of concern using analytical data obtained during this Rl as well as analytical data obtained after the 

removal action in 1994 (IT, 1995). 

A discussion of laboratory analytical results and nature and extent of constituent contamination is 

presented in Section 4.0 of this report. In the RI report, chemicals detected in environmental media 

are discussed with respect to applicable Federal and Commonwealth standards and/or criteria. In 

these sections, a preliminary account of analytical results was presented. Chemicals detected in 

environmental media sampled during the RI were re-evaluated in this section to select COP0 for 

quantitative evaluation in the baseline RA. Chemicals selected as COPCs that could. not be 

quantitatively evaluated, are discussed in the uncertainties section (Section 6.7) of the baseline RA. 

62.1 COPC Selection Criteria ) -- 

The primary criteria used in selecting a chemical as a COPC at Site 16/SSA 16 included comparing 

the maximum detected concentration to the USEPA Region III Chemicals of Concern (COC) 

Screening Table (USEPA, 1994e), in accordance with USEPA Region III SCCRBS guidance 

(USEPA, 1993). . 
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In conjunction with concentration comparisons to the USEPA Region III COC screening table (COC 

values), a comparison to concentrations detected in Site 16/SSA 16 field and laboratory blanks was 

also conducted, to ensure that only site-related contaminants are evaluated in the quantitative 

estimation of human health effects (refer to Table 6-l). Furthermore, those constituents considered 

to be essential nutrients (which have relatively low toxicity) were not evaluated in this baseline RA. 

The prevalence of a chemical detected in a given environmental medium, as well as the history of 

site-related activities are other important criteria applied in selecting COPCs at Site lB/SSA 16. 

Tberefore, in conjunction with concentration comparisons to USEPA Region III COC Screening 

Concentrations (COC values) and evaluations of chemical prevalence, site history, and the 

assessment of essential nutrients, comparisons of groundwater, surface water, and sediment to 

available Commonwealth and Federal standards and criteria was conducted to determine whether 

chemicals eliminated by a direct comparison to COC values should be re-included as COPCs. Each 

of the aforementioned criteria are discussed in the paragraphs that follow.. 

USEPA Region III COC Screening Concentrations - Risk-Based COC Screening Concentrations 

(COC screening concentrations) were derived by USEPA, Region III in January 1993 and provided 

in tabular format to support selection of COPCs and address two major limitations in the COPC 

selection process presented in RAGS. First, using COC screening concentrations prioritizes 

chemical toxicity and focuses the risk assessment on those COPCs and potential exposure routes. 

Second, using the COC screening concentrations provides an absolute comparison of potential risks 

associated with the presence of a COPC in a given medium. 

COC screening concentrations were derived using conservative USEPA promulgated default values 

and the most recent toxicological criteria available. COC screening concentrations for potentially 

carcinogenic and noncarcinogenic chemicals were individually derived based on a target incremental 

lifetime cancer risk (ICR) of 1 x 10-O’ and a target hazard quotient (HQ) of 0.1, Pespectively. For 

potential carcinogens, the toxicity criteria applicable to the derivation of COC screening 

concentrations are chronic oral and inhalation cancer slope factors; for noncarcinogens, they are oral 

and inhalation reference doses. These toxicity criteria are subject to change as more updated 

information and results from the most recent toxicologicaVepidemiologica1 studies become 

available. Therefore, the use of toxicity criteria in the derivation of COC screening concentrations 
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requires that the screening concentrations be updated periodically to reflect changes in the toxicity 

criteria. 

In March 1994, USEPA Region III published a second COC screening table (COC values) which 

were also based on an ICR of 1 x 10% and a target HQ of 0.1. Subsequent publications of the table 

(i.e., Risk-Based Concentration [RBC] table) have included an ICR of 1 x lOa but an HQ of 1.0. 

However, since the RBCs are derived using similar equations and USEPA promulgatecl default 

exposure assumptions that were used to derive the COC values (USEPA, 1994e), the COC values 

can be updated from these RBC tables issued semi-annually by the USEPA Region III, by using the 

carcinogenic RBCs and dividing the accompanying noncarcinogenic RBCs by a factor of 10. An 

updated set of COC values can, therefore, be obtained each time the RBC Tables are updated. The 

COC values used in this baseline RA were derived from the RBC values issued by the USEPA 

Region III in the Fourth Quarter, 1994 (USEPA, 1994d). 

In this baseline RA, the COC screening values derived for tap water will be applied to the screening 

of COPCs in groundwater and surface water, while those derived for residential soil exposures will 

be applied to the screening of COPCs in surface soils, subsurface soils, and sediments at 

Site 16lSSA 16. 

Blank Concentrations - If a chemical is detected in both the environmental sample and a blank 

sample, it may not be retained as a COPC in accordance with RAGS depending on the concentration 

of the chemical in the media. Therefore, blank data were compared with results from environmental 

samples. If the blanks contained detectable results for common laboratory contaminants 

(i.e., acetone, 2-butanone, methylene, chloride, toluene, and phthalate esters), environmental sample 

results were considered as positive results only if they exceed 10 times the maximum amount 

detected in the associated blank. If the chemical detected in the blank(s) is not a common laboratory 

contaminant, environmental sample results were considered as positive results only if they exceeded 

five times the maximum amount detected in the associated blank(s). Furthermore; the elimination 

of an environmental sample result would directly correlate to a reduction in the prevalence of the 

contaminant in that media. 

When assessing soil and sediment concentrations, the Contract Required Quantitation Limits 

(CRQLs) and percent moisture are accounted for in order to correlate solid and aqueous quantitation 
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limits. For example, when assessing semivolatile, pesticide and PCB contaminants the CRQL for 

solid samples is 33 to 66 times (depending on the contaminant) that of the aqueous samples; this 

correction is not necessary for the evaluation of volatile COPCs. Therefore, in order to assess 

contaminant levels in solid samples using an ‘aqueous blank concentration, the concentration was 

multiplied by 5 or 10 (uncommon or common laboratory contaminants, respectively) and then 

multiplied by 33 to correct for the variance in the CRQL. Accounting for multipliers greater than 

33 or the percent moisture was not necessary for this data set. Associated blanks for Site 16/SSA 16 

included: field blanks, trip blanks, and equipment rinsate blanks. 

The aforementioned methodologies for evaluating blanks are usually implemented during third party 

analytical data validation prior to the selection of COPCs in the risk assessment. 

Essential Nutrients - Despite their inherent toxicity, certain inorganic constituents are essential 

nutrients. Essential nutrients need not be considered-for further consideration in the baseline RA 

if they are present in relatively low concentration (i.e., slightly elevated above naturally occurring 

levels), or if the constituent is toxic at doses.much higher than those which could be assimilated 

through exposures at the site. Elements evaluated as essential nutrients include calcium, iron, 

magnesium, potassium, and sodium. 

Prevalence - The prevalence of a chemical in an environmental medium can be described by the 

frequency and concentration with which it is detected. A detection frequency greater than 5 percent 

(1 positive detection in 20 samples) was the detection frequency considered in the selection of 

COPCs in data sets comprised of 20 or more samples. Data sets with fewer than 20 samples were 

evaluated for any positive detections to determine whether the chemical should be included as a 

COPC. 

62.2 Re-inclusion of Chemicals as COPCs 

Chemicals can be re-included as COPCs for quantitative evaluation in the baseline RA despite 

having been eliminated as such, by a comparison to COC values (or other aforementioned criteria). 

For example, a chemical that was detected with a frequency of greater than 5 percent, at 

concentrations below the corresponding COC value, may be re-included if it is reasonable to assume 

that the chemical could be site related. 
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Chemicals also may be selected or re-included as COPCs if detected concentrations exceed the 

following Federal/Commonwealth standards or criteria. 

Maximum Contaminant Levels - MCLs are potentially enforceable standards for public water 

supplies promulgated under the Safe Drinking Water Act and are designed for the protection of 

human health. MCLs have been adopted as enforceable standards for public drinking water systems, 

and apply to drinking water supplies consumed by a minimum of 25 persons. They have been 

developed for the prevention of human health effects associated with lifetime exposure (70 year 

lifetime) of an average adult (70 kg) consuming 2 liters of water per day. MCLs also consider the 

technical and economic feasibility of removing the constituent from a public water supply (USEPA, 

1994a). 

Virginia Drinking Water Standards - Virginia Drinking Water Standards are the maximum 

contaminant level concentrations of a contaminant in water which is delivered to the users of a 

public water system. With the exception of nitrate, all inorganic chemical contaminant llevels are 

based on potential adverse health effects resulting from long term exposure to the contaminant in 

drinking water. The maximum contaminant levels for organics apply to community water supplies, 

the volatile organics also apply to nontransient, noncommunity water systems. 

Virginia Water Quality Standards (WQS) for the Protection of Human Health - The WQSs are 

Commonwealth-enforceable standards used for identifying the potential for human health risks. 

WQSs are protective of human health and consider potential carcinogenic and noncarcinogenic 

health effects in humans from ingestion of both water (2 liters/day) and aquatic organisms 

(6.5 grams/day), or from ingestion of water alone (2 liters/day). Commonwealth WQSs available 

for the protection of human health from potential carcinogenic substances are derived based on an 

incremental lifetime cancer risk of one additional case of cancer in an exposed population of 100,000 

persons (i.e., 1 x lo-“). 

Ambient Water Quality Criteria (A WQC) - AWQC are non-enforceable regulatory guidelines and 

acre of primary utility in assessing acute and chronic toxic effects in aquatic organisms for surface 

water bodies. AWQCs consider acute and chronic effects in both freshwater and saltwater aquatic 

life, and potential carcinogenic and noncarcinogenic health effects in humans from ingestion of both 

water (2 liters/day) and aquatic organisms (6.5 grams/day), or from ingestion of organisms alone 
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(6.5 grams/day). The AWQCs for protection of human health for potential carcinogenic substances 

are based on the USEPA’s specified incremental cancer risk range of one additional case of cancer 

in an exposed population of 10,000,000 to 100,000 persons (i.e., the 1 .O x lO4’ to 1 .O x 10405 range). 

The AWQCs used for comparison in this baseline RA included the human health recalculated values 

for water and organisms, and organisms only. Published criteria were used in the absence of 

recalculated values. 

Sediment Screening Vahes - At present, promulgated sediment quality criteria do not exist to protect 

human health. However, sediment screening values (SSVs) have been published (Long, et al., 1995) 

for evaluating the potential for chemical constituents in sediment to cause adverse biological effects. 

This screening method was developed through evaluation of biological effects data for aquatic 

(marine and freshwater) organisms that were obtained through equilibrium partitioning calculations, 

spiked-sediment bioassays, and concurrent biological and chemical field surveys. For each 

constituent having sufficient data available, the concentrations causing adverse biological effects 

were arrayed and the lower 10 percentile (called an Effects Range-Low, or ER-L) and the median 

(called an Effects Range-Median, or ER-M) were determined. If contaminant concentrations are 

above the ER-M, adverse effects on the biota are considered probable. 

According to USEPA Region III, exceedences of the ER-M would constitute a chemical’s retention 

as a COPC. Therefore, constituents detected in the sediment at Site 16/SSA 16 were compared to 

the SSV ER-MS to determine if any criteria were exceeded. 

6.2.3 Selection of COPCs 

Four environmental media (soil, groundwater, sediment, and surface water) were investigated at 

Site lG/SSA 16 during this investigation. The selection of soil COPCs was stratified to include the 

surface soil (0- to 6-inches bgs) and the subsurface soil (greater than 6-inches bgs); each of these 

intervals was evaluated individually. Tables 6-2 through 6-6 present the selection of COPCs for 

each environmental medium based on comparisons of USEPA Region III COPC screening 

concentrations and other applicable criteria, with the maximum detected concentration. Information 

is presented in these tables only for those constituents detected at least once, in the medium of 

interest. Other statistical information (i.e., normal 95th percent upper confidence limit for the 

arithmetic mean concentration [95% UCL], etc.) is presented in Appendix K. 
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./- *-,_ The following paragraphs present the rationale for selection of COPCs. Sample locations, analytical 

results, and corresponding figures are presented in other sections of this RI report. 

6.2.3.1 Surface Soil 

Surface soil samples were collected from the 0- to 6-inch interval and analyzed for VOCs, SVOCs, 

pesticides, PCBs, nitramine compounds, and inorganics (metals). The sample set included seven 

samples (6 environmental and 1 duplicate sample), from the RI conducted by Baker 

Environmental, Inc. (Baker) in the summer/fall of 1994, and 20 confirmation samples 

(19 environmental and 1 duplicate sample) taken after the removal action conducted by IT 

Corporation in the spring of 1994. In total, twenty-seven samples were included in the surface soil 

data set. The COPC selection summaries for surface soil are presented in Table 6-2. 

Two VOCs (acetone and methylene chloride) were detected in the surface soil samples in 1 of 

27 samples and 19 of 27 samples, respectively. However, acetone and methylene chloride did not 

exceed their residential COC values, and were not retained as COPCs. 

. -.I% 

SVOCs, primarily PAHs and phthalate esters were detected in the surface soil. Twelve PAHs were 

detected in the surface soil, of which none exceeded the industrial COC value. However, 

benzo(a)pyrene, detected in four of twenty-seven samples, exceeded the residential COC value once 

and was retained as a surface soil COPC. None of the four phthalate esters exceeded their residential 

COC values. 

Nine pesticides were detected in the surface soil, several at frequencies of less than 5 perclent, none 

of which exceeded the residential COC value. Therefore, pesticides not were retained as surface soil 

COPCS. 

Two PCBs (Aroclor-1254 and Aroclor- 1260) were detected in 12 of 25 samples and 11 of 

25 samples respectively. Each of these constituents exceeded their residential COC value and were 

retained as a surface soil COPC. 

Nitroamine compounds were not detected in the surface soil at Site lB/SSA 16, therefore, none were 

retained as surface soil COPCs. 
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Inorganics were detected in all surface soil samples collected. The maximum (detected 

concentrations of aluminum, antimony, arsenic, beryllium, cadmium, chromium, copper, lead, 

manganese, mercury, and vanadium exceed the corresponding Region III residential COC values. 

Calcium, iron, magnesium, potassium, and sodium also were detected in almost every sample, 

however, these constituents are considered to be essential nutrients and were not retained as COPCs. 

Therefore, aluminum, antimony, arsenic, beryllium, cadmium, chromium, copper, lead, manganese, 

mercury, and vanadium were retained as surface soil COPCs for quantitative evaluation in the 

baseline RA. 

6..2.3.2 Subsurface Soil 

A total of three subsurface soil samples were collected from each soil boring location. These 

samples were collected from the I- to 3-feet (bgs) interval, the midpoint, and just above the water 

table. However, if elevated PID readings or visible contamination was noted, the affected interval 

and the 2-foot interval below the affected layer, were selected in lieu of the 1- to 3-foot and :midpoint 

samples, respectively. Each sample was analyzed for VOCs, SVOCs, pesticides, PCBs, nitramine 

compounds, and inorganics. The COPC selection summaries for subsurface soil are presented in 

Table 6-3. 

Two VOCs (acetone and methylene chloride) were detected in the subsurface soil samples. 

However, acetone and methylene chloride. did not exceed ten times the maximum blank 

concentration. As a result, they were qualified as blank contaminants according to the USEPA 

guidance presented in RAGS (USEPA, 1989b) and not included as subsurface soil COPCs. 

Phenol and phthalate esters (bis(2-ethylhexyl)phthalate and di-n-butylphthalate) also were detected 

in the subsurface soil. Each of these constituents also was detected in laboratory blanks, at 

concentrations below five times and ten times, respectively, the maximum blank concentration, and 

not included as subsurface soil COPCs. 
. . . 

Pesticides, PCBs, and nitramine compounds were not detected in the subsurface soil at 

Site 16/SSA 16, therefore, none were retained as subsurface soil COPCs. 
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Inorganics were detected in all subsurface soil samples collected. The maximum detected 

concentrations of aluminum, antimony, arsenic, beryllium, chromium, manganese, and vanadium 

exceed the corresponding Region III COC values. Calcium, iron, magnesium, potassium, and 

sodium also were detected in almost every sample, however, these constituents are considered to be 

essential nutrients and were not retained as COPCs. Therefore, aluminum, antimony, arsenic, 

beryllium, chromium, manganese, and vanadium were retained as subsurface soil COPCs for 

quantitative evaluation in the baseline RA. 

6.2.3.3 Groundwater 

Table 6-4 summarizes the COPC selections performed for constituents detected in groundwater. All 

samples were analyzed for VOCs, SVOCs, pesticides, PCBs, nitramine compounds, unfiltered (total) 

and filtered (dissolved) inorganics; however, only the dissolved inorganics were considered for this 

baseline RA. 

Six VOCs were detected in groundwater samples collected from Site 16/SSA 16: acetone, 

1,l -dichloroethene, 1,l -dichloroethane, 1 , 1 , 1-trichloroethane, tetrachloroethene, and trichloroethene. 

Four of these constituents (acetone, l,l,l -trichloroethane, tetrachloroethene, and trichloroethene) 

did not exceed ten times the maximum blank concentration; as a result, they were qualified as blank 

contaminants according to the USEPA guidance presented in RAGS (USEPA, 1989b) and not 

retained as groundwater COPCs. l,l-Dichloroethane did not exceed the applicable criteria and also 

was not retained as a groundwater COPC. However, since chlorinated solvents have been detected 

in groundwaters throughout WPNSTA Yorktown, these chemicals (l,l-dichloroethane, 

1,1, 1 -trichloroethene, tetrachloroethene, and trichloroethene) were re-included as COPCs for 

quantitative evaluation in the baseline RA. 1,l -Dichloroethene (which also is a chlorinated solvent) 

did exceed the USEPA Region III Tapwater COC value and was retained as a groundwater COPC. 

SVOCs, including one phthalate ester (di-n-butylphthalate) and 1,4-dichlorobenzene were detected 

in the groundwater. Di-n-butylphthalate did not exceed ten times the maximum blank concentration; 

as a result, it was qualified as blank contaminant and not retained as a groundwater COPC. 

1,4-dichlorobenzene, however, exceeded the Region III Tapwater COC value and was retained as 

a groundwater COPC. 
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Trace levels of pesticides also were detected in the groundwater including: aldrin, endrin, and 

4,4’-DDT. Aldrin exceeded the Region III tapwater COC value and the Virginia Drinkhng Water 

Standard while 4,4’-DDT exceeded the tapwater COC value. Because aldrin and 4,4’-DDT exceeded 

one or more of their comparison criteria, they were retained for further evaluation in the baseline 

RA. 

Nitramine compounds were not detected in the groundwater at Site 16/SSA 16, therefore, none were 

retained as groundwater COPCs. 

Of the filtered (dissolved) inorganics detected in the groundwater dissolved antimony, arsenic, 

beryllium, and manganese exceeded one or more criteria and were retained as dissolved 

groundwater COPCs for quantitative evaluation. In addition, calcium, iron, magnesium, potassium, 

and sodium also were detected in dissolved samples, however, these constituents are considered to 

be essential nutrients and were not retained as COPCs. 

6.2.3.4 Surface Water 

Table 6-5 summarizes the COPC selections performed for constituents detected in surface water. 

All samples were analyzed for VOCs, SVOCs, pesticides, PCBs, nitramine compounds, unfiltered 

(total) and filtered (dissolved) inorganics. 

Two VOCs (acetone and toluene) were detected in the surface water samples. However, acetone and 

toluene did not exceed ten times the maximum blank concentration. As a result, they were qualified 

as blank contaminants according to the USEPA guidance presented in RAGS (USEPA, 1989b) and 

not included as surface water COPCs. 

SVOCs, pesticides, PCBs, and nitramine compounds were not detected in the surface water at 

Site 16/SSA 16, therefore, none were retained as surface water COPCs. -. 

Inorganics were detected in a majority of the surface water samples collected. The maximum 

detected concentrations of arsenic and manganese in the total (unfiltered) inorganic samples 

exceeded one or more of the corresponding criteria. In addition, calcium, iron, ma.gnesium, 

potassium, and sodium also were detected in these samples, however, these constituents are 
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considered to be essential nutrients and were not retained as COPCs. Therefore, arsenic and 

manganese were retained as surface water COPCs for quantitative evaluation in the baseline RA. 

6.2.3.5 Sediment 

Table 6-6 summarizes the COPC selections performed for constituents detected in sediment. All 

samples were analyzed for VOCs, SVOCs, pesticides, PCBs, nitramine compounds, and inorganics. 

Sediment samples were collected from the 0- to 4-inch interval and the 4- to S-inch interval at each 

sampling location. The COPC selection summaries for sediment are presented in Table 6-6. 

Five VOCs (acetone, 2-butanone, carbon disulfide, chloromethane, and toluene) were detected in 

the sediment samples; however, acetone, 2-butanone, and toluene did not exceed ten times the 

maximum blank concentration and chloromethane did not exceed five times the maximum blank 

concentration. As a result, they were qualified as blank contaminants according to the USEPA 

guidance presented in RAGS (USEPA, 1989b) and not included as sediment COPCs. Carbon 

disulfide did not exceed the criteria used for comparison and was not retained as a sediment COPC. 

SVOCs and nitramine compounds were not detected in sediment samples at Site 16/SSA 16, 

therefore, none were retained as COPCs. 

Two pesticides (endrin aldehyde and heptachlor epoxide) and one PCB (Aroclor- 1260) also were 

detected in the sediment at concentrations which did not exceed the criteria for comparison ,and were 

not retained as sediment COPCs. Because Aroclor- 1260 was retained as a COPC in soil samples, 

its occurrence is sediment is likely to be site related. Aroclor- 1260 was, therefore, re-included as 

a COPC for sediment. 

Inorganics were detected in a majority of sediment samples collected. The maximum detected 

concentrations of aluminum, arsenic, beryllium, manganese, and vanadium exceed the corresponding 

Region III residential soil COC values used for comparison. Calcium, iron, magnesium, potassium, 

and sodium also were detected in a majority of the sample, however, these constituents are 

n ,,.,, considered to be essential nutrients and were not retained as COPCs. Therefore, aluminum., arsenic, 
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manganese, and vanadium were retained as sediment COPCs for quantitative evaluation in the 

baseline RA. 

6.2.4 Summary of COPCs 

The following presents a comprehensive list of all selected COPCs, by media, identified at 

Site 16/SSA 16. 

0 Surface Soil: benzo(a)pyrene, Aroclor- 1254, Aroclor- 1260, aluminum, antimony, 

arsenic, beryllium, cadmium, chromium, copper, lead, manganese, mercury, and 

vanadium. 

0 Subsurface Soil: aluminum, antimony, arsenic, beryllium, chromium, manganese, 

and vanadium, 

0 Groundwater Samples (dissolved): l,l-dichloroethane, l,l-dichloroethene, 

l,l, 1 -trichloroethane, tetrachloroethene, trichloroethene, 1,4-dichlorobenzene, 

aldrin, 4,4’-DDT, antimony, arsenic, beryllium, and manganese. 

0 Surface Water Samples (total): arsenic and manganese. 

0 Sediment Samples: Aroclor- 1260, aluminum, arsenic, beryllium, mangalnese, and 

vanadium. 

6.3 Exoosure Assessment 

The exposure assessment addresses each current and future potential exposure pathwa.y in soil, 

groundwater, surface water, sediment, and air. To determine whether human exposure could occur 

at Site 16/SSA 16 in the absence of remedial action, an exposure assessment which identifies 

potential exposure pathways and receptors was conducted. The following four elements were 

considered to ascertain whether a complete exposure pathway was present (USEPA, 1989b): 

0 A source and potential mechanism of chemical release 
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I . . 
0 An environmental retention or transport medium 

0 A point of potential human contact with the contaminated medium 

0 An exposure route (e.g., ingestion) at the contact point 

The exposure scenarios discussed herein represent USEPA’s Reasonable Maximum Exposure 

(RME). Relevant equations for assessing intakes and exposure factors were obtained from RAGS 

(USEPA, 1989b), Exposure Factors Handbook (USEPA, 1989a), P .ermal ent 

Princioles and Annlications. Interim Report (USEPA, 1992a), and Standard Default Exposure 

Factors, Interim Final (USEPA, 1991a). 

WPNSTA Yorktown will continue to function as one of the key Naval ordnance installations on the 

East Coast for the foreseeable future. Station housing for enlisted personnel is limited1 to areas 

around the golf course; Mason Row (senior offricers Quarters), which overlooks the York River; and 

cottage types of homes scattered throughout the Station. Housing for most enlisted personnel is 

situated in the Skiffes Creek area south of the Station and Highway 143. There is currently no 

Station housing of enlisted personnel at Site 16/SSA 16. 

The Station has been divided by the Navy into three basic land use areas: (1) explosive/ordnance 

storage, (2) ordnance production/maintenance, and (3) non-explosive and support functions (DON, 

1991). Categorized from an “explosives” standpoint, two general land use types emerge: real estate 

encumbered by the Explosive Safety Quantity Distance (ESQD) arc and that which is not 

encumbered. Site lG/SSA 16 is situated in an area encumbered by the ESQD arc and therefore, 

cannot be developed for Station housing of enlisted personnel. The area also is restricted, and only 

individuals having the proper clearance or Station passes are allowed in the area. 

Current potential human receptors to COPCs detected in environmental media at Site 1 G/SSA 16 are 

limited to on-site adult civilian workers. Although future residential development of Site 16/SSA 16 

is highly unlikely, future residential exposure for potential adult and child receptors was considered. 

As a conservative approach (since the shallow aquifer system within York County is not used as a 

potable water source because of low yields) child and adult residents were considered to be 

potentially exposed to organic and dissolved inorganic COPCs in the shallow groundwater. Total 

inorganic results were not evaluated since dissolved inorganic results are considered to be more 

representative of drinking water conditions at the tap. In addition to evaluating the potential 

6-14 



Revised: July 21, 1995 

exposure to future on-site residents, future construction workers, that may perform excavation and 

housing construction activities, also were evaluated as potential receptors. 

6.3.1 Chemical Fate and Transport 

This section discusses the potential release and migration of COPCs between or within media. The 

potential for a chemical to migrate spatially and persist in environmental media is important in the 

estimation of exposure. Section 5.0 presents a general discussion of the chemical fate and transport 

for the detected analytes; this subsection focuses only on the chemical classes of the selected 

COPCS. 

The distribution relationships for a chemical between the environmental compartments of air, water, 

and soil can be evaluated using a series of equilibrium constants. By utilizing the physiochemical 

properties of a constituent, it is possible to estimate a chemical’s expected environmental 

distribution and its ultimate environmental fate. 

The environmental mobility and persistence of a chemical will be influenced primarily by its 

physical and chemical properties and the chemistry of the medium in which it occurs. Table 6-7 

presents the physical and chemical properties associated with the organic COPCs identified at 

Site 16/SSA 16. The properties considered include: vapor pressure, water solubility, octanol-water 

partition coefficient, soil adsorption coefficient, specific gravity, Henry’s Law constant, and. mobility 

index. Calculated values, obtained using approximation methods, are presented when literature 

values are unavailable. A discussion of the environmental significance of each of these properties 

follows. 

0 Vapor pressure is an indication of the rate at which a chemical will volatilize. It is 

of primary significance as a removal mechanism at environmental interfaces such 

as surface soil-air and surface water-air. Vapor pressures for Volatile organics, 

would be higher than vapor pressures for pesticides. Chemicals with higher vapor 

pressures are expected to enter the atmosphere much more readily than chemicals 

with lower vapor pressures. Volatilization is not a significant removal mechanism 

when evaluating groundwater, subsurface soil, and sediment, but it is for surface 
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water and soil. Therefore, volatilization is a significant loss process for VOCs in 

surface soil and surface water. 

0 Water solubility is used to determine the rate at which a chemical can be solubilized 

and potentially leached from soil by infiltrating precipitation. In general, more 

soluble chemicals are more readily leached than less soluble chemicals. Tlhe water 

solubilities presented in Table 6-7 indicate that VOCs, such as 1,l -dichloroethene, 

are much more soluble than the pesticides or PCBs. 

0 The octanol-water partition coefficient (&,) is a measure of the equilibrium 

partitioning of chemicals between o&no1 and water. A linear relationship between 

the octanol water partition coefficient and the uptake of chemicals by fatty tissues 

of animal and human receptors (the biological concentration factor, BCF) has been 

determined (Lyman et al., 1982). The coefficient also is useful in characterizing the 

sorption of compounds by organic soil where experimental values are not available. 

The octanol water partition coefficient also is used to estimate BCFs in aquatic 

organisms. 

0 The organic carbon adsorption coefficient (&) is an indication of the tendency of 

a chemical to adhere to soil particles containing organic carbon. Chemicals with 

high soil/sediment adsorption coefficients generally have low water solubilities and 

vice versa. This parameter may be used to infer the relative rates at which the more 

mobile chemicals (e.g., monocyclic aromatics) are transported in the aqueous 

media. Chemicals such as pesticides are relatively immobile in the environment 

and are preferentially bound to the soil. These compounds are not subject to 

aqueous transport to the extent as compounds with higher water solubilities, such 

as VOCs. 

0 Specific gravity is the ratio of the weight of a given volume of pure chemical at a 

specified temperature to the weight of the same volume of water at a given 

temperature. Its primary use is to determine whether a constituent will have a 

tendency to float or sink (as an immiscible liquid) in water if it is present as a pure 

compound or at concentrations which exceed its water solubility. 
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0 Both vapor pressure and water solubility are of use in determining volatilization 

rates from surface water bodies and from groundwater. The ratio of these two 

parameters (Henry’s Law constant) is used to calculate the equilibrium constituent 

concentrations in the vapor (air) phase versus the liquid (water) phase for tlhe dilute 

solutions commonly encountered in environmental settings. 

A quantitative assessment of mobility has been developed (Laskowski, et al., 1983) that uses water 

solubility (S), vapor pressure (VP), and the organic carbon partition coefficient (K,). This value 

is referred to as the Mobility Index (MI). It is calculated as follows: 

MI = log[(S x VP)&] 

A scale to evaluate MI is presented by Ford and Gurba (1984) as the following: 

MI Description 

>5 Extremely mobile 

<5 to 0 Very mobile 

0 to -5 Slightly mobile 

-5 to -10 Immobile 

c-10 Very immobile 

The MIS for the potential COPCs are also presented in Table 6-7. 

The following paragraphs summarize the fate and transport data, by chemical class, for the potential 

COPCs at Site 16/SSA 16. 

* 

6.3.1.1 Volatile Organic Compounds 

Volatile organic COPCs can be divided into two distinct classes, volatile aromatics, and chlorinated 

aromatics. Since none of the volatile aromatics (benzene, toluene, xylenes, and ethylbenzene) were 

detected at Site 16/SSA 16, only the chlorinated aromatics will be discussed. 
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Chlorinated aromatics include trichloroethene, tetrachloroethene, tetrachloroethane, vinyl chloride, 

1 ,Zdichloroethane, total 1,2-dichloroethene, 1, I-dichloroethene, and 1 ,l , 1 -trichloroethane. These 

chemicals are comprised of chlorine substituted ethane or ethene moiety. Vinyl chloride, 

1,2-dichloroethane, 1, I-dichloroethene, and 1,2-dichloroethene are most likely present as a result 

of the degradation of higher chlorinated ethenes and ethanes. 

Volatile organics tend to be very mobile in environmental media as indicated by their presence in 

groundwater at Site 16/SSA 16. Their inherent mobility and relatively high MIS result from high 

water solubilities, high vapor pressures, and low K, and 6, values. Volatile organics do not tend 

to persist in environmental media because photolysis, oxidation, and biodegradation figure 

significantly in their removal. They are seldom detected in surface soil where volatilization and 

other removal processes predominate, as is the case at Site 16/SSA 16. 

6.3.1.2 Semivolatile Organic Compounds 

In general, SVOCs are less mobile than the VOCs by virtue of their lower vapor pressures and lower 

water solubilities. K, and KW values for SVOCs are generally greater in magnitude than those for 

the VOCs, indicating the tendency for this class of compounds to adsorb strongly to soil and 

sediment. A class of this chemical group, PAHs, are ubiquitous in the environment. PAHs are 

produced naturally by plants, and are products of the incomplete combustion of fossil fuels. PAHs 

tend not to migrate appreciable distances through groundwater or surface water as solutes. The MIS 

in Table 6-7 indicate that PAHs, from a physio-chemical standpoint, are very immobile in the 

environment. 

Transport of soil particulates containing PAHs, is most likely the primary migration mechanism. 

The overland flow of surface water carrying entrained particles and with subsequent sedimentation, 

resuspension, and settling throughout is possible. PAHs generally lack adequate vapor pressures to 

be transmitted via vaporization and subsequent airborne transport. However, their adsorption to 

particulates can be a means of transport by wind, as fugitive dust. 

PAHs are somewhat persistent in the environment, although several processes do contribute to their 

in-situ degradation. Half-lives range from 10 years (pyrene) to 1 day (naphthalene) in groundwater. 
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Photolysis and oxidation may be important removal mechanisms in surface soil, while 

biodegradation is an important fate process in groundwater and subsurface soil. 

6.3.1.3 Pesticides/PCBs 

Pesticides/PCBs are extremely persistent and immobile chemicals in environmental media. These 

chemicals also are bioaccumulated and biomagnified in the food chain. They generally exhibit low 

vapor pressures, low water solubilities, and high K, and &, values (Clement, 1985). Adsorption 

to organic material in soil or sediment is probably the major fate of these contaminants in the 

environment. 

PCBs are degraded by soil microorganisms and photolysis. Heavily chlorinated PCBs like 

Aroclor- 1260 can be photolyzed by ultraviolet light, which is an extremely slow process. Photolysis 

of the heavier chlorinated PCBs might be the most important degradation process for these persistent 

contaminants. 

The pesticide aldrin will form residues in soil and plants that will volatilize from soil surfaces, or 

be slowly transformed to dieldrin in soil. Biodegradation is expected to be slow and aldrin is not 

expected to leach into most groundwater. Aldrin is moderately persistent with a half-life in soil 

ranging from 20 to 100 days. It volatilizes from the water surface, is affected somewhat by 

photolysis, and can strongly absorb to sediment. 

Technical grade DDT is a mixture of DDT and two primary isomers DDD and DDE. Volatilization 

is probably the most important transport process from soil and water, as evidenced by the ubiquitous 

nature of DDT, DDD, and DDE in the environment (Clement, 1985). In addition, sorption, 

bioaccumulation, photolysis, and biodegradation are other fate processes contributing to the 

environmental transport of DDT. 

6.3.1.4 Inorganics 

Different inorganic species behave differently in various environmental media. In general, 

inorganics can be transported through air, adhering to blowing dust, or move through surface water 
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and groundwater as dissolved salts. Inorganics also can be carried with flowing water on suspended 

solids or attached to colloidal materials. 

The most complicated pathway for inorganic chemicals is migration in subsurface soil and 

groundwater, where Eh and pH play critical roles. Table 6-8 presents an assessment of relative 

inorganic environmental mobilities as a function of Eh and pH. Subsurface soil at Site 16BSA 16 

is slightly acidic, therefore, inorganics in the subsurface should be slightly mobile. 

6.3.2 Potential Migration Pathways 

This section identifies the potential migration routes of COPCs at Site 16/SSA 16, These 

mechanisms were identified through an evaluation of the analytical results and known site 

characteristics. 

6.3.2.1 &l 

Inorganic and organic compounds were detected in surface and subsurface soil at Site 16/SSA 16. 

COPCs present in Site 16/SSA 16 soil can migrate by leaching caused by infiltrating precipitation, 

advective transport in the direction of surface drainage (runoff) or by suspension of soil particulates 

in ambient air (dust). 

The factors which control contaminant migration through soil, and then to groundwater, are 

dependent on the chemical and physical nature of the contaminants and of the soil and site 

hydrology. Some of the factors which influence the migration of chemicals in soil include:: pH, Eh, 

particle size distribution, pore size or voids volume, lime content, content of organic matter, 

concentration of ions or salts, aerobic and anaerobic conditions, presence or absence of hydrous 

oxides, vegetative cover, topography, and climate. 

6.3.2.2 Groundwater 

Contaminants which come into contact with groundwater can migrate under the influence of 

groundwater flow. Migration through groundwater is dependent on the chemical nature of the 

contaminant and the chemical and physical nature of the aquifer. Groundwater flow velocity (a 
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function of hydraulic gradient and conductivity), groundwater chemistry, porosity of the aquifer, 

permeability of the overlying soil, and the chemical make up of the aquifer are all factors which 

affect contaminant migration. Mobility of a contaminant in groundwater is particularly influenced 

by its water solubility and the organic carbon content of the substrate, as well as the nature and 

composition of the aquifer materials through which the groundwater flows. In general, compounds 

that have high solubility and low & values tend to be more mobile in groundwater than those with 

low solubility and high K, values. 

6.3.2.3 Surface Water/Sediment 

Migratory pathways associated with surface water and sediment include the transport of 

contaminants via surface water movement, an adsorption/desorption process from surface water to 

sediment, and discharge to or from groundwater. The adsorptionldesorption process, from surface 

water to sediment, can create contaminant “sinks”. Adsorption/desorption mechanisms involve 

complex chemical and biochemical reactions. As chemicals are desorbed from sediment, they may 

then be available for uptake by receptors from the water column. 

6.3.2.4 &- 

COPCs adsorbed to soil particulates or as vapors can become entrained in ambient air. Because of 

the concentrations of COPCs detected in soil at Site 16/SSA 16, volatilization is likely to be a very 

minor potential migration pathway. COPCs migrating via air from Site 16/SSA 16 would most 

Iikely be as particulates entrained in air. This pathway also is likely limited by the vegetative cover 

and wooded areas in the vicinity of the site/SSA. 

Air exposure may occur when subsurface soils become airborne, therefore, it is assumed that 

potential future construction workers could inhale soil particulates carried by the wind, while 

engaging in construction/excavation activities. .- 

6.3.3 Conceptual Site Model 

Development of a conceptual site model of potential exposure is critical in evaluating all potential 

exposures for the aforementioned human receptors. The conceptual site model describes the area 
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of concern in terms of potential sources of contamination, affected media and all potential routes of 

migration of the contaminants present. A conceptual site model for Site 16/SSA 16 is presented as 

Figure 6- 1. 

The primary source of contamination is the former disposal areas at Site 16/SSA 16. The primary 

release mechanism are volatile emissions, surface runoff, and contaminant migration through 

groundwater. Fugitive dust generation from surface soil is not considered to be a significant 

potential release mechanism at Site 16/SSA 16 since the site is covered to a great extent by 

vegetation. Furthermore, volatilization was not considered significant since VOCs were not retained 

as surface soil or surface water COPCs at Site 16/SSA 16. 

6.3.4 Potential Exposure Pathways and Potential Receptors 

The potential receptors and exposure routes evaluated at Site 1 B/SSA 16 were selected considering 

current and future potential land use in accordance with the Master Plan for WPNSTA Yorktown 

(DON, 1991). The following paragraphs present the rationale for the selection of potential exposure 

pathways for human receptors at Site 16/SSA 16. 

Based on information available regarding the physical features, site setting, site historical activities, 

removal action data, the location of the site in the restricted area of the Station, current and expected 

land uses, and the restricted areas surrounding the site, four potential human receptors are proposed 

for evaluation. These include: 

0 future adult construction workers, 

0 future resident children (1-6 years) 

0 future resident adults 

0 current on-site adult civilian workers 

s 

Potential exposure to COPCs at Site 16/SSA 16 could occur in the future if utilities or buildings in 

the area are constructed or existing building and utilities require maintenance. The future adult 

construction worker will therefore be evaluated for accidental ingestion, dermal contact, and 

inhalation of fugitive dust from subsurface soil during excavation activities. 
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Currently, there are no facilities for personnel housing located at Site 16/SSA 16. The area will not 

be developed for personnel housing in the future because of the Stations mission and the areas 

incumbrance by the EQSD arc. Despite the unlikely nature of residential development by the 

military or general public, future residential exposure by children and adults will be evaluated. The 

future adult and child residential receptors could potentially be exposed to COPCs in surface soil, 

groundwater, surface water, and sediment by ingestion and dermal contact. The future adult resident 

could also be potentially exposed to COPCs in groundwater via inhalation of volatiles present in the 

shower water. Because Site 16ISSA 16 is located within the restricted area of the Station, the 

potential for current human exposure is limited. The most likely current receptor to CaOPCs in 

environmental media at Site lB/SSA 16 is the adult civilian on-site worker. Potential exposure to 

COPCs and media of concern for the current adult civilian on-site worker include accidental 

ingestion and dermal contact with the surface soil, surface water, and sediment, as well as, 

inhalation of fugitive dusts from the surface soil. 

In summary, the following potential human exposure receptors and exposure pathways are being 

retained for quantitative evaluation in this baseline RA. 

0 Current civilian on-site adult workers: 

c Accidental ingestion of surface soil 

c Dermal contact with surface soil 

c Inhalation of fugitive dust 

c Accidental ingestion of surface water 

c Dermal contact with surface water 

b Accidental ingestion of sediment 

b Dermal contact with sediment 

0 Future on-site adult residents: 

b Accidental ingestion of surface soil 

b Dermal contact with surface soil 

b Ingestion of groundwater used as drinking water 

b Dermal contact with groundwater while bathing 

b Inhalation of volatiles in groundwater while showering 

t Accidental ingestion of surface water 
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b Dermal contact with surface water 

b Accidental ingestion of sediment 

b Dermal contact with sediment 

0 Future on-site child residents (l-6 years): 

b Accidental ingestion of surface soil 

t Dermal contact with surface soil 

b Ingestion of groundwater used as drinking water 

t Dermal contact with groundwater while bathing 

b Accidental ingestion of surface water 

b Dermal contact with surface water 

b Accidental ingestion of sediment 

b Dermal contact with sediment 

l Future on-site adult construction workers: 

b Accidental ingestion of subsurface soil 

b Dermal contact with subsurface soil 

b Inhalation of fugitive dust 

6.3.5 Quantification of Exposure 

The chemical concentrations used in the estimation of chronic daily intakes (CDIs) for each medium 

are considered to be representative of the types of potential exposure encountered by each receptor. 

Exposure can occur discretely or at a number of sampling locations depending on the type of 

scenario considered for a given receptor. Furthermore, certain environmental media such as 

groundwater and surface water are migratory and chemical concentrations detected in this medium 

change frequently over time, Soil and sediment are, by nature, less transitory. The manner in which 

environmental data are represented also depends on the number of samples and sampling locations 

available for a given area and a given medium. 

Potential exposure to soil, groundwater, surface water and sediment at Site 16/SSA 16, regardless 

of location, is considered as having an equal probability of occurrence as an individual moves 

randomly across the site. Therefore, for these media, the exposure point concentration for a 
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constituent in the intake equation can be reasonably estimated as the arithmetic average 

concentration of site sampling data. USEPA supplemental risk assessment guidance (USEPA, 

1992~) states that the average concentration is an appropriate estimator or the exposure 

concentration for two reasons: 1) carcinogenic and chronic noncarcinogenic toxicity criteria are 

based on lifetime average exposures; and 2) the average concentration is most representative of the 

concentration that would be contacted over time. However, uncertainty is inherent in the estimation 

of the true average constituent concentration at the site. 

To quantify exposure, analytical data must be evaluated to determine its distributional nature. In 

general, two types of distributions are applied to environmental data. These are .the normal and 

log-normal distributions. 

For example, most large data sets from soil sampling are log-normally distributed rather than 

normally distributed. The geometric mean is the best estimator of central tendency for a log-normal 

data set (USEPA, 1992c). However, most Agency health criteria are based on the long-term average 

exposure which is expressed as the sum of all daily intakes divided by the total number of days in 

the averaging period. The geometric mean of a set of sampling results may not adequately represent 

random exposure and the cumulative intake that would result from long-term contact with site or 

SSA contaminants. 

When estimating exposure concentrations, the objective of this risk assessment is to provide a 

conservative estimate of the average concentration to which a receptor could potentially be exposed 

in a manner consistent with Agency health criteria and standards. RAGS suggests that the 

95 percent upper confidence limit @JCL) of the arithmetic mean (95% UCL) should be used for data 

sets of 10 samples or more. Therefore, th$95% UCL will be used to represent the exposure 

concentration for COPCs in soil, surface water, and sediment to which human receptors can be 

randomly exposed. Furthermore, since a “plume” of contamination was not evident in the 

Site 16/SSA 16 groundwater samples, the 95% UCL was also selected as the. exposure point 

concentration for groundwater, to spatially represent the selected groundwater COPCs. However, 

in instances where the 95% UCL exceeded the maximum detected concentration in a given data set, 

the maximum detected concentration was used to represent the concentration term for that COPC. 
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The 95% UCL was calculated using the following equation (USEPA, 1992~): 

95% UCL =‘X + t(slJ;;) 

Where: 

95% UCL = 95th percent upper confidence limit for the arithmetic mean concentration 

- 
x = mean 
s = standard deviation 

t = Student t statistic 

n = number of samples 

For results reported as “nondetect” (e.g., U, UJ, UL, and UK), a value of one half of the sample- 

specific detection limit was used to calculate the 95% UCL. A value of half the detection limit was 

assigned to nondetects when estimating the 95% UCL because the actual value could be between 

zero and a value just below the detection limit. Ninety-five percent UCLs were calculated only for 

the constituents detected in at least one sample collected from the environmental medium of interest. 

Other qualified concentrations also were used to calculate the 95% UCL, such as “J”-qualified 

(estimated), “L”-qualified (estimated, biased low) and “K-qualified (estimated, biased high) data. 

Reported concentrations qualified with an “R” (rejected) were not used in the statistical evaluation. 

According to the Region III Modifications to the National Functional Guidelines (NFGs), reported 

organic and inorganic concentrations that were qualified with a “B” were evaluated against the 

available field and laboratory blanks. For constituents considered by RAGS to be common 

laboratory blanks, chemicals were deemed positive detects only if their concentration exceeded 

10 times the maximum blank concentration. For constituents not considered to be laboratory blanks, 

chemicals were considered as positive detects only if their concentration exceeded 5 times the 

maximum blank concentration. 

The 95% UCL values and maximum detected values derived for Site 16/SSA16 COPCs are 
. 

presented in Appendix K. 

6.3.5.1 Surface/Subsurface Soil and Sediment 

The following paragraphs present the algorithms used to derive chronic daily intakes or absorbed 

doses for each potential exposure pathway and affected environmental medium. 
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Accidental Ingestion of Soil/Sediment 

The daily intake associated with the potential accidental ingestion of COPCs detected in soil or 

sediment was calculated using the following equation (USEPA, 1989b): 

CDI = 
Cs x IR x CF x EF x ED 

BWxAT 

Where: 

CD1 

cs 

IR 

CF 

EF 

ED 

BW 

AT 

Chronic Daily Intake, milligram per kilogram day (mg/kg-day) 

Chemical concentration in soil or sediment, mgikg 

Ingestion rate, mg/day 

Conversion factor, 1 Oe6 kg/mg 

Frequency of exposure, days/year 

Exposure duration, years 

Average body weight, kg 

Averaging time, days 

Relevant equations and factors required for estimating the daily intake were calculated and are 

presented in Appendix L. 

Dermal Contact with Soil/Sediment 

The absorbed dose associated with the potential dermal contact of COPCs in soil and sediment was 

calculated using the following equation (USEPA, 1989b): 

DAD = 
C’S x AF x ABS x CF x SA x EF x ED 

BWxAT 

Where: 

DAD = Dermally absorbed dose, mg/kg-day 

cs = Chemical concentration in the soil or sediment, mg/kg 

AF = Adherence factor, milligram per square centimeter day (mg/cm’-d) 

ABS = Absorbed fraction, unitless 

CF = Conversion factor, 1 OGmg/kg 
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SA = Surface area of exposed skin, cm2 

EF = Exposure frequency, days/year 

ED = Exposure duration, years 

BW = Average body weight, kg 

AT = Averaging time, days 

Relevant equations and factors required for estimating the absorbed dose were calculated and are 

presented in Appendix L. 

Inhalation of Fugitive Dustfrom Soil 

The daily intake resulting from the inhalation of COPCs adsorbed onto fugitive dust particulates was 

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

CDI = 
Ca x RR x ET x EF x ED 

BWxAT 

Where: 

CD1 

Ca 

RR 

ET * 
EF 

ED 

BW 

AT 

= Chronic Daily Intake, mg/kg-day 
= Chemical concentration in air as fugitive dust, milligrams per cubic meter 

(mg/m3) 
= Respiration rate, m3/day 
= Exposure time, hours/day 
= Frequency of exposure, days/year 
= Exposure duration, years 
= Average body weight, kg 
= Averaging time, days 

The air concentration (Ca) of a chemical in fugitive dust emissions was estimated from the following 

equation, as determined by Cowherd (1985), and provided by USEPA (199 1 b). 

Ca = Cs x l/PEF 

Where: 

cs = Concentration of chemical in the soil, mg/kg 

PEF = Particulate emission factor, m’/kg 
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6.3.5.2 GroundwaterfSurface Water 

Ingestion of Potable Groundwater 

The daily intake associated with the direct potential ingestion of the COPCs in groundwater under 

a potable use scenario was calculated using the following equation (USEPA, 1989b): 

CDI = 
Cw x IR x EF x ED 

BWxAT 

Where: 

CD1 

cw 

IR 

EF 

ED 

BW 
“‘^_ ~ AT 

= Chronic Daily Intake, mg/kg-day 
= Chemical concentration in water, mg/L 
= Ingestion rate, L/day 
= Frequency of exposure, days/year 
= Exposure duration, years 
= Average body weight, kg 
= Averaging time, days 

Accidental Ingestion of Surface Water 

The daily intake associated with the accidental ingestion of the COPCs in surface water was 

calculated using the following equation (USEPA, 1989b): 

CDI = 
Cw x IR x ET x EF x ED 

BWxAT 

Where: 

) I. ‘X 

CD1 = 

cw = 

IR = 

ET = 

EF = 

ED = 

BW = 

AT = 

Chronic Daily Intake, mg/kg-day 

Chemical concentration in water, mg/L 

Ingestion rate, L/day 

Exposure time, hours/day 

Frequency of exposure, days/year 

Exposure duration, years 

Average body weight, kg 

Averaging time, days 
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Dermal Contact with GroundwaterLYurface Water 

The absorbed dose associated with potential dermal contact with COPCs in groundwater (while 

bathing) or surface water was calculated using the following equation (USEPA, 1989b): 

DAD = 
Cw x SA x PC x ET x EF x ED x CF 

BWxAT 

Where: 

DAD = 

cw = 

SA = 

PC = 

ET = 

EF = 

ED = 

CF = 

BW = 

AT = 

Dermally absorbed dose, mg/kg-day 

Concentration in water, mg/L 

Surface area of exposed skin, cm2 

Permeability constant, cm/hr 

Exposure time, hours/day 

Exposure frequency, days/year 

Exposure duration, years 

Conversion factor, 1 L/l 000 cm3 

Average body weight, kg 

Averaging time, days 

Inhalation of Volatile COPCs in Groundwater while Showering 

The daily intake associated with the potential inhalation of the volatile COPCs in groundwater while 

showering was calculated using the following equation (USEPA, 1989b): 

CDI = 
Ca x RR x ET x EF x ED 

BWxAT 

Where: s 

CD1 = Chronic Daily Intake, mg/kg-day 

Ca = Chemical concentration in air, mg/m3, as determined from the Foster and 

Chrostowski Shower Model (Foster and Chrostowski, 1987) 

RR = Respiration rate, m3/day 

ET = Exposure time, hours/day 

EF = Frequency of exposure, days/year 

ED = Exposure duration, years 
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BW = Average body weight, kg 

AT = Averaging time, days 

6.3.6 Exposure Factors Used To Derive Chronic Daily Intakes and Absorbed Doses 

Tables 6-9 through 6-l 1 present the exposure factors used in the estimation of potential CDIs and 

DADS for COPCs retained for each receptor identified below. USEPA promulgated exposure factors 

are used in conjunction with USEPA standard default exposure factors. When USEPA exposure 

factors are not available, best professional judgment and site-specific information are used to derive 

a conservative and defensible value. The following paragraphs present the rationale for the selection 

of exposure factors for each receptor group evaluated in the baseline RA. 

6.3.6.1 Current Civilian On-Site Adult Workers 

Surface Soil 

This scenario assumes that a civilian adult working in the areas of Site 16/SSA 16 could potentially 

be exposed to COPCs in the surface soil via accidental ingestion, dermal contact, and inhalation of 

fugitive dust, during cutting/clearing of tall grasses and trees. It also was assumed that the on-site 

adult could contact surface water and sediment, via accidental ingestion and dermal contact, as part 

of a daily work routine. A respiration rate of 20 m3/day or 0.83 m3/hour (USEPA, 1991a) for a 70 kg 

adult was assumed for 250 days/year over a 25 year period, for eight hours per day. The averaging 

time of 9,125 days for noncarcinogens and 25,550 days for carcinogens, respectively, also were 

used. 

Surface Water 

The adult skin surface area (SA) available for dermal contact with surface water was estimated to 

be 5,300 cm2, representing the skin surface area available for contact assuming an adult wears a 

short-sleeved shirt, short pants, and shoes. Equations and chemical-specific permeability constants 

(Kp) presented by USEPA (USEPA, 1992a) were used to estimate the absorption of COPCs by skin 

exposed to surface water. The ingestion rate was 0.05 L/day (USEPA, 1989b) while the exposure 

time was estimated to be 2 hours/day. The exposure frequency, exposure duration., and the 

averaging times were the same as those used for the surface soil scenario. 
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Sediment 

The ingestion rate was assumed to be 100 mg/day (USEPA, 1991a), with a soil to skin adherence 

factor of 1 mg/cm* for clay mineral kaolin (USEPA, 1992b). Experimentally derived dermal 

absorption values of 6 percent (0.06) for PCBs (USEPA, 1992a), 3 percent (0.03) for arsenic 

(Webster, et al., 1993), as well as default values of 10 percent (0.10) for organics, and 1.0 percent 

(0.01) for inorganics (Ryan, et al., 1987), also were used to estimate sediment exposures. The 

surface area, exposure duration, exposure frequency, averaging time, and body weight were the same 

as those presented for the surface water scenario. 

6.3.6.2 Future Child and Adult Residents 

In the current Master Plan for WPNSTA Yorktown, future residential development of 

Site 16fSSA 16 is not projected (DON, 1991). However, for the sake of conservatism, the potential 

exposure pathways associated with future potential residential development were estimated. Future 

adult and young child (ages l-6 years) residents were evaluated for potential exposures via ingestion 

and dermal contact with COPCs in groundwater, when used as a potential potable water source. 

Future adult residents were further evaluated for the inhalation of volatiles in groundwater while 

showering. Future adult and child residents also were evaluated for potential exposures from 

accidental ingestion and dermal contact with surface soil, surface water, and sediment. 

Surface Soil 

The ingestion rate was assumed to be 200 mg/day (USEPA, 1991a) for the child and 100 mg/day 

for the adult with a fraction ingested rate of 100% or 1 .O (USEPA, 1989b). An exposure time of 

eight hours per day was considered with an exposure frequency of 350 days per year. The soil to 

skin adherence factor of 1 mg/cm2 for clay mineral kaolin (USEPA, 1992b) arid’experimentally 

derived dermal absorption values of 6 percent (0.06) for PCBs, 3 percent (0.03) for arsenic and 

default values of 10 percent (0.10) for organics and 1.0 percent (0.01) for inorganics 

(Ryan, et al., 1987) also were used to estimate soil exposures. The exposure duration assumed for 

the adult was 24 years, the child exposure duration was assumed to be 6 years. The noncarcinogenic 
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averaging times were 8,760 days for a 70 kg adult and 2,190 days for a 15 kg child; the carcinogenic 

averaging time was 25,550 days (USEPA, 1989b). 

Groundwater 

The skin surface area available for dermal contact with groundwater during bathing was estimated 

to be 20,000 cm2 for the adult and 8,023 cm for the child, representing whole body exposure 

(USEPA, 1992a). The exposure time was assumed to be 0.25 hours (15 minutes) a day with an 

ingestion rate of 2Lfday for the adult and lL/day for the child (USEPA, 1989b). Equations and 

chemical-specific Kp presented by USEPA.(USEPA, 1992a) were used to estimate the absorption 

of COPCs by skin exposed to groundwater. The respiration rate for the inhalation of volatile organic 

compounds while showering was assumed to be 0.83 m3 /hour. The averaging times, exposure 

frequency, exposure duration and body weights were the same as those presented for the surface soil 

exposure scenario. 

Surface Water 

The adult skin surface area available for dermal contact with surface water was estimtited to be 

5,300 cm2, representing the skin surface area available for contact assuming an adult wears a 

short-sleeved shirt, short pants, and shoes. The exposure frequency was assumed to be 45 days/year 

at 2 hours/day, for 24 years. Equations and chemical-specific Kp presented by USEPA (USEPA, 

1992a) were used to estimate the absorption of COPCs by skin exposed to surface water. An 

ingestion rate of 0.05 L/day also was used. The averaging times were 8,760 days for the 

noncarcinogens and 25,550 days for the carcinogens. 

A skin surface area of 2,115 cm2 was used to represent the 95th percentile average skin surface area 

for a male/female young child (1-6 years), wearing a short-sleeved shirt, short pants, and shoes. The 

exposure frequency, ingestion rate, and exposure time are the same as the adult’s, however the 

exposure duration was assumed to be 6 years. As with the adult, equations and chemical-specific 

Kp were used to estimate the absorption of COPCs by skin exposed to surface water. The averaging 

times were 2,190 days for the noncarcinogens and 25,550 days for the carcinogens. 
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,.-x.e, Sediment 

The ingestion rate was assumed to be 200 mg/day for the child and 100 mg/day for the adult, for two 

hours per day over 45 days per year. The soil to skin adherence factor of 1 mg/cm’ for clay mineral 

kaolin (USEPA, 1992b) and experimentally derived dermal absorption values of 6 percent (0.06) 

for PCBs, 3 percent (0.03) for arsenic and default values of 10 percent (0.10) for organics and 

1.0 percent (0.01) for inorganics also were used to estimate sediment exposures. The exposure 

duration, averaging time, and body weight were the same as those presented for the surface water 

medium. 

6.3.6.3 Future Adult Construction Workers 

Potential exposure to subsurface soil COPCs may occur to construction workers while performing 

soil excavation and construction activities. Exposure pathways evaluated include accidental 

ingestion, dermal contact, and inhalation of fugitive dust. Exposure was assumed to occur for 

8 hours per day, 250 days per year, for a construction period of 1 year. A USEPA default value soil 

ingestion rate of 480 mg/day with a fraction ingested rate of 100% or 1 .O (USEPA, 1989b) and a 

respiration rate of 20 m3/day or 0.83 m /hour (USEPA, 1991a), also were assumed for a 70 kg 

construction worker. A skin surface area of 4,300 cm2 (USEPA, 1992a) was evaluated for dermal 

contact with subsurface soil. The soil to skin adherence factor of 1 mg/cm2 for clay mineral kaolin 

(USEPA, 1992b) and experimentally derived dermal absorption values of 0.06 for PCBs, 0.03 for 

arsenic, 0.10 for organics and 0.0 1 for inorganics also were used to estimate soil exposures 

6.4 Toxicitv Assessment 

Section 6.3 presented potential exposure pathways and receptors for this baseline RA. This section 

will review the available toxicological information for COPCs retained for quantitative evaluation. 

s: 

6.4.1 Toxicological Evaluation 

The purpose of this section is to identify the potential health and environmental effects associated 

with potential exposure to the COPCs. A toxicological evaluation characterizes the inherent toxicity 

of a compound. It consists of the review of scientific data to determine the nature and extent of the 

6-34 



Revised: July 2 1, 1995 

-a . ‘.,* 

.._i 

potential human health and environmental effects associated with potential exposure to the various 

chemicals. The end product is a collection of toxicological profiles for the COPCs. These 

toxicological profiles provide the qualitative weight- of-evidence that demonstrate whether the 

COPCs pose any actual or potential health and/or environmental effects. 

Toxicological profiles addressing the COPCs at Site 16fSSA 16 are presented in Appendix M. In 

these toxicological profiles, the available human and animal data are presented. Human data from 

occupational exposures are often insufficient for determining quantitative indices of toxicity because 

of uncertainties in exposure estimates and inherent difficulties in determining causal relationships 

established by epidemiological studies. For this reason, animal bioassays are conducted under 

controlled conditions and their results are extrapolated to humans. There are several stages to this 

extrapolation. First, to account for species differences, conversion factors are used to extrapolate 

from test animals to humans. Second, the relatively high doses administered to test animals must 

be extrapolated to the lower doses more typical of human exposures. For potential noncarcinogens, 

safety factors and modifying factors are applied to animal results when developing acceptable 

human doses. For potential carcinogens, mathematical models are used to extrapolate effects at high 

doses to effects at lower doses. Epidemiological data can then be used for inferential purposes to 

establish the credibility of the experimentally derived indices. 

Toxic effects considered in these profiles include noncarcinogenic (toxic) and potentially 

carcinogenic health effects as well as environmental effects. Toxicological endpoints, routes of 

exposure, and doses in humans and/or animal studies are discussed. Potential carcinogenic health 

effects are associated with exposure to a potential carcinogen. Routes of exposure and doses in 

humans and/or animal studies are provided. Also considered is. the USEPA’s weight-of-evidence 

of a compound’s carcinogenic&y (i.e., Group A, known human carcinogens; Group-B, probable 

human carcinogens; Group C, possible human carcinogens; Group D, not classifiable as to its 

carcinogenicity). Environmental effects include acute and chronic toxic effects observed in aquatic 

biota and terrestrial wildlife. 
*. 

The available toxicological information indicates that many of the COPCs ha.ve both 

noncarcinogenic and potential carcinogenic health effects in humans and/or in experimental animals. 

Although the COPCs may potentially cause adverse health and environmental impacts, 

dose-response relationships and the potential for exposure must be evaluated before the risk to 
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receptors can be determined. Dose-response relationships correlate the magnitude of the dose with 

the probability of toxic effects, as discussed in the following section. 

6.4.2 Dose-Response Evaluation 

An important component of the RA process is the relationship between the dose of a compound 

(amount to which an individual or population is potentially exposed) and the potential for adverse 

health effects resulting from exposure to that dose. Dose-response relationships provide a means 

by which potential public health impacts may be evaluated. Standard reference doses (RfDs) and/or 

carcinogenic slope factors (CSFs) have been developed for many of the COPCs. This section 

provides a brief description of these parameters. 

6.4.2.1 Reference Doses 

The RfDs and Reference Concentrations (RfCs for inhalation) are developed for chronic and/or 

subchronic human exposure to chemicals and are based solely on the noncarcinogenic effects of 

chemical substances. These values are defined as an estimate of a daily exposure level for the 

human population, including sensitive subpopulations, that is likely to be without an appreciable risk 

of adverse effects during a lifetime. The RfD is usually expressed as dose (mg) per unit body weight 

(kg) per unit time (day). The RfC is expressed as dose (mg) per cubic meter of air (m’). They are 

generally derived by dividing a no-observed-(adverse)-effect-level (NOAEL or NOEL) or a lowest 

observed-adverse-effect-level (LOAEL) for the critical toxic effect by an appropriate “uncertainty 

factor (UF).” Effect levels are determined from laboratory or epidemiological studies. The UF is 

based on the availability of toxicity data. 

UFs usually consist of multiples of 10, where each factor represents a specific area of uncertainty 

naturally present in the extrapolation process. These UFs are presented below and were taken from 

the RAGS (USEPA, 1989b). . 

0 A UF of 10 is used to account for variation in the general population and is intended 

to protect sensitive subpopulations (e.g., elderly, children). 
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l A UF of 10 is used when extrapolating from animals to humans. This factor is 

intended to account for the interspecies variability between humans and other 

mammals. 

l A UF of 10 is used when a NOAEL derived from a subchronic instead of a chronic 

study is used as the basis for a chronic RfD. 

0 A UF of 10 is used when a LOAEL is used instead of a NOAEL. This factor is 

intended to account for the uncertainty associated with extrapolating from LOAELs 

to NOAELs. 

In addition to UFs, a modifying factor (Ml?) is applied to each reference dose and is defined as: 

l A MF ranging from >l to 10 is included to reflect a qualitative professional 

assessment of additional uncertainties in the critical study and in the entire data 

base for the chemical not explicitly addressed by the-preceding uncertainty factors. 

The default value for the MF is 1. 

Thus, the RfD incorporates the certainty of the evidence for chronic human health effects. Even if 

applicable human data exist, the RfD still maintains a margin of safety such that chronic human 

health effects are not underestimated. 

6.4.2.2 Carcinogenic Slone Factor 

CSFs are used to estimate an upper- bound lifetime probability of an individual developing cancer 

as a result of exposure to a particular level of a potential carcinogen (USEPA, 1989b). This factor 

is generally reported in units of (mgkg/day)-’ and is derived through an assumed low-dosage linear 

multistage model and an extrapolation from high to low dose-responses determined from animal 

studies. The value used in reporting the slope factor is the 95% UCL. 

6-37 



Revised: July 21, 1995 

CSFs also can be derived from USEPA promulgated unit risk values for air and/or water. CSFs 

derived from unit risks cannot, however, be applied to environmental media other than the medium 

considered in the unit risk estimate. 

These slope factors also are accompanied by weight-of-evidence classifications which designate the 

strength of the evidence that the COPC is a potential human carcinogen. 

Quantitative indices of toxicity and USEPA weight-of-evidence classifications are presented in 

Table 6-12 for the identified COPCs. The hierarchy (IJSEPA, 1989b) for choosing these values was: 

0 Integrated Risk Information System (IRIS) (USEPA, 1995) 

0 Health Effects Assessment Summary Table &EAST) (USEPA, 1994b) 

0 Region III Specific Directives (USEPA, 1994d) 

The IRIS data base is updated monthly and contains both verified RfDs, RfCs, and CSFs. The 

USEPA has formed an RfD work group to review existing data used to derive RfDs and RfCs. Once 

this task has been completed the verified RfD appears in IRIS. Like the RfD Work Group, the 

USEPA also has formed the Carcinogen Risk Assessment Verification Endeavor (CRAVE) Work 

group to review and validate toxicity values used in developing CSFs. Once the slope factors have 

been verified via extensive peer review, they also appear in the IRIS data base. 

FEAST, on the other hand, provides both interim (unverified) and verified RfDs, RfCs, and CSFs. 

This document is published quarterly and incorporates any applicable changes to its data base. 

6.4.2.3 Dermal Absorntion Effrciencv 

Many of the RfDs and CSFs are based on an administered dose and do not account for the amount 

of a substance that can penetrate the exchange boundaries after contact. TherefoYe, to account for 

a difference in toxicity between an administered dose and an absorbed dose, the RfDs and CSFs (that 

were based on an administered dose) were adjusted (USEPA, 1989b). The adjustment for the RfD 

that would correspond to the absorbed dose is represented by multiplying the RfD by an oral 

absorption efficiency. The adjustment for the CSF that would correspond to the absorbed dose is 

represented by dividing the CSF by an oral absorption efficiency. The oral absorption efficiencies 
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were obtained from sources such as the ECAO, IRIS, and ATSDR toxicological profiles. In some 

instances, published information was not available to determine the absorption efficiency or 

published information indicated that absorption efficiency was low for both dermal and oral routes 

of exposure (i.e., antimony). On these occasions, adjustments to the toxicity value were not 

conducted (e.g., an absorption efficiency of 100% was assumed). The absorption efficiencies used 

in this baseline RA for Site 16/SSA 16 are presented in Table 6-12. 

6.5 Risk Characterization 

The risk characterization combines the selected COPCs, the exposure assessment, and the toxicity 

assessment to produce a quantitative estimate of current potential human health risks associated with 

Site 16/SSA 16. Estimated ICRs and HIS for the identified potential adult receptor groups which 

could be exposed to COPCs via dermal contact, accidental ingestion, and inhalation of fugitive dust 

in the surface and subsurface soil, as well as dermal contact and ingestion of surface water, 

sediment, and groundwater by adults and children, and the inhalation of volatile groundwater COPCs 

by adults while showering, are discussed in this section. The ICRs and HIS were calculated for each 

of the soil, groundwater, surface water, and sediment COPCs using the 95% UCL of the arithmetic 

mean, or the maximum concentration if the 95% UCL exceeded the maximum, as the exposure point 

concentration. The human health risks expected due to chronic exposure through these exposure 

pathways, are estimated. 

6.5.1 Carcinogenic Compounds 

Quantitative risk calculations for potentially carcinogenic compounds estimate inferentially (versus 

probabilistically) the potential ICR for an individual in a specified population. This unit of risk 

refers to a potential cancer risk that is above the background cancer risk in unexposed individuals. 

For example, an ICR of 1 x 1 O-O6 indicates that an exposed individual has an increased probability 

of one in one million of developing cancer subsequent to exposure, over the course -of their lifetime. 
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The potential lifetime ICR for an individual was estimated from the following relationship: 

n 

ICR = C (CDIi or DADi)X CSF, 

i=l 

where the CSF, is expressed as (mg/kg/day)-* for compound i, and the CDI, and dermally absorbed 

dose (DAD,) is expressed as mg/kg/day for compound i. Since the units of CSF are (mg chemical/kg 

body weight-day)-’ and the units of intake or dose are [mg chemical/kg body weight-day], the ICR 

value is dimensionless. The aforementioned equation was derived assuming that cancer is a 

nonthreshold process and that the potential excess risk level is proportional to the cumulative intake 

over a lifetime. 

Estimated ICR values will be compared to the target risk range of 1 x lo-O6 to 1 x lOa which 

represents the range of ICR values considered by USEPA to be generally acceptable (USEPA, 1990). 

For quantitative estimation of risk, it is assumed that cancer risks from various exposure routes are 

additive. This method of adding risks may overestimate the overall risks since each individual risk 

uses the maximum detected concentration in the calculation. Since there are no mathematical 

models that adequately describe chemical antagonism or synergism (i.e., potential reverse or 

enhancement of effects), these issues will be discussed in narrative fashion in the uncertainty 

analysis. 

6.5.2 Noncarcinogenic Compounds 

Noncarcinogenic compounds assume that a threshold toxicological effect exists. Therefore, the 

potential for noncarcinogenic effects are calculated by comparing (Le., dividing) the CDIi or DADi 

levels with threshold levels (RfDs) for each COPC. 
s: 
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Noncarcinogenic effects are estimated by calculating the Hazard Index (HI) which is derived as: 

n 

HI=CHQi 

i=l 

where: HQi = (CDI, or DADi)/RfDi 

An HQ is the ratio of the daily intake or absorbed dose to the reference dose (or reference 

concentration for inhalation exposure). HQr is the hazard quotient for contaminant i, CDI is the 

chronic daily intake (mg/kg/day) of contaminant i, DAD, is the dermally absorbed dose (mg/kg/day) 

of contaminant i, and Rfi)i is the reference dose (mg/kg/day) of the contaminant i over a prolonged 

period of exposure. RfC is the reference concentration used when determining exposure due to 

inhalation. Since the units of RfD are mg/kg-day and the units of CD1 and DAD are mg/kg-day, the 

hazard quotient is dimensionless. 

To account for the additivity of noncarcinogenic risk following exposure to numerous chemicals, 

the HI, which is the sum of all the HQs, will be calculated. A ratio of 1 .O is used for examination 

of the HI. Ratios less than 1 .O indicate that adverse noncarcinogenic health effects are unlikely. 

Ratios greater than 1 .O indicate the potential for adverse noncarcinogenic health effects to occur at 

that exposure level and caution should be exercised. This does not mean, however, that adverse 

effects will definitely be observed since the RfD incorporates safety and modifying factors to ensure 

that it is well below that dose for which adverse effects have been observed. In the risk 

characterization, an HI value exceeding 1.0 (over multiple COPCs for a given medlium and 

pathway), triggers a target organ analysis. In this analysis, HQs, resulting from COPCs affecting 

similar organ systems, are quantitatively summed to determine if the risk of adverse systemic effects 

may be present subsequent to exposure. This procedure assumes that the risks from exposure to 

multiple chemicals are additive, an assumption that is probably valid for compotinds that have the 

same target organ or cause the same toxic effect. It should be noted that this summation approach 

ignores potential interactions among the various chemicals at the site which may either enhance or 

reduce the potential health effects. 
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6.6 Potential Human Health Effects 

The human health estimates are based upon the exposure assumptions presented in Section 6.3. 

Potential human health effects considered in the baseline RA include carcinogenic effects and 

systemic or noncarcinogenic effects. Carcinogenic effects are expressed as ICRs while 

noncarcinogenic effects are expressed as HIS. Cancer effects are expressed as risk (ICRs) !because 

the expression of cancer does not occur immediately after exposure but typically occurs years after 

the exposure. Estimated ICR values are compared to the target risk range of 1 x lo-O6 to 1 x 10-O“ 

which USEPA considers to be generally acceptable and protective of human health (USEPA, 1990). 

Noncarcinogenic health effects usually occur subsequent to exposure if a threshold intake level is 

exceeded. Therefore, noncarcinogenic health effects are expressed as HIS. Estimated HI vahres less 

than unity (i.e., 1 .O) are considered by USEPA to be generally acceptable and protective of public 

health (USEPA, 1990). Risk estimates and HIS are not intended as a true indication of actual 

exposure; they are intended to provide decision makers with useful information regarding the 

significance of the observed contamination. Risk calculation spreadsheets, showing risk estimates 

and HIS, are presented in Appendix L. 

6.6.1 Current Civilian On-Site Adult Workers 

The following subsection describes the risk calculations for potential current civilian on-site adult 

workers from three environmental media, surface soil, surface water, and sediment. Table 6- 13 

summarizes the ICR and HI values for each pathway and medium, respectively. 

Surface Soil 

The ICR and HI values associated with direct contact of surface soil by current civilian aduh on-site 

workers via accidental ingestion, dermal contact, or inhalation (e.g., fugitive dust) at Site 16/SSA 

16 resulted in an HI value of 0.29. This HI value was well below 1.0. The total ICR value for 

ingestion, dermal contact, and inhalation was 2.0 x 10-05. This value falls within USEPA’s target risk 

range of 1 x lo-O6 to 1 x lo-04. 
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Surface Water 

The ICR and HI values associated with direct contact of surface water by current civilian on-site 

adult workers at Site 16/SSA 16, via accidental ingestion or dermal contact, resulted in an HI value 

of 0.2 (using organic and total inorganic results). The I-II value was well below 1 .O. The total ICR 

value was 1.1 x 1 O-O6 (using organic and total inorganic results). This value falls within USEPA’s 

target risk range of 1 x lo-O6 to 1 x 10”. 

Sediment 

The ICR and HI values associated with direct contact of sediment by current civilian on-site adult 

workers at Site 16/SSA 16, via accidental ingestion or dermal contact, resulted in an HI value of 

0.11. This HI value was below 1 .O. The total ICR value for ingestion and dermal contact was 

1.5 x 10m05. This value falls within USEPA’s target risk range of 1 x lOa to 1 x lO-O4. 

6.6.2 Future Adult and Child On-Site Residents 

The following subsection will describe the risk calculations for potential future adult and child on- 

site residents from four environmental media, surface soil, groundwater, surface water, and 

sediment. Table 6- 14 summarizes the ICR and HI values for each pathway and medium, 

respectively. 

Surface Soil 

An evaluation of potential risk to future adult residents, subsequent to exposure to surface soil via 

accidental ingestion and dermal contact, resulted in an HI value of 0.41 and an ICR value of 

2.7 x 10-O’. The HI value was well below 1 .O, while the ICR value fell within USEPA’s generally 

acceptable target risk range of 1 x lOa to 1 x lo-04. s.- 

The ICR and HI values associated with direct contact of surface soil by future child residents via 

accidental ingestion and dermal contact, resulted in an HI value of 2.0 and an ICR of 2.5 x Ii Oa5. The 

HI value exceeded unity due primarily to the concentrations of Aroclor- 1254 (targeting the immune 

system), antimony (targeting the whole body and blood), arsenic (targeting the skin), cadmium 
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(targeting the renal cortex), and chromium (no target organ specified) in the surface soil via the 

ingestion route of exposure. No one constituent exceeded and HQ of 1.0. The ICR fell within 

USEPA’s generally acceptable target risk range of 1 x IO-O6 to I x 10-04. 

Groundwater 

An evaluation of potential risk subsequent to the ingestion and dermal contact of groundwater by 

future on-site adult residents included an HI value of 1.3 and an ICR value of 6.4 x 10” (using 

organic and dissolved inorganic results). The HI value exceeded the acceptable value of 1 .O, due 

to concentrations of antimony (targeting the whole body and blood), arsenic (targeting the skin) and 

manganese (targeting the CNS and lungs) in the shallow groundwater. Dissolved antimony 

accounted for 57% of the HI value, manganese accounted for 21% of the HI value, while the arsenic 

accounted for 18% of the HI value, via the ingestion route of exposure. The ICRvalue derived using 

the organic and dissolved inorganic analytical results was within the target risk range. 

The ICR and HI values associated with direct exposure to COPCs detected in groundwater by future 

on-site child residents via ingestion and dermal contact included an HI of 3.0 and an ICR of 

3.7 x lo-O5 (using organic and dissolved inorganic results). The HI value exceeded 1 .O due to the 

presence of antimony (targeting the whole body and blood), arsenic (targeting the skin) and 

manganese (targeting the CNS and lungs). Dissolved antimony accounted for 57% of the HI value, 

manganese accounted for 2 1% of the HI value, while the arsenic accounted for 18% of the :HI value, 

via the ingestion route of exposure. The ICR value derived using the organic and dissolved 

inorganic analytical results was within the target risk range. 

Surface Water 

Potential exposure to COPCs in surface water by future adult residents resulted in an HI value of 

0.03 and an ICR value of 1.8 x lo-O7 (using organic and total inorganic results). The HI value was 

well below 1 .O and the ICR value fell below the USEPA’s generally acceptable risk range of 

1 x lo-O6 to 1 x IO-04. 

The ICR and HI values associated with direct contact of surface water by future on-site child 

residents via ingestion and dermal contact included an HI of 0.09 and an ICR of 2.0 x 10-O’ (using 
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organic and total inorganic results). The III value was well below 1 .O and the ICR value was below 

the USEPA’s generally acceptable target risk range. 

Sediment 

An evaluation of potential risk subsequent to exposure to the accidental ingestion and dermal contact 

with sediment for the future adult resident, resulted in an HI value of 0.02 and an ICR value 

of 2.7 x 1 OG. The III value was well below 1 .O while the ICR value fell within USEPA’s target risk 

range of 1 x lo-O6 to 1 x lo-04. 

The ICR and III values associated with direct contact (accidental ingestion and dermal contact) of 

COPCs detected in Site 16/SSA 16 sediment samples by future child residents resulted in an III 

value of 0.1 and an ICR value of 3.2 x 10~06. The III value was below 1 .O while the ICR value fell 

within USEPA’s generally acceptable risk range of 1 x lo-O6 to 1 x 10-04. 

6.6.3 Future Adult Construction Workers 

The following subsection will describe the risk calculations for potential future on-site adult 

construction workers from one environmental medium, subsurface soil. Table 6- 15 summarizes the 

ICR and III values for each pathway and medium, respectively. 

Subsurface Soil 

ICR and HI values associated with direct contact (accidental ingestion, dermal contact, and 

inhalation of fugitive dust) of COPCs detected in subsurface soil samples by future construction 

workers were evaluated. An III value of 0.5 and an ICR value of 1.9 x 1 O* were derived. The HI 

value was below 1.0, while the ICR value fell within USEPA’s target risk range of 1 x 10sM to 

1 x lo-06. 
* 
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6.7 Sources 

Uncertainties are encountered throughout the process of performing a risk assessment. This section 

discusses the sources of uncertainty inherent in the following elements of the public health 

evaluation performed for Site 16/SSA 16: 

l Sampling and analysis 

0 Selection of COPCs 

0 Exposure assessment 

0 Toxicity assessment 

0 Risk characterization 

0 Chemicals not quantitatively evaluated 

Uncertainties associated with this risk assessment are discussed in the following paragraphs. 

Table 6-l 6 qualitatively summarizes the potential effects of certain uncertainties on the estimation 

of human health risks. 

6.7.1 Sampling and Analysis 

The development of a risk assessment depends on the reliability of, and uncertainties associated 

with, the analytical data available to the risk assessor. These, in turn, are dependent on the operating 

procedures and techniques applied to the collection of environmental samples in the field and their 

subsequent analyses in the laboratory. To minimize the uncertainties associated with sampling and 

analysis at Site lG/SSA 16, USEPA approved sampling and analytical methods were employed. 

Data was generated following USEPA’s Statement of Work for CLP. Samples were anaIyzed for 

TCL organics (plus nitramine compounds), TAL inorganics, and cyanide. Samples were taken from 

locations specified in the approved Work Plan (Baker, 1994) along with the necessary QA/QC 

samples. 
I 

Analytical data are limited by the precision and accuracy of the methods of analysis which are 

reflected by the Relative Percent Difference (% RPD) of duplicate analyses and percent recoveries 

of spikes, respectively. In addition, the statistical methods used to compile and analyze the data 

(such as mean concentrations and detection frequencies) are subject to the overall uncertainty in data 
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measurement. Furthermore, chemical concentrations in environmental media fluctuate over time 

and with respect to sampling location. Analytical data must be sufficient to consider the temporal 

and spatial characteristics of contamination at the site with respect to exposure. 

6.7.2 Selection of COPCs 

The selection of COPCs is performed in a risk assessment following the evaluation of data. 

Analytical data also must be comprehensive in order to address the COPCs associated with the site. 

Types of COPCs encountered at Site 16/SSA 16 include VOCs in the groundwater, SVOCs in the 

surface soil, pesticides in the groundwater, PCBs in the surface soil and sediment, and inorganic 

constituents in each medium sampled. 

Soil.COPCs were selected based on comparisons of exposure point concentrations with Region III 

residential soil COC values. Groundwater COPCs were selected based on comparisons of exposure 

point concentrations with Region III tapwater COC values, Federal MCLs, and Commonwealth 

groundwater standards. Surface water COPCs were selected based on comparisons of exposure 

point concentrations to Federal and Commonwealth Water Quality Criteria, and Region III COC 

values for tapwater. Sediment COPCs were selected based on comparisons of exposure point 

concentrations to SSVs and residential soil COC values. 

Region III COC values are based on exposure assumptions and equations that are intended to 

introduce conservatism in the risk assessment process by changing the COPC screening method 

from a relative toxicity screen as presented in RAGS, to an absolute comparison of risk. However, 

the use of the Region III COC values results in the application of a set of non-site-specific 

assumptions in the determination of COPCs at Site 16/SSA 16. In addition, the use of SSVs (which 

are intended for aquatic organisms) and residential soil COC values for the selection of human 

health COPCs in sediment, provides a very conservative screening tool. 

Currently, Station closures are not planned for WPNSTA Yorktown, and future residential 

development is not considered an expected land use for the area. The application of the residential 

COPC screening concentrations to soil and groundwater COPC selections would, therefore, tend to 

result in a list of COPCs that could be considered overly conservative for a military base. However, 

the use of conservative COPC selections in the baseline RA ensures the protection of public health 
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in that the results of the baseline RA are incorporated into the determination of remedial alternatives 

and remedial action objectives in the FS. 

6.7.3 Exposure Assessment 

In performing exposure assessments, uncertainties arise from two main sources. First, uncertainties 

arise in estimating the fate of a compound in the environment, including estimating release and 

transport in a particular environmental medium. Second, uncertainties arise in the estimation of 

chemical intakes resulting from contact by a receptor with a particular medium. For example, 

SVOCs such as PAHs (which are common constituents of fuels) or PCBs, if released to surf&e soils, 

are not expected to undergo appreciable downward migration to subsurface soils due to their 

relatively low water solubilities and moderate to high tendencies to adsorb to soil and clay 

particulates, which thereby reduce their overall environmental mobilities. 

To estimate an intake, certain assumptions must be made about exposure events, exposure durations, 

and the corresponding assimilation of constituents by the receptor. Exposure factors have been 

generated by the scientific community and have undergone review by the USEPA. The USEPA has 

published an Exposure Factors Handbook (USEPA, 1989a) which contains the best and latest values. 

Regardless of the validity of these exposure factors, they have been derived from a range of values 

generated by studies of limited numbers of individuals. In all instances, values used in this risk 

assessment, scientific judgments, and conservative assumptions agree with those of the USEPA. 

The use of a RME approach, designed as not to underestimate daily intakes, was employed 

throughout this risk assessment. The use of 95% UCL estimates of the arithmetic mean versus 

maximum values as the concentration term in estimating the CD1 or DAD reduces the potential for 

underestimating exposure at the Site 16/SSA 16. 

6.7.4 Toxicological Assessment L 

In making quantitative estimates of the toxicity of varying dosages of compounds to human 

receptors, uncertainties arise from two sources. First, data on human exposure and the subsequent 

effects are usually insufficient, if they are at all available. Human exposure data usually lack 

adequate concentration estimations and suffer from inherent temporal variability. Therefore, animal 
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studies are often used and new uncertainties arise from the process of extrapolating animal results 

to humans. Second, to obtain observable effects with a manageable number of experimental 

subjects, high doses of a compound are often used. In this situation, a high dose means that high 

exposures are used in the experiment with respect to most environmental exposures. Therefore, 

when applying the results of the animal experiment to the human condition, the effects at the high 

doses must be extrapolated to approximate effects at lower doses. 

In extrapolating effects from high doses in animals to low doses in humans, scientific judgment and 

conservative assumptions are employed. In selecting animal studies for use in dose-response 

calculations, the following factors are considered: 

0 Studies are preferred where the animal closely mimics human pharmacokinetics. 

0 Studies are preferred where dose intake most closely mimics the intake route and 

duration for humans. 

0 Studies are preferred which demonstrate the most sensitive response to the 

compound in question. 

For compounds believed to cause threshold effects (i.e., noncarcinogens) safety factors are employed 

in the extrapolation of effects from animals to humans and from high doses to low doses. In 

deriving carcinogenic potency factors, the 95% UCL value is promulgated by the USEPA to prevent 

underestimation of potential risk. 

Estimating the dermal absorption efficiency to account for a difference in toxicity between an 

administered dose and an absorbed dose, could account for a potential for an overestimation of risk. 

This is due to the uncertainty associated with obtaining the oral absorption efficiencies from several 

sources (such as the ECAO, IRIS, and ATSDR) that publish studies which can vary in their 

methodologies, test subjects, and subsequent findings. Few reports specifically address the percent 

absorbed via the dermal route of entry. However, in the end, the use of conservative assumptions, 
L 

results in quantitative indices of toxicity that are not expected to underestimate potential toxic 

effects, but may overestimate these effects by an order of magnitude or more. 
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6.7.5 Human Risk Characterization 

The risk characterization bridges the gap between potential exposure and the possibility of systemic 

or carcinogenic human health effects, ultimately providing impetus for the remediation of the site 

or providing a basis for no remedial action. Uncertainties associated with risk characterization 

include the assumption of chemical additivity and the inability to predict synergistic or antagonistic 

interactions between COPCs. These uncertainties are inherent in any inferential risk assessment. 

USEPA promulgated inputs to the quantitative risk assessment and toxicological indices are 

calculated to be protective of the human receptor and to err conservatively, so as to not 

underestimate the potential human health risks. 

When assessing the potential for noncarcinogenic effects the HI is used. In instances where the HI 

exceeds 1 .O, a quantitative target organ analysis is often conducted to determine if the potential for 

adverse health effects has been overestimated. In this manner, COPCs that are expected to induce 

the same type of effect or that act by the same mechanism, would be summed. The resultant 

summation would then more closely reflect the potential for adverse health effects to a particular 

target organ. However, since HQ’s greater than unity did not occur in this baseline RA, the 

quantitative target organ analysis was not conducted. 

6.7.6 Compounds Not Quantitatively Evaluated 

The inorganic COPC lead, was not quantitatively evaluated in the baseline RA. Lead is currently 

considered a B2 - probable human carcinogen, as well as a developmental toxin in young children. 

The lack of promulgated toxicological indices for lead does not have significant effects on the 

underestimation of risk due to the presence of other COPCs such as arsenic, in environmental media 

at relatively high levels. Although this constituent was not quantitatively evaluated, this risk 

assessment has been performed using conservative exposure point concentrations, exposure 

scenarios (use of the groundwater aquifer as a drinking water source), and available toxicological 

information. 
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6.8 Summarv of Risk Assessment Results 

This section summarizes the results of the baseline RA and identifies environmental media and 

COPCs which could potentially pose human health risks and/or effects. 

Risk results from each logical exposure pathway were summed for each receptor to determine the 

total site risk posed by Site 16/SSA16. The following subsections present the potential current and 

future exposure pathways and the subsequent potential total site risk to human health. 

6.8.1 Current Potential Receptors 

Potential current receptors to COPCs detected in environmental media at Site 16ISSA 16 include: 

0 Civilian On-Site Adult Workers 

Potential current total site risks for this receptor are presented in Table 6- 17. The total ICR value 

falls within USEPA’s target risk range of 1 x lo-O6 to 1 x lOaM. The target risk range represents the 

range of potential risks that USEPA generally believes to be acceptable. The HI value presented in 

Table 6- 17 for current potential human receptors also falls below 1 .O indicating that noncarcinogenic 

adverse human health risks would probably not occur subsequent to exposure. 

6.8.2 Future Potential Receptors 

Property use at Site 16/SSA 16 will remain the same in the foreseeable future. Future residential 

development of Site 16/SSA 16 is highly unlikely given its location within the restricted area of the 

Station and the newly-constructed security fence that encloses the site. However, for the sake of 

conservatism, future residential development and associated potential risks were evaluated. The 

potential human receptors evaluated for the future scenarios were: .: 

0 Future residents (adults and children) 

0 Future adult construction workers 

The results of each of these scenarios are presented below. 
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Future Residents 

Table 6- 18 presents the total ICR and HI values for the future potential residential development of 

Site 16/SSA 16. It was assumed that future residents could potentially be exposed to COPCs in 

surface soil, groundwater, surface water, and sediment. Future development of groundwater for 

potable purposes is unlikely even in the event of future residential development because of the low 

yield and poor water quality of the shallow aquifers (i.e., the Cornwallis Cave Aquifer) and the 

availability of municipal water; however, potential potable exposure to COPCs in groundwater was 

evaluated for the sake of conservatism. Total ICR and HI values for future residents are the sum 

total of the resident adult and resident child III and ICR values, respectively. 

The total ICR value for future residents exceeded the USEPA’s target risk range of 1 x lOa to 

1 x 10”. This was due primarily to the presence of arsenic in the groundwater. III values for future 

residents were greater than 1 .O, suggesting that noncarcinogenic adverse health effects may occur 

subsequent to exposure. Antimony, arsenic and manganese in groundwater as well as constituents 

in the surface soil, were the main contributors to the total III value using organic and dissolved 

inorganic groundwater concentrations. 

Future Adult Construction Worker 

Future potential adult construction workers could be exposed to COPCs in subsurface soil during 

future building/excavation activities at Site 16/SSA 16. The total ICR value for the future adult 

construction worker was within the USEPA’s target risk range; the III value did not exceed 1.0. 

Therefore, carcinogenic or noncarcinogenic health effects would not be expected for adult 

construction workers, subsequent to exposure to subsurface soil. Table 6- 18 presents the total ICR 

and III values for this receptor. 
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TABLE 6-l 

SUMMARY OF ORGANIC BLANK CONTAMINANT RESULTS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Constituent 

Maximum 

Concentration 

Detected in Blank 

~l-46) 

Type of Blank Concentration for Concentration for 

with Maximum Comparison(‘) Comparison”) 

Detected Value (Aqueous-ug/L) (Solid-ugkg) 

Trip Blank 170 170 

Volatiles: 

Acetone 173 

2-Butanone I 50 Field Blank 1 500 I 500 

Bromodichloromethane 1 16 Field Blank 1 80 I 80 

Chloroform Rinsate Blank 33.5 33.5 

Rinsate Blank 6 6 Chloromethane I 1.2 

Dibromochloromethane 1 

4-Methyl-2-Pentanone I 

2 

50 

Field Blank 1 

Field Blank I 

TripBlank 1 

I 10 

I 
Methylene Chloride I 18B 

Tetrachlorothene I 210J Field Blank I 

Toluene I 3J Field Blank I 30 I 30 I 

1 , 1, 1 -Trichloroethane I 43 Field Blank I 20 I 20 I 
Trichloroethene I 24 Field Blank I 120 I 120 I 
Xylenes I 51 

Semivolatiks: 

Acenaphthene 45 

bis(2-ethylhexyl)phthalate 25 

Di-n-butylphthalate 5J 

2-Methylnaphthalene 65 

Naphthalene 30 

Phenol 35 

1,2,4-Trichlorobenzene 35 

Field Blank 

Rinsate Blank 

20 

20 

Rinsate Blank I 50 I 1,650 I 
Field Blank I 30 I 990 I 
Field Blank 150 4,950 

Rinsate Blank 15 495 

Field Blank 175 --- 5 ,‘775 
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TABLE 6-l (Continued) 

SUMMARY OF ORGANIC BLANK CONTAMINANT RESULTS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Constituent 

Pesticides: 

Maximum 

Concentration 

Detected in Blank 

@g/L) 

Type of Blank Concentration for Concentration for 

with Maximum Comparison”’ Comparison’2’ 

Detected Value (Aqueo~-cl~) (Solid-&kg) 

Heptachlor Epoxide 

Nitramines: 

I 

0.0125 Rinsate Blank 0.06 1.98 

19 Rinsate Blank 95 3,135 1 

(1) Concentration is five or ten times (for common laboratory blank contaminants) the maximum detected 

concentration in a blank. 

(2) Concentration is five or ten times the maximum detected concentration in a blank, converted to ,qgkg. 
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TABLE 6-2 

. 

SURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant”’ 

Volatiles: 

Acetone 

Methylene Chloride 

Semivolatiles: 

Acenaphthylene 

Soil Criteria’2) 

Industrial Residential 

COC Value COC Value 

bWk& bwk) 

10,000 780 

380 85 

4,100* 310* 

Contaminant Frequency/Range(3) 

No. of Positive Range of Positive 

Detects/ Detection 

No. of Samples twdk) 

1 0.0085 

19127 0.0035-0.125 

11’27 0.0935 

COPC 

Comparison to Criteria Selection 

No. of No. of 

Positive Positive 

Detects Detects 

Above Above 

IndustriaI Residential Selected as a 

COC Value COC Value COPC? 

0 0 No 

0 0 No 

0 0 No 

Chrysene 390 88 I 4/27 0.0715-0.165 I 0 I 0 No 
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TABLE 6-2 (Continued) 

-_ 
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I 

SURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant”) 

Soil Criteria’2’ Contaminant Frequency/Range(3) 

Industrial Residential No. of Positive Range of Positive 

COC Value COC Value Detects/ Detection 

h&s9 @w&3) No. of Samples O-wkl 

COPC 

Comparison to Criteria Selection 

No. of No. of 

Positive Positive 

Detects Detects 

Above Above 

Industrial Residential Selected as a 

COC Value COC Value COPC? 

Indeno (1,2,3-cd) pyrene 

Phenanthrene 

Pyrene 

Pesticides/PCBs: 

Alpha-chlordane 

Beta-BHC t 

4,4 - DDD 

4,4’-DDE 

4,4’-DDT 

4,100* 310* 4127 0.0455-0.385 0 0 No 

3,100 230 4127 0.1 J-0.28J 0 0 No 

2.2 0.47 l/23 0.003 1 J 0 0 No 

1.6 0.35 1124 0.00335 0 0 No 

12 2.7 l/23 0.0074J 0 0 No 

8.4 1.9 12124 O.O014J-0.021J 0 0 No 

8.4 1.9 6124 0.0025-0.048 0 0 No 
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SURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant”’ 

I Dieldrin 

I Endrin Ketone 

I Heptachlor 

I Methoxychlor 

1 Inorganics: 

Soil Criteria”) 

I-- 

Industrial Residential 

COC Value COC Value 

Wk) bg/kd 

0.18 0.04 

-- -- 

0.64 0.14 

510 39 

7,200 I 550 

-\ 
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Contaminant Frequency/Range(‘) I COPC 

Comparison to Criteria Selection 

No. of Positive Range of Positive 

Detects/ Detection 

No. of 

Positive 

Detects 

Above 

Industrial 

No. of 

Positive 

Detects 

Above 

Residential Selected as a 

No. of Samples @Wg) I COC Value I COC Value 1 COPC? 

1 l/27 1 O.O0055J-0.017J 1 0 1 0 1 No 

6125 1 0.000675-0.0175 1 -- 1 -- 1 No 

1124 I 0.00525 I 0 I 0 I No 

1123 I 0.00245 I 0 I 0 I No 



‘: 
I 

TABLE 6-2 (Continued) 

Revised: July 2 1, $5 

SURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant(‘) 

I Calcium+ 

I Cobalt 

Cyanide (total) 

Iron+ 

I Magnesium+ 

I Nickel 

I Potassium+ 

Soil Criteria(2’ Contaminant Frequency/Range(3) Comparison to Criteria 

COPC 

Selection 

I No. of I No. of I 

Industrial 

COC Value 

(Wk) 

Residential 

COC Value 

Positive Positive 

Detects Detects 

No. of Positive Range of Positive Above Above 

Detects/ Detection Industrial Residential Selected as a 

No. of Samples COC Value COC Value COPC? 

-- I c- I 27127 I 191J-3,840J I -- -- I No 

6,100 I 470 I 26127 I 1.65-47.7 0 1 0 1 No 

2,000 I 160 I 3126 2.8-128 I 0 I 0 I No 

-- I __ I 27127 I 5,240-2 17.000 I -- I I No 

-_ I -- I 27127 I 148J-2,040 I 

2,000 _ I 160 _ I 25127 I 1.8J-57.5 I 0 _ 0 I I No 

-- I -- I 22127 I 108J-932J I -- I -- I No 
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TABLE 6-2 (Continued) 

SURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Soil Criteria” 

h- 

I Silver I 510 I 39 

I Sodium+ I -- I __ 

Zinc 31,000 2,300 

Contaminant Frequency/Range(3’ 

No. of Positive Range of Positive 

Detects/ Detection 

No. of Samples 

7127 I 0.345-0.645 

Comparison to Criteria 

No. of 

Positive 

Detects 

Above 

Industrial 

COC Value 

No. of 

Positive 

Detects 

Above 

Residential 

COC Value 

COPC 

Selection 

Selected as a 

COPC? 

No 

No 

No 

27127 8.4E1,320 0 0 No 

(I) Organic concentrations reported in pgkg, Inorganic concentrations reported in mg/kg. 

(‘) 

(3) 

COC Value = USEPA Region III COC screening value (USEPA, 1993a) 

J = Analyte was positively identified, value is estimated. 

(4) Action level for residential soils (USEPA, 1994c) 

-- = No criteria published 

+ = Essential Nutrients 

* = Naphthalene was used as a surrogate for the COC value. 
t 
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TABLE 6-3 
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SUBSURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINLA 

Region III Criteria Contaminant Frequency/Range(3) Comparison to Criteria 
COPC 

Selection 

Contaminant”’ 

Volatiles: 

Industrial 
COC Value 

bg/kg) 

Positive Positive 
Detects 

Residential 
Detects 

No. of Positive Above Above 
COC Value Detects/ 

Range of Positive 
Detections Industrial Residential Selected as 

h&9 No. of Samples 6wk) COC Value COC Value a COPC? 

Methylene Chloride 

Acetone 

Semivolatiles: 

bis(2-ethylhexyl)phthalate 

380 85 l/l9 0.005B 0 0 No 

10,000 780 10/19 0.0075-0.026B 0 0 No 

200 46 4119 0.135-0.325 0 0 No 



TABLE 6-3 (Continued) 

SUBSURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

I Region III Criteria I Contaminant Frequency/Range(3) Comparison 

I Positive 

Contaminant”’ 

Calcium+ 

Industrial 
COC Value 

b-dk) 

-- 

Residential 
COC Value 

No.;~~~;~& Range of Positive %i:z 
Detectlons Industrial 

h&) No. of Samples Ow4~ COC Value 

-- 19/19 83.2J-8,140L -- 

Cobalt 6,100 470 19/19 1.2E26 0 

Copper 3,800 290 18/19 1.6L-19.7 0 

I Iron+ ~~ I -- 1 -- I 19/19 -~-I 3,010-57,000 -- I 

I Lead I -* I 4ooC4’ I 19/19 I 

I Magnesium+ I __ I I 19119 I 284E3,690 I ..- 

Revised: July 21, _ ,5 

to Criteria ( SZFZEn 1 

0 I No I 
0 I NO I 
__ I No I 

0 I No ~~ I 
ms I No I 

I Nickel I 2,000 I 160 I 11/15 I 4.45-41.5 I 0 I 0 I No I 
I Potassium-t I -- I *- I 12/19 I 372E4,720 I ..- I -- I No I 
I Selenium I 510 I 39 I 609 1 0.27JL-0.56L 1 0 I 0 I No I 

‘, I 510 I 39 I 2/13 e 1.3J-1.8L I I 0 I 0 I No I 
I Sodium+ I -- I -^ I 19119 I 13.45-3835 I ..- I -- I No I 
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TABLE 6-3 (Continued) 

SUBSURFACE SOIL DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

USEPA REGION HI COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

(‘) Organic concentrations converted to mgkg, Inorganic concentrations reported in mgkg. 

(‘I 
(3) 

COC Value = USEPA Region III COC screening value (USEPA, 1993a) 
L = Estimated value, biased low 
J = Analyte was posttively identified, value is estimated. 
B = Detected in associated blank(s) 
K = Value estimated; biased high 

(4) Action level for residential soils (USEPA, 1994c) 
-- = No criteria published 
+ = Essential Nutrients 
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! Contaminant”’ 

Volatiles: 

Acetone 

I Semivolatiles: 

I Di-n-butylphthalate 

I Pesticides: 

I Enclrin 

Inorganics (Dissolved) 

Aluminum 

TABLE 6-4 

GROUNDWATER DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 

COMPARED TO FEDERAL, REGION, AND COMMONWEALTH CRITERIA 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Groundwater Criteria(2) 

Federal 
MCL 

USEPA 
Region III 

mm I 370 I 

Frequency/Range”) 

I 

No. of 
Positive 

Detects/No. 
of &mules 

Concentration Range 

km 

0.65-0.65 

l/10 17J 

Comparison to Criteria 

No. of No. of 
No. of Detects I%%;: 
Ile;le;~ Above 

MCL 
cot virfe$i; 
Value 

COPC 
Selection 

Retained as 
a COPC? 

No 

No 

No 

No 
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TABLE 6-4 (Continued) 

GROUNDWATER DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 

COMPARED TO FEDERAL, REGION, AND COMMONWEALTH CRITERIA 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINL4 

Groundwater Criteria”) I Frequency/Range(3) I COPC 
Selection Comparison to Criteria 

iii$@jg I-- Federal 
MCL 

USEPA 
Region III No. of 

Positive 
Detects/No. 
of Samples 

Concentration Range 

bm I Retained as 
a COPC? Contaminant(‘) 

2,000 l 260 1,000 -1 IO/10 17.85-54.4J I Barium 

I Calcium+ -- I -- I me ~ T lo/lo 3,98OJ-127,000 

I Chromium 100 1 18 50 l/10 I 1.6J 0 1 0 1 0 No 

__ I 220 I I l/10 I 2.35 -a I 0 I -- I No 

1,300 1 140 I 1,000 I lO/lO I 1.85-10.15 0 0 0 No 

-v -* mm No 

0 -.a 0 No 

No 

-- I __ I I 9/10 I 4.25-253 

15 I -_ I 50 I l/10 I 1.7K 

-- I -- I -- I lo/lo I 853J-4,040J 

100 I 73 -- 2/10 I 6.3J-6.63 Nickel 

i---- Potassium+ -- I -_ I -- I lO/lO I 717J-1,770J 

I Selenium 50 -1 18 I ~~~ 10 ~ I l/10 I 2.95 0 1 0 1 0 1 No 

I Sodium+ -- I mm I -- I lO/lO I 2.770-10.220 No 
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TABLE 6-4 (Continued) 

GROUNDWATER DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 

COMPARED TO FEDERAL, REGION, AND COMMONWEALTH CRITERIA 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Revised: July 2 1, ;$ 

Groundwater Criteria(‘) Freqt 

USEPA 

Contaminant”’ 

Vanadium 

Zinc 

Federal 
Region III 

MCL CToEYSie 
Virginia 
PMCLs 

mm (IJgn) him 

-- 26 -- 

-- 1,100 __ 

No. of 
Positive 

Detects/No. 
of Samples 

6110 

lo/lo 

COPC 
ency/Range(3) Comparison to Criteria Selection 

No. of No. of 
No. of Detects Detects 
Detects Above 

Concentration Range Above 
Above 

(clfm MCL 
COC F;rm; Retained as 
Value a COPC? 

1.9J-2.7J -- 0 -- I No 

I I I 
5J-19.2J mm 1 0 1 -- I No 

(I) 
(2) 

All concentrations reported in pg/L 
Federal MCL - Federal Safe Drinking Water Act Maximum Contaminant Level (USEPA, 1994a; Drinking Water Regulations and Health Advisories) 
Virginia Drinking Water Standards - PMCLs - Primary Maximum Contaminant Levels (Bureau of National Affairs - December, 1994) 

(3) 
COC values - USEPA Region III COC screening value (USEPA, 
J = Analyte was positively identified, value is estimated 

1993a) 

L = Value estimated; biased low 
K = Value estimated; biased high 

(4) Contaminant re-included as a COPC (refer to text) 
__ = No criteria published ’ 
+ = Essential Nutrient 
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TABLE 6-5 

SURFACE WATER DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 

COMPARED TO FEDERAL, REGION, AND COMMONWEALTH CRITERIA 

SITE 16 AND SSA 16 

NAVAL ‘WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

I I Virginia Water Quality 

Federal/Regional Criteria(2’ Standardsc3’ I Frequency/Range(4’ 

Contaminant”) 

WQC 
Water and 

Organisms 

w.m 

USEPA 

WQC Region III Public All Other No. of 

Organisms Tapwater Water Surface Positive Concentration 

Only COC Value Supplies Waters Detects/No. Range Retained as 

him Mm (P&) @Gim of Samples him a COPC? 
\ 

Volatiles: 

Acetone -- __ 370 -- -- l/l 10B No 

Toluene 10,000 300,000 75 6,800 200,000 214 1.4 No 

Inorganics (Total): 

Aluminum -- 3,700 -- 414 29.25-995 No 

Barium 1,000* -- 260 2,000 ’ -- 414 35.35-39.1J No 

I Calcium+ I -- I -s I __ I -- I mm I 414 1 53,700-57,500J 1 No 1 

I Iron+ I 300* I -- I -- I 300 I -w I 414 1 1,35OJ-2,000J 1 No 1 

I Lead 5.9 I No I 

Selenium 104 6,800 18 172 11,200 214 1.25-l .9L I No 
I 
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TABLE 6-5 (Continued) 

SURFACE WATER DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 

COMPARED TO FEDERAL, REGION, AND COMMONWEALTH CRITERIA 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

1 Federa? ional Cri 

Contamina#) 

Sodium+ 

WQC WQC 
Water and Organisms 

Organisms OdY 

(Km hm 

__ __ 

I Zinc I __ I -- 

Virginia Water Quality 

eriac2) Standardsc3’ 

USEPA 

Region III Public All Other 

Tapwater Water Surface 

COC Value Supplies Waters 

@g/L) wu (Mm 

-- -- em 

1100 5,000 -- 

Notes: 

(‘I All concentrations reported in ,L&L 

(*) Water Quality Criteria (WQC) human health values (recalculated) using IRIS as of 1990. 

COC value - USEPA Region III COC screening value (IJSEPA, 1993a) 

(‘) 

(4) 

Virginia Water Standards (Bureau of National Affairs - December 1994) 

J = Analyte was positively identified, value is estimated 

B = Detected in associated blank(s) 

L = Value is estimated; biased low 
-- = No criteria published 
+ = Essential Nutrient 
* = Hardness dependent criteria (100 mg/L CaCO, used) 

COPC 

Selection 

No. of 

Positive 

Detects/No. 

of Samples 

Concentration 

Range 
am 

Retained as 

a COPC? 

414 I 6,040-12,500 I I No 

314 I 3.2J-5.65 I No 
I 
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TABLE 6-6 

SEDIMENT DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

SEDIMENT SCREENING VALUES AND USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant(‘) 

Volatiles: 

Sediment Criteria”’ 

ssv Residential 
ER-M COC Value 

bwk3) b&3) 

Contaminant Frequency/Range(3’ 

No. of Positive Range of Positive 
Detects/ Detections 

No. of Samples (mg/kg) 

COPC 
Comparison to Criteria Selection 

Positive 
Positive Detects 
Detects Above 
Above Residential Retained as 
ER-M COC Value a COPC? 

2-Butanone __ 4,700 219 0.027-0.039 ma 0 No 

Acetone 

Carbon Disulfide 

Chloromethane 

mm 780 619 0.028-0.17 -- 0 No 

-- 780 219 0.0115-0.038 -- 0 No 

-- 49 l/9 0.045 -- 0 No 
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TABLE 6-6 (Continued) 

SEDIMENT DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

SEDIMENT SCREENING VALUES AND USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Revised: July 2 1, I Y 9% 

Calcium+ __ -- 919 1,900-27,600J -- -- No 

Chromium (VI) 370 39 919 4.3-37.4 0 0 No 

Cobalt __ 470 719 2.1J-8.8J -- 0 No 

Copper 270 290 819 3.55-94.8 0 0 No 

Iron+ w- -m 919 5,140-39,100 -- __ No 

Lead I 218 I 400@ I 919 4.3J-34.45 0 0 I No 

Nickel 51.6 160 619 5.65-20.6 0 0 No 

Potassium+ -- -- 619 581E3,260 -- -_ No 

Selenium -* 39 619 0.26L-0.775 ^_ 0 No 

Silver 3.7 39 419 2.15-3.45 0 0 No 

Sodium+ -- _- 919 77.85-1,520J -- -- No 
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TABLE 6-6 (Continued) 

SEDIMENT DATA SUMMARY 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS AND COMPARISONS WITH 

SEDIMENT SCREENING VALUES AND USEPA REGION III COC SCREENING VALUES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Sediment Criteria(2) 

(If Organic concentrations converted to mgkg, Inorganic concentrations reported in mgkg. 

(*I SSV = Sediment Screening Value (Long, et a!, 1995) 

(3f 
COC value = USEPA Regron III COC screemng value (USEPA, 1993a) 
L = Estimated valuer biased low 
J = Analyte was positively identified. Value is estimated. 

(4) Contaminant re-included as a COPC (refer to text) 
(5) Action level for residential soils (USEPA, 1994c) 
-- = No criteria published 
f = Essential Nutrients 



? 
J 

i 

Revised: July 2 1, I I 15 

TABLE 6-7 

PHYSICAL AND CHEMICAL PROPERTIES FOR ORGANIC CHEMICALS OF POTENTLAL CONCERN 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Constituents 

Vapor Water 

Pressure Solubility 

(mm Hd (mg/L) 

Log 
K, 

Volatiles: 

l,l-Dichloroethane 1.82 x 1O+2 5.5 x 1o+3 1.48 

1,l -Dichloroethene 6.00 x 1O+2 2.3 x lo+’ 1.81 

l,l, 1-Trichloroethane 1.23 x 1O+2 1.5 x 1o+3 2.18 

Tetrachloroethene 1.78 x lo+’ 1.5 x 1o+2 2.56 

Trichloroethene 5.79 x lo+’ 1.1 x lo+’ 2.10 

Log 
Lv 

t 

1.79 

1.84 

2.5 

2.6 

2.38 

Semivolatiles: 

Benzo(a)pyrene 5.6 x 10-09 1.2 x 10-03 6.74 6.06 -_ 

1.4-Dichlorobenzene 1.18 79 3.23 3.60 1.25 

Pesticides: 

Aldrin 

4,4’-DDT 

PCBs: 

6x10” 1.8 x 10-O’ 4.98 5.30 1.6 1.60 x 10-05 

5.5 x 10” 5.00 x lo-O3 5.39 6.19 1.56 5.13 x 10” 

Aroclor 1254 7.7 x 1oa5 0.03 4.59 6.03 1.50 2.8 x 1Od3 
Aroclor 1260 4.1 x 1u”’ 0.003 4.87 6.11 1.58 7.1 x 1oa3 

Specific Henry’s Law 

Gravity Constant 

(g/cm’) (atm-m31mole) 

1.174 4.31 x lo” 

1.22 3.4 x 1on2 

1.350 1.44 x lO-* 

1.626 2.59 x lo-* 

1.46 9.10 x lo” 

1.55 x lo-” 

2.9 x 10-03 

-18 

-1 

-11 

-13 

-10 

-12 

Notes: -- = Value not available. 
* 
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TABLE 6-8 

RELATIVE MOBILITIES OF INORGANICS AS A FUNCTION OF 

ENVIRONMENTAL CONDITIONS (Eh, pH) 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Low 

Very Low 

Pb, Ba, Se Pb, Ba., Be 

Fe, Cr Cr 

Pb, Ba, Be 

Cr, Zn, Cu, Ni, Cr, Se, Zn, Cu, Ni, 

Hg, An Hg;, Pb, Ba, Be, Ag 

Notes: 

As = Arsenic 

Ag = Silver 

Ba = Barium 

Be = Beryllium 

Cd = Cadmium 

Cr = Chromium 

Cu = Copper 

Fe = Iron 

Hg = Mercury 

Ni = Nickel 

Pb = Lead 

Se = Selenium 

Zn = Zinc 

Source: Swartzbaugh, et al. “Remediating Sites Contaminated with Heavy Metals.” 

Hazardous Materials Control, November/December 1992. 
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TABLE 6-9 

EXPOSURE INPUT PARAMETERS FOR CURRENT CIVILIAN ADULT ON-SITE WORKERS 

POTENTLALLY EXPOSED TO COPCs IN SURFACE SOIL, SURFACE WATER, AND SEDIMENT 

VIA INGESTION, DERMAL CONTACT, AND INHALATION OF FUGITIVE DUST 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Input Parameter 

ED, Exposure Duration 

IR, Ingestion Rate 

EF, Exposure Frequency 

AF, Adherence Factor 

ABS, Dermal Absorption Factor 

for Organics/Inorganics 

ET, Exposure Time 

SA, Surface Area 

PC, Permeability Constant 

FI, Fraction Ingested 

AT, Averaging Time 

AT,,,, noncarcinogens 

AT,, carcinogens 

BW, Body Weight 

RR, Respiration Rate 

Current 

Receptor 

Adult 

Media Units Civilian Comments/References 

All Media years 25 USEPA, 1991a 

Soil/Sediment m&-W 100 USEPA, 1991a 

Surface Water L/day 0.05 USEPA, 1989b 

All Media dw/yr 250 USEPA 199 la 

Soil/Sediment mglcm’ 1.0 USEPA, 1991a and 1992a 

Soil/Sediment unitless Chemical- USEPA, 1992a and 3.992b 

specific”’ Ryan, et al., 1987 

Webster, et al., 1993 

Soil hrs/day 8 USEPA, 1991a 

Surface Water hrslday 2 Professional Judgment 

All Media cm’lday 5,300”’ USEPA, 1992a 

Surface Water cm/hr Chemical- USEPA, 1992a 

Specific 

Soil/Sediment unitless 1 USEPA, 1989b 

All Media days 9125 USEPA, 1989b 

All Media &YS 25550 USEPA, 1989b 

All Media kg 70 USEPA, 1989b 

Air m3/hr 0.83 USEPA, 1991a 

Notes: 

(‘) The following absorbance factors will be applied to estimate dermal intake of COPCs: . 

Experimentally Derived (USEPA, 1992a): PCBs - 0.06 

Cadmium - 0.0 1 

Other Values (Ryan, et al., 1987 and 

Webster, et al., 1993): 

Oganics - 0.10 

Inorganics - 0.0 1 

Arsenic - 0.03 

(” Skin surface area available for contact assuming an adult wears a short-sleeved shirt, short pants, and shoes. 
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/ --. TABLE 6-9 (Continued) 

EXPOSURE INPUT PARAMETERS FOR CURRENT CIVILIAN ADULT ON-SITE WORKERS 

POTENTIALLY EXPOSED TO COPCs IN SURFACE SOIL, SURFACE WATER, AND SEDIMENT 

VL4 INGESTION, DERMAL CONTACT, AND INJ3ALATION OF FUGITIVE DUST 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

References: 

Ryan, et al., 1987. Assessing, Risk from Dermal Exposure at Hazardous Waste Sites. 

USEPA, 1992a. Dermal Exposure Assessment: Princioles and Applications - Interim Report. 

USEPA 1992b. Interim Region IV Guidance. 

USEPA, 199 1 a. Risk Assessment Guidance for Swerfund. Volume I - Human Health Evaluation 

Manual Sutwlemental Guidance. “Standard Default Exposure Factors.” Interim Final. 

USEPA, 1989a. ExDosure Factors Handbook. 

USEPA, 1989b. Risk Assessment Guidance for Superfund. Volume I - Human Health Evaluation 

Manual (Part A) Interim Final. 

,̂  “-< 

Webster, et al., 1993. InVivo and In Vitro Percutaneous Absorvtion and Skin Decontamination of Arsenic 

from Water and Soil. 
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TABLE 6-10 

EXPOSURE INPUT PARAMETERS FOR FUTURE RESIDENT CHILDREN AND ADULTS 

POTENTIALLY EXPOSED TO COPCs IN SURFACE SOIL, 

GROUNDWATER, SURFACE WATER, AND SEDIMENT 

VIA INGESTION, DERMAL CONTACT, AND INHALATION 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Units lei Comments/References 

years 1 6 1 24 1 USEPA, 1991a I 

Innut Parameter Media 

ED, Exposure Duration I All media 

EF, Exposure Frequency 

Surface Water 

Ws/ye~ I 3.50 I I 350 USEPA, 1991a I 

days/ye= 350 350 

days/year 45 45 Professional Judgment 

hrs/day 2 2 

h&day 8 8 

ET, Exposure Time 

I 

Sediment/ 

Surface Water 

hrs/day I 0.2 I 0.2 I USEPA, 1989a I 
L/day I 1 I 2 I USEPA, 199la I 

IR, Ingestion Rate 

Surface Water 

mg/W I 200 I 100 1 USEPA, 1989b 

L/day I 0.05 1 0.05 1 USEPA, 1989b 1 

SA, Surface Area 

Soil/Sediment/ 

Surface Water 

cm2 

cm2 

8,023 

2,115”’ 

20,000 

5,300”’ USEPA, 1989a and 1992a 

FI, Fraction Ingested I Soil/Sediment unitless 1 1 1 1 1 USEPA, 1989b 1 

Chemical Chemical 

Specific(3’ Specific(3’ 

USEPA, 1992a and 1992b 

Ryan et al., 1987 

Webster, et al., 1993 

USEPA, 1992a 

USEPA, 1989b and 1991a 

ABS, Absorbance Factor 

OrganicsiInorganics Soil/Sediment unitless 

AF, Adherence Factor I Soil/Sediment mglcm’ 1 

AT, Averaging Time 

I 

All Media 

AT,,, noncarcinogens 
day 8,760 

25,550 1 25,550 USEPA, 1989b 

USEPA, 1989b 

Chemical- Chemical- 

I I 

USEPA, 1992a 

Specific Specific 

RR, Respiration Rate 0.83 0.83 I USEPA, 1991a 
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TABLE 6-10 (Continued) 

EXPOSURE INPUT PARAMETERS FOR FUTURE RESIDENT CHILDREN AND ADULTS 

POTENTIALLY EXPOSED TO COPCs IN SURFACE SOIL, 

GROUNDWATER, SURFACE WATER, AND SEDIMENT 

VIA INGESTION, DERMAL CONTACT, AND INHALATION 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Notes: (‘) Average skin surface area for a male/female child (95th percentile), l-6 years, wearing a short-sleeved 

shii short pants, and shoes. 

62) Skin surface area available for contact assuming an adult wears a short-sleeved shirt, short pants, and 

shoes 

(3) The following absorbance factors will be applied to estimate dermal intake of COPCs: 

Experimentally Derived (USEPA, 1992a): PCBs - 0.06 

Cadmium - 0.0 1 

Other Values (Ryan, et al., 1987 Organics - 0.10 

and Webster, et al., 1993: Inorganics - 0.0 1 

Arsenic - 0.03 

References: 

Ryan, et al., 1987. Assessing Risk from Dermal Exnosure at Hazardous Waste Sites. 

USEPA, 1992a. Dermal ExDosure Assessment: Princinles and Applications - Interim Report. 

USEPA, 1992b. Interim Region IV Guidance. 

USEPA, 199 1 a. Risk Assessment Guidance for Sunerfund. Volume I - Human Health Evaluation Manual 

Sunnlemental Guidance. “Standard Default Exposure Factors.” Interim Final. 

USEPA, 1989a. Exposure Factors Handbook. 

USEPA, 1989b. Risk Assessment Guidance for Superfund. Volume I - Human Health Evaluation Manual 

/Part A) Interim Final. 

Webster, et al., 1993. In Vivo and In Vitro Percutaneous Absorntion and Skin Decontamination of Arsenic from 

Water and Soil. .: 
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TABLE 6-11 

EXPOSURE INPUT PARAMETERS FOR FUTURE ADULT CONSTRUCTION WORKERS 

POTENTIALLY EXPOSED TO COPCs IN SUBSURFACE SOIL 

VIA INGESTION, DERMAL CONTACT, AND INHALATION 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Input Parameter 

IR, Ingestion Rate 

EF, Exposure Frequency 

AF, Adherence Factor 

ABS, Dermal Absorption Factor 

Organics/Inorganics 

ET, Exposure Time 

RR, Respiration Rate 

SA, Exposed Surface Area 

ED, Exposure Duration 

FI, Fraction Ingested 

BW, Body Weight 

AT, Averaging Times 

AT,,, noncarcinogens 

AT,, carcinogens 

Future Receptor 

Units Adult Construction 

Worker 

w/day 480 

days/year 250 

mg/cm2 1 

unitless Chemical- 

specific”’ 

b/&Y 8 

m3/hr 0.83 

cm21day 4 3oot2’ , 

years 1 

unitless 1 

kg 70 

Comments/Reference 

USEPA, 1991a 

USEPA, 1991a 

USEPA, 1991a and 1992a 

USEPA, 1992a and 1992b 

Ryan, et al., 1987 

Webster, et al., 1993 

USEPA, 1991a 

USEPA, 1991a 

USEPA, 1992a 

USEPA, 1991a 

USEPA, 1989b 

USEPA, 1989b 

days 365 

days 25,550 

USEPA, 1989b 

USEPA, 1989b 

Notes: (‘) The following absorbance factors will be applied to estimate dermal intake of COPCs: 

Experimentally Derived (USEPA, 1992a): PCBs - 0.06 

Cadmium - 0.0 1 

Other Values (Ryan, et al., 1987: 

and Webster, et al., 1993): 

Organics - 0.10 

Inorganics - 0.0 1 

Arsenic - 0.03 

7 

(2) Skin surface area available for contact for an individual wearing a sleeveless shirt, long pants, and shoes. 

NA - Not Applicable 
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TABLE 6-l 1 (Continued) 

EXPOSURE INPUT PARAMETERS FOR FUTURE ADULT CONSTRUCTION WORKERS 

POTENTIALLY EXPOSED TO COPCs IN SUBSURFACE SOIL 

VIA INGESTION, DERMAL CONTACT, AND INHALATION 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

References: 

Ryan, et al., 1987. Assessing Risk from Dermal EmOWe at Hazardous Waste Sites. 

‘USEPA, 1992a. Dermal Exuosure Assessment: Princiules and Applications - Interim Report. 

USEPA, 1992b. Interim Region IV Guidance. 

USEPA, 1991a. Risk Assessment Guidance for Swerhmd. Volume I - Human Health Evaluation Manual 

Swulemental Guidance. “Standard Default Exposure Factors.” Interim Final. 

USEPA, 1989a. Exuosure Factors Handbook 

USEPA, 1989b. Risk Assessment Guid&nce for SuDerhmd. Volume I - Human Health Evaluation Manual 

/Part A). Interim Final. 

Webster, et al., 1993. In Vivo and In Vitro Percutaneous Absorption and Skin Decontamination of Arsenic from 

Water and Soil. 
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TABLE 6-12 

HUMAN HEALTH RISK ASSESSMENT TOXICITY FACTORS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Oral 

CSF 

hdWW>~’ 

Dermal 

Absorption 

Value WOE 

Target 

Organ 

Critical 

Effect 

Inhal. Oral 

CSFi 

OwWW“ (m~h9 Constituents 

Volatiles: 

l,l-Dichloroethane -- -- 
I 

l.OOE-01 

(h) 

C None Observed 1.43E-01 

(4 

l,l-Dichloroethene 100% 

I I C Liver I 

6.OE-0 1 

(9 

1.75E-01 

(0 

2.02E-03 

(4 

ma 

9.OE-03 

(0 

1 .OOE-02 

(0 

9.00E-02 

w 

-- 

100% -- 

I I 

Liver 

I 

Hepatotoxicity 

I 

Tetrachloroethene 5.20E-02 

(4 

-- 

2.86E-01 

(w) 

-- I I D CNS Effects 1 , 1,l -Trichloroethane 

100% 

I I 

B2 Liver 

I 

-_ 

I 

6.00E-03 

f e) 

Trichloroethylene 6.00E-03 

(4 

Semivolatiles: 

Benzo(a)pyrene 

7.3 

(0 

__ 

, 2.4E-02 

(hl 

2.29E-01 

(9 

1,4-Dichlorobenzene 

Pesticides: 

Aldrin 7.8% 
I I 

B2 Liver Lesions 

I 

1.70E+O 1 

0) 

3.4E-01 

(0 

B2 Liver Lesions 4,4’-DDT 
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TABLE 6-12 (Continued) 

HUMAN HEALTH RISK ASSESSMENT TOXICITY FACTORS 

SITE 16 AND SSA I6 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Constituents 

PCBs: 

Oral Inhal. Oral Inhal. Dermal 

CSF CSFi RfDi Absorption Target Critical 

(mg/kg/day)“ (mg/kg/dayY’ Owkday) @g/kg/day) Value WOE Organ Effect 

Aroclor-1254”’ 

Aroclor- 1260’*’ 

Inorganics: 

7.70 

(0 

7.70 

(0 

-- 

-- 

2.00E-05 -- 

(9 
__ __ 

89% B2 Immune System Toxicity 

89% B2 -- -- 

Aluminum -- -_ 1.00 

(e) - -- 

NA NA NA 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Chromium (VI) 

Copper 

__ -- 4.00E-04 -- -- D Whole Increased mortality/ 

(0 Body/Blood altered chemistry 

1.75 15.1 3.00E-04 -- 95% A Skin Keratosis/ 

(i> (9 (0 hyperpigmentation 

4.30 8.40 5.00E-03 -- -- B2 -m None observed 

(0 (0 (0 
__ 6.30 5 .OOE-04 -- 66%‘3’ Bl Renal cortex Significant proteinuria 

(0 0) 
ma 42.0 5.00E-03 -- -- A -- None observed 

(9 (9 
I -- -* 3.71E-02 -- 60% D Gastrointestinal Irritation 

GO system 

Lead 

Manganese (water) 

Manganese (food) 

-- -- 

5.00E-03 1.43E-05 

(0 (9 

1.40E-01 1.43E-05 

(0 (0 

__ B2 W^ __ 

5% D CNShng Effects 

5% D CNMung Effects 
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TABLE 6-12 (Continued) 

HUMAN HEALTH RISK ASSESSMENT TOXICITY FACTORS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Constituents 

Mercury 

Vanadium 

Oral Inhal. Oral Inhal. Dermal 

CSF CSFi 

b-dk&Ws’ ~~g/kg/day)” (m~b9 Cm%k9 

Absorption Target Critical 

Value WOE Organ Effect 

-- -- 3.00E-04 8.57E-05 15% D Kidney/nervous EffectsMeurotoxicity 

0 09 system 

-- -- 7.00E-03 -- *- D ^^ me 

09 

Notes: (‘I Under review 

(2) Toxicity factor for polychlorinated biphenyls. 

(3) Derived considering the percent difference between oral absorption (12%) and dermal absorption (4%) (Cassarett and Doull’s, 1980). 

i = Integrated Risk Information System (IRIS), 1995 

e = Environmental Criteria and Assessment Office (ECAO) (as cited from 4th quarter USEPA, Region III RBC Tables) 

h = Health Effects Assessment Summary Tables (HEAST), 1994 

a = HEAST Alternative Method, 1994 

s = HEAST Summary Tables FY 1994 Supplement No. 1 

w = Withdrawn from IRIS or HEAST 

NA = Not Available 

-- = Information not published. 
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TABLE 6-13 

IINCREMENTAL LIFETIME CANCER RISK (ICR) AND HAZARD INDEX (HI) VALUES 

FOR CURRENT ADULT CIVILIAN WORKERS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Pathway 

Surface Soil 

Ingestion 

Dermal Contact 

Inhalation(‘) 

Subtotal 

Surface Water 

Ingestion 

Dermal Contact 

Receptors 

Civilian Adults 

ICR HI’ 

6.2 x lOa 0.12 

1.4 x 1ou5 0.17 

2.6 x loo8 co.01 

2.0 x 1oas 0.29 

8.9 x lOa 0.04 

2.0 x 1oa7 0.16 

Subtotal 1.1 x lo-O6 0.20 

Sediment 

Ingestion 6.1 x 1Oa 0.05 

Dermal Contact 9.2 x IOU6 0.06 

Subtotal 1.5 x 1oas 0.11 

TOTAL 3.6 x lo-“’ 0.6 

Notes: (‘) Fugitive dusts 



Revised: July 2 1, 1995 

TABLE 6-14 

HNCREMENTAL LIFETIME CANCER RISK (ICR) AND HAZARD INDEX (HI) VALUES 

FOR FUTURE ADULT AND CHILD ON-SITE RESIDENTS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Pathway 

Surface Soil 

Ingestion 

Dermal Contact 

Subtotal 

Groundwater”’ 

Ingestion 

Dermal Contact 

Subtotal 

Surface Water 

Ingestion 

Dermal Contact 

Subtotal 

Receptors 

Adults 

ICR HI 

8.3 x lOa 0.17 

1.9 x 10-O’ 0.24 

2.7 x 10-O’ 0.41 

6.3 x 10-05 1.3 

9.3 x 10-O’ 0.02 

2.1 x 10-O’ x0.01 

6.4 x 10-O’ 1.3 

1.5 x l@O’ co.01 

3.4 x 1@08 0.03 

1.8 x 10-O’ 0.03 

Children (l-6 yrs.) 

ICR I HI. 

1.9 x 1oas 1.6 

6.1 x lo-O6 0.39 

2.5 x 1O”5 2.0 

3.7 x 10” 3.0 

4.5 x 10” 0.04 

_- _,- 

3.7 x 1oas 
I 

3.0 

1.8 x lOa 0.04 

1.6 x lOas 0.05 

2.0 x IOU7 I 0.09 
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TABLE 6-14 (Continued) 

INCREMENTAL LIFETIME CANCER RISK (ICR) AND HAZARD INDEX (J.-II) VALUES 

FOR FUTURE ADULT AND CHILD ON-SITE RESIDENTS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Pathway 

Sediment 

Ingestion 

Dermal Contact 

Subtotal 

TOTAL 

Receptors 

Adults Children (1-6 yrs.) 

ICR HI ICR HI 

1.1 x lo-O6 0.01 2.5 x lOa 0.08 

1.6 x 10” 0.01 7.4 x 1oa7 0.02 

2.7 x lOa 0.02 3.2 x lOti 0.1 

9.4 x lo-OS 1.8 6.5 x lOa 5.2 

Notes: 

(‘I Risk value derived using dissolved (filtered) inorganic concentrations 

(‘I VOCs in shower water 
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TABLE 6-15 

INCREMENTAL LIFETIME CANCER RISK (ICR) AND HAZARD INDEX @I) VALUES 

FOR FUTURE ADULT CONSTRUCTION WORKERS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Pathway 

DeeD Subsurface Soil 

Ingestion 

Dermal Contact 

Inhalation(*’ 

TOTAL 

Notes: (I) Fugitive dusts 

Receptor 

Construction Workers 

ICR HI 

1.5 x 10” 0.39 

3.7 x 10” 0.07 

2.7 x lo”’ co.01 

1.9 x loa 
0.5 
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TABLE 6-16 

SUMMARY OF UNCERTAINTIES IN THE RESULTS OF THE 

HUMAN HEALTH RISK ASSESSMENT 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Potential Potential 
Potential 

Magnitude for Magnitude for 
Magnitude for 

Over-Estimation Under- Estimation 
Over or Under- 

of Risks of Risks 
Estimation of 

Risks 

Environmental Samulinrz and Analysis 

Sufficient samples may not have been taken to 

characterize the media being evaluated. 

Systematic or random errors in the chemical analysis 

may yield erroneous data 

Selection of COPCs 

Low 

Low 

The use of USEPA Region III COPC screening 

concentrations in selecting COPCs in soil, sediment, 

groundwater and surface water. 

Low 

The use of SSVs and USEPA Region III residential 

COPC screening concentrations in selecting COPCs 

in sediment for human health evaluation. 

Exposure Assessment 

Moderate 

The standard assumptions regarding body weight, 

exposure period, life expectancy, population 

characteristics, and lifestyle may not be 

representative of the actual exposure situations. 

The use of the 95% UCL data in the estimation of the 

soil, groundwater, surface water and sediment 

exposure point concentrations. 

Low 

Moderate 

Using one-half of the detection limit or the CRQL as 

a surrogate concentration in the derivation of the 

95% UCL. 

Moderate 

Assessing f3ure residential property use when the 

likelihood of residential development is low. 

The amount of media intake is assumed to be 

constant and representative of any actual exposure. 

Adjustment of the CSF and RfD to account for 

dermal absorption. 

High 

Moderate 

Low 
* 
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TABLE 6-16 (Continued) 

SUMMARY OF UNCERTAINTIES IN THE RESULTS OF THE 

HUMAN HEALTH RISK ASSESSMENT 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Notes: 

Potential Potential 

Magnitude for Magnitude for 

Over- Estimation Under- Estimation 

of Risks of Risks 

Toxicological Assessment 

Toxicological indices derived from high dose animal 

studies, extrapolated to low dose human exposure. 

Lack of promulgated toxicological indices for the 

inhalation pathway. 

Risk Characterization 

Moderate 

LOW 

Assumption of additivity in the quantitation of cancer 1 I 
risks without consideration of synergism, 

antagonism, promotion and initiation. 

Assumption of additivity in the estimation of 

systemic health effects without consideration of 

synergism, antagonism, etc. 

I I 

Additivity of risks by individual exposure pathways 

(dermal, ingestion and inhalation) 

Compounds not quantitatively evaluated. I I Low 

Potential 

Magnitude for 

Over or Under- 

Estimation of 

Risks 

Moderate 

-- 
Moderate 

-- 
Low 

Low - Assumptions categorized as “low” may effect risk estimates by less than one order of magnitude. 

Moderate - Assumptions categorized as “moderate” may effect estimates of risk by between one and two 

orders of magnitude. 

High - Assumptions categorized as ‘high” may effect estimates of risk by more than two orders of 

magnitude. 

Source: Risk Assessment Guidance for Sunerhmd, Volume 1. Part A: Human Health Evaluation Manual. USEPA, 

1989b. I 



Revised: July 21, 1995 

TABLE 6-17 

TOTAL SITE LIFETIME INCREMENTAL CANCER RISK (ICR) AND 

HAZARD INDEX (HI) VALUES FOR CURRENT POTENTIAL HUMAN RECEPTORS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Receptors 

Current On-site Civilian 

Adult Workers(‘) 

Total ICR Total HI 

3.6 x 1O4’ 0.6 

Notes: (‘) On-site civilian adult workers could potentially be exposed to COPCs by accidental 

ingestion and dermal contact of surface soils, surface water and sediments, as well 

as inhalation of fugitive dusts from surface soil during clearing/cutting activities. 
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TABLE 6-18 

TOTAL SITE LIFETIME INCREMENTAL CANCER RISK (ICR) AND 

HAZARD INDEX (HI) VALUES FOR FUTURE POTENTIAL HUMAN RECEPTORS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Future Receptors Total ICR Total HI 

Residents”’ 1.6 x 10” 7.0 

Construction Worker” 1.9 x lo* 0.5 

Notes: (I) Resident adults could potentially be exposed to COPCs by dermal contact and 

accidental ingestion of surface soils, groundwater, surface water and sediments, as 

well as inhalation of volatile organics in groundwater while showering. 

Resident children could potentially be exposed to COPCs by dermal contact and 

accidental ingestion of surface soils, groundwater, surface water and sediments. 

Total HI and ICR values for residents are the sum total of the resident adult and 

resident child HI and ICR values. 

(2) Construction workers could potentially be exposed to COPCs by dermal contact 

and accidental ingestion of subsurface soils, as well as the inhalation of tigitive 

dusts during excavation activities. 



TABLE 619  

MULTIPLE RISK DESCRIPTOR INPUTS FOR 
SURFACE son AND GROUNDWATER EXPOSURE BY 

POTENTIAL FUTURE RESIDENT ADULTS 
SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Variable 

Body Weight (kg) 

Total Body Surface Area (cm? 

Soil Ingestion Rate (mg/d) 

Groundwater Exposure T i e  (hrsld) 

Groundwater Ingestion Rate (Ud) 

Input 

@Normal (64.2, 13.19) 

@ N o d  (17000,1000) 

@ Uniform (50,200) 

@ Triang (0.12,0.17,020) 

@ Lognormal (0.957,0.0017) 

Reference 

Paustenbach, 1992 

Paustenbach, 1992 

USEPA - Range of Ingestion Rates 

Triangular distribution of rates &om 
Andelman 1994 and USEPA 1989. 

USEPA Region III, 1992 



TABLE 6-20 

COMPARISON OF ICR VALUES DERIVED FOR 
FUTURE ADULT RESIDENTS 

USING THE RME AND MULTIPLE RISK DESCRIPTORS 
SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

I pathway 

Surface, Soil 

Dermal Contact and Ingestion 

Groundwa@ 

Dermal Contact and Ingestion 

I ~ o t s i  

ICR Value 
Derived from RME 

ICR Value 
Derived Using Multiple Risk 

Descriptors"*) 

RME - Reasonable Maximum Exposure 

Notes: (I) Results derived using the arithmetic mean of those COPCs responsible for greater than 95 
percent of the risk derived using the RME. 

@) Expected Value of the risk distribution presented. Three simulations of 500 iterations 
were calculated using the Latin Hypercube Method of Sampling. 

0) Derived using the geometric mean and geometric standard deviation from a lognormal 
data set. 



TABLE 6-21 

TOTAL SITE LIFETIME INCREMENTAL CANCER RISK VCR) AND 
HAZARD INDEX (HI) VALUES POR CURRENT POTENTIAL HUMAN RECEPTORS 

SITE 16 AND SSA 16 
NAVAL WEAPONS =ATION YORKTOWN 

YORKTOWN, VIRGINIA 

Notes: ('1 On-site civilian adult workers could potentially be exposed to COPCs by accidental 
ingestion and dennal eontact of surface soils, swface wate~ and sediments, as well 
as inhalation of fugitive dusts fimm surfha soil during clea~inglcutting activities. 
Values pnsented in parenthesis included Total ICR and HI values using dissolved 
surface water concenfmtiom. 

Receptors 

On-site Civilian Adult 
Workers(" 

Total ICR 

3.6 x 10" (3.5 x 1 0 9  

Total HI 

5.4 x loQ1 (5.3 loQ1) 



TABLE 6-22 

TOTAL SITE LIFETIME INCREMENTAL CANCER RISK (ICR) AND 
HAZARD INDEX fHn VALUES FOR FUTURIF. POTENTIAL EIUMAN RECEPTORS --- - . . 

SITE 16 AND SSA 16 
NAVAL WEAPONS STATION YORKTOW 

YORKTOWN, VIRGINIA 

Notes: (I) Resident adults could potentidy be exposed to COPCs by dermal contact and 
accideatal ingestion of surface soils, groundwarn, anface water and sediments, as 
well as inhalation of volatile organics in groundwater while showering. Values 
presented in parenthesis included Total ICR and HI values using dissolved 
groundwater and surface water concentrations. 

0) Total HI and ICR values for resident adults are the sum total of the resident adult 
and resident chiid HI and ICR values. 

(9 Resident children could potentially be exposed to COPCs by dermal contact and 
accidental ingestion o f d c e  soils, gromdwata, ssurfaa water and sediments, as 
well as inhalation of volatile organics in groundwater while showering. Values 
presented in parenthesis included Total ICR and HI values using dissolved 
groundwater and surface water concentrations. 

' Construction workers w d d  potentially be exposed to COF'Cs by dermal contact 
and accidental ingestion of subsurface soils, as well as the inhalation of hgitive 
dusts during excavation activities. 

NA =Not Applicable 
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Attachment 2 
Round Two RI, Select Figures (Baker, 1995) 















 

 

Attachment 3 
Round Two RI, Risk Calculations (Baker, 1995) 



TABLEL-I 

CURRENT ON-SITE CIVILIAN ADULT WORKER 

ACCIDENTALINGES-“ONOFSURFACESOILS 

SlTE16ANDSSAM 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

RELEVENT EQUATIONS: 

CD1 = CHRONIC DAILY INTAKB 

CD1 = (a)(IRXFIXCFXEFXED)/(B~A~ 

WHERE? CS-THEMNCJXIRA TION IN SOIL (m&) 

CF = THECONVZRSION FACTOR(lMK~mg) 

IR = THE INGESTION RATB (mgld) 

PI = FIUCIlON ING%TBD (unitleu) 

EF =THBFXPOSURBFRBQUBNCY~dh~ 

ED-THBBKPOSlJRBDUI(ATION&~~ ’ 

BW = BODY WTtIGHT(Kp) 

ATc = THBAVBR~GINGTIMB(~~X~~~&) 

ATn =THBAVZRAGINGTIME(25ynx365d&) 

, 

ICR = (CD1 l CSF) 

HI = (CDI / RfD) 

cs TT 

(dv) - 

21550 

255.50 

21550 

25550 

25550 

2.5550 

75550 

25550 

2S3.50 

25550 

ZSSSO 

2.5550 

ZSSSO 

25550 

mzs 

912s 

9125 

912.3 

9125 

9lzs 

912.5 

912.5 

9125 

9125 

9125 

912s 

912s 

912s 

-x- CF ’ EF 

-3% 

210 

2x 

724 

2so 

2so 

zso 

254 

250 

2.50 

2so 

2.x 

so 

2% 

-EL 

ED 

(yr) 

2s 

2.5 

25 

2s 

25 

21 

25 

2s 

23 

25 

2.5 

2s 

25 

2.5 

& 

70 

70 

70 

70 

70 

m 

70 

m 

70 

70 

70 

70 

70 

70 

CDI 

wu(c 

3.49Lw 

1.23~07 

9.78Eoa 

23E03 

3.11Bc6 

2.1~OS 

1.19B.07 

3.34~06 

4x&05 

‘7.2x&05 

I.C9EW 

8.335OS 

2S5E07 

7.58Eo6 

CD1 

NONCARC 

9.78Bo3 

3.45Bw7 

274Bo7 

6.4aE03 

8.n.wm 

1.9SBW 

3.33B07 

93SEo6 

l.l.SBm 

2MEo4 

3.0xX4 

2.33~M 

7.14~07 

21zEos 

CSF 

Kc~=~3 

7.3oEtco 

7.7oEtW 

7.7oBtw 

. . 

IISB+CO 

4.30wcm 

. . 

. . 

. . 

. . 

A 

INGESTION :NGBSITOh PERCENT PERCENT 

ICR HI RISK HAZARD 
- - - - 

26E07 

9.5Fs07 

7sEA7 

O.OE+ w 

CtOEtCal 

3.7mm 

5.1E07 

o.ol3t co 

o.oI3+ w 

o*oE+w 

aoB+w 

CLOEtW 

CtOEtCQ 

CLOE+W 

-2Er 

. . 

L7Fm 

. . 

6SB03 

22302 

2OM2 

6.7EOS 

1.9EO2 

24E02 

SSE03 

1.7B-03 

24E03 

3.0~03 

-iEzi- 

4.12 003 

15.35 14.35 

1218 0.03 

0.03 1.38 

0.W l&l0 

60.09 lb48 

8.X 0.06 

0.00 lS.55 

0.00 19.63 

WI 4.57 

0.00 0.00 

0.00 1.38 

0.03 1.98 

0.W 252 

1oo.03 Ticir- 

l.blE01 l.blE06 

3.53E01 l.WEo6 

28oE01 l.ooEc6 

6.62Eta3 LWB-06 

ILIOEtM l.oOEC6 

.S.&%?+W l.WEOS 

3.4oIm l.oOEOS 

9.%E+w LWEW 

1.21!3+crz l.WB.06 

208EtU2 l.oOEO6 

3.11Etca l.WEos 

238Btu2 lsQEo6 

7.3OEOl l.WE-06 

217Et01 l.WEW 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

. . 

2WEOS 

l.WE+M 

4.WEW 

3.WEw 

S.oOE(a 

s.wEx4 

S.WEO3 

3x302 

. . 

1.4oEOl 

3.WEo4 

7.coEO3 

FILENAME: C-ASS-D&LWQl 



TABLE L-2 

CURRENT ON-SITE CIVILIAN ADULT WORKER 

DEF.MAL CONTACT WlTH SURFACE SOILS 

SITE16ANDSSA16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN,VIRGINIA 

RELEVENTEQUATIONS: 

DAD = DERMALLY ABSORBED DOSE 

DAD = (CS)(ABS)(ApxSA)(EF)@DDxcF)/(B~AT~ or ATc) 

WHERE Cs = THE CHEMICAL CONCENTRATION (q/Kg) 

SA=THEEWOSEDSURFACEAREAOFTHBSKlN(cm2) 

AF = THE DEF.MAL ADHERENCE FACTOR (mglcm2d) 

ABS = THE ABSORBED FRACI’ION hnitlcas) 

EF =THEEKFOS”REFREQUENci(d,yr) ’ 

ED =THEEKFOSUREDURATlON(ycan) 

CF = CQNVERSION FACTOR(l06 K&g) 

BW =THEAVERAGERECEFTORBODYWEIGHT(Kg) 

ATc = THE AVERAGING TIME (7Oym I 36Sdlyr) 

ATn =THEAVERAGINGTlMB(Zynx365djy) 

AD = ADJUSTMENT FOR ABSORBED DOSE (unitha) 

-ET- 

= 

I 217E+o1 

Kn-AL 

1.00501 

3.53Eol 

200~ol 

6AZEtO3 

@.gOE+CO 

603E+a) 

3.40%01 

9xEtw 

L21l3+02 

208F3+&? 

3.llEt02 

2.38Etu2 

7.3OE01 

ICR = (DAD ’ CSF AD,) CSF ADI. = CSI’/AD 

HI=fDAD/RfDADJ) RID ADJ. = RfD’AD 

AF 

(mghYA) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l.oOEo6 

1.00~06 

LmEos 

1.00BM 

l.WEC6 

l.oOEX.5 

l.WI3c.s 

l.@XLX 

l.oOE06 

i.mE-06 

l.WBo6 

LO@&5 

LWE06 

1.00~Q5 

x- 

JctT&J- 

5300 

5300 

JIB3 

5300 

5300 

53w 

5304 

sm 

530 

53w 

5300 

5300 

5300 

5300 

EF 

-P&L 

7.50 

2.50 

250 

2SO 

250 

2% 

250 

250 

250 

250 

250 

250 

7.50 

zso 

tiD 

&L 

2s 

23 

25 

23 

2.5 

7.5 

25 

25 

25 

25 

2.5 

7.5 

25 

25 

Z 

0.10 

0.06 

0.06 

aa 

aoi 

0.03 

a01 

0.01 

0.01 

aoi 

aoi 

0.01 

ao* 

0.01 

-iiF 

2% 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

ATC 

m 

2.5550 

2.5550 

2.5550 

21550 

21550 

25550 

25.750 

2.5550 

ZSSSO 

ZSSSO 

25550 

2.5SM 

25350 

25554 

-K- 
* 

9125 

912.5 

917.3 

a25 

9x3 

9l25 

9125 

9125 

9125 

9125 

912s 

9l7.5 

9125 

9125 

DAD 

-!z!E- 

1.85%07 

3.92EO7 

3.11s07 

L?SE-03 

1.65506 

3.3~06 

63oE-08 

1.7lFX6 

223EOS 

3.86Eos 

5.77EOS 

4.47.E05 

1.3SE07 

4.~06 

DAD 

iONCARC 
7 

X19EO7 

1.108-06 

8nr507 

3.43803 

4.6~06 

9.46%04 

1.76E.07 

4.96Elm 

626505 

1.08504 

,.61E?-04 

1.24304 

3.79507 

1.13EOS 

AD 

(""itI+ 

. . 

8SiO301 

S.goE-01 

. . 

. . 

9SOEOl 

. 

6.6JlEOl 

. . 

6SOEO1 

. 

S.WE02 

1.50501 

A 

CSFADJ 

(Kg-d/q) 

7.30EtW 

8.6SEtM 

8.6SE+@l 

. 

. . 

1.84Etoo 

4.3OEtoO 

. . 

. . 

. . 

. 

RFl)ADJ 

i!!!Ysa 

. . 

1.78EOS 

1.!xn+o 

4.ME04 

28SEo4 

s.ox?.-03 

3.3OEo4 

S.ooEo3 

223Eoz 

7.WEO3 

4SOEOS 

7.W&O3 

OERMAL 
ICR 

1.4%?6 

3.4~06 

27E06 

o.oe+w 

o.oE+ol 

62Eo6 

273-07 

O.OE+W 

O.OE+o3 

O.OE+oO’ 

o.oE+cnl 

O.OEIW 

o.oe+w 

O.OE+M 

L4EOS 

DERMAL 

HI 

6.2~02 

3.4B03 

LZEO2 

3.3~02 

3.X?.-05 

IX.-02 

1.3EM 

4.9E03 

. 

1.8Eo2 

84&03 

1.6%03 

1.7&01 

‘ERCENT 

RISK 

PERCENT 

HAZARD 

9.70 0.03 

24.36 36.30 

19.32 0.W 

aca 202 

0.00 6.79 

44.67 19.53 

1.94 0.02 

0.W 8.84 

0.(x, 7.36 

0.02 286 

0.00 0.03 

0.00 10.39 

0.00 4.95 

0.00 0.95 

1co.w lW.00 

FILENAME: C&S-D&I.WQl 



TABLE L3 

CURRENT ON-SITE CMLIAN ADULT WORKER PERFORMING CmNG/CLEARING ACTMTIFS 

INHALATION OF PUGlTMZ DUSTS FROM SURFACE SOILS 

SITE 16 AND SSA 16 

NAVAL WEAPONS SATION YORKTOWN 

YORKTOWN, VIRGINIA 

CD1 (m@@d)= (Ca*RR’FZI”EF*ED)/(BW*Aq 

W&CC Ca= Cs*(l/PEF) 

ICR = CD1 * CSPi 

HQ= CDI/RlDi 

Parameter 

CD1 

ICR 

CSFi 

HQ 

RfDi 

ca 

CIT.9 

PEF 

RR 

ET 

EF 

ED 

BW 

AT-C 

ATn 

Dwriptioo 

Chronic daily intake (@kg@) 

Incremental lifetime cancer risk 

Inhalatim cancer slope factor (l/(m&g/d)) 

Hazard quotient 

Inhalation reference dose (mgkgld) 

Concentration of chemical in airss fugitive 

dusts (mgh3) 

Concentration of chemical in soil (mgikg) 

Particulate emission factor (m3ikg) 

Respiration rate (m3/hr) 

Exposure time (h/d) 

Exposure Frequency (d&Jr) 

%porure Duration (yrs) 

Body weight (kg) 

Averaging time, carcinogens (d) 

Averagiag time, noncarcinogens (d) 

Parameter 

Benzo(a)pycene 

Aroclor 12.54 

Aroclor 1264 

Aluminum 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Chromium 

copper . 

Lead 

l.WB-01 

3.53E+M) 

284E-01 

662B+O3 

89oE+OU 

608E+OO 

3.4OE-01 

9.56E+OO 

l.ZlE+Ot 

208E+O2 

3.11E+O2 

238P42 

7.3OE01 

217Jz+Ol 

__ 

L??E-OS 

857~0s 

I - 

I 
Total ICI 

RfDi 

current 
Adult 

Worker 

cs (Chemical Specific) 

cs 

cs 
cs 
cs 

a 
a 

4.63B+w 

0.83 

8 

250 

25 

70 

2ssso 

912.5 

m d ICR 

s.oE-13 3.1E12 

L8E11 O.OE+oO 

L4E12 O.OE+OO 

3.3B-08 O.OE+OO 

T 
4SE11 O.OE+oO 

3.OE11 4.6E10 

1.7E12 L4E-11 

4.8E-11 3.OE10 

60%10 2SE08 

l.OE-09 O.OE+oo 

1.6EO9 O.OE+oO 

1 ‘)F.M “OB+M 

;:% 1 O.OE+oO 

% 
Total ICR 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

18% 

0.1% 

1.2% 

97.0% 

0.0% 

0.0% 

0.0% 

0.0% 

LlElO I o.oE+oo I 0.0% 

26E-08 100.0% 

NCXICZG-1 

CD1 

o 

E 
l- 

1.4E12 

S.OE11 

3.9E12 

9.3EOS 

L2E10 

RSE-11 

4.8&12 

L3E10 

L7EO9 

29509 

4.4&09 

3.3809 

LOE-11 

3.OElO 

HI: 23BO4 100.0% 

3 ens 

-7 

HQ 
- 

% Co&b 

HI 
- 

1 

NOTES: 

-. Not available 

FILENAME: CAFDUST.WQl 



TABLE L4 

CURRENT ON-SITE CMLIAN ADULT WORKER 

SURFACE WATER INGE!SllON EWOSURB ASSESSMENT 

ORGANIC5 AND TOTAL INORGANICS 

SITE 16AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Accidental ingestion of surface water is calculated as follows: 

CD1 (mg/kgday) = (C * IR * EF * ED)/(BW l ATc or ATn) 

ICR = CD1 * CSF 

Hl=CDI/RfD 

WiWe: 

C = contaminant concentration in water @g/L) 

IR = adult daily water ingestion rate (Uday) 

EF = adult exposure frequency (days&r) 

ED = adult exposure duration (yrs) 

BW = adult body weight (kg) 

ATc = averaging time for carcinogen (days) 

ATn = averaging time for noncarcinogen (days) 

CSF = cancer slope factor (m&day)-1 

RfD = reference dose (mg/kg-day) 

INPUTS 

Specific 

0.05 

250 

25 

70 

25550 

912s 

Specific 

Specific 

Note: Inputs are scenario and site specific 

Concentration 

Gwu 

Contaminant 

Arsenic 2WE03 

Man~lleSe 3.74301 

TOTAL 

File Name: CASW-INTWQI 

Ingestion Exposure Bxposure Body Ave Time cart Slope CWC Percent Ave Time NOLICWC Reference NOIXXC Percent 

Rate FreqlJenCy DUt&!l Weight cart Dose Factor Risk cart NOIICXC Dose Dose Hazard NOWXC 

(Uday) ( days/year) (y eXS) (kg) (yrs) (mg/kg-day) (q&g-day)-1 Risk (yrs) (mg/kg-day) (m,qkg-day) Hazard 

0.0s 2.50 2s 70 25550 s.07507 1.7SE+OO 8.9&07 100% 9125 1.42EO6 3.WEO.l 4.7&03 11% 

0.0s 250 25 70 75sso 6S3EOS __ O.OE+OO 0% 9125 1.83EA4 S.M)E-03 3.7&02 89% 

Total ICR: 8.9E-07 lco% Total HI: 4.1E.02 100% 



TABLE LS 

CURRENT ON-SITE CIVILIAN ADULT WORKER 

SURFACE WATER DERMAL EXPOSURE ASSESSMENT 

ORGANICS AND TOTALINORGANICS 

SITBl6ANDSSA16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWX, VIRGINIA 

DAD(m&.dny) =(CW*SA* PC*ET’EF’ED* CF)/(BW* 

ICR = DAD ’ L-SF Adj. CSF Adj. = ICR,AD 

HI =DAD/RfDAdj. ND Adj. = RfD’AD 

CW = contamimnt wnccnmtion in wfmcwtcr(mgiL) 

SA = adultrkin rurfau available iorcoatrct(cm2) 

PC = eoahmialat‘pacificdermpl paxability fcmibr) 

ET = adult expaure time (hours/day) 

EF = adult upo‘urt frcqucncy(dayajyr) 

ED = ~dultexpoweduntion (years) 

CF = volumetie wnvenion factor forvater(Ititer/IOcm3) 

BW = rduItb+dyweight(kg) 

ATc = rvenging time for uwiaogen (days) 

ATn = avenging time for nonurcinogen (daya) 

AD = Adjurtmsnf for rbiorbcd dose (urdtIeu) 

ATc or ATn) 

i 

INPUTS 

Specific 

5300 

Specific 

2 

2m 

2s 

0.m 

2i.l.m 

912.5 

specific 

Note: Inputa are site and sunaio specific 

c5nccnmtion SUtfX4 Deans1 Fsporurc lkpnwm ETpCWX VoIumetris B&Y Avc ‘he Abswbcd CUC CSF Cal-c Pcruet Aw ‘I-me No,wrrc RfD NOllCXC Pcrccat 

(WU Area hrm. Con,t lime Frequency Duntioa Caavenion Weight cars Dole DOSQ Adj Risk c!arc NOIICWC Dote 

CoHminmt (sra) (Whr) (houn/day) (days&r) (yeas) (Umg (kg) (yean) (unitler~) (mgntg-day) (mpjLg-day) Risk 

-dr ) m Ad.\. Ha=rd 

sari)) m g y g Y) 

z;z 

Arsenic 2WFA3 33M 1.03Eco 2 250 2s O.WI 70 zss50 0.95 l.olE-07 1.84E+M ZOEOI loo1/0 9121 3.OlE07 2.85E.M LIE03 1% A> 

MlnglZ?W 3.14&01 5303 1.00503 2 2.34 2s 0.001 70 ZSSSO 0.0s *.39E-OS . . o.oB+M) 090 9125 3.888-01 ZSOE-04 1s.01 95% 

TOTAL Total ICR: ZOE-07 1m TOtsI HI: 1.6E-01 1m 

File Name: CASW-DRT.WQl 
ZL,, 2,:. 



TABLE L.6 

CURRENT ON-SITE CIVILIAN ADULT WORKERS 

ACCIDENTAL INGESTION OF SEDIMENTS 

SITE 16AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

FELEYENT EQUATIONS: 

CD1 = CHRONIC DAILY INTAKE. 

CD1 = (CS)(IR)(FI)(CF)(EF)(ED)/(BW)(AT) 

WHERE CS = THE WNCBNTR4TION IN SBDIMBNT (mgfKg) 

CF = THE CQNVBRSION FACTOR (IO-SKglmg) 

IR = THE INGESTION RATB(mgld) 

FI = Fneticn InSe4Ud (unitlets) 

EF = THE EXPOSURE FRBQUENCY (dlyr) 

ED = ED3 BKPOSURB DURATION (yr) 

BW = BODY WEIGHT (KS) 

ATc = THE AVERAGING TIME (7Gym I 36Sd/r) 

ATn = THE AVERAGING TIME (25yx-a I 365%) 

ICR = (CD1 ’ CSF) 

HI = (CD1 /RID) 

cs 

& 

FI CF 

Cd& 

ATE ATn CD1 CD1 CSF RID INGFSIIO INGES’ITON PERCENT PERCENT 

aw W6Kglmd (dwf (day4 CARC NONCARC ICR HI RISK NCARC 

AIO40~.1260 3.29Ba2 x0 1 1.coEM 250 2.5 70 25550 912s LlSE96 3.2zE08 7.7OE+oO .- sm.-03 -. 1.45 0.03 

AIumiwm 1.49Is+c4 loo 1 1.coEo6 250 25 70 SSSO 9123 5.21~93 1.4~02 -. l.WE+oO O.OEtW LSEOZ 00.3 30.72 

Amais LLlOEHXl 100 1 l.CQEC6 224 2s 70 25550 9123 283Fa6 7.93~96 1.7SEtco 3.00~94 5.0~06 26x-02 81.29 55.60 

Beryllium 7.wB.01 103 1 l.WEC6 2.50 2s 70 25550 912.5 245807 6.8SEO7 13OE+oO J.@3EO3 ,.*FA5 1.4Ec-4 17.26 a29 

M?N.gSlic‘c LlOE+o2 103 1 LooF.-06 250 25 70 25550 9125 USE-OS LoaEo4 .- MOE-01 o.oE+w 7.7E04 0.00 I.62 

Vanndmm 4.00EtOl 103 1 l.orE06 w) 2.5 70 25550 912.5 1.40~05 3.91EOS . . 7.MIE03 o.OE+M 5.6Eo3 0.W 11.TI 

,INGFXIONTGTAL 61~06 4.8&02 103.cQ 1w.w 

CASD-I&D.WQl 



TABLE L7 

CURRENT ON-SITB CIVILIAN ADULT WORKBRS 

DERMAL COh’TACTWITH SEDIMBNTS 

Sm16ANDSSA16 

NAVAL WBAPONS STATION YOBKTOWN 

YORKTOWN, VIRGINIA 

F.ELEt%NTEQUATIONS: 

DAD = DERMALLY ABSORBED DOSE 

DAD = (CSXABSXA~~SAXEFXEDXCP)/(B~ATU or ATc) 

Cs = THE CHBMICAL CONCENT&SI-,ON (m#Kgj 

SA = THBEYPOSEDSURFACBARE4OFTHBS,KIN (cm2) 

AF = THE DEFMAL ADHBRENCE FACI-OR (m&&d, 

ABS = THE ABSORBED FRACTION (unitleu) 

RF = THE FXP0SUF.B FRBQUBNCY (d&r) 

ED = THE EKFOSURE DURATION (yean) 

C!P = CONVERSION FACIOR(10.6 Kghg) 

BW =THEAVE~GERECEFTORBGDYWBIGHT(KS) 

ATc = THE AVERAGING TIME (7Cym I. SsSd/yc) 

ATn =THEAVBR4GINGTIMB(21ynr%Sd,+) 

AD = ADJUSThfBNT FOR ABSORBBD DOSE (unitless) 

ICR = (DAD l CSF ADJ.) QF ADJ. = CSF/AD 

HI=(DAD/RfDADJ.) RfDADJ. - IUD’AD 

CONSTITUENTS cs Ap CF SA 

(mgxg) ( m&&d) ( 1&6K~hg) ( cm2) 

Arc&r-1260 3.2X02 1 DxxLc.5 s3L-Q 

Aluminum 1.49P.tO4 I l.WBc6 5300 

Arsenic UOEtW 1 1.00506 s3w 

Lkyllivm 7.coEOl 1 1.wE-w 5300 

Mmgmoc LlOEtM 1 1.ME.W 5300 

Vaardium 4.wB+ol 1 l.MEOS 5300 

DBRMALCONTACl-TOTAL 

CXSD-IBrD.WQl 

BP 

(dfyr) 

2% 

250 

250 

250 

250 

250 

ABS 

cm 

a01 

0.03 

0.01 

a01 

0.0, 

BW ATc ATn 

0%) (dw) (dv) 

70 25550 9125 

70 25SSO 912s 

70 2SSSO 9125 

70 25550 9123 

70 2mo 9l2s 

70 25550 912s 

DAD DAD AD CSFADI RID ADJ DBRhfAL DERMAL PERCENT PERCENT 

CARC NONCAR ( unitIesa ) ( Kg.d/mg) (m&-d) ICR HI RISK HAZARD 

3.6~~08 Lo2Eo7 SSQE01 86SBf00 3.2&07 3.41 0.w ; 

276x-03 7.7413-03 . 1.WE+w O.OE+W 7.7E.03 0.03 122s 

4.SOEc.5 1.2bEos 9.SOE01 ,.84B+W 285~04 8.3Ec.5 4.4E.02 so.47 70.01 . 

1.3oFL07 3.63B-07 4.3OBtW s.aa03 ME-07 7.3&05 6.08 0.11 

2045OS S.72B.OS s.!m-02 7.011E0) O.OE+@l 828.03 0.W ,294 

7.41506 2o7Eos .- 7mEO3 O.OE+OO 3.OE03 0.00 4.69 

9.2306 6.3&O-z 1w.w lw.w 



TABLE L8 

FUTUREON-SITECHILD RESIDENTS 

INGFSTION OF SURFACESOILS 

SITE16ANDSSA16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN VIRGINIA 

RELEVANT MUATIONS: 

CD1 = CHRONIC DAILY INTAKB 

CD1 = (CS)(IR)(CFXBF)(BD)/(BwxAT) 

WHERE Cs = THE CQNCENIRATION IN SOIL (mflg) 

CF =THBCQNVERSIONFACTOR(lC-6Kglmg) 

IR = THE INGESTION RATB(m%d) 

FI = FRACIION INGESTED (unitlera) 

BP = THE EXPOSURE FFJIQUFXCY (dlyr) 

ED = THE FXPOSURE DURATION Q 

SW = BODY WEIGHT(Kg) 

AT4 =THBAVBRAGINGTIME(~~~~~~~~~T) 

ATn =THEAVBIb,GINGTIMB(6ymx365d~) 

ICR = (CD1 l CSF) 

HI-(CDI/RfD) 

Antimony 

Anenis 

BcyBium 

Cadmium 

Chromium 

%Pdr 

Lead 

MqanUe 

Mcrcuy 

Vnprdium I 

INGFSIIONTOTAL 

-z- 

km 

LWEOI 

3.53801 

28oE01 

662E+m 

.%SOE+W 

6.fflE+W 

3.4oBOl 

9sEfW 

LZlEtO2 

ZWECW 

lllEfO2 

W8ECO2 

7.3oE-01 

217E+o1 

IR 

(mgld) 

200 

ml 

2w 

2w 

ml 

203 

200 

2w 

200 

200 

ml 

2w 

202 

-E!- 

Ff CF 
‘IO-6 Kgfmg) 
- 

l.WB.05 

1.00~06 

LWE-06 

l.WEas 

l.WEo6 

1.wE-W 

l.WEW 

l.WEW 

LWB-05 

l.WEas 

l.WIm 

l.WEas 

LWEc.5 

l.WE06 

-747 

(d/yr) 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

ED 

Q 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

BW 

(Kg) 

15 

1.5 

IS 

IS 

IS 

15 

15 

IS 

1s 

IS 

15 

I5 

IS 

15 

-Fir 

(dlya) 

zssso 

25550 

25550 

25550 

2.5550 

25sso 

25550 

25550 

25550 

25550 

25SSO 

25550 

75550 

ass0 

-xc- 

(day*) 

2190 

2lW 

2190 

2190 

2190 

2190 

2192 

2190 

2190 

2190 

2190 

2190 

2190 

2190 

-si- 

CARC 

CDI 
IONCARC 

LlOE07 L2aBc”s 

3.878-07 4.m.06 

3.07E.07 3.58Ji-06 

7.25BO3 8.46Em 

9.75&M 1.14EO-4 

6.66&w 7.nE-05 

3.73~07 4.3~~06 

1.OSEOS 1XZE64 

1.32PJM I54Em 

22813-w 2678-03 

3.4113-04 3.98E03 

261EW 3.05803 

8mB07 993Bc-5 

238ELOS 2nE04 

7.3OBtW 

7.7oIs+w 

7.7OEtW 

. . 

. . 
1,7SB+W 

4.3oFitw 

. 
. . 
. . 
. . 

. . 

RfD 

. . 

ZWEOS 

l.WE+W 

4.00~w 

3.WEa( 

s.wE-m 

S.WBo4 

S.WE03 

3.nw2 

1.4oEOl 

3.00~w 

7.WE03 

INGESTION iGFSTION PERCENT 
ICR HI RISK 

8.OB07 

3.orxm 

2433-06 

O.OE+W 

o.oIJ+ w 

1.7505 

1.6506 

aoB+w 

aoE+w 

O.OE+W 

O.OBcW 

O.OE+ W 

O.OB+ 00 

o.oE+ w 

,.9E-OS 

23EOl 

8.X%02 

28E01 

.X%01 

8.7FA 

24E01 

J.IBOl 

7.2E.02 

. . 

22lx2 

3.1E.O-2 

4.OE.02 

1.6BCW 

4.12 0.00 

IS.35 14.35 

1218 0.w 

0.w 5.38 

0.00 18.10 

mw 16.48 

83 0.06 

0.00 ISSS 

0.w 19.63 

0.w 4.s7 

0.w 0.w 

0.w 1.38 

0.00 1.98 

0.03 2.52 

7iEr 1oo.03 

RCSS-I&D.WQl 

‘ERCENT 

HAZARD 



TABLE L9 

FUTUREON-SITECHILD RESIDENTS 

DERMAL cONTA(JT WITH SURFACE SOILS 

S”‘E16ANDSSA16 

NAVAL WE4PONS STATION YORKTOWN 

YORKl-OWX, VIRGINIA 

RELEYENTEQUATIONS: 

DAD=DERMAU Y Ar!soRBED DOSE 

DAD = (CS&kBS)(AF)(SA)@F)(ED)(CF),(B~ATn or ATs) 

WHIR?3 CS =TH?3CHEMICALCONCENTRATION (mglKg) 

SA=THEEWOSEDSURFACEAREAOPTHESKiN(cm2) 

AF =THEDERMALADHERENCEFA~RIm~~/cm2.d, 

ABS = THE ABSORBED FRACTION (udttcrr) 

EF = THE EXPOSURE PRFQUENCY (d&r) 

ED =THEEKPOSUREDURATION (yews) 

CF = CONVERSION FACTOR (lo-5 Kglmg) 

BW = THE AVERAGE RFZEFTOR BODY WEIGHT (Kg) 

ATc = THE AVERAGING TIME (iOym I 365djyr) 

ATa = THEAVERAGINGTIMB(6ynx365d!yr) 

AD = ADJUSTMENT FOR ABSORBED DOSE (unitless) 

ICR = (DAD l CSFADJ) CSF AD3 = CSF/AD 

H,=(DAD,RfDADJ) IUD ADJ = RfD’AD 

RCSS-IQD.WQl 

1.wEol 
3.53E.01 

2.8o&01 

662wO3 

8.5mtw 

&5SE+00 

3.4oEM 

9X3+03 

1.21E+U2 

208!3+02 

3.11iJ+cn 

U8Etm 

7.3oEol 

-XT 
:mglcm%d) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-5-r 

a 

LWBo6 

mm05 

1.0096 

l.omos 

LcQEo6 

l.MIE06 

l.oOE% 

l.ooE-as 

LWE-06 

LcQEo4 

LCOE06 

LWE06 

Mm-06 

LWEc% 

T 
(W 

2115 

2115 

2115 

2115 

2115 

2115 

2115 

2115 

2l15 

2ns 

2115 

2115 

2115 

2115 

-ET 

A?!& 

3m 

350 

350 

350 

3% 

350 

350 

35o 

350 

35o 

350 

350 

350 

350 

-is 

LEL 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

-zi- 

a1 

a06 

0.06 

a01 

0.01 

a01 

a01 

a01 

a01 

am 

a01 

am 

0.0, 

AIL- 

-ET 

(Kg) 

IS 

IS 

IS 

15 

IS 

15 

15 

15 

15 

15 

IS 

15 

15 

1s 

-ET AT. DAD 

(day0 (W’s) CARC 

DAD AD CSFADl -?cEiF DERMAL DERMAL PERCENl ERCENI 

IONCAR‘ (mitlesr) PWk=) h.KlKg-4 ICR HI CARC IAZARI: 

2.5530 2190 1.1~07 L3SEM 

21550 21w 24X3-07 286E-06 

23550 2190 LQSEOl 227E06 

25550 2190 7.67Ew 893~03 

75550 214.3 1.03~06 1.20E-OS 

25550 2190 7.05E07 8.22Ec6 

25550 2190 3.WB08 4.6oIxn 

25550 2190 LllE66 1.298-05 

23530 2190 L4CE05 1.63BM 

23550 2190 242505 282EW 

235m 2190 3.6lE05 4.21Eo4 

zssm 2ls<) z76E05 3.22Eo4 

25550 nso 8.46Eos 9.87E07 

25550 2190 2.51~06 293EOS 

. 

&WE01 

8.WE01 

9.50BOl 

6.6OE01 

6ooEOl 

S.WEo2 

1.50501 

- 

7.308+ w 

8.65BCW 

865E+W 

. . 

. 

*.84E+W 

4.30EtW 

. . 

. 

. 

. 

. . 

. . 

A 

,.78EOS 

. 

,.OOE+M 

4.ooEM 

285Eo4 

5.00!%03 

3.30&c-4 

5.wF.-03 

ZWEo2 

. . 

7.ooP,03 

4.5oE-05 

7.WEO3 

8.5Eo7 

21Eos 

LW(16 

o.oE+ 00 

o.ol3+w 

13E06 

L7EO7 

o,oE+cQ 

aOEcrm 

o.oE+oo 

o.oE+w 

O.OE+W 

o.oE+ 00 

O.OEt03 

61E06 

,.6EO, 

S.QE-03 

3.OE.M 

29&07 

9.2EOS 

3.9EJJ2 

3.3E.02 

1.3E.02 

WE.0502 

22302 

4.2BO3 

-?zxi- 

13.82 0.w 

34.69 41.74 

27.12 0.W 

0.W 2.32 

0.03 7.80 

21.20 7.48 

zn 0.02 

0.03 10.16 

0.00 a47 

0.03 3.28 

0.00 0.00 

0.03 11.94 

0.W 5.69 

0.03 1.09 

,co.w *w.w 



TABLE LlO 

FUTURE ON-SITB RESIDENT CHILDREN 

GROUNDWATBR INGESTION EXPOSURE ASSFSSMENT 

ORGANICS AND DISSOLVED INORGANICS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Ingestion from drinking water is calculated as follows: 

CD1 (mgikgday) = C ’ IR * EF * ED/BW l AT or ATnc 

ICR = CD1 l CSF 

HI=CDI/RfD 

WIXW 

C = contaminant concentration inwater (mglL) 

IR = child daily water ingestion rate (L/day) 

EF = child exposure frequency (days&r) 

ED = child exposure duration (yrs) 

BW = child body weight (kg) 

ATc = averaging time for carcinogen (days) 

ATnc = averaging time for noncarcinogen (days) 

CSF = cancer slope factor (m&qday)-1 

RfD = reference dose (mg/kg-day) 

Note: Inputs are scenario 

1.17E03 

2OQEO3 

6.80?.?04 

5.3OEO4 

249E-03 

5.60~04 

3.0050s 

s.wE-os 

1.08E-02 

26oE-03 

2WEO4 

5.00~02 

Contaminant 

l.l-Dichloroethene 

1,4-Dichlorobenzene 

l,l-Dichloroetbane 

Tetrachlorcethene 

l,l,l-Trichloroethane 

Trichloroetbene 

Aldrin 

4/l’-DDT 

Antimony 

Arsenic 

Beryllium 

MaflpatlLW I 

TOTAL 

FileName: RCGW-ID.WQl 

ingestion 

(EyY) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

!?‘XpOSUre 

Frequency 

(days/year) 

350 

350 

350 

350 

350 

3so 

350 

350 

350 

350 

350 

350 

LNPU’IS 

Specific 

1 

350 

6 

IS 

25550 

2190 

Specific 

Specific 

?z$&iz 

DLKdi0n 

(years) 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

sody 
Weight 

J&L 

1s 

1s 

15 

1s 

15 

15 

15 

15 

15 

15 

15 

15 

AVe TblX 

cam 

(yeacr) 

25550 

25550 

25550 

25550 

25550 

25550 

2.5550 

25550 

2SSSO 

25550 

25550 

cart Slope 

Dose Factor 

@@k,g.day) (q&-day)-1 

cart -i&z- 
Risk cart 
Child Risk 

- - 

6.41~06 

l.lOEOS 

3.733-06 

29QEw5 

1.36E-05 

3.07&06 

l&E07 

274B07 

S.PlE-OS 

1.42EO5 

l.lOEl?6 

274E04 

6.oOE-01 

24OEO2 

5.2oFx2 

3.w06 

26EO7 

O.OE+oO 

1.5s07 

6.lXJE03 

1.7oE+ol 

3.4OE-01 

1.7SE+00 

4.3OE+OO 

O.OE+oO 

l.$E-08 

28E06 

9.3&W 

O.OE+OO 

2sOS 

4.7F.a 

O.OE+fM 

3.7Eos 

10% 

1% 

0% 

0% 

0% 

0% 

8% 

0% 

0% 

68% 

13% 

I 2.5550 L 0% 
btal ICR: 100% 

Ave Time 

NOIIWC 

(years) 

2190 

2190 

219-J 

21w 

2190 

2190 

2190 

2190 

2190 

2190 

2190 

2190 

otal 

Noncarc Refereoce 
D0S.Z Dose 

;mgikg-day) (mgikg-day) 

7.48EOS 

1.28&04 

4.3SEOS 

3.39EOS 

lS9EO4 

3.58EOS 

1.92EO6 

3.2OEO6 

6.903-04 

1.66EM 

1.28EOS 

3.2OEO3 

9.WEO3 

_. 

1.00E-01 

l.OOE02 

9.00~02 

l.lOEOZ 

3.ooEOS 

S.WEO4 

4.cKwl4 

3.00~04 

S.oOEO3 

5.coE03 

Noncarc Percent 
Hazard NOlKXC 

Child Hazard 
- - 

8.3503 

. . 

4.3~04 

3.4E03 

1.8E03 

3.3E-03 

6.4E-02 

6.4E03 

l.lE+oO 

5.5E01 

26B03 

6.4E-01 

3.OE+00 

0% 

0% 

0% 

0% 

0% 

0% 

2% 

0% 

51% 

18% 

0% 

21% 

-iGF- 0 





TABLE I/12 

FUTURE ON-SITE, RESIDENT CHILDREN 

SURFACE WATER INGESTION EXPOSURE ASSESSMENT 

ORGANICS AND TOTAL INORGANICS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINlA 

Ingestion from drinking water is calculated as follows: 

CD1 @@g-day) = (C * IR ’ EF l ED)/(BW l ATc or ATn) 

ICR = CD1 l CSF 

HI=CDI/RfD, 

WIW.5: 

C = contaminant concentration in water (mg/L) 

IR = child daily water ingestion rate (L/day) 

EP = child exposure frequency (days&) 

ED = child exposure duration (yrs) 

BW = child bodyweight (kg) 

ATc = averaging time for carcinogen (days) 

ATn = averaging time for noncarcinogen (days) 

CSP = cancer slope factor (m&-day)-1 

RfD = reference dose (mg!kg-day) 

INPUTS 

Specific 

0.05 

45 

6 

15 

25550 

2190 

Specific 

Specific. 

Note: Inputs are scenario and site specific 

concentration Ingestion EXpOSUre BXpWe 

@g/L) Rate Frequency DUratiiXl 

Contaminant (Uday) (days/year) (years) 

Body Ave Time CD1 Slope 

Weight cart car‘2 Factor 

(kg) (years) (m&g-day) (mgntg-day)-1 

cart 

Risk 

Child 

Percent 

cart 

Risk 

Ave Time CD1 Reference 

NOIICXC NOWWC DIX 

(years) (mgikg-day) (mgikg-day) 

NOIXXC 

Hazard 

Child 

Percent 

NOllCSC 

Hazard 

Arsenic 290&03 0.0s 45 6 15 2.5550 UZE-07 l.‘ISE+OO 1.8E07 100% 2190 1.19F.06 3.OOE-04 4.0503 11% 

MXlgllC& 3.74BOl 0.05 45 6 15 25550 1.32%05 .- O.OE+OO 0% 2190 l.S4E-04 s.ooB-03 3.1E.02 8% 

TOTAL Total ICR: 1.8E-07 100% Total HI: 3.SE02 100% 

File Name: RCSW-INT.WQl 



TABLE L13 

FUTUREON-SITB RESIDENT CHILDREN 

SURFACB WATBR DBRMAL EXPOSURE ASSESSMENT , 

ORGANICS ANDTOTAL INORGANICS 

SITE16ANDSSA16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

DAD (m&day) = (CW l SA’ PC’ BT* EF l ED* CF)/(BW l ATcor ATn) 

ICR = DAD * CSF Adj CSF Adj = QF/AD 

HI=DAD/RfDAdj RfD Adj = RfD*AD 

WlX~~: INPUTS 

CW = catmimnt concaatratioo in watcr(mgfL.) Specific 

SA = child skin surface wail&de forwnhct(cm2) 2115 

PC = U)rhmhnf spedficdermal pcrm~biIity(cr&r) Specific 

ET = child exposure time (hours/day) 2 

EF = child uposvrc frequansy(days&) 45 

ED = child crporucc duration (scan) 6 

CF = volumctricconvcnion hctorforvntcr(IlitcrnWOsm3) 0.cQ1 

BW = child body weight (kg) 15 

ATe = wengiagtime for urcisogc~ (d,y,) 25550 

ATn = wcnging time for nonurdaoga (days) nm 

AD = rdjurtmcnt for absorbed dole (unitku) Specific 

Note: Inputs are site and rccnario specific 

c.mcmddon sulfate Dsrmrl Exp0‘“l-c VoIumctris Body Ave Time Abrorbed DAD CSF can PCICC& AVelkW DAD MD Notlcarc Percent 

(W-1 h Pcrm. Gxrt Prcqucncy Convenion Weight CIro Dose cm Adj Risk CIK NOCtMC NOOCMC Adj Hard Noncnrc 

Con~miarat (c402) townr) ( houn,day) (dayl,‘yr) (y em) (Ud) Ord (yam) (unitIesa) (m&day) (mf.kS-day)-, child Rirk (ycan) (r&eday) @#kg-day) Child Hazard 

Arsenic t9oE03 2ll5 1.co603 2 45 6 om I5 25554 9JOEOI 8.64&W 1.84BtW 1.6608 1m 2190 l.OIEO7 3.61604 28E.04 1% 

Mangme1e . 3.74B01 . 2115 . 1.c0E-03 . 2 * 45 , 6 , 0.001 , I5 25550 5.00~02 , LllE06 , . , o.OE+M 0% 7.190 1.3OE05 2SOlXM 

TOTAL 

J.ZE-U2 , 99% 
-. 

Tout ICR: 1.66oa m% Total HI: 5.2&02 ICC% 

FILNAME RCSW-DRT.WQl 



TABLE L-14 

FUTURE ON-SITE CHILD RESIDENTS 

DBRMAL CONTACT AND INGESTION OF SEDIMENT 

SlTEXANDSSA16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

RELBVBNT EQUATIONS: 

DAD = DBRMALLY ABSORBED DOSE CDI = CHRONIC DAILY INTAKE 

DAD = (CS)(ABS)(AF)(SA)(EF)(ED)(CF)/(BW)(ATn or ATc)) CD1 = (CS)(lR)(CF)(EF)(BD)/(BW)(AT) 

WHERE: CS = THE CHEMICAL CONCENTRATION (mg/Kg) 

SA=THEEKFOSEDSURFACEAREAOF’IHESKIN(cm2) 

AF =THBDERMALADHBRENCEFACX)R(m~cm2d) 

ABS = THE ABSORBED FRACTION (uniticn) 

EF = THE EKPOSURE FREQUENCY (d&) 

ED = THE EKFOSURB DURATlON (yem) 

CF = CGNVBRSION FACXlR(l”6K@q) 

BW = nlBAVBRAGERECEPTORBODYWEIGHT(Kg) 

AT< = THEA~ERAGING~MB(~~~~*~~~I) 

ATn =THEAVEFAOINGTlMB(6yn156MOlr) 

AD = ADJUSTMENT FOR ABSORBBD DOSE (unitless) 

CS =THBCGNCEhTRATION INSOiL(mg/Kg) 

CF = THE CONVERSION FACTOR (IO-6 Kghg) 

IR =THElNGBSTIONRATB(mpld) 

EF = THE EKFOSURB FREQUENCY (d,yr) 

ED = THE BKFOSURB DURATION (yr) 

BW = BODYWBlGHT(KS) 

ATe = THE AVERAGING TlME (7”yn I 36Sd,yr) 

ATn =THBAVBRAGINGTlME(6yrax36Sd/yr) 

ICR = (CDI l CSF) 

HI=(CDI/RfD) 

ICR = (DAD l CSF AD,) CSFADI = CSF/AD 

HI=(DAD/RfDADI) RfDADJ=RfD*AD 

c!o.rtit”e~b 

cs AF CF SA EF ED ABS BW ATc ATn DAD DAD AD CSF AD, RID ADJ DERMAL DERMAL PERCENT PERCENT 

WW (mglcm2-d) @-5W~s3 (-4 (%) b-4 C-3) (de’*) (%‘G CARC NONCARC (unitlerr) Wr.44 (W%d) ICR HI CARC. HAZARD 

AIOdW1260 3.29~“2 1 lSQE”6 2115 45 6 0.06 IS 2555” 2190 294~w 3.43E-08 8SOE”l a65E*W ZSE-08 3.45 0.W 

Al”Ck”D3 1.49EN-l 1 l.WEM 211s 45 6 0.01 IS 2555” 2190 222E”4 2598-03 .. . l.““E+W “.“ECW 26EO3 0.03 1225 

Arsenic RlOEtW 1 1.00~“6 2115 45 6 0.03 IS 2555” 219” 3.62lx7 4.22E06 9S”B”l *ME+W ZSSE-w 6.7E.“7 ,.5E”2 90.47 70.01 

Bcryllium 7.cuE01 1 l.oOE”6 2115 45 6 0.01 15 2555” 2190 1.04E0.3 1.22E.07 .. 4.3”E+ w J.WE03 4.SE”a 24E”S 6.08 0.11 

MIllgUl~‘~ Ll”B+“2 1 1X0606 2115 45 6 0.01 IS 2555” 219” 1.64B06 1.92E”5 5.““EcC . . 7.WE”3 O.OE+W 27503 0.w 1294 

Vanadium b(xIE+“l 1 LWE-“6 211s 45 6 “.“l 15 2555” 2190 5.96E?“7 6.95~“6 .. 7.WE03 “.“E+M 9.9Eo4 0.W 4.69 

DERMALCGNTACTTGTAL 7.4&07 21E”2 ,*.w Ic0.W 

cmaimealr 

a IR CF BF ED BW ATc ATn CD1 CDI C5F RED lNGF!STION INGESTION PERCENT PERCENT 

(mg/lig) @p/d) (l”6Kglmg) (d&r) 0 (Kg) (days) (days) ‘ARC NONCARC ICR HI RISK HAZARD 

A%Xl0pl26” 3.29~“2 200 LWE-06 45 6 I5 2555” 2190 4.63~“9 5.4”~08 7.7”ECM) .. 3.6E”” -. 1.45 0.00 

Al”hl”m 1.49E+“4 200 l.C@E”6 45 6 15 2555” 2199 21OE”3 245EM -- l.“lEtW “.“E + M 2SE.02 0.w 30.72 

Ancnio BIOBIW 203 l.WP.-06 45 6 15 2555” ZlW 1.14Eim 1.33E”S 1.75Bw3” 3.wIw4 2”E-c.5 4.4502 81.29 5s.6” 

Bdlyili”Ul 7.00B01 xa LWEW 4s 6 15 2555” 21% 9.86J3-OS 1.15E06 4.30B+W 5.coE”3 4.2E”7 23~“4 17.26 0.29 

Mqme‘c Ll”Et”2 2w 1.00~“6 45 6 IS 2555” 21x! 1.55E”5 1.81~04 .- 1.4”E”l “.“ECCQ 1.3E-“3 0.W 1.62 

Vanadium 4.COEt”l 2w l.WF.4 45 6 15 25550 2192 5.64FA4 65SEO5 .- 7.ooE”3 “.“E+W 9.4E.“3 aw 11.77 

INGESTlONTOTAL 25E06 8.OE02 lw.w lO”.(a 

RCSD-DBrLWQ1 



TABLE LlS 

FUTUREON-SITEADULTRIDF.hTS 

INGESTION OF SURFACE SOIL5 

SITB16ANDSSA16 

NAVAL WEAPONS STATION YORKToW 

YORKTOWN. VIRGINIA 

RELEVBNTEQUATIONS: 

CD1 = CHRONIC DAILY INTAKE 

CDI = (CS)(IR)(FI)(CFXBF)(ED)/(BW)(AT) 

WHERE CS = THE CONC-TION IN SOIL(m@‘S) 

CF = THE CONVBRSION FACTOR (lo-6 Kghg) 

Bcszo(n)pyw.r 

ArodI6cl254 

1.“05”1 100 

3.53E”1 100 

280501 100 

6.62Et03 1”” 

SS”E+a) 1”” 

6.USEtoO la, 

3.4”FAn 1”” 

PxBCo3 loo 

1.21Bc”z loo 

2”SEwn 100 

3.11r4+“2 103 

238Ef”l 1M 

7.3”E”l loo 

Vansdium 1 217B+o1 
1M) 

INGFSIIONTQTAL 

Fl = FRACTION INGESTED (u&iess) 

IR = THE INGBS’IlON RATB (me,d, 

EF =THEEXFOS”RBFREQ;EkY(d/r) 

ED = THEEXFOSURE DURATION Q 

BW = BODY WEIGHT(Kg) 

ATc =THEAVBR4GINGTlME(70ynr365d&r) 

AT6 = THEAVERAGINGTIMB(Z4yn ~365%) 

ICR = (CDI ’ CSF) 

HI=(CDI/RfD) 

FI 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

CF 
10-6 Kglmg: 

l.WE”6 

l.oOE”6 

l.WEC6 

1.““~06 

1.00&“6 

1ME06 

l.WE”6 

l.tXE06 

l.WE-06 

l.WEo6 

LCOE06 

l.CQI3.06 

lMIE”6 

l.WE-“6 

-ET 

(d/yr) 

35” 

350 

35” 

35” 

354 

350 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

350 

RASS-I&D.WQl 

-‘z- 

a.?L 

mm 

2555” 

2555” 

2555” 

2555” 

2.555” 

mm 

2555” 

7.555” 

2555” 

2.555” 

2555” 

2555” 

2555” 

ATO 
&& 

87.5” 

876” 

876” 

8760 

“76” 

a7ao 

076” 

8760 

876” 

876” 

876” 

876” 

876” 

076” 

-is- 

wu(c 

4.mm 

1.66E”7 

lXE”7 

3*11B”3 

4.18~“6 

2mm3 

1.6”~“7 

4.49~06 

5.67Eo5 

9.75%05 

1.&I!-“4 

1.1~“4 

3.43E”7 

l.“zE-“5 

CDI 
NONCARC 

L37Eul 

4114B”7 

3.S-4507 

swlrM3 

1.2zE0s 

a33B06 

4.6613-07 

1.31E”5 

1.65~“4 

286864 

4.27E”4 

3.27Eo( 

l.WEfx 

2”7E”5 

-Fir 

%3”E+w 

7.7”Etco 

7.7”E+(xI 

. . 

. . 

1.75II+@3 

4xwal 

. . 

. . 

. . 

. . 

A 

RfD 

. . 
2WE-05 

. . 

l.C@E+M 

4.wE.w 

3.colw4 

5.coE”3 

5.o”E”4 

S.W&“3 

3.ns02 

. . 

1.4”E”l 

S.WE”4 

7.WE”3 

INGESI?ON 
ICR 

3.4B”7 

l.xm5 

l.“i?-“6 

“.“EfW 

o.“B+w 

5.OEo6 

h9E-07 

“.OE+W 

““E+oO 

a”E+w 

“.“E+OO 

“.“E+OO 

“.oE+w 

“.OE+W 

8.3B06 

. . 

24E”S 

. 

9.1Eo3 

3.0~“2 

2SE”z 

9.3E”5 

26Eoz 

3.3Bcn 

7.~“3 

. 

23B03 

3.3&“3 

4.2E”3 

17Eo1 
L 

, 

PERCENT 
RISK 

4.12 

15.35 

121” 

0.00 

0.W 

60.09 

8.26 

aw 

0.00 

am 

aw 

0.03 

0.00 

0.00 

IcQ.00 

I PERCENT 

HAZARD 

0.00 

14.35 

aw 

5.38 

la,” 

16.48 

arm 

15.55 

19.63 

4.57 

0.W 

I.38 

1.98 

212 

103.00 



TABLE lx16 

FUTUREON-SITEADULTRIDBNTS 

DBRMAL CONTACI WITH SURFACE SOILS 

SITBICANDSSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YOF.KTOWN.YIRGINIA 

RELB”BNT EQUATIONS: 

DAD = DEFMALLY ABSORBED DOSE 

WHERE C5 = THE CHEMICAL CONCENTRATlON (mglKS) 

SA = THE EXFOSED SURFACE AREA OF THE SKIN (cm2) 

AF =THBDERMALADH@RENCEFA-R(mglcm2d) 

ABS = THE ABSORBED FRACTION (unitkar) 

EF = THE EKFOSURE FREQUBNCY(d/yr) 

ED = THE BKI’OSURE DURATION @can) 

CF = CONVERSION FACTOR (IO-6 Kelmd 

BW = THE AYERAGE RBCEF?OR BoDhEIGHT (KS) 

ATc = THEAVERAGINGTIME(7”ym r365d&) 

AT” =THEA”ERAGINGTlME(24yns365d&r) 

AD =ADJUSTMENTFORABSORBED DOSE(unitIe:s) 

l.WE-“1 

3.535m 

2sn3-01 

462E+“3 

awB+w 

6”SE+w 

3.4”Em 

9xE+w 

l.ZlE+M 

2wEtOZ 

3.11E+“2 

2388+02 

ICR = (DAD ’ CSF ADJ) CSF ADJ = CSF/AD 

HI=(DAD/RtDADJ) RfDADJ=RfD’AD 

T 
‘mglem2.d) 
L 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

1 

tir 

ia6Kghg 

l.WEW 

l.WBW 

LWB-“6 

l.WEW 

l.WEW 

LWEW 

l.WE”6 

l.WE-06 

l.WEC.6 

l.WE”6 

LWEW 

LWEW 

LWE”6 

LWE-06 

SA 

(d) 

53W 

53W 

SJW 

53w 

53w 

5300 

5300 

5300 

s3cm 

53w 

5300 

53W 

53w 

53w 

-ET 
(ahn) 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

35” 

ED 

&!L 

?A 
24 

24 

24 

24 

24 

24 

24 

2A 
24 

24 

24 

24 

24 

-Es- 

al 

0.O.S 

0.06 

a01 

0.01 

0.03 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

Bw 

(Kg) 

7” 

7” 

7” 

7” 

7” 

7” 

7” 

7” 

7” 

70 

7” 

7” 

7” 

70 

25550 

7.555” 

zSS5” 

2sSS” 
2555” 

zI55” 

2555” 

2555” 

25550 

2555” 

25SJ” 

2555” 

2.555” 

255s” 

DAD 

CARC 

-SE- AD CSFADl Rfl)ADJ DBRMAL bERMAL PERCENT ERCENI 

YONCARC (unitless) @Wk) b&-d) ICR HI RISK AZAR” I 

249EO7 7.26307 

5.27E”7 1.54E06 

4.18E-“7 1.2213-06 

1.65EO3 4.81B03 

27.7xc.S 446E-“6 

4.54306 1.32FF”5 

s.46Eos 247E.“7 

238lX.6 494B06 

3.WE05 8.76505 

5.1m”5 l.SlE-04 

7.75E-OS 226!xM 

5.93&“5 ,.73EM 

1.82E07 5.30507 

5.4”Ec.S 1.58E.05 

. 

“WE”1 

“SoEOl 

. 

. . 

9.5”E-“1 

6.M)&“1 

6.WE-“I 

. . 

5.WB.“2 

1.50E01 

A 

7.3”E+W 

8.6SBtW 

S.QE+W 

. 

. . 

l.S4E+W 

4.3”EtW 

. . 

. . 

1.78E”5 

l.wB+W 

4.WP.m 

285~“4 

5.WEO3 

3.3OBO4 

S.coE”3 

223302 

. . 

7.WEO3 

4,5”F,“5 

7.wIc”3 

1.8E-05 

4.6E.06 

3.~“6 

o.*I3+ w 

“.“E+ w 

84E06 

3.6F.-“7 

“.“E+W 

a”ECw 

“.“E+W 

“.OE+ 03 

“.“E+W 

“.“E+W 

“.“E+ W 

-YET 

. 
8.6EM 

4.8m3 

l..5E”2 

4.6EA2 

4.9EO5 

21~“2 

l.SE”2 

6.8BO3 

. 

25EoZ 

1.2E”2 

23B03 

24E-01 

9.7” 

24.36 

19.32 

0.00 

0.03 

44.67 

1.94 

0.00 

aw 

0.00 

0.w 

0.w 

0.w 

0.00 

36.30 

0.w 

2M 

6.79 

19.53 

0.02 

8.&z 

7.36 

286 

0.03 

10.39 

4.95 

0.95 

1w.w 

RASS.I&D.WQI 



TABLE L17 

FUTURE ON-SlTE RESIDENT ADULTS 

GROUNDWATER INGESTION EXPOSURE ASSESSMENT 

ORGANICS AND DISSOLVED INORGANICS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTQWN 

YORKTOWN, VIRGINIA 

Ingestion from drinkingwateris calculated as follows: 

CD1 (mgjkgday) = C l IR l EF * ED/BW l AT or ATnc 

ICR = CDI l CSF 

HI=CDI/RfD 

Where: 

C = contaminant concentration in water (mg/L) 

IR = adult daily water ingestion rate (Uday) 

EF = adult erposure frequency (days&) 

ED = adult exposure duration (yrs) 

BW = adult body weight (kg) 

ATc = averaging time for carcinogen (days) 

ATnc = averaging time for noncarcinogen (days) 

CSF = cancer slope factor (mgPrgday)-1 

RfD = reference dose (m&day) 

Note: In “ts are scenario 

Contaminant 

l,l-Dichlorocthcnc 

l&Dichlorobenze”e 

l,l-Dichlorcetbane 

, 

T~~ChlOC~tb~“~ 

1,/l-Tricbloroethane 

TliChl0r”&e”e 

Aldrln 

4,4’-DDT 

Antimony 

Arsenic 

Beryllium 

d sites ecific 

c‘3”ce”tlati0” 

WV 

l.17E-03 350 24 70 

2ooE-03 350 24 70 

680Eo4 350 24 70 

s.uIE-o4 350 24 70 

249E-03 350 24 70 

5.6oB-04 350 24 70 

3.00~05 350 24 70 

s.ooEos 350 24 70 

LOSE-02 350 24 70 

260&03 350 24 70 

200~04 350 24 70 

MCl”ga”CX I 5.00E02 350 24 70 

TOTAL 

Ingertion 
Rate 

0 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

&L 

File Name: RAGW-ID.WQl 

INPUTS 

Specific 

2 

350 

24 

70 

25550 

8760 

specific 

Specific 

Percent 

cart 

Risk 
- 

25550 10% 

25550 1% 

25550 0% 

25550 0% 

2.5550 0% 

25550 

~ 

0% 

2.5550 8% 

2.5550 0% 

2.5550 0% 

25550 68% 

2.5550 13% 

1 25550 __ 1 O.OE+OiI 0% 

‘otal ICR: 6.3BOS loo% 

LlOEOS 

1.8aE05 

6.39B.06 

4.98B-M 

234&05 

5.26E-06 

282EO7 

4.703-07 

l.OlEo4 

244E05 

l&E-O6 

4.70~04 

Ave Time NO”CXC Reference 

NO”CWC Dose Dose 

&X-S) &/kg-day) 0 

8760 

8760 

8760 

8760 

8760 

8760 

8760 

8760 

8760 

8760 

8760 

8760 1 

ntal WI. 

3.21%05 

S&E-05 

1.86EO5 

1.4SEOS 

6.82&05 

1.53EO5 

a22E-07 

1.3~06 

2%~04 

7.12F?05 

5.48~06 

1.37&03 

9.ooE-03 3.6503 

__ 

1.00E-01 

l.oOE-02 

9.ooE02 

l.lOE-02 

3.00s05 

5.00504 

4.oOEO4 

3.OOEO4 

s.ooE-03 

s.ooE-03 

NO”GXC 

Hazard 

Adult 
- 

__ 

1.9~04 

1.5503 

7.6504 

1.4E03 

2x02 

27EO3 

7.4EOl 

24%01 

1.1s03 

1 27E-01 J 21% 

1.3E+00 1rM-m 

Percent 
NO”WC 

Hazard 

0% 

090 

090 

0% 

0% 

0% 

2% 

0% 

57% 

18% 

0% 





TABLE L-19 

FIJTLJF.BONSITBRBSIDENTADULT 

EXPOSURE ASSESSMENT FOR THE INHALATION OF VOLATILE ORGANICS IN GROUNDWATBR 

SITE 16 AND SSA 16 

NAVAL WEAPONS ZXATION YORKTOWN 

YORKTOWN, VIRGINIA 

Intake from the inhalation of volatile organics is calculated as follows: 

Intake (m&-day) = (C l EF l ED l ET l IR)/(BW * ATc or ATnc) 

Risk = Intake l CSF or /RfD 

WtXCC: INPUTS 

C = contaminant concentration in air (mg/m3) Calculated 

CSF = carcinogenic slope factor Specific 

RfD = reference dose for noncarcinogen Specific 

IR = inhalation rate (m3/hr) 0.83 

EF = adult exposure frequency (days) 350 

ED = adult exposure duration (years) 24 

E?I = adult exposure time (ix/day) 0.2 

BW = adult body weight (kg) 70 

ATc = averaging time for carcinogen (days) 25550 

ATnc = averaging time for noncarcinogen (days) 8760 

Note: Inputs are scenario and site specific 

c!nncentration Expsure Inhalation Faposure Ekpsure Body Average cart Slope cart Percent Ave Time 

bglm3) Frequency Rate DllratiOll Time Weight CarcXme DOX Factor Risk cart NOIXXC 

Contaminant (eventdyr) (m3lday) Ivrs) (hr/day) (kg) (days) (mgikg/day) (m&g-day)-1 Adult Risk (days) 

l,l-Dichloroethene 1.54!z-o3 350 0.83 24 0.2 70 2.5550 1.2OB-06 1.75E01 21OE-07 100% 8.760 3.50~06 _- O.OOE+GU 0% 

l,l-Dichlorcethane 8SOE-04 350 0.83 24 0.2 70 25550 6.63E-07 o.ooE+oo 0% 8760 1.93BMi 1.43EOl 1.35E-05 5% 

Tettacbloroethene 5.40Eo4 350 0.83 24 0.2 70 25550 4.21507 202E-03 8.5OE10 0% 8760 1.23~06 - O.OOE+OO 0% 

l,l,l-TrIc41loroetbane 279E-03 350 0.83 24 0.2 70 2.5550 218EO6 .- O.oOE+OO 0% 8760 6.343-06 286EOl 222505 8% 

Ttichlorcethene 62oE-04 350 0.87 24 0.2 70 25550 4.83E07 __ 0.00E+OO 0% 8760 1.41E06 6.0X-03 235Ewl 81% 

1,4-Dichlorobenzene 1 2OOB-03 1 350 1 0.83 1 24 1 0.2 1 70 1 2.5550 1 1.56Eo6 1 __ 1 O.oOE+oO 1 0% 1 8760 4.55~06 229501 1.99E-OS 7% .- 

TOTAL /Total ICR: 21E07 100% 1 Total HI: 298.04 100% 

T 
NOllCCllT Reference NOIMCC 

DOSC DOSC Hazard 

(mg&/day) (m#k,eJday) Adult 

Percent 

NOiX%K 

Hazard 

FILENAME: RAGW-IH.WQl 



TABLE L-20 

FUTURE ON-SITE RESIDENT ADULT 

SURFACE WATER INGESTION EXPOSURE ASSESSMENT 

ORGANICS AND TOTAL INORGANICS 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Ingestion from drinkingwater is calculated as follows: 

CD1 @g/kg-day) = (C l IR * EF * ED)/(BW l ATc or ATn) 

ICR = CD1 * CSF 

HI=CDI/RfD 

Where: 

C = contaminant concentration in water (m&) 

IR = adult daily water ingestion rate (Uday) 

EF = adult exposure frequency (days&r) 

ED = adult exposure duration @rs) 

BW = adult body weight (kg) 

ATc = averaging time for carcinogen (days) 

ATn = averaging time for noncarcinogen (days) 

CSF = cancer slope factor (mghgday)-1 

RfD = reference dose @g&g-day) 

INPUTS 

Specific 

0.05 

45 

24 

70 

25550 

8760 

Specific 

Specific 

Note: Inputs are scenario and site specific 

Concentration Ingestion Exposure Exposure 

(WV Rate Frequency DUr&iOn 

Contaminant (L/day) (days/year) (years) 

Arsenic 290%03 0.05 45 24 

Manganese 3.74&01 0.05 4s 24 

TOTAL 

File Name: RASW-INT.WQl 

Body Ave Time CD1 Slope cm 

Weight cart cart Factor Risk 

(kg) (years) (m&g-day) (m&g-day)-1 Adult 

70 25550 8.76E08 1.758+00 lSE07 

70 25550 1.13E05 . . O.OE+OO 

Total ICR: lSE07 

Percent Ave Time CD1 Reference NO”WC Percent 

cart N0”C-W NO”CXC Dose Hazard NO”CXC 

Risk (years) (m&-day) (m&g-day) Adult Hazard 

100% 8760 2S5E-07 3.ooEo4 8.SE-04 11% 

0% 8760 3.29E.OS 5.ooE03 6.6EO3 8% 

100% Total HI: 7.4E-03 100% 



TABLE L-21 

FUTUREON-SITl3RESIDEADIJLTS 

SURFACE WATER DERMAL EXPOSURE ASSESSMENT 

ORGANICSANDTOTALINORGANICS 

SITB16ANDSSA16 

NAVALWE4PONSSTATIONYOP.KTOWN 

YOIKKIWX, VIRGINIA 

DAD (mpn;p-day) = (CW l SA ’ PC l m ’ EF l BD l CF)/(BW l ATc or ATo) 

ICR = DAD l CSF Adj CSF Adj = C-SF/AD 

HI = DAD,RfDAdj IUD Adj = RXD’AD 

Where: 

CW = coatamia*~tconoedration in wpter(mgll) 

SA = adult skia wrfice available for ~~ntacf (cm2) 

PC = cor&minnnt rpssifisdcrm*l pwmability(cmi5r) 

ET = adult upo,urs rim (bow/day) 

EP = ad”” exporw frequency (days&r) 

ED = adult cx~orure duration (yc.n) 

CF = volumetric sonuenioa factor for water (I%tcrll@3 cm3) 

BW = adult bodyweigbt (kg) 

ATc = rvsngbg time for urciiaogcn (days) 

ATn = mngiag time for noncarcinogen (days) 

AD = ndjwment forabrorbed doac (unitJew) 

INPUTS 

Specific 

33M 

Specific 

1 

43 

24 

aox 

70 

m30 

8760 

specific 

Note Inputs are site and rcenwio rpedfic 

c!acerItntion SUIfW2 DeIlT.*l l?spmue EkpmJ~ VOlUlUCttiC Body Avclime Absorbed DAD CSF care PeneM Ave lime DAD IUD Nonun P+X.Xnt 

WV E’ PM!& Co,lkt Time Frequency Ceumion Weight cars D.J.c cxc Adj Risk cat NOZlcpi-2 NOWUC Adj Hard Nooswc -. 

Cmtaminant (cmmr) ( houn/day) ( dqdyr) (ycm) (Urn,) (kg) (yam) (uaiflea) (m&-dry) (m@g.dry>l Adult Ri‘k (years) (mpns-day) (m#Xg-day) Adult Hazard 

Arsenic 2soBO3 suw) umA3 2 45 24 aca 70 2.5530 P3OEOl l.a6EM 1.84E+@l 3AEoS 10% 8760 5.41~08 285304 1.9EM *90 

M.lll,IW‘e 3.74B-01 3300 LWEo3 2 4s 24 awl 70 23530 S.WEo2 239~06 . . O.oE+OO m 87M) 6.98Btx 2sow4 2%02 wb 

TOTAL Total ICR: 3.4&08 100% Tots, HI: 2.8502 10346 

FILENAME; RASW-DRT.WQl 



TABLE L-22 

FUTURBON.SITBADULTRESIDENTS 

DBRMALCCNTACTANDINGESTIONOFSEDIMENTS 

SITB16ANDSSA16 

NAVAL WEAPONS STATION YORKTOW 

YORKTOWN, VIRGINIA 

RBLEVENT EQUATIONS: 

DAD = Dermslly Abwrbed Dose CDI = Chmnic Daily Intake 

DAD = (CS)(ABS)(AF)(SA)(EF)(ED)(CP)I(BW)(ATn or ATc) 

WHERE C.5 = THE CHEMICAL CCNCBNTRAHON @@KS) 

SA =THB~OSEDSURPACEAREAOPTHBSKIN(sm2) 

AF =THEDERMALADHBRENCEFACMR(m%cmZ.d) 

ABS = THE ABSORBED FRACTION (unitlus) 

EF = THE EKFOSURE FRBQUENCY (d&r) 

ED = THE FXFOSURBDUFATION (years) 

CF = CQNVBRSION FACIQR(l&6Kglmg) 

BW = THE AVERAGE RECEPTOR BODY WEIGHT (KS) 

ATe = THEAVERAGINGnMBOoVnx36Sdhn) 

AT6 = THE AVERAGING TIME (24ym x 36Sdh-r) 

AD = ADIUSTMBNT FOR ABSORBED DOSE (unittess) 

ICR =(DAD’CSFADJ) CSF AD1 = CSF/AD 

HI =(DAD/RfDADJ) NDADI =RfD’AD 

CDI = (CS)(IR)(CF)(EF)(ED),(BW)(ATn or ATc) 

WHERE CS = THECONCENTRATION IN SOlL(mgJKg) 

CF =THECoNVeRsIONFACMR(la6Kglmg) 

IR = THE INGESTION RATE (meld) 

EF = THE BKPOSURB FREQU&Y (d/yr) 

ED = THE EWOSURE DURATION (yr) 

EW = BODY WEIGHT (Kg) 

ATc = THE AVERAGING TIME (79jv I 36Sd,‘yr) 

ATn = THBAVBRAGINGTIME(24yrrx36Sd,‘yr) 

ICR = (CD1 * CSF) 

HI=(CDI/RfD) 

CQNSTITUENTS cs AF CF SA 

0% & 

ABS BW ATC ATn DAD DAD AD CSF ADJ RID AD, DERMAL DERMAL PERCENT PERCENT 

OWW (m&.m2.d) W6Ww) (4 VW (day0 (dryr) CARC NONCARC (unitkrr) VW/w) bWf%d) ICR HI RISK HAZARD 

Arodor.1260 3.29~02 1 1.coEc4 5300 45 ?A 0.06 70 2.5550 a769 631~09 La4E-08 awE S6SE+M . . 5.46508 -- 3.45 0.W 

AIuminum 1.49wn 1 l.CfJEO.5 5303 45 24 0.01 70 2SSSO 8760 4.7aEc-4 L39Bo3 -- - 1.@33+00 O.W3+CO 1.39E03 wl 122.5 

Amenis BlOE+oO 1 l.COEo6 5300 45 24 0.m 70 25.550 a760 7.7az307 227BJm 95oEOl 1.84EtW 285&04 1.43Bo6 7.96E.03 SQ.47 70.01 

BcrylIium 7.ooBOl 1 l.oOEC% 5399 45 7A a01 70 25550 8760 2.24E08 CS3Boa -- 4.30EtW s.wB-03 9.63~08 1.31EOS 608 0.1, 

hfs.5gmoae MOE+02 1 l.cmE66 3303 45 24 0.01 70 7.5550 a760 3.533-06 LO3EOS mlEo2 . . 7.ooI?-03 o.WEml 1.47B.03 0.W 1294 

Vknrdium 4.WB+01 1 l.cnlEo6 53ca 45 24 0.01 70 ZSSO a760 1.28Eo6 3.73Bo6 .- . . 7.cQE03 o.ME+oO 5.33Bc.4 0.00 4.69 

DERMAL. CQNTACI-ICTAL 1.6BC.5 1.14Bo2 1ca.w ,cYml 

ConltiNentl 

cs IR CF EF ED BW ATc ATn CD1 CD1 CSF IUD INGESTION INGESTION PERCENT PERCENT 

(mg&) md (l&6 K&g) (dm) (Yo (Kg) (days) (days) CARC NONWC ICR HI RISK HAZARD 

Am&r.1260 3.29~02 100 LOOE-96 45 24 70 2.5550 a769 1.99~99 5.79ECO 7.70ESa) .- 1SEoa -. l.45 0.03 

Aluminum 1.49iItw 1M l.COEo6 45 24 70 ZSSSO 8769 9.01Bo4 ZQB03 .. LCOEtC0 o.OE+M XII-03 0.00 30.72 

,Arseaic BlOEtM 103 LOOEM 45 24 70 25sso a760 489E07 1.43~06 1.7SEtW 3.03E-o4 a6E-07 (BE-03 81.29 ss.MI 

~BcrjIIium 7.coB-01 103 l.oOEo6 4s 24 70 25550 8.760 4.73Ec-3 1.23~07 4.3OE+o3 5.cQEO3 I.8807 UEOS 17.76 0.29 

Mnapacae LlOEtOZ lco 1.00E06 45 24 70 25550 8760 6.65Ec.5 1.94E-05 -- 1.4oE01 O.Oi%W 1.4~04 0.W 1.62 

Vonrdium 4.03F,t 01 loo 1.ME-M 45 24 70 72450 a760 242Js.06 7.0s~06 -- 7.00E03 O.OE+W LOEM 0.00 11.n 

INGRSTION TOTAL l.H?-06 8.6E.03 1W.W 1w.w 

RASD-D&I.WQI 



TABLE LW 

FUTURE ON-SITE ADULT CONSTRUCTION WORKER 

ACCIDENTAL INGESTION OF SUBSURFACE SOILS 

SlTE16ANDSSA16 

NAVAL WEAPONS STATION YORKTCWN 

YORKTOWN VIRGINIA 

RBLEVENT EQUATIONS: 

CD1 = CHRONIC DAILY INTAKE 

CD1 = (CS)(IR)(FI)(CF)(EF@3D)/(BW)(ATn or ATc) CD1 

C3 = THE CONCENTRATION IN SOIL (m&S) 

CF = THE MNVERSION FACTOR (196 Kglmg) 

PI = FRACTION INGESTED (uniticrs) 

IR = THE INGESTION RATB(mgld) 

EF = THE BKF’OSURE FREQUENCY (d&c) 

ED = THE EKFOSURE DURATION Q 

BW = BODY WEIGHT(Kg) 

ATc = THE AVERAGING TIME (70 I 365djy) 

ATn -THE AVERAGING TIME (1 x365d/y) 

ICR = (CD1 l CSF) 

HI = (CD1 / RfD) 

con‘tihlentl 

FI EF 

(d/y) 

ED BW AT4 AT6 INGESTION INGESITON CSF 

On1 (Kg) (day4 (dv) C.tRC NONCARC 

RID INGESTlOh 

ICR 

Aluminum 

Antimony 

Amcnis 

BokyIlium 

Ckmmium 

Mmgnere 

Vm*dium 

INGFSTION TOTAL 

1.34EcW 480 1 

9.20EtM 480 1 

l.o4E+Ol 4ao 1 

amE 4ao 1 

288EtOl 480 1 

1.27Eco2 4aa 1 

336B+o1 480 1 

250 1 70 25554 

2% 1 70 25sm 

2so 1 70 ?SSO 

250 1 70 25510 

2.50 1 70 mm 

zso 1 70 7.SSSO 

2SO 1 70 25550 

365 9.02Ew 

36s 6.17Eo7 

365 6.98%07 

365 5.37Eo3 

361 1.93~06 

365 am-06 

365 22xX6 

6.3,EM -- ,.00E+00 oIIE+W 

4.32&05 -- 4.@x?m O.OE+CQ 

4.88805 1.7mm 3.crJEW 1.2Ec.s 

3.7~06 4.3OECM mm-03 23807 

1.3SB94 .. S.WE03 o.oE+w 

5.9.sE-04 - 1.4oE01 O.O@+W 

1.5aEo.i -. 7Jxwo3 aOB+W 

l.SEc6 

CWSB-D&LWQl 

r 



TABLE L24 

FUTUREON-SD’EADULTCQNSTRUCTIONWOBKER 

DBRMALCONTACI WITH SUBSURFACE SOILS 

SITE16AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN VIRGINIA 

RELBVENT EQUATIONS: 

DAD = DERMALLY ABSORBED DOSE 

DAD = (CS)(SA)(AE)(ABS)(EF)(ED)(CF)/(BW)(ATn or ATc) 

WHERE CS = THE CHEMICAL CONCEEIRATION (m&9 

SA = THEEKPOSEDSURFACEAREAOPTHBSKIN(cm2) 

AF = THE DERMAL ADHERENCE FACTOR (mg/cmtd) 

ABS = THE ABSORBED FRACllON (uaillcra) 

EF =THEEKPOSURBFREQUENCY(~/~T) 

ED = THE EWOSURE DURATION (yeaa) 

CF = CONVERSION FACTQR(lO-6 Kglmg) 

BW = THE AVERAGE RECEI’TOR BODY WEIGHT (KS) 

ATc = THE AVERAGING TIME (70x 365dlyr) 

ATn = THE AVERAGING TIME (1 x 36Sd/yr) 

AD = ADJUSTMENT FOR ABSORBED DOSE (unitlers) 

ICR=(DAD*CSFADJ) CSF AD, = CSF,AD 

HI=(DAD/RfDADI) RfDADJ = RfD’AD 

CQNSTI-DJENTS cs AF CF SA EF BD ABS BW ATo ATn DERhfAL DBRMAL AD CSF AD, RfD AD1 DERMAL DERMAL PERCENT BERCENT 

m g) (m&mZd) (IO-6KglmK) ( ) sm2 (d&r) (yn) W (day4 (days) CARC NONCARC (unitleaa) (Kg-d/mS) (@Kg-d) ICR HI CARC IIAZARD 

Ahmirdm 1.34lMM 1 l.C@E06 43w 7SO 1 a01 70 2sSM 361 &!XEOS 5.6.5E03 -- . . l.oOE+W o.oI3tw 5.7!303 0.00 7.69 

Antimony 9.2OEfW 1 l.oOlPX 4300 220 1 0.01 70 25550 365 553B08 3.8~06 -- 4.00Ec4 O.OE+W 9.7E03 0.W 13.16 

Arsenic 

. 

1.043+Ol 1 l.CGEO6 43w 250 1 0.03 70 2.5550 365 LSSE-07 L31E05 9.50E01 L84Et00 285Eo-l 3.SE07 4.6Ea2 94.3s 6265 

Bclyhm 8.03E01 1 l.CGE-06 43w 2.50 1 0.01 70 25550 365 4.81!509 3.37E07 .- 4.30EtW S.c-3EO3 2.1Eoa 6.7Eos 5.65 0.03 

Chromium 2SSEtOl 1 LcoEc6 430 250 1 001 70 zssso 36s 1.73507 1.21BOS -- S.coEO3 o.o!3+w 24B03 aw 3.30 

Mmpnw 

. 

1.27Eca2 1 l.WE-06 4300 2.50 1 0.01 70 7.5550 365 7.~67 S.34EOS 5.03302 7.coElB O.OE+a) 7.6E03 0.w 10.37 

Vanadium 

. 

3.36Et 01 1 LcoEc6 43w 250 1 CL01 70 25sso 365 mm47 1.41EOS -- 7.03EO3 O.OE+M 20E03 0.00 27s 

DERMAL CONTACT TQTAL 3.x.07 7.4E02 1CQ.W lw.w 

CWSB-DBrLWQl 



TABLE L-25 

FUTURE ON-SHE ADULT CONSTRUCTION WORKER 

INHALATION OF FUGITIVE DUSTS IN SUBSURFACE SOBS DURING EXCAVATION ACTIVITIES 

SITE 16 AND SSA 16 

NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VlRGINlA 

CD1 (mgkgid)= (Ca*RR*mEF*ED)/(BW*AT) 

Where: Ca = Cs * (l/PEF) 

ICR = CD1 * CSFi 

HQ= CDI/RfDi 

Parameter 

CD1 

ICR 

CSFi 

HQ 

RfDi 

ch 

cs 

PEF 

RR 

ET 

EF 

,ED 

BW 

ATc 

ATn 

Description 

Chronic daily intake (mglkgld) 

Incremental lifetime cancer risk 

Inhalation cancer slope factor (l/(mg/kg/d)) 

Hazard quotient 

Inhalation reference dose (mgjkg/d) 

Concentration of chemical in air as fugitive 

dusts (mg/m3) 

Concentration of chemical in soil (mg/kg) 

Particulate emission factor (m3/kg) 

Respiration rate (m3/hr) 

Exposure time &s/d) 

Exposure Frequency (d/yr) 

Exposure Duration (yrs) 

Body weight (kg) 

Averaging time, carcinogens (d) 

Averaging time, noncarcinogens (d) 

Adult 

Construction Worker 

cs (Chemical Specific) 

a 

cs 

cs 

cs 

cs 

cs 

4.63Et09 

0.83 

8 

2.50 

1 

70 

25550 

365 

Parameter 

Carcinogens Noncarcinopas 

cs ca CSFi RfDi CD1 % Contrib. CD1 % Contrib. 

(mg/kg) (mg/m3) l/(mg&g/d) (mg/kp/a) (mg/kg/d) ICR Total ICR (mg/kg/d) HQ HI 

Ahlmhmm 

Antimony 

Arsenic 

Beryiiium 

Chromium 

Manganese 

Vanadium 

TOTAL 

1.34EtO4 29OE-06 -- - 27B09 O.OEtOO 0.0% 1.9E-07 __ __ 

9.20E+00 1.99E-09 -- __ 1.8E12 O.OE+OO 0.0% 1.3E-10 __ __ 

LO4EtOl 22.5509 1.51EtOl __ 21E12 3.1E-11 11.6% l.SE-10 __ __ 

8.OOE-01 1.73510 8.4OE+oo -- 1.6E-13 1.3E-12 0.5% l.lE-11 -_ __ 

282E+Ol 6.09E09 4.20E+Ol -_ 5.7E-12 2.4E-10 81.9% 4.OE10 -- __ 

1.27E+02 214E-08 -- 1.43E-05 25E-11 O.OE+OO 0.0% 1.8E-09 1.2%04 100.0% 

3.36Et 01 7.26B09 -- -_ 6.7B12 O.OE+OO 0.0% 4.7E-10 _- __ 

ICR: 27E-10 100.0% HI: 1.2E-04 100.0% 

NOTE.9 

_- Not available 

FILENAME: CWFDUST.WQl 
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