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EXECUTIVE SUMMARY

This technical memorandum presents a review and limited update of the human health risk assessment

(HHRA) of groundwater originally prepared in 1997 as part of the Remedial Investigation Report for

Site 1 - Privet Road Compound (TtNUS, 2002). The review identifies changes in the risk assessment

methodology since the 1997 HHRA was prepared and discusses, in general, the impact the changes

would have on the risk estimates presented in the 1997 HHRA. The review concentrates on the changes

in the methodology-for evaluating risks to hypothetical residents since these receptors were identified as

the critical receptors in the 1997 HHRA. Therefore, changes in risk assessment methodology and the

impact of these changes on the risk estimates for hypothetical residents hypothetically exposed to

groundwater are discussed in detail in the following subsections. In addition, the risk estimates for

hypothetical residents exposed to -groundwater are re-calculated following current risk assessment

guidance.

Review of 1997 HHRA Methodology Versus Current HHRA Methodology

The following items summarize the major differences between the 1997 HHRA methodology and the

methodology used to prepare the updated HHRA of groundwater:

-. The protocol used to select chemical of potential concern (COPC) for the updated HHRA is the same

as the protocol used in the 1997 HHRA and it considered current Region 3 risk-based concentrations

(RBCs) and USPEA Maximum Contaminant Levels (MCLs) in the toxicity screening used to select

COPCs. The list of copes evaluated in the updated HHRA includes all COPCsidentified in the J997

HHRA except beryllium; however, carbon tetrachloride and chloroform were added to the list of

COPCs.

• The most significant changes in the exposure assessment protocol (1997 versus current) are those

associated with the calculation of the exposure point concentration (EPC). EPCs calculated per

current methodology are higher for most COPCs than those calculated for the 1997 HHRA.

• Significant changes in toxicity criteria (i.e., reference doses, cancer slope factors) were noted for

beryllium and tetrachloroethene between the 1997 HHRA and the updated HHRA. Beryllium was

evaluated as a carcinogen in the 1997 HHRA. In 1998 USEPA withdrew the oral cancer slope factor

for beryllium and as a result beryllium is no longer evaluated as a carcinogen for the ingestion and

dermal contact exposure pathways. The cancer slope factor for tetrachloroethene increased by an

order of magnitude. As a result of these changes, the risk estimates in this updated HHRA are lower

than those presented in the 1997 HHRA.
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Updated Risk Estimates for Hypothetical Future Residents Exposed to Groundwater

Risk estimates for the hypothetical future resident exposed to groundwater were recalculated and

presented in this technical memorandum.

The cancer risk estimates for the hypothetical future lifelong resident under the RME scenario in this

evaluation (2x 10-4) are lower than those estimated in the 1997 HHRA (4 x 10-4) because of the

aforementioned changes in the toxicity criteria for beryllium. Arsenic and beryllium were the major

contrib~tors to the risk estimates presented in the 1997 HHRA while tetrachloroethene and arsenic were .

. the major contributors to the risk estimates in this updated HHRA. It should be ·noted that concentrations

of arsenic were less than the USEPA MCl while concentrations of tetrachloroethene exceeded the

USEPA MCL.

Target-organ specific non-cancer risk estimates (hazard i~dices [His]) calculated for both this evaluation

and the 1997 evaluation do not exceed 1 for the hypothetical future child and adult resident. These

results indicate that adverse non-carcinogenic health effects are not anticipated under the conditions

established for this HHRA. His for child and adult residents estimated in this evaluation are slightly lower

than those presented in the 1997 HHRA. The slight differences in the His between this evaluation and

those presented in the 1997 HHRA are a consequence of the changes in exposure assumptions,

exposure point concentrations, and toxicity criteria.
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1.0 INTRODUCTION

This technical memorandum presents a review and limited update of the human health risk assessment

(HHRA) of Site 1 groundwater originally prepared in 1997 as part of the Remediallnvestigatibn Report for

Site 1-Privet Road Compound (TtNUS, 2002). The review identifies changes in the risk assessment

methodology.since the 1997 HHRA was prepared and discusses, in general, the impact the changes

would have on the risks estimates presented in the 1997 HHRA. The review concentrates on the

changes in the methodology for evaluating risks to hypothetical residents since these receptors were

identified as the critical receptors in the 1997 HHRA. Therefore, changes in risk assessment

methodology and the impact of these changes on the risk estimates for hypothetical residents

hypothetically exposed to groundwater are discussed in detail in the following subsections. In addition,

the risk estimates for hypothetical residents exposed to groundwater are re-calculated following current

risk assessment guidance.
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•

2.0 REVIEW OF THE 1997 RISK ASSESSMENT

The 1997 HHRA for groundwater at Site 1 was reviewed to evaluate if the use of current risk assessment

methodology (versus the methodology available in 1997) would significantly impact the risk assessment

results presented in the 1-997 HHRA For example, after the 1997 HHRA was prepared the USEPA

extensively revised the guidance for evaluating the dermal route ~f exposure (USEPA, 2004a) and for

calculating exposure point concentrations (EPCs) (USEPA, 2002a; Singh et. aI., 2004). In addition,

USEPA updated some of the toxicity criteria (Reference Doses [RfDs] and cancer slope factors [CSFsj)

used in quantitative risk assessment and the toxicity screening criteria used to seiect the chemicals of

potential concern (COPCs). The impacts of these changes on the risks estimates presented inthe 1997

HHRA are discussed below.

2.1 TOXICITY SCREENING CRITERIA AND SELECTION OF COPCS

USEPA Region 3 Risk-Based Concentrations (RBCs) available in 1997 were used as the basis of the

COPC toxicity screening levels in the 1997 HHRA USEPA Region 3 updates its RBC table twice. a year;

consequently the RBC table has undergone numerous revisions since the 1997 HHRA An updated

COPC selection table for groundwater is presented in Attachment A USEPA Region 3 RBCs (USEPA,

2005a) for tap water and USEPA MCLs (USEPA, 2004b) were used to select COPCs for gro~ndwater. A

chemical was retained as a COPC in groundwater if the maximum detected concentration exceeded the

lesser of the USEPA Region 3 RBC and USEPA MCL. No background groundwater samples were

collected at Site 1; consequently chemicals were not eliminated as COPCs based on a comparison of site

concentrations to background concentrations.

Tetrachloroethene, trichloroethene, arsenic, barium, beryllium, lead, and manganese were retained as

COPCs for groundwater in the 1997 HHRA for Site 1. Table 2.1 in Attachment A.presents the updated

COPC selection table for direct contact exposures to groundwater. The following chemicals were

detected in groundwater at maximum concentrations exceeding. toxicity screening .levels based on the

current USEPA Region 3 RBCs for tap water and current USEPA MCLs and were selected as COPCs for

groundwater at Site 1.

• VOCs [carbon tetrachloride, chloroform, tetrachloroethene, and trichloroethene]

• Inorganics [arsenic, barium, chromium, lead, and manganese]

Concentrations of carbon tetrachloride, chloroform, arsenic, .barium, chromium, and manganese

exceeded the USEPA Region 3 RBCs but were less than the USEPA MCLs.

UDOCUMENTS/NAVY/2192/19410 2-1 CTO-003



2.2 EXPOSURE FACTOR ASSUMPTIONS

Tables 1 through 4 present a comparison of the exposure assumptions for child residents and adult

residents used in the 1997 HHRA versus those currently recommended by USEPA guidclnce. The most

significant change in the exposure assumptions are those used to evaluate the dermal route of exposure.

The exposure assumptions used in the 1997 HHRA were based on recommendations provided in·

USEPA's Dermal Exposure Assessment: Principles and Applications, January 1992 and USEPA Region·

3's Assessing Dermal ~ontact with Soil, December 1995. The updated dermal exposure assumptions

are based on recommendations in USEPA's Supplemental Guidance for Dermal Risk Assessment, July .

. 2004 and USEPA Region 3's Updated Dermal Exposure Assessment Guidance, June 2003.

In the 1997 HHRA, the surface area (SA) for the child resident was a weighted value calculated for the

exposure duration of the receptor (743.8 cm 2-yr/kg). The current guidance recommends a value of 6,600

cm2 as the total body surface area of a child. For the adult resident, a SA of 18,150 cm2 was used for the

total body ·surface area in the 1997 HHRA. Current guidance recommends a value of 18,000 cm2 for the

total body surface area.

The -eqllationsused- to estimate the -absorbed dose per event (DAever~;r for organics have been updated

since the 1997 HHRA was prepared. The most significant change to the equations is the addition of a

fraction absorbed (FA) term to the equations. This term accounts for the slow absorption rates of high

molecular weight chemicals. For the chemicals retained as COPCs in groundwater in the 1997 HHRA, all

have a FA equal to 1. Consequently, the absorbed doses for dermal contact with groundwater calculated

using the new dermal guidance would not be significantly different than those calculated using the old

dermal guidance.

The 1997 HHRA did not evaluate the child resident for risks from inhalation exposures to chemicals

volatilizing from groundwater. Current guidance recommends evaluating the inhalation pathway for both

child and adult residents. Consequently, the evaluation of the inhalation pathway for both child and adult

residents results in higher inhalation pathway risks for the lifelong resident.

2.3 TOXICITY VALUES

Tables 5 and 6 present a comparison of the RfDs and CSFs used in the 1997 HHRA versus current

values. Significant changes in oral and/or inhalation toxicity values are noted for trichloroethene,

tetrachloroethene, and beryllium.
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Toxicity criteria for trichloroethene are not currently published on the U.S. EPA's Integrated Risk

Information System (IRIS) database. The 1997 HHRA was prepared using a provisional oral RfD and

inhalation CSF and a withdrawn oral CSF for trichloroethene. The USEPA has published draft toxicity

. values based on the USEPA's Trichloroethylene Health Risk· Assessment:' Synthesis and

Characterization (USEPA, 2001a).· However, these values are still undergoing peer review. The toxicity

criteria developed by the California EPA (CA EPA, 2002) were used for trichloroethene in this updated

HHRA because the draft USEPA /criteria have not been finalized. The current CA EPA oral RfD for·

trichloroethene is 0.5 mg/kg/day; the oral RfD used in the 1997 HHRA was 0.006 mg/kg/day. Previously

an inhalation RfD was not available for trichloroethene, however, the currentCA EPA published value is

0.17 mg/kg/day. For noncarcinogenic exposures, these changes in toxicity values result in higher non­

cancer risk estimates for trichloroethene exposure via inhalation. and lower risk estimates for

trichloroethene exposure via ingestion .and dermal contact. The current oral and inhalation CA EPA CSFs
. .

for trichloroethene are 0.013 (mg/kg/dayr1 and 0.007 (mg/kg/dayr1
, respectively. The oral and inhalation

CSFs used in the 1997 HHRA were 0.011 (mg/kg/dayr1 and 0.006 (mg/kg/dayr1,respectively. Overall

these changes do not significantly impact the risk estimates presented for trichloroethene in the 1997

HHRA.

Beryllium was evaluated as a carcinogen via the oral and dermal routes of exposure in the 1997 HHRA.

However, in 1998 USEPA withdrew the oral cancer slope factor for beryllium and, as a result,the EPA

Region 3 RBC for tap water increased significantly. Consequently, beryllium was not selected as a COPC

for this updated HHRA. An inhalation RfD of 0.000057 mg/kg/day is also now available for beryllium

(USEPA, 2005b). How'ever, beryllium is not a volatile chemical; the availability of an inhalation RfD has

no impact on the HHRA evaluation of beryllium concentrations in groundwater.

The oral·CSF ·for tetrachloroethene was revised from 0.052 (mg/kg/dayr1 to 0.54 (mg/day/dayr1
, and the

inhalation CSF has changed from 0.002 (mg/day/dayr1 to 0.02 (mg/day/dayr 1
. Also an inhalation RfD of

0.14 mg/kg/day is now available for tetrachloroethene (USEPA, 2005a). Consequently,. cancer and non­

cancer risk estimates for tetrachloroethene presented in this updated HHRA exceed those presented in

the 1997 HHRA, in part because of these changes.

The RfD for hexavalent chromium has changed; the oral RfD was revised from 0.005 mg/kg/day to

0.003 mg/kg/day (USEPA, 2005b). In addition, the recommended oral absorption efficiency for

. hexavalent chromium was revised from 0.01 to 0.025 (USEPA, 2004a) which results in the new dermal

RfD of 0.000075 mg/kg/day. Also an inhalation RfD of 0.00003 mg/kg/day is now available for hexavalent

chromium (USEPA, 2005b). These changes indicate that chromium .is considered slightly more toxic for

exposures via the incidental ingestion and inhalation routes of exposure and slightly less toxic via the

dermal contact route of exposure than previously determined. Overall these changes do not significantly
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impact the risk estimates presented for chromium in the 1997 HHRA. Chromium is not a volatile chemical;

the availability of an inhalation RfD has no impact on the HHRA evaluation of chromium concentrations in

groundwater.

The recommended oral absorption efficiency values for arsenic, barium, and manganese have also been

changed resulting in the revised dermal toxicity values presented in Tables 5 and 6. However, only the

changes presented for the dermal values for manganese are significant.

2.4 METHODOLOGY USED TO ESTIMATE EXPOSURE POINT CONCENTRATIONS

Exposure point concentrations (EPCs) in the 1997 HHRA were calculated following USEPA's

Supplemental Guidance to Risk Assessment Guidance for Superfund (RAGS): Calculating the

Concentration Term (USEPA, 1992b). In accordance with this guidance the Student-t upper confidence

limit (UCL) was used as the EPC if the data was normally distributed and theH-statistic based UCL'

. (H-UCL) was used as the EPC if the data was lognormally distributed. If the distribution ofthe data could

not be determined then the data was assumed to be lognormally distributed and the H-UCL was selected

as the EPC. USEPA has updated the guidance for calculating EPCs (USEPA, 2002a; Singh et. aI.,

. 2004).. The updated guidance continues to recommend the Student-t UCL for normally distributed data

and the H-UCL for lognormally distributed data but also includes EPC recommendations for data that

follow a gamma distribution and for cases where the data distribution can not be determined (Le., the non

parametric case). Table 7 presents a comparison of the EPCs presented in the 1997HHRA, calculated

in accordance with the old EPC guidance, and the EPCs calculated following the new EPC guidance.

The EPCs for tetrachloroethene, trichloroethene, and arsenic calculated according to the new EPC

guidance are higher than the values calculated using the old guidance. The EPCs for lead and

manganese calculated according to the new EPC guidance are lower than the values calculated using the

old guidance.
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3.0 UPDATED RISK CHARACTERIZATION

The cancer risks and hazard indices were recalculated for child residents and adult residents exposed to

groundwater incorporating the changes in risk assessment methodology and exposure assumptions

discussed in Section 2. Incremental lifetime cancer risks (ILCRs) and hazard indices (His) under the

RME and CTE scenarios are summarized in Tables 8 and 9. The results of the risk assessment in RAGS

Part D format (USEPA, 2001 b) are included in Attachment A and sample calculations are included in

Attachment B.

3.1 NONCARCINOGENIC RISKS -

The HI for adult residents (HI = 1) exposed to the COPCs in groundwater under the RME scenario is

equal to the acceptable level of 1. The HI for child residents exposed to COPCs in groundwater (HI = 3)

under the RME scenario exceeded unity although the His for the individual target organs were all less

. than or equal to unity.

The HI for adult residents (HI =0.6) exposed to groundwater under the CTE scenario is less than the

acceptable-level of 1;· The HI for··child residents exposed to groundwater (HI = 2) under the CTEscenario

exceeded unity although the HQs for the individual target organs were all less than unity.

These results indicate that' adverse non-carcinogenic health effects are not anticipated under the

conditions considered in the exposure assessment. .

3.2 . CARCINOGENIC RISKS

The ILCRunder the RME for child residents (ILCR =8 x 10-5
) is within USEPA's target risk range of 10-4

to 10-6 while the ILCR for adult residents (ILCR =1 x 10-4) is equal to the upper bound of the target risk

range.. The ILCR for lifelong residents (ILCR -= 2 x 10-4) exceeds the target risk range. Arsenic

(ILCR =5 x 10-5
) and tetrachloroethene (ILCR = 1 x 10-4) are the major contributors to the ILCRs for

lifelong residents.

ILCRs for the child resident (ILCR =2 x 10-\ adult resident (ILCR =2 x 10-\ and lifelong resident

(4 x 10.5) under the CTE scenario are within the USEPA's target risk range of 10-4 to 10-6
.

It should be noted that concentrations of arsenic were less than the USEPA MCL while concentrations of

tetrachloroethene exceeded the USEPA MCL.
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3.3 RISKS FROM LEAD

Lead was identified a~ a COPC in groundwater at Site 1. The maximum detected concentration of lead in

groundwater (18 Ilg/L) exceeded the 15 IJg/L Federal Action Level promulgated under the Safe Drinking

Water Act.

Hypothetical future residential exposures to lead in groundwater were evaluated using the JEUBK lead

model (USEPA, 2002b). As recommended by the IEUBK model, the average lead concentration of

21.3 mg/kg in surface soil and 2.57 IJg/L in groundwater were .used as the EPCs. Default values were

used for the rest of the model input parameters. IEUBK model outputs are included in Attachment C.

The lead concentrations of 21.3 mg/kg in surface soil and 2.57 IJg/L in groundwater results in 0.007

percent of hypothetical child residents having a blood lead level greater than 10 IJg/dL and results in a

geometric mean blood lead level of 1.7 IJg/dL. These lead modeling results do not exceed the USEPA

goal as described in the 1994 OSWER Directive of no more than· 5 percent of children exceeding a

10 IJg/dL blood lead level.

3.4 COMPARISON OF RESULTS

Table 10 presents a comparison of the cancer risks and hazard indices from the 1997 HHRA and those

calculated in this evaluation. ILCRs for lifelong residents are lower in this evaluation (ILCR =2 x 10-4) as

compared to those estimated in the 1997 HHRA (ILCR =4 x 10-4); The main reason for the decrease in

the ILCR is the changes inthetoxicity criteria for beryllium. Beryllium was evaluated as a carcinogen in

the 1997 HHRA. In 1998 USEPA withdrew the oral cancer slope factor for beryllium and as a result·

beryllium is no longer evaluated as a carcinogen for the ingestion and dermal contact exposure pathways.

Beryllium was not selected as a cope for this updated HHRA.

His for child and adult residents estimated in this evaluation are slightly lower than those presented in the

1997 HHRA. The slight differences in the His between this evaluation and those presented in the 1997

.. HHRA are a consequence of the changes in exposure assumptions, exposure point concentrations, and

toxicity criteria:

3.5 UNCERTAINTY ASSOCIATED WITH TOXICITY CRITERIA FOR TRICHLOROETHENE

As noted in Section 2.3, toxicity criteria (Le., RfDs, CSFs) for trichloroethene are not currently published

on the USEPA's IRIS database or in. USEPA's Health Effects Assessment Summary Tables (HEAST)..

The toxicity criteria developed by the California EPA (CA EPA, 2002) were used to· evaluate

trichloroethene in this risk assessment because theUSEPA draft toxicity values published in a recent
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technical document (USEPA, 2001a) are currently undergoing peer review. A range of CSFs

[0.02-0.4 (mg/kg/dayr1j, as opposed to a single recommended value, is presented in this recent draft

guidance. The draft CSFs are 2 to 30 times higher than the CA EPA CSF [0.013 (mg/kg/dayr1j. The

draft oral RfD is 0.0003 mg/kg/day as compared to the CA EPA RfD of 0.5 mg/kg/day. ILCRs and His for

exposures to trichloroethene in groundwater under the RME and CTE scenarios were within acceptable

levels (Le., did not exceed the upper bound of the USEPA target cancer risk range or an HI of 1) for

hypothetical child and adult residents evaluated using the CA EPA toxicity criteria. For exposures to

trichloroethene in groundwater under the RME scenario, ILCRs for hypothetical lifelong residents and His

for hypothetical child and adult residents would exceed acceptable levels if the upper range of the draft

USEPA toxicity values were used in the calculations. Under the CTE scenario, the HI for the hypothetical

child resident would exceed acceptable levels while the ILCR for hypothetical lifelong residents and HI for

hypothetical adult residents would be within acceptable levels if the upper range of the draft USEPA

toxicity values were used in the calculations.
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TABLE 1
COMPARISON OF EXPOSURE ASSUMPTIONS

CHILD RESIDENTS EXPOSED TO GROUNDWATER· REASONABLE MAXIMUM EXPOSURES
SITE 1 - PRIVET ROAD COMPOUND

NASJRB WILLOW GROVE, PENNSYLVANIA

Professional
Jud ment

Professional
Jud ment

Rationale/
Reference

USEPA, 1991

USEPA, 1989

USEPA,2004

USEPA,1989
USEPA,1991

USEPA,1989

USEPA,2004
USEPA, 2004
USEPA 2004

USEPA 1991

USEPA,1989
USEPA, 1991

USEPA,1991

USEPA,1989
USEPA,1991

USEPA,1989
USEPA, 1991

USEPA, 1989
USEPA,1989

USEPA,1989
Foster &

Chrostowski
1987

USEPA,1991
USEPA,1989
USEPA,1991
USEPA,1989
USEPA,1991
USEPA, 1989
USEPA, 1989

1

15

6

6

15

350

350

2190

New
Value

2190

25550

25550

0.6

0.017

15

20
• 0 •

00

350

6

15

25550
2190

USEPA 1991

USEPA 1989

Rationale/
Reference

USEPA 1989

USEPA, 1991

USEPA,1989
USEPA,1991

USEPA,1989
USEPA,1991

USEPA,1992

USEPA 1992
USEPA 1992
USEPA,1991
USEPA,1989
USEPA,1991
USEPA,1989
USEPA,1991

USEPA,1989
USEPA,1989

USEPA,1989

Not Evaluated

6

15

2190
25550

Exposure Duration (years)

Total Time in Bathroom (min)Dt

Os Shower Duration (min)

IR

Ra Air Exchange Rate (1/min)

BW Body Weight (kg)

EF

ED Exposure Duration (years)

BW Body Weight (kg)

AT-C
AT-N

AT-C
AT-N

Parameter Paraineter Definition Old
Code Value(l)

In estion

IR-GW Ingestion Rate of Groundwater (Uday)

EF 350

ED Exposure Duration (years) 6

BW Body Weight (kg) 15

AT-C 25550
2190

Inhalation

Notes: ,
1 - Old values are from the Remedial Investigation Report for Site 2 Antenna Field Landfill, October 2004, Table 3-24.
Foster, SA and P.C. Chrostowski, 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower.
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN540/1-86/060.
USEPA, 1991: Huma'n Health Evaluation Manual, Supplemental Guidance: Standard ,Default Exposure Factors.

OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1997: Exposure Factors Handbook. EPN600/8-95/002FA.
USEPA, 2002: Supplement Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (part E, Supplemental Guidance for Dermal Risk Assessment) Final.

EPN540/Rl99/005.
. "

Values that have changed from the previous HHRA are shaded.
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TABLE 2
COMPARISON OF EXPOSURE ASSUMPTIONS

CHILD RESIDENTS EXPOSED TO GROUNDWATER - CENTRAL TENDENCY EXPOSURES
SITE 1 - PRIVET ROAD COMPOUND

NASJRB WILLOW GROVE, PENNSYLVANIA

USEPA 1989

Rationale/
Reference

USEPA,2004
USEPA,2004
USEPA 2004

USEPA,1989
USEPA,1991

USEPA 1991

USEPA,1989
USEPA,1991

USEPA,1989
USEPA, 1991

USEPA,1991

USEPA 1989

USEPA,1997

.USEPA, 2004

15

2

2

0.7

350

730

350

New
Value

25550

USEPA,1989
USEPA, 1991

USEPA 1989

USEPA, 1991

USEPA,1991

USEPA,1989
USEPA,1991

Rationale/
Reference

USEPA 1989

USEPA,1992

USEPA 1992

USEPA,1989
USEPA 1992

USEPA, 1991
USEPA,1989
USEPA,1991

2ED Exposure Duration (years)

Parameter Parameter Definition Old
Code Value!l)

In estion

IR-GW 0.7

EF 350

ED Exposure Duration (years) 2

BW Body Weight (kg) 15

AT-C 25550
730

Professi.onal
Jud ment

Professional
Jud ment

USEPA,1989
USEPA,1991
USEPA,1989

USEPA,1989
Foster &

Chrostowski
1987

USEPA,1989

USEPA,1991
USEPA,1989
USEPA,1991
USEPA,1989
USEPA,1991
USEPA,1989
USEPA,1989

15

730
25550

USEPA, 1989
USEPA, 1989

USEPA,1989
USEPA,1991

15

730
25550

IR

BW Body Weight (kg)

Ra Air Exchange Rate (1/min)

Os Shower Duration (min)

Dt Not Evaluated

EF

ED Exposure Duration (years)

BW Body Weight (kg)

AT-C
AT-N

AT-C
AT-N

Inhalation

Notes:
1 - Old values are from the Remedial Investigation Report for Site 2 Antenna Field Landfill, October 2004, Table 3-25.
Foster, SA and P.C. Chrostowski, 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower.
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPA/540/1-86/060.
USEPA; 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.

. OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 1997: Exposure Fadors Handbook. EPAJ600/8-95/002FA.
USEPA, 2002: Supplement Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.

EPA/540/Rl99/005.

Values that have changed from the previous HHRA are shaded.
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TABLE 3
COMPARISON OF EXPOSURE ASSUMPTIONS

ADULT RESIDENTS EXPOSED TO GROUNDWATER - REASONABLE MAXIMUM EXPOSURES
SITE 1 - PRIVET ROAD COMPOUND

NASJRB WILLOW GROVE, PENNSYLVANIA

Parameter
Code

Parameter Definition Old
Value(1

)

Rationale/
Reference

New
Value

Rationale/
Reference'

In estion

USEPA,1989
USEPA,1991

USEPA,1989
USEPA, 1991

USEPA,1989

Professional
Jud ment

USEPA,2004

USEPA 1989

USEPA 1991

USEPA,1989
USEPA,1991

USEPA, 1991 .

USEPA,1989
USEPA,1991

USEPA,2004
USEPA,2004
USEPA 2004

Professional
Jud ment

USEPA 1989

USEPA,1989

USEPA,1989
Foster &

.Chrostowski
1987

USEPA,1991
USEPA,1989
USEPA,1991

USEPA,1991

USEPA 1989
USEPA,1989

USEPA,1989
USEPA,1991

2

350

70

70

24

24

15

24

350

70

8760

350

25550

0.017

8760

. 20

25550

25550

USEPA,1991

USEPA,1991
USEPA,1989
USEPA, 1991

USEPA,1989

USEPA 1992

USEPA, 1989
USEPA,1991

USEPA,1989
USEPA, 1991
USEPA 1989
USEPA 1989

USEPA,1989

USEPA,1989
USEPA, 1991

USEPA,1992
USEPA,1989
USEPA,.1992

Professional
Jud ment

USEPA,1991

Professional
Jud ment

USEPA,1989
Foster &

Chrostowski .
1987

USEPA,1989
USEPA, 1991

USEPA,1991

USEPA,1989
USEPA,1991

USEPA,1989
USEPA,1989

2

350

24

15

24

20

70

24

70

70

8760

350

0.83

8760

25550

0.017

25550

8760
25550

Body Weight (kg)

ED Exposure Duration (years)

EF

IR-GW

ED Exposure Duration (years)

BW Body Weight (kg)

AT-C
AT-N

Inhalation
IR

Ra Air Exchange Rate (lImin)

Os Shower Duration (min)

Dt Total Time in Bathroom (min)

EF

ED Exposure Duration (years)

BW Body Weight (kg)

AT-C Avera
AT-N Avera

Notes:
1 - Old values are from the Remedial Investigation Report for Site 2 Antenna Field Landfill, October 2004, Table 3-24.
Foster, SA and P.C. Chrostowski, 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower.
USEPA, 1989: Risk Assessment Guidance for Superfund. Vol.1: Human Health Evaluation Manual, Part A. EPAl540/1-86/060.
USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors..

OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 2002: Supplement Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.

EPA1540IRl99/005.

Values that have changed from the previous HHRA are shaded.
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TABLE 4
COMPARISON OF EXPOSURE ASSUMPTIONS

ADULT RESIDENTS EXPOSED TO GROUNDWATER - CENTRAL TENDENCY EXPOSURES
SITE 1 - PRIVET ROAD COMPOUND

NASJRB WILLOW GROVE, PENNSYLVANIA

Rationale/ New Rationale/
Reference Value Reference

USEPA,1991 1.4 USEPA,1991

USEPA,1991 350 USEPA 1991
USEPA,1989

7
USEPA,1989

USEPA, 1991 USEPA,1991
USEPA,1989

70
USEPA,1989

USEPA,1991 USEPA, 1991
USEPA,1989 25550 USEPA 1989
USEPA 1989 2555 USEPA 1989

USEPA,1992 USEPA,2004
USEPA,1989 USEPA,2004
USEPA 1992 1 USEPA 2004
USEPA 1992 0.25 USEPA,2004
USEPA,1991 350 USEPA,1991
USEPA,1989

7 USEPA,1989
. USEPA,1991 USEPA,1991

USEPA,1989
70

USEPA,1989
USEPA,.1991 USEPA,1991
USEPA,1989 25550 USEPA,1989
USEPA,1989 2555 USEPA,1989

USEPA,.1989 I. USEPA,1989
Foster & Foster &

Chrostowski 0.017 Chrostowski
1987 1987

Professional
15

Professional
Jud ment Jud ment

Professional
20

Professional
Jud ment Jud ment

USEPA,1991 350 USEPA,1991
USEPA,1989

7
USEPA,1989

USEPA, 1991 USEPA,1991
USEPA,1989

70
USEPA,1989

USEPA,1991 USEPA,1991
USEPA,1989 25550 USEPA,1989
USEPA,1989 . 2555 USEPA,1989

15

7

7

70

20

70

0.83

350

2555

0.017

25550

2555
25550

IR

ED Exposure Duration (years)

Dt Total Time in Bathroom (min)

Os Shower Duration (min)

Ra Air Exchange Rate (1/min)

BW Body Weight (kg)

EF

ED Exposure Duration (years)

BW Body Weight (kg)

AT-N
AT-C

AT-C
AT-N

Parameter Parameter Definition Old
Code Value(1)

In estion

IR-GW Ingestion Rate of Groundwater (Uday) 1.4

EF 350

ED Exposure Duration (years) 7

Body Weight (kg) 70

25550
2555

Inhalation

Notes:
1 - Old values are from the Remedial Investigation Report for Site 2 Antenna Field Landfill, October 2004, Table 3-25.
Foster, SA and P.C. Chrostowski, 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower.
USEPA, '1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A EPAl540/1-86/060.
USEPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors.

OSWER Directive 9285.6-03.
USEPA, 1992: Supplemental Guidance to RAGS: Calculating the Concentration Term. PB92-963373.
USEPA, 2002: Supplement Guidance for Developing Soil'Screening Levels for Superfund Sites. OSWER 9355.4-24.
USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.

EPAl540/RJ99/005.

Values that have changed from the previous HHRA are shaded.
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TABLE 5
I

COMPARISON OF REFERENCE DOSES
SITE 1 - PRIVET ROAD COMPOUND

I'
NASJRB WILLOW, GROVE PENNSYLVANIA

, ;1

NA
NA

1.4E-05 I

1.4E-01 E
1.7E-01 CA

1 ·1 1.0E-02 I 1.0E-02 NA
1 ' 1 6.0E-03 E 6.0E-03 NA

0.95 3.0E-04 I 3.16E-04 NA
1 7.0E-02 I 7.0E-02 1.43E-04 A

0.01 5.0E-03 I 5.0E-01 NA
0.01 5.0E-03 I 5.0E-01 NA

1 NA NA NA
1 2.3E-02 I 2.3E-02 NA

1 1.4E-01 I 1.4E-01 . 1.43E-05 I

Notes:
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPA/540/R/99/005.
2 - Adjusted dermal RfD = Oral RfD xOral Absorption Efficiency for Dermal.

CA =California EPA, Technical Support Document for Describing Available Cancer Potency Factors, December 2002.

E = NCEA Provisional value.
I = Integrated Risk Information System (IRIS), June 2005.

Values that have changed from the previous HHRA are shaded.
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TABLE 6
COMPAmSON OF CANCER SLOPE FACTORS

SITE 1 - PRIVET ROAD C;OMPOUND .
NASJRB WILLOW, GROVE PENNSYLVANIA

1.5E+01 I
NA

8.4E+00 I
4.2E+01 I

NA
NA
NA

1.5E+01 I
NA

8.4E+00 I
4.2E+01 I

NA
NA
NA

Notes: . .
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPAl540/R/99/005.
2 - Adjusted cancer slope factor for dermal = Oral cancer slope factor xOral Absorption Efficiency for Dermal. .
3 - U.S. EPA, Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons, July 1993, EPAl600/R-93/089.
4 - U.S. EPA, PCBs: Cancer Dose-Response Assessment and Applications to Environmental Mixtures, September 1996, EPAl600/P-96/001 F.

I

CA = California EPA, Technical Support Document for Describing Available Cancer Potency Factors, December 2002.

E = NCEA Provisional value.
I = Integrated Risk Information System (IRIS), June 2005..
W =Withdrawn from IRIS or HEAST.

Values that have changed from the previous HHRA are shaded.
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TABLE 7
COMPARISON OF EXPOSURE POINT CONCENTRATIONS

SITE 1 - PRIVET ROAD COMPOUND
NASJRB WILLOW, GROVE PENNSYLVANIA

Exposure Point Concentrations
Chemical Old New

Value(1) Value(2)

Carbon Tetrachloride NA 5.74(5)

Chloroform NA 5.78(5)

Tetrachloroethene 7.49(4) 11.7(5)

Trichloroethene 11.1 (4) 22.4(6)

Arsenic 1.95(4) 2.35(5)

Barium 287(4) 221 (7)

Chromium NA 8.18(5)

Lead 5.85(4) 2.57(8)

ManQanese 981(4) . 362(9)

Notes:
All concentrations are in ug/L.
NA - This chemical was not identified as a COPC in the previous

risk assessment.
1 ~ Olcf,ii:llues' are from the Remediciflnvestigation Rep'ortfor Site 1 ­

Privet Road Compound, February 2002, AppendiX J.
2 - Calculated according to USEPA, 2002: Calculating Upper Confidence

Limits for Exposure Point Concentrations at Hazardous Waste Sites.
3 - Maximum detected concentration..
4 - Land's H-UCL.
5 - 95% Chebyshev(Mean, Std) UCL.
6 - 99% Chebyshev(Mean, Std) UCL.
7 - Approximate Gamma 95% UCL.

. 8 - Arithmetic mean.
9 - Adjusted Gamma 95% UCL.
UCL= Upper Confidence Limit.
COPC = Chemical of Potential Concern.
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TABLE B

i
SUMMARY OF CANCER RISKS AND HAZARD INDICES

REASONABLE MAXIMUM EXPOSURES
SITE 1 • PRIVET ROAD COMPOUND

NASJRB WILLOW GROVE, PENNSYLVANIA
I

Receptor Media Exposure
Route

Chemicals with
Cancer Risks

> 10"

Chemicals with
Cancer Risks

> 10" and S 10"

Chemicals with
Cancer Risks

> 10'" and S 10"

Chemicals
Contributing to an

HI> 1

Child Residents Groundwater Ingestion SE-OS .- Tetrachloroethene, Arsenic
Carbon Tetrachloride,

2 .-
Trichloroethene

Dermal Contact 1E-DS -- .- Tetrachloroethene 0.2 _.
Inhalation 3E-DS -- , .- 0.03 --
Total BE-OS' -- Tetrachloroethene, Arsenic

Carbon Tetrachloride, 3 . --Trichloroethene

Adu~ Residents Groundwater Ingestion 1E-Q4 -- Tetrachloroethene, Arsenic
Carbon Tetrachloride,

1 ..
Trichloroethene

Dermal Contact 3E-OS . - Tetrachloroethene -- 0.09 .-
Inhalation - -- -- -- O.OOS --

Total 1E-04 -- Tetrachloroethene, Arsenic Carbon Tetrachloride"
1 --Trichloroethene

Lifelong Residents
Groundwater Ingestion 2E-D4 -- Tetrachloroethene, Arsenic

Carbon Tetrachloride, NA --(Child and Adu~) Trichloroethene
Dermal Contact 4E-OS -- Tetrachloroethene Carbon Tetrachloride NA --
Inhalation - - - -- Chloroform NA --
Total 2E-04 -- i Tetrachloroethene, Arsenic

Carbon Tetrachloride, NA _.
Chloroform, Trichloroethene

UOOC ~'NAVYI2192/19410 CT().003



TABLE 9

SUMMARY OF CANCER RISKS AND HAZARD INDICES
CENTRAL TENDENCY EXPOSURES
SITE 1 • PRIVET ROAD COMPOUND

NASJRB WILLOW GROVE, PENNSYLVANIA

Receptor Media Exposure
Route

Chemicals with
Cancer'Rlsks

; 10"

Chemicals with
Cancer Risks

> 10-5 and S 10"

Chemicals with
Cancer Risks

> 10'" and S 10-5

Chemicals
Contributing to an

HI> 1

Child Residents Groundwater Inoestion 1E-OS -- -- Tetrachloroethene, Arsenic 2 --
Dermal Contact 4E-06 -- -- Tetrachloroethene 0.2 --
Inhalation 6E-07 -- -- - - 0.01 --
Total 2E-QS -- -- Tetrachloroethene, Arsenic 2 --

Adult Residents Groundwater In\lestion . lE-QS -- -- Tetrachloroethene Arsenic O.S --
Dermal Contact 4E-06 -- -- Tetrachloroethene O.OS --
Inhalation BE-07 -- -- -- O.OOS --
Total 2E-OS -- -- Tetrachloroethene, Arsenic 0.6 --

Lifelong Residents
Groundwater Ingestion 3E-OS -- Tetrachloroethene Carbon Tetrachloride, Arsenic NA --(Child and Adult)

Dermal Contact BE-06 -- -- Tetrachloroethene NA --
Inhalation lE-06 -- -- -- NA --

.'

Total 4E-oS -- Tetrachloroethene Carbon Tetrachloride, Arsenic NA --
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TABLE 10
COMPARISON OF CANCER RISKS AND HAZARD INDICES

SITE 1 - PRIVET ROAD COMPOUND
NASJRB WILLOW GROVE

Receptor Cancer Risk Hazard Index
Group Old Value(1) New Value Old Value(1) New Value

Child Resident NR 'BE-OS 4 3
Adult Resident NR 1E-04 2 1
Lifelong Resident 4E-04 2E-04 NA NA

Notes:
NR - Not reported, only results for the lifelong resident were presented in the

RI report,
NA - Not applicable for this receptor.
1 - Old values are from the Remedial Investigation Report for Site 1

Privet Road Compound, JUly 2002, Table 4-2S & 4-27,
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TABLE 2.1
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN· GROUNDWATER

SITE 1 • PRIVET ROAD COMPOUND
NASJRB WillOW GROVE, PENNSYLVANIA

Scenario Tlme1rame: CurrentlFuture
MedIum: Groundwater
Exoosure MedIum: Groundwater

Frequency Concentration Above EPA Region 3 Potential
I Hatlona e or

Exposure CAS Minimum Maximum Sample wllh Maximum Range 01 Potential COPC Contaminant
Point Number

Chemical
Concentratlon(1) Concentratlonll )

units
Concentration

01
.Nondects(2)

Used lor Background RBCS lor Tap
ARARlTBC'"

ARARlTBC
Flag Deletion or

Detection Screening''' Concentratlon(4) Water'" Sourcellll
Selectlonm

Site 1 Volatile Oraanlc ComDounds
71·55·6 l,l,l-Tr;chloroethane 0.5 J 6 " 10MW27 2/25 10 6 NA 320 N 200 MCL No BSl
75·34·3 1,1-Dichloroethane 0.2 J 0.8 J " 10MW27·0 2125 10 0.8 NA 90 N NA NA No BSl

".~11IIII) 0.1 J 4 " 10MW27 2/25 10 4 NA

•
7 MCl

*
BSl

56·23·5 ... '. • •. 0.2 J 0.2 J " 10MW27·0 1/25 1 ·10 0.2 NA , . 5 MCl ASl
67·66·3 ••• 0.1 J 0.2 J " 10MW27,10MW28 2/25 10 0.2 NA

'~.5 N

80 MCl ASl
127·18·4.r·. ••. . . 2 J 36 " 01MWNWI 19970708 8/25 1·10 36 NA MCl ASl
54D-5g·0 Total 1.2·0ichloroelhene 0.2 J 5 J " 01 MW071 19970827 3/25 1 ·10 5 NA NA NA BSl
79·01·6 , , . . . 0.1 J 37 " 01 MW071 19970627 16/25 10 37 NA " . MCl ~ ASl

Semi-Volatile Oraanlc Comoounds
117·81·7 Bis 2·ElhvlhexvllPhlhalale 2 J 2J "ail 10MW28 1/2 6·9 2 NA 4.8 C 6 MCL No BSl

.. tnoroanlcs
7429·90·5 Aluminum 19.1 3430 " 01MW05S 19910923-F 6/18 8.6·135 3430 NA 3700 N NA NA No BSl
7440'36·0... 0.81 K 0.98 " 10MW27 2/18 45 0.98 NA .. 6 MCL • BSl
7440·38·2 'li'!' 3.6 4.2 " 01MWNW1B 19911007 2/18 0.85·3.2 4.2 NA '" 10 MCl ASl
744Q..39·3 15 474 " 10MW28 15/18 20· 155 474 NA ., 2000 MCl ASl
744D-41·7 Be Ii"m 0.16 4 " 5 SAMPLES 7/18 0.05,9 4 NA 7.3 N 4 MCl No BSl
744Q..7D-2 Calcium 12300 56500 " 10MW28 18/18 ... 56500 NA NA NA NA No NUT
744Q..47·3 1.3 18 " 01MW051 19910923·F 3/18 7 ·11 18 NA 100 MCL'" ..-znI ASl
744Q..48·4 Cobalt 10 17 " 01MWOSS 19910923-F 2/18 0.15 ·10 17 NA 73 N NA NA No BSl
7440·50·8 Coooer 0.49 37 " 01MWOSS 19910923-F 3/18 6·35 37 NA 150 N '1300 MCl .", No BSl
7439·89·6 Iron 23.6 576 J " 0lMW021 19910924 4/18 14.6·177 576 NA 1100 N NA NA No BSl
7439·92·1 ' .. 1 18 " 01 MW041 19910923 11/18 0.5 ·1 18 NA MCL''"' .-z;m ASl
7439-95·4 MaQnesium 3780 27500 " 01MWNWIA 19911007·0 18/18 ... 27500 NA NA NA NA No NUT
7439·96·5 . '. .. 2.3 981 " 01MW05S 19910923-F 14/18 1 ·2 981 NA NA NA .-z;m ASl
7440·02·0 Nickel 3.1 26 " 0IMW04S 19910923-F 4/18 12·26 26 NA 73 N NA NA No BSl
7440·09·7 Potassium 1490 J 38700 " 01 MW051 19910923-F 11/18 2140 36700 NA NA NA NA No NUT
7782·49·2 Selenium 1.1 1.2 " 10MW27·0 2/16 0.85·20 1.2 NA 18 N 50 MCL No BSl
7440·23·5 Sodium 9840 28500 " 0IMW06S 19910924·F 18/18 ... 28500 NA NA NA NA No NUT
744Q..62·2 Vanadium 0.58 0.58 " 10MW28 1/9 0.12·4 0.58 NA 3.7 N NA NA No BSl
7440·66·6 Zinc 2 187 " 10MW27 7/18 2 ·47 187 NA 1100 N NA NA No BSl

Footnote.

1 • Sample and duplicate are conskjered as two separate samptes when determining the minimum and maxlmum concentrations.

2 - Values presented are sample-$pedtlc quamitat!on limits.

3 - The mal:lmum detected concentration Is used tor screenlno purposes.
4. No backglOUnct data are avallab'e 'or glOlM'ldwaier.

5· The EPA Regkln 3tap water screening level Is presented. Value represents the risk based tap water screening level divided by 10 to correspond to a target huard quotient

01 O.llor noncarclnogens (denoted wfttl a -N- Clag). or an Incremental cancer risk oI1.0E-6lor carcinogens (denoted with a -CO nag) (USEPA Region III. AprQ 2005).

6· USEPA Prfmary Drinking Waler Standard (USEPA, WInter 2004). The values presented are based on MCLs or SMCLs and are presented for reference purposes only.

7. The chemical Is selected as a COPe" the maximum detected concentration exceed$the rIsk-based COPe screening level.

Chemicals selected as COPCS are Indlcaled by shaded chemical names.

8 . The Rac lor tap waler lor hexayalent chromium Is presented. The RBC lor trlvarent etIromllm Is 55.000 ugIL

9 • Vatue presemed Is lor total chromium.

10 -The MGL tor ltis parameter Is aetuaDy a treatment tec:tv'QJe. The SOWA action level (at the tap) has been presented.

11 • No RaC Is avalable. The Action level prom~tedunder the Sale DMklng Water Act Is used lor screening purposes.

12· The RBC lor tap water calculated using the RIDe lor manganese nonfood Is presented.

DeUnlllons: .

ARARITBC .. ~bIe or Retevanl and Approprtate Requirements To Be Considered

C .. Garclnooen

COPC .. Chemical Of Potential Concern

J '" estimated valle
K .. Value e$llmated wlth a high bias

MCL .. Maximum Contaminant level

N .. Noncarct~en

NA .. NOI AppIIcablelNot Avalable

ABC .. Risk Based Concentration

R.tione1eCodn:

For seteCOOn as a COPC:

ASl .. Above Screening leYel and lite background.

A"odnt!!d SlmD'"

01MW011_19910101

01MW01S_'9910924

01MW01S_'9910924.F

01MW01S_'9970627

01MW01SO_19970627

01MW021_19910924

01MW02Cl9970627

01 MW02L' 9970627-0

01MW02S_19910924

01MW'02S_19910924·0

01MW02S_19910924.F

01MW02S_19910924-F·D

01MW02S_19970627

01 MW031_19970701

01MW03Cl9970707·0

01MW03S_19910924

01MW03S_19970627

01MW04I_19910923

01MW041_19970627

01 MW04S_19910923

01MWQ4S_1991092J..F

01MW04S_t9970627

01MW051_19910923

01MWOSI_19910923·F,

01MWOSU9970627

01MW05S_19910923

01MW05S_1991092J..F

01 MW05S_19970627

01MWOGI_19910924

Q1MW05'_19910924-F

01 MW06I_19970627

01MWQ6S_19910924

01MWQ6S_'9910924.D

01MW06S_19910924-F

01MWQ6S_,9910924.F·D

01MWOOS_19910627

01MWQ71_19910924

01MW07'-19910924-F

01MW071_'9970627

01 MW07S_19910924

01MWQ7S_1991D924.F

01MW07S_'9970627

Q1MWOSCl9970707

01MW08S_1997~~

01MWNW1A_19911007

01MWNW1A.,19911007·D

01MWNW1B_19911007

01MWNW1_19970708

01wrNNW2A-.19910927

01MWNW2a_199t0927

01MWNW2_'997070S

OtMWWW1_19970109

01fvfNWW1_19970709-0

01MWWW1B_19970709

01MWWW2_19970709

0.lMWWWJ_1~~70S

10MW21

10MW27-D

10MW2S

For elimination as a COPe:
BSl .. Below Screening~
NUT .. Essential Nutl1erd

9/212005
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Table No.
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3.1.RME Groundwater
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TABLE 3.1 RME
EXPOSURE POINT CONCENTRATION SUMMARY

REASONABLE MAxiMUM EXPOSURE
NASJRB WILLOW GROVE .

Scenario Time(rame: Current/Future
Medium: Groundwater
Exposure Medium: Groundwater

Maximum
Exposure Point .Chemical of Units . Arithmetic 95% UCL Concentration Exposure Point Concentration

Potential Concern Mean (Distribution) (Qualifier) Value Units Statistic Rationale

Site .1 Carbon Tetrachloride uglL 4.63 5.74 NP 0.35 J 5.74 u IL 95% Chebyshev Mean, Std UCL W-, A-D, &K-S Test 1
Chloroform uglL 4.61 5.78 NP 0.2 J 5.78 u IL 95% Chebyshev Mean, Std UCL W-, A-D, &K-S Test 1
Tetrachloroethene uglL 6.10 11.7 NP 36 11.7 u IL 95% Chebyshev Mean; Std UCL W-, A-D, &K-S Test 1
Trichloroethene uglL 6.85 22.4 NP 37 22.4 u IL 99% Chebyshev Mean, Std UCL W-, A-D, &K-S Test 2
Arsenic uglL 1.32 2.35 NP 4.2 2.35 u IL 95% Chebyshev Mean, Std UCL W-, A-D, &K-S Test 1
Barium u IL 137 221 G) 474 221 u IL Approximate Gamma 95% UCL A-D, &K-S Test (3
Chromium u IL 4.56 8.18 NP) 18 8.18 u IL 95% Chebyshev(Mean, Std) UCL W-, A-D, &K-S Test 1)
Lead u IL 2.57 5.35 (L) 18 2.57 u IL Arithmetic Mean (4)
Manganese u IL 139 362 (G) 981 362 u IL Adjusted Gamma 95% UCL A-D, &K-S Test (5)

For non-detects, 112 sample quantitation limit was used as a proxy concentration; for duplicate sample results, the average value was used in the calculation.
G = Gamma
L = Lognormal
NP = Non-parametric
1 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the

95% Chebyshev(Mean, Std) UCL be used as the exposure point concentration.
2 - The Shapiro-Wilks, Anderson-Darling, and Kolmogorov-Smirnov tests indicate that the data is non-parametric. The ProUCL guidance recommends that the

95% Chebyshev(Mean, Std) UCL be used as the exposure point concentration.
3 - The Anderson-Darling and Kolmogorov-Smirnov tests indicate that the data follows a gamma distribution. The ProUCL guidance recommends that the approximate gamma UCL

be used as the exposure point concentration.
4 - Mean concentration is used as exposure point concentration for evaluating exposures to lead.

U.S. EPA, 1994:Guidance Manual for the Integrated Exposure Uptake Biokinetic Model for lead in Children
5 - The Anderson-Darling and Kolmogorov-Smirnov tests indicate that the data follows a gamma distribution. The ProUCL guidance recommends that the adjusted gamma UCL

be used as the exposure point concentration.

Exposure point concentrations for the RME scenarios are also the exposure point concentrations for the CTE scenarios.

813112005



LIST OF tABLES
RAGS PART D TABLE 4

VALUES USED FOR DAILY INTAKE CALCULATIONS

Table No.
Reasonable Maximum Exposures

4.1. RME Child Residents Exposed to Groundwater
4.2.RME Child Residents Exposed to Volatile Emissions from Groundwater
4.3.RME Adult Residents Exposed to Groundwater
4.4.RME Adult Residents Exposed to Volatile Emissions from Groundwater

Central Tendency Exposures
4.1.CTE Child Residents Exposed to Groundwater
4.2.CTE Child Residents Exposed to Volatile Emissions from Groundwater
4.3.CTE Adult Residents Exposed to Groundwater
4.4.CTE . Adult Residents Exposed to Volatile Emissions from Groundwater
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TABLE 4.1 RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

NASJRB WILLOW GROVE

Scenario Timetrame: Future
Medium: Groundwater
Exposure Medium: Groundwater

Exposure Route Receptor Population Receptor Age Exposure Point Perameter Parameter Definilion Value Units Rationale/ Intake Equation!
Code Reference Model Name

Ingestion Residents Child Site 1 CGW Chemical Concentration in Groundwater Max or 9S% UCL mglkg USEPA,2002 Chronic Daily Intake (COl) (mg/kglday) =

CF Conversion Factor 0.001 mg/ug --
IR-GW Ingestion Rate of Groundwater 1 Uday USEPA,1991 CGWx CF x IR-GWx EF x ED

EF Exposure Frequency 3S0 days/year USEPA, 1991 BWxAT

ED Exposure Duration 6 years USEPA, 1989, 1991

BW Body Weight lS kg USEPA, 1989, 1991..
AT-C Averaging Time (Cancer) 2S,SSO days USEPA,1989

AT-N Averaging Time (Non-Cancer) 2,190 days USEPA,1989

Dermal Residents Child Site 1 Daevent Dermally Absorbed Dose per Event Calculated mg/cm2-event USEPA, 2004 Dermally Absorbed Dose (mglkglday) =

SA Skin Surface Available for Contact 6,600 cm2 USEPA,2004

EV Event Frequency 1 events/day USEPA,2004 DAevent x EV x EF x ED x SA

ET Exposure Time 0.33 hours/day USEPA, 2004 BWxAT

EF Exposure Frequency 3S0 days/year USEPA, 1991

ED Exposure Duration 6 years USEPA, 1989, 1991 See text for calculation of DAevenl.

BW Body Weight lS kg USEPA, 1989, 1991

AT-C Averaging Time (Cancer) 2S,SSO days USEPA, 1989

AT-N Averaging Time (Non-Cancer) 2,190 days USEPA.1989

Sources:

USEPA, 1989: Risk Assessment Guidance for Superfund. Vall: Human Health Evaluation Manual;' Part A. EPAlS40/1-86/060.

USEPA, 1991: Risk Assessment Guidance for Superfund - SUPPI~mental Guidance- Standard Default Exposure Factors Interim Final.

USEPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 928S.6-10.

USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Filial. EPAlS401RJ99/00S.

Unit Intake Calculations

Ingestion Intake = (IR-GW x EF x ED)/(BW x AT)

Dermal Intake = (SA x EV x EF x ED)/(BW x AT)

Cancei Ingestion Intake =S,48E-06

Noncancer Ingestion Intake =6.39E-oS

Cancer Dermal Intake = 3.62E+Ol

Noncancer Dermal Intake =4.22E+02

8/31/2005



TABLE 4.2 RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

NASJRB \iIJlLLOW GROVE

Scenario Timeframe: Future

Medium: Groundwater
Exposure Medium: Air

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationalel Intake Equationl
Code Reference Model Name

Inhalation Resident Child . Site 1 S Volatile Chemical Generation Rate Dertved mg/m3-min shower Foster&Chrostowski 1987 Intake (mglkg/day) =
IRsh Inhalation Rate of volatiles in shower 0.6 m3/hr USEPA, 1989

EF Exposure Frequency 350 daystyear USEPA, 1991 S x IR x K x EF x ED

K Masss Transfer Coefficient Dertved min Foster&Chrostowski 1987 BWxAT x Ra xCF

ED Exposure Duration 6 years USEPA, 1989, 1991

BW Body Weight 15 kg USEPA, 1989, 1991

Ra Air Exchange Rate 0.017 min-1 Foster&Chrostowski 1987

CF Conversion Factor 60 minlhr

Ds Shower Duration 15 min Professional jUdgment

Dt Total Time in Bathroom 20 min Professional jUdgment

AT-G Averaging Time (cancer) 25,550 days USEPA,1989

AT·N Averaging Time (Noncancer) 2,190 days USEPA,1989

Sources

. USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual: Part A, EPAJ540/1-86/060.

USEPA, 1991: Risk Assessment Guidance for Superfund. Supplemental Guidance· Standard Default Exposure Factors Intertm Final.

Fost~r, SA and P.C. Chrostowski, 1987. Inhalalion Exposure to Volatile Organic Contaminants in the Shower.

Unit Inlake Calculations

Inhalation Intake = (IRsh x EF x EDy(BW xAT x Ra x CF)

Cancer Inhalation Intake = 3.29E-03 Noncancer Inhalation Intake = 3.84E-02

8/31/2005



TABLE 4.3 RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

NASJRB WILLOW GROVE

Scenario Timeframe: Future
Medium: Groundwater
Exposure Medium: Groundwater

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake EquationJ
Code Reference Model Name

Ingestion Residents Adull Site 1 CGW Chemical Concentration in Groundwater 95% UCL or Max uglL USEPA, 2002. Chronic Daily Intake (COl) (mglkg/day) =

I CF Conversion Factor 0.001 mg/ug -
IR-GW Ingestion Rate of Groundwater 2 Uday USEPA.1991 CGWx CF x IR-GWx EF x ED

EF Exposure Frequency 350 dayslyear USEPA,1991 BWxAT

ED Exposure Duration 24 years USEPA, 1989, 1991

BW Body Weight 70 kg USEPA, 1989, 1991

AT-C Averaging Time (Cencer) 25,550 days USEPA,1989

AT-N Averaging Time (Non-Cancer) 8,760 days USEPA,1989

Dermal Residents Adull Site 1 Daevent Dermally Absorbed Dose per Event Calculated mglcrn2-event USEPA,2004 Dermally Absorbed Dose (mglkg/day) =

SA Skin Surface Available for Contact 18,000 crn2 USEPA,2004

EV Event Frequency 1 events/day USEPA,2004 DAevent x EV x EF x ED x SA

ET Exposure Time . 0.25 hours/day USEPA,2004 BWxAT

EF Exposure Frequency 350 days/year USEPA,1991

ED Exposure Duration 24 years USEPA, 1989, 1991 See text for calculation of DAevent.

BW Body Weight 70 kg USEPA, 1989, 1991

AT·C Averaging Time (Cancer) 25,550 days USEPA,1989

AT-N Averaging Time (Non-Cancer) 8,760 days USEPA,1989

Sources:

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Heallh Evaluation Manual, Part A EPN540/1-86/060.

USEPA, 1991: Risk Assessment Guidance for Superfund - Supplemental Guidance- Standard Defaull Exposure Factors Interim Final.

USEPA, 2002: Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.

USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540~RJ99/005.

Unit Intake Calculations

Ingestion Intake = (IR-GWx EF x ED)/(BWx AT)

Dermal Intake = (SA x EV x EF x ED)/(BW x AT)

Cancer Ingestion Intake =9.39E-06

Noncancer Ingestion Intake =2.74E-05

Cancer Dermal Intake =8.45E+01

Noncancer Dermal Intake =2.47E+o2
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TABLE 4.4 RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

NASJRB WILLOW GROVE

Scenario Timetrame: Future

Medium: Groundwater
Exposure Medium: Air

Exposure Route Receptor Population Receptor Age ~xposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation!
Code Reference Model Name

Inhalation Residents Adult Site 1 S Volatile Chemical Generation Rate Derived mg/m3-min shower Foster&Chrostowski 1987 Chronic Daiiy Intake (COl) (mglkg·day)=

IRsh Inhalation Rate of volatiles in shower 0.6 m3/hr USEPA.1969

EF Exposure Frequency 350 days/year USEPA.1991 S x IRsh x K x EF x ED

K Masss Transfer Coefficient Derived min Foster&Chrostowski 1987 BW x AT x Ra x CF

ED Exposure Duration 24 years USEPA. 1989. 1991

BW Body Weight 70 kg USEPA. 1989. 1991

Ra Air Exchange Rate 0.017 min-1 Foster&Chrostowski 1967

CF Conversion Factor 60 minlhr

Os Shower Duration 15 min Professional judgment

01 Total Time in Bathroom 20 min Professional jUdgment

AT·C Averaging Time (Cancer) 25550 days USEPA.1989

AT·N Averaging Time (Noncancer) 8780 days USEPA .1989

Sources

USEPA. 1989: Risk Assessment Guidence for Superfund. Vall: Human Health Evaluation Manual. Part A. EPAl54011-881060.

USEPA, 1991: Risk Assessment Guidance for Superfund· Supplamental Guidance- Standard Default Exposura Factors Interim Final.

Foster, S.A. and P.C. Chrostowski, 1987. Inhalation Exposure to V~latile Organic Contaminants in the Shower.

Unit Intake Calculations

Inhalation Intaka = (IRsh x EF x ED)/(BWx AT x Ra x CF)

Cancer Inhalation Intake = 2.82E·03 Noncancer Inhalation Intake = 8.22E..Q3
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TABLE 4.1 CTE

VALUES USED FoR DAILY INTAKE CALCULATIONS

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

ll

scenario Timeframe: Future
Medium: Groundwater
Exposure Medium: Groundwater

/

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameler Definition Value Units Rationale/ Inlake Equalion!
Code Reference Model Name

Ingestion Residents Child Site 1 CGW Chemical Concentration in Groundwater Max or 95% UCL mg/kg USEPA,2002 Chronic Daily Intake (COl) (mg/kg/day) =

CF Conversion Factor 0.001 mg/ug -
IR-GW Ingeslion Rale of Groundwater 0.7 Uday USEPA,1997 CGW x CF x IR-GW x EF x ED

EF Exposure Frequency 350 days/year USEPA,1991 BWxAT

ED Exposure Duration 2 years USEPA,1993

BW Body Weight 15 kg USEPA, 1989, 1991

AT-C Averaging Time (Cancer) 25,550 days USEPA,1989

AT-N Averaging Time (Non-Cancer) 730 days USEPA,1989

Dermal Residents Child Sile 1 Daevenl Dermally Absorbed Dose per Event Calculated mg/cm2-evenl USEPA, 2004 Dermally Absorbed Dose (mg/kg/day) =

SA Skin Surface Available for Contact 6,600 cm2 USEPA,2004

EV Evenl Frequency 1 events/day USEPA,2004 DAevenl x EV x EF x ED x SA .

ET Exposure Time 0.33 hours/day USEPA,2004 ·BWxAT

EF Exposure Frequency 350 days/year USEPA,1991

ED Exposure Duration 2 years USEPA, 1993 See lexl for calculalion of DAevent.

BW BodyWeighl 15 kg USEPA, 1989, 1991

AT-C Averaging Time (Cancer) 25,550 days USEPA,1989

AT-N Averaging TIme (Non-Cancer) 730 days USEPA,1989

Sources:

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPAl540/1-861060.

USEPA, 1991: Risk Assessment Guidance for Superfund - Supplemental Guidance- Siandard Default Exposure Factors Inlerim Final.

USEPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.

USEPA, 2002: Calculating Upper Confidence Limits for Exposure Poinl Concentralions at Hazardous Waste Siles. OSWER 9285.6-10.

USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPAl5401R199/005.

Unit Intake Calculations

Ingestion Intake = (IR-GWx EF x ED)I(BWx AT)

Dermal Intake. = (SA x EV x EF x ED)I(BW x AT)

f

Cancer Ingestion Inlake = 1.28E-Q6

Noncancer Ingestion Intake =4.47E-Q5

Cancer Dermal Intake =1.21E+01

Noncancer Dermal Intake =4.22E+02
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TABLE 4.2 CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

Scenario Timeframe: Future

Medium: Groundwater

Exposure Medium: Air

Exposure Route Receptor PopUlation Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Inhalation Resident Child Site 1 S Volatile Chemical Generation Rate Derived mg/m3-min shower Foster&Chrostowski 1987 Intake (mglkg/day) =
IRsh Inhalation Rate of volatiles in shower 0.6 m3/hr USEPA,1989

EF Exposure Frequency 350 dayslyear USEPA,1991 S x IR x K x EF x ED

K Masss Transfer Coefficient Derived min Foster&Chrostowski 1987 BWx AT x Ra x CF

ED Exposure Duration 2 years USEPA,1993

BW Body Weight 15 kg USEPA, 1989, 1991

Ra Air Exchange Rate 0.017 min-I Foster&Chrostowski 1987

CF Conversion Factor 60 minlhr

Ds Shower Duration 10 min Professional judgment

Dt Total Time in Bathroom 15 min Professional jUdgment

AT-G Averaging Time (Cancer) 25550 days USEPA,1989

AT-N Averaging Time (Noncancer) 730 days USEPA,1989

Sources

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A. EPN540/1-861060.

USEPA, 1991: Risk Assessment Guidance for Superfund - Supplemental Guidance- Standard Default Exposure Factors Interim Final.

Foster, SA and P.C. ChrostowSki, 1987. Inhalation Exposure to Volatile Organic Contaminants in the Shower.

Unit Intake Calculations

Inhalation Intake = (IRsh x EF x ED)/(BW x AT x Ra x CF)

Cancer Inhalation Intake = 1.10E-Q3 Noncancer Inhalation Intake = 3.84E-Q2
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TABLE 4.3 CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

Scenario Timeframe: Future

Medium: Groundwater
Exposure Medium: Groundwater

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation!
Code Reference Model Name

Ingestion Residents Adult Site 1 CGW Chemical Concentration in Groundwater 95% UCL or Max uglL USEPA,2002 Chronic Daily Intake (CDI) (mglkg/day) =

CF Conversion Factor 0.001 mglug -
IR-GW Ingestion Rate of Groundwater 1.4 Uday USEPA,1991 CGWx CF x IR-GWx EF x ED

EF Exposure Frequency 234 days/year USEPA,1991 BWxAT

ED Exposure Duration 7 years USEPA,1993

BW Body Weight 70 kg .USEPA, 1989, 1991

AT-C Averaging Time (Cancer) 25,550 days USEPA,1989

AT-N Averaging Time (Non-Cancer) 2,555 days USEPA,1989

Dermal Residents Adult Site 1 Daevent Dermally Absorbed Dose per Event Calculated mglcm2-event USEPA,2004 Dermally Absorbed Dose (mglkg/day) =
SA Skin Surface Availabte for Contact 18,000 cm2 USEPA,2oo4

EV Event Frequency 1 eventS/day USEPA,2004 DAevent x EV x EF x ED x SA

ET Exposure Time 0.17 hours/day USEPA,2004 BWxAT

EF Exposure Frequency 234 days/year USEPA, 1991

ED Exposure Duration 7 years USEPA, 1989, 1991 See text for calculation of DAevent.

BW Body Weight 70 kg USEPA, 1989, 1991

AT-C Averaging Time (Cancer) 25,550 days USEPA, 1989

AT-N Averaging Time (Non-eancer) 2,555 . days USEPA,1989

Sources:

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Heallh Evaluation Manual, Part A. EPN540/1-86/060.

USEPA, 1991: Risk Assessment Guidance for Superfund - Supplemental Guidance- Standard Default Exposure Factors Interim Final.

USEPA, 1993: Superfund Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.

USEPA, 2002: Calculaling Upper Confidence Limits for Exposure PointConcentrations at Hazardous Waste Sites. OSWER 9285.6-10.

USEPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. EPN540/RI99/005.

Unit Intake Calculations

Ingestion Intake =(IR-GW x EF x ED)/(BW x An

Dermal Intake = (SA x EV x EF x ED)/(BW x AT)

Cancer Ingestion' Intake =1.28E.Q6

Noncancer tngestion Intake =1.28E-Q5

Cancer Dermal Intake =1.65E+01

Noncancer Dermal Intake =1.65E+02
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TABLE 4.4 CTE

VALUES USED FOR DAILY INTAKE CALCULATIONS

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

Scenario Timeframe: Future

Medium: Groundwater
Exposure Medium: Air

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale! Intake Equation!
Code Reference Model Name

Inhalation Residents Adult Site 1 S Volatile Chemical Generation Rate Derived mglm3·min shower Foster&Chroslowski 19B7 Chronic Daily Intake (COl) (mglkg-day)=

IRsh Inhalation Rate of volatiles in shower O.B m3Jhr USEPA,19B9

EF Exposure Frequency 350 dayslyear USEPA,1991 S x IRsh x K x EF x ED

K Masss Transfer Coefficient Derived min Foster&Chrostowski 1987 BW x AT x Ra x CF

ED Exposure Duration 7 years USEPA,1993

BW Body Weight 70 kg USEPA, 19B9, 1991

Ra Air Exchange Rate 0.017 min~1 Foster&Chrostowski 1987

CF Conversion Factor 60 minlhr

Os Shower Duration 15 min Professional judgment

Dt Total TIme in Bathroom 20 min Professional jUdgment

AT-C Averaging Time (Cancer) 25550 days USEPA,1969

AT-N Averaging Time (Noncancer) 2555 days USEPA ,1969

Sources

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A, EPAl540/1-86/060.

USEPA, 1991: Risk Assessment Guidance for Superfund - Supplemental Guidance- Standard Defa.ult Exposure Factors Interim Final.

USEPA, 1993: Superfund Standard Dafault Exposure.Fado", for the Central Tendency and Reasonable Maximum Exposure.

Foster, SA and P.C. Chrostowski, 1987. Inhalation Exposure to VolaWe Organic Contaminants in the Shower.

Unit Intake Calculations

Inhalation Intake = (IRsh x EF x ED)/(BWx AT x Ra x CF)

Cancer Inhalation Intake = B.22E-04 Nonesncer Inhalation Intake = 6.22E-Q3
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TABLE 5.1
NON-CANCER TOXICITY DATA -- ORAUDERMAL

NASJRB WILLOW GROVE, PENNSYLVANIA

Chemical Chronic/ Oral RID Oral Absorption Absorbed RfD for Dermal'" Primary Combined RfD:Target Organ(s)

of Potential Subchronlc Efficiency Target. Uncertainty/Modifying

Concern Value Units for Dennal 11J Value Units Organ(s) Factors Source(s) Date(s)
(MM/DDIYYYY)

[IIolatile Organic Compounds
Carbon Tetrachloride Chronic 7.0E-04 mglkg/day 1 7.0E-Q4 mglkg/day Liver 1000/1 IRIS 61712005
Chloroform Chronic 1.0E-Q2 mglkg/day 1 1.0E-Q2 mglkg/day Liver 1000/1 IRIS 61712005

etrachloroethene Chronic 1.0E-Q2 mglkg/day 1 1.0E-Q2 mglkg/day Liver 1000/1 IRIS 61712005
richloroelhene Chronic 5.0E-Q1 mglkg/day 1 5.0E-Q1 mglkg/day Liver NA CAEPA 1212002

Metals

f'tsenic Chronic 3.0E-04 mglkg/day 1 3.0E-04 mglkgfday Skin, CVS 3/1 IRIS 61712005
Barium Chronic 7.0E-Q2. mglkg/day 0.07 4.9E-Q3 mglkgfday Kidney 3/1 IRIS 61712005
Chromium VI Chronic 3.0E-Q3 mglkgfday 0.025 7.5E-Q5 mglkg/day Fetotoxicity, GS, Bone 300/3 IRIS 61712005
Lead NA NA NA NA NA NA NA NA NA NA
Manganese Chronic 2.4E-Q2 mglkg/day 0.04 9.6E-Q4 mglkg/day CNS 3/1 iRIS 61712005

Notes:

1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for

Dermal Risk Assessment) Final. EPN5401RJ99/005.

2 - Adjusted dermal RID =Oral RID x Oral Absorption Efficiency for Dermal.

Definitions:
CNS = Central Nervous System

CVS =Cardiovascular System

EPA 3 = USEPA Region 3 Risk-Based Concentration Table, April 7, 2005.

GS = Gastrointestinal System
IRIS = Integrated Risk Informalion Syslem
NA = Nol Applicable .
NCEA = National Center for Environmental Assessme~i - USEPA Region :i RBC Table, Apri17, 2005.
CA EPA = California EPA, Technical Support Document for Describing Available Cancer Potency Factors,

813112005



TABLE 5.2
NON-CANCER TOXICITY DATA --INHALATION

NASJRB WILLOW GROVE, PENNSYLVANIA

Chemical Chronic/ Inhalation RfC Extrapolated RID .(11 . Primary Combined . RfC : Target Organ(s)

of Potential Subchronic Target Uncertainty/Modifying

Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(MMIDDIYYYY)

Ivolatile Organic Compounds

Carbon Tetrachloride Chronic 1.SE-01 mg/mJ ' 5.0E-02 (mg/kg/day) Liver NA EPA 3 4f712005

Chloroform Chronic 4.9E-02 mg/m3
1.4E-02 (mg/kg/day) Liver NA NCEA 4f712005

etrachloroethene Chronic 4.9E-01 mg/m 3
1.4E-01 (mg/kg/day) Liver NA NCEA 4f712005

richloroethene Chronic 6.0E-01 mg/mJ
1.7E-01 (mg/kg/day) Liver NA CAEPA 1212002

Metals

v>-rsenic NA NA NA NA NA NA NA NA NA

Barium Chronic 5.0E-04 mg/m3
1.4E-04 (mg/kg/day) Fetotoxicity 1000/1 HEAST 7/1997

Chromium VI Chronic 1.0E-04 mg/m3
2.9E-05 (mglkg/day) Lungs 300/1 IRIS 6f712005

Lead NA' NA NA NA NA NA NA NA NA

lManganese Chronic 5.0E-05 mg/mo 1.4E-05 (mg/kg/day) . CNS 1000/1 IRIS 6f712005

Notes:

1 - Extrapolated RfD =RfC "20m 3/day i70 kg

Definitions:

CA EPA =California EPA, Technical Support Document for Describing Available Cancer Potency Factors,

December 2002.

CNS = Central Nervous System

HEAST = Health Effects Assessment Summary Tabl.es, July 1997.

IRIS = Integrated Risk Information System

. NCEA =National Center for Environmental Assessment

./31/2005
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•. TABLE 6.1

CANCER TOXICITY DATA·- ORAUDERMAL

NASJRB WILLOW GROVE, PENNSYLVANIA

Chemical Oral Cancer Slope F~ctor Oral Absorption
I .

Weight of Evidencel Oral CSFAbsorbed Cancer Slope Factor
of Potential Efficiency for Dermal(2) Cancer Guideline

Concern Value Units for Dermal!" Value Units Description Source(s) Date(s)
(MM/DDIYYYY)

olatlle Organic Compounds
arbon Tetrachloride 1.3E-01 (mg/kg/day)" 1 1.3E-01 (mg/kg/day)" 82 IRIS 6n/2005
hloroform NA NA NA NA NA 82 IRIS 6/7/2005
etrachloroethene 5.4E-01 (mg/kg/day)" 1 5:4E-01 (mg/kg/day)" NA EPA 3 4n/2005
richloroethene 1.3E-02 (mg/kg/day)" 1 1.3E-02 (mg/kg/day)" C CAEPA 12/2002

Metals
Arsenic 1.5E+00 (mg/kg/day)" 1 1.5E+00 (mg/kg/dayr A IRIS 6/7/2005
8arium NA NA NA NA NA D IRIS 6n/2005
~hromiumVI NA NA NA NA NA D IRIS 6/7/2005
Lead NA NA NA NA NA 82 IRIS 6n/2005
Manganese NA NA NA NA NA D IRIS 6/7/2005

EPA Group:
A - Human carcinogen.
81 - Probable human carcinogen - indicates that limited human data are available.
82 • 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. -EPA 3 = U.S. EPA Region 3 R8C Table, April 7, 2005.

HEAST= Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System.

NA = Not Available.

CA EPA = California EPA, Technical Support Document for Describing Available Cancer Potency Factors, December 2002.

Notes:'
1 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance

for Dermal Risk Assessment) Final. EPAl5401Rl99/005.

2· Adjusted cancer slope factor for dermal = ..
Oral cancer slope factor 1Oral Absorption Efficiency for Dermal.

8/31/2005



TABLE 6.2
CANCER TOXICITY DATA --INHALATION

NASJRB WILLOW GROVE, PENNSYLVANIA

Chemical Unit Risk Inhalation Cancer Weight of Evidencel Unit Risk: Inhalation CSF

of Potential Slope Factor(1) Cancer Guideline

Concern Value Units Value Units Description Source(s) Date(s)

(MM/DDIYYVY)

Volatile Organic Compounds

Carbon Tetrachloride 1.5E-02 (mg/m~)" 5.3E-02 . . (mg/kg/day)" 82 IRIS 61712005

Chloroform 2.3E-02 (mg/m~r 8.1E-02 (mg/kg/dayr 82 IRIS 6/7/2005

ITetrach loroethene 5.7E-03 (mg/m~r 2.0E-02 (mg/kg/dayr NA EPA3 4/7/2005

[rric"hloroethene 2.0E-03 (mg/m 3r' 7.0E-03 (mg/kg/dayr C CAEPA 12/2002

Metals

Arsenic 4.3E+00 (mg/m\' 1.5E+01 (mg/kg/dayr' A IRIS 61712005

8arium NA NA NA NA D IRIS 6/7/2005

~hromiumVI 1.2E+01 (mg/m~r 4.2E+01 (mg/kg/day)" A IRIS 61712005

Lead NA NA NA NA 82 IRIS 61712005

Manganese NA NA NA NA D IRIS 61712005

Notes:

1 - Inhalation CSF = Unit Risk * 70 kg 120m3/day.

Definitions:

EPA 3 = U.S. EPA Region 3 R8C Table, April 7, 2005.

HEAST= Health Effects Assessment Summary Tables

IRIS = Integrated Risk Information System.

NA = Not Available.

NCEA = National Center for Environmental Assessment

EPA Group:

A ~ Human carcinogen.

81 - Probable human carcinogen - indicates that limited human data are available.

82 - 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.

.1/2~05 .
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Resident

TABLE 7.1 RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURES

NASJRB WILLOW GROVE

Medium Exposure Medium Exposure Point Exposure Route Chemicalof EPe Cancer Risk Calculations Non·Cancer Hazard Calculations
Potential Concern Value Units IntakelExposUle Concentration CSFlUnit Risk Cancer Risk IntakeJExposure Concentration RIO/RIC Hazard Quotient

Value Units Value Units Value Units Value Units
Groundwater Groundwater Site 1 Ingestion Carbon Tetrachloride 5.74 ugll 3.1E-05 (mg/l<glday) 1.3E-OI (mg/l<glday)"' 4.1E-OS 3.7E-04 (mg/l<glday) 7.0E-04 (mg/l<glday) 0.5

Chloroform 5.76 ugll 3.2E-05 (mg/l<glday) NA (mg/l<glday)"' -- 3.7E~ (mglkglday) 1.0E-02 (mg/l<glday) 0.04
Tetrachloroethene 11.7 ugll 6.4E-05 (mg/l<glday) 5.4E-Ol (mg/l<glday)"' 3.5E-05 7.5E~ (mg/l<glday) I.OE-02 (mg/l<glday) 0.07
Trichloroethene 22.4 ugll 1.2E~ (mg/l<glday) 1.3E-02 (mg/lcgldayr' 1.6E-06 1.4E-G3 (mglkglday). 5.0E-Ol (mg/l<glday) 0.003
Arsenic 2.35 ugll 1.3E-05 (mg/l<glday) 1.5E+OO (mg/l<glday)"' 1.9E-05 1.5E-04 (mg/l<glday) 3.0E·04 (mg/l<glday) 0.5

'- Barium 221 ugll 1.2E-03 (mg/l<glday) • NA (mg/l<glday)"' -- 1.4E-;02 (mglkglday) 1.0E-02 (mg/l<glday) 0.2
Chromium 6.16 ugll 4.5E-05 (mg/l<glday) NA (mg/l<glday)"' -- 5.2E-04 (mglkglday) 3.0E-03 (mglkglday) 0.2
lead 2.57 ugll 1.4E-05 (mg/l<glday) NA (mg/l<glday)"' -- 1.6E·04 (mglkglday) NA (mg/l<glday) -
M~nganese 362 ugll 2.0E-03 (mg/l<glday) NA (mg/l<glday)"' -- 2.3E-02 (mg/l<glday) 2.4E-02 (mg/l<glday) 1.0

Exp. Route Total 6.0E-05 2.5
Dermal Carbon Tetrachloride 5.14 ugll 4.1E-06 (mg/l<glday) 1.3E·Ol (mglkglday)"' 6.2E-Ol 5.5E-05 (mg/l<glday) 1.0E-04 (mg/l<glday) 0.06

ChIOfoform 5.16 ugll 1.6E-06 (mg/l<glday) NA (mg/l<glday)"' -- 1.9E-05 (mg/l<glday) 1.0E-02 (mg/l<glday) 0.002

Tetrachloroethene '1,7 ugll 2.1E-05 (mg/l<glday) 5.4E-Ol (mg/l<glday)"' 1.2E-05 2.5E-04 (mg/l<glday) I.OE-02 (mg/l<glday) 0.02

Trichloroethene 22.4 ugll 1.1E-05 (mg/l<glday) 1.3E-02 (mg/l<glday)"' 1.5E-Ol 1.3E~ (mg/l<glday) 5.0E-Ol (mg/l<glday) 0.0003

Arsenic 2.35 ugll 2.6E-06 (mg/l<glday) 1.5E+OO (mg/l<glday)"' 4.2E-06 3.3E-Ol (mg/l<glday) 3.0E-04 (mg/l<glday) 0.001

Barium 221 ugll 2.6E-06 (mg/l<glday) NA (mg/l<glday)"' -- 3.1E-05 (mg/l<glday) 4.9E-03 (mg/l<glday) 0.006

Chromium 6.16 ugll 2.0E-Ol (mg/l<glday) NA (mg/l<glday)"' -- 2.3E-06 (mg/l<glday) 1.5E-05 (mg/l<glday) 0.03

Lead 2.51 ugll 3.1E-06 (mg/l<glday) NA (mglkglday)"'
_.

3.6E-Ol (mg/l<glday) NA (mg/l<glday) -
Manganese 362 ugll 4.3E-06 (mg/l<glday) NA (mg/l<glday)"' -- 5.0E-05 (mg/l<glday) 9.6E-004 (mg/l<glday) 0.05

Exp. Route Total 1.2E-05 0.2

Exposure Point Total 1.2E-05 2.1

Exposure Medium Total 1.2E-05 2.1

Air Site 1 Inhalation Carbon Tetrachloride 0.005 mglm3 1.6E-05 (mg/l<glday) 5.3E-02 (mglkglday)"' 6.1E-Ol 1.9E~ (mg/l<glday) 5.0E-02 (mg/l<glday) 0.004

Chloroform 0.005 mglmJ 1.7E-05 (mg/l<glday) 6.1E-02 (mg/l<glday)"' 1.4E-06 2.0E~ (mg/l<glday) 1.4E-02 (mg/l<glday) 0.01

Tetrachloroethene 0.Q10 mglm3 3.2E-05 (mg/l<glday) 2.0E-02 (mg/l<gldayr' 6.4E-Ol 3.6E~ .(mg/l<glday) 1.4E-Ol. (mg/l<glday) 0.003

TrichlOfoethene 0.020 mglm3 6.1E-05 (mg/l<glday) 1.0E-03 (mg/l<glday)"' 4.1E-Ol • 1.6E-04 (mg/l<glday) 1.1E-Ol (mg/l<glday) 0.005

Arsenic o.oe+o mglm3 O.OE+OO (mg/l<glday) 1.5E+01 (mg/l<glday)"' -- O.OE+OO (mglkglday) NA (mg/l<glday) -
Barium O.OE+O mg/m3 O.OE+OO (mg/l<glday) NA (mg/l<gldayr' -- O.OE+OO (mg/l<glday) l.04E-004 (mg/l<glday) -
Chromium O.OE+O mglm3 O.OE+OO (mg/l<glday) 04.2E+Ol (mg/l<gldayr' -- O.OE+OO (mg/l<glday) 2.9E-05 (mg/l<glday) -
Lead O,OE+O mglm3 o.oe+oo (mg/l<glday) NA (mg/l<glday)"' -- O.OE+OO (mg/l<glday) NA (mg/l<glday) -
Manganese O.OE+O mglm3 O,OE+OO (mg/l<glday) NA (mg/l<glday)"' -- O.OE+OO (mg/l<glday) 1.4E-05 (mg/l<glday) -

Exp. Route Total 3.4E·06 O.oJ

Exposure Point Total 3.'E-06 0.03

Exposure Medium Total HE-06 O.oJ

MediumTotaJ 1.5E-05 2.1

Total of Receptor Risks Aaoss All Media 1.5E-05 Total of Receptor Hazards Across All Media 2.1

8/3112005



Scenario Timeframe:
Receptor Population: Resident
Receptor Aoe: Adult

TABLE 7.2 RME

. CALCULATION OF CHEMICAL CANCER RISKS AND NON·CANCER HAZARDS

'REASONABLE MAXIMUM EXPOSURES

NASJRB WILLOW GROVE

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concem Value Units lntakeJExposure Concentration CSFlUnlt Risk . Cancer Risk Intake/Exposure Concentration RIO/RIC Hazard Cuotient

Value Units Value Units Value Units Value UnIts
Groundwater Groundwater Site 1 Ingestion Carbon Tetrll~loride 5.74 ugll 5.4E.Q5 (mglkglday) 1.3E.Ql (mglkglday)" 7.0E-06 1.6E.Q4 (mglkglday) 7.OE.Q4 (mglkglday) 0.2

, Chloroform 5.78 ugll 5.4E-OS (mglkglday) NA (mglkglday)" -- 1.6E.Q4 (mglkglday) 1.0E.Q2 (mglkglday) 0.02
Tetrachloroethene 11.7 ugll l.lE.Q4 (mglkglday) 5.4E.Ql (mglkglday)" 5.9E-05 3.2E.Q4 (mglkglday) 1.0E.Q2 (mglkglday) 0.03
Trlchloroethene 22.4· ugll 2.1E-04 (mglkglday) 1.3E.Q2 (mglkglday)" 2.7E-06 6.1E-04 (mglkglday) 5.0e-01 (mglkglday) 0.001

Arsenic 2.35 ugll 2.2E.Q5 (mglkglday) 1.5E+OO (mglkglday)"l 3.3E-05 6.4E.Q5 (mglkglday) 3.0E-04 (mglkglday) 0.2

Barium 221 ugll 2.1E-03 (mglkglday) NA (mglkg/day)"' -- 6.1E.Q3 (mglkglday) 7.0E.Q2 (mglkglday) 0.09

Chromium 8.18 ugll 7.7E.Q5 (mglkgldav) NA (mglkgldayr' -- 2.2E-04 (mglkglday) 3.0E-03 (mglkglday) 0.07

lead 2.57 ugll HE-OS (mglkglday) NA (mg/kg/daVr' -- 7.OE.Q5 (mglkglday) NA (mglkglday) -
Manganese 362 ugll HE.Q3 (mglkglday) NA (mglkglday)" -- 9.9E.Q3 (mglkglday) 2.4E.Q2 (mglkglday) 0.4

Exp. Route Total 1.0E-<>4 1.1
Dermal C8Ibon Tetrachloride 5.74 ugll 9.6E-oB (mglkglday) 1.3E.Ql (mg/kgldayr1 1.3E.Q6 2.8E-05 (mglkglday) 7.0E·04 (mglkglday) 0.04

ChlOfoform 5.78 ugll 3.3E-oB (mglkglday) NA (mg/kgldayr' -- 9.5E-06 (mglkglday) 1.0E-02 (mglkglday) 0.0009

Tetrachloroethene 11.7 ugll HE-OS (mglkglday) 5,4E.Ql (mglkgldaYr1 2.3E.Q5 1.3E..04 (mglkglday) 1.0E-02 (mglkglday) 0.01

Trichloroethene 22.4 ugll 2.3E-05 (mglkglday) 1.3E.Q2 (mglkglday)"' 3.0E.Q7 6.8E.Q5 (mglkglday) 5.0E.Ql (mglkglday) 0.0001

Arsenic 2.35 ugll 5.0E.Q8 (mglkglday) 1.5E+00 (mglkglday)"' 7.5E.Q8 1.4E.Q7 (mglkglday) 3.0E.Q4 (mglkglday) 0.0005

Barium 221 ugll OE-oB (mglkgldav) NA (mglkglday)" . -- HE-OS (mglkglday) UE.Q3 (mglkglday) 0.003

Chromium 8.18 ugll 3.5E.Q7 (mglkglday) NA (mg/kgldayr' -- 1.0E-06 (mglkglday) 7.5E.Q5 (mglkglday) 0.01

Lead 2.57 ugll 5.4E.Q8 (mglkglday) NA (mglkglday)"' -- 1.6E-07 (mglkglday) NA (mglkglday) -
Manganese 362 ugll 7.7E-06 (mglkglday) NA (mglkglday)" -- 2.2E-05 (mglkglday) 9.6E-04 (mglkglday) 0.02

Elfp. Route Total 2.5E-05 0.09

Exposure Poinl Total 1.3E-~ 1.2

Exposure Medium Tolal 1.3E.Q4 1.2

Air Site 1 Inhalation Carbon Tetrachloride 0.005 mglm3 1.4E.Q5 (mglkglday) 5.3E.Q2 (mglkglday)" HE-07 4.1E-05 (mglkglday) 5.0E.Q2 (mglkglday) 0.0008

Chloroform 0.005 mglm3 1.5E.Q5 (mglkglday) 8.1E.Q2 (mglkglday)·l 1.2E-06 4.3E-05 (mglkglday) HE.Q2 (mglkglday) 0.003

Tetrachloroethene 0.010 mglm3 2.8E.Q5 (mglkglday) 2.0E.Q2 (mglkgldayr1 5.5E-07 8.1E-OS (mglkglday) 1.4E.()1 (mglkglday) 0.0006

Trichloroethene 0.020 mglm3 5.7E.Q5 (mglkglday) 7.0E.Q3 (mglkglday)" ".OE.()7 . 1.7E-04 (mglkglday) 1.7E.Q' (mglkglday) 0.001

Anlenlc O.OE+O mglm3 O.OE+OO (mglkglday) 1.5E+Ol (mglkglday)" -. O.OE+OO (mglkglday) NA (mglkglday) -
Barium O.OE+O mglm3 O.OE+OO ("'Di1!glday) NA (mglkglday)"' -- O.OE+OO (mglkglday) HE-04 (mglkglday) -
Chromium O.OE+O mglm3 O.OE+OO (mglkglday) ".2E+Ol (mglkglday)" -- O.OE+OO (mglkglday) 2.9E-05 (mglkglday) -
Lead O.OE+O mglm3 O.OE-+OO (mglkglday) NA (mglkglday)"' -- o.oe-+oo (mglkglday) NA (mglkglday) -
Manganese O.OE+O mglm3 O.OE+OO (mglkglday) NA (mglkglday)"' -- O.OE+OO (mglkglday) 1.4E-OS (mglkglday) -

Exp. Route Total 2.9E.Q6 0.005

Exposure Point Tolal 2.9E.Q6 0.005

ElfpolUre Medium Total 2.9E-06 0.005

Medium Tolal 1.3E-04 1.2

Talai of Receptor Risks Acros. All Media '.3E-04 Total of Receplor Hazards Across AJI Media 1.2

613112005 .



Resident

TABLE 7.1 CTE

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potf!ntial Concern Value Units Intake/Exposure Concentration CSFJUnit Risk Cancer Risk IntakelExposure Concentration . RlDlRfC Hazard Quotient

Value Units Value Units Value Units Value Units
Groundwater Groundwater Site 1 Ingestion Carbon Tetrachloride 5.74 ugIL 7.3E.Q6 (mg/1<g1day) 1.3E.Ql (mg/1<g1day)" 9.5E.Q7 2.6E.Q4 (mg/1<g1day) 7.0E-04 (mg/1<g1day) 0.4

Chloroform 5.78 ugIL . 7.4E-06 (mg/1<g1day) NA (mg/1<g1day)" .- 2.6E·04 (mg/1<g1day) 1.0E.Q2 (mg/1<g1day) 0.03
T.etrachloroethene 11.7 ugIL 1.5E.Q5 (mg/1<g1day) 5.4E.QI (mg/1<g1day)" 6.1E-06 5.2E·04 (mg/1<g1day) ·1.0E.Q2 (mg/1<g1day) 0.05
Trichloroethene 22.4 ugIL 2.9.E.Q5 (mg/1<g1day) 1.3E.Q2 (mg/1<g1day)" 3.7E.Q7 1.0E·03 (mg/1<g1day) 5.0E-Ol (mg/1<g1day) 0.002
Arsenic 2.35 ugIL 3.0E-06 (mg/1<g1day) 1.5E+OO (mg/1<g1day)" 4.5E-06 l.lE.Q4 (mg/1<g1day) 3.0E·04 . (mg/1<g1day) . 0.4

Barium
'\ 221 ugIL 2.8E.Q4 (mg/1<g1day) NA (mg/1<g1day)" -- 9.9E.Q3 (mg/1<g1day) 7.0E.Q2 (mg/1<g1day) 0.1

Chromium 8.18 ugIL 1.0E.Q5 (mg/1<g1day) NA (mg/1<g1day)" -- 3.7E.Q4 (mg/1<g1day) 3.0E.Q3 (mg/1<g1day) 0.1
Lead 2.57 "gil . 3.3E-06 (mg/1<g1day) NA (mg/1<g1day)" 1.2E·04 (mg/1<g1day) NA (mg/1<g1day) -
Manganese 362 ugIL 4.6E.Q4 (mg/1<g1day) NA (mg/1<g1day)" -- 1.6E.Q2 (mg/1<g1day) 2.4E-02 (mg/1<g1day). 0.7

Exp. Route Total 1.4E·05 1.7
Dermal Carbon Tetrachloride 5.74 ugIL 1.6E·06 (mg/1<g1day) 1.3E.Ql (mg/1<g1day)" 2.1E.Q7 5.5E·05 (mg/1<g1day) 7.0E.Q4 (mglkglday) 0.08

Chloroform 5.78 ugIL 5.3E.Q7 (mg/1<g1day) NA (mg/1<g1day)" .. 1.9E·05 (mg/1<g1day) 1.0E·02 (mg/1<g1day) 0.002
Tetrachloroethene 11.7 ugIL 7.1E.Q6 (mg/1<g1day) 5.4E.Ql (mg/1<g1day)" 3.8E-06 2.5E.Q4 (mg/1<g1day) 1.0E.Q2 (mg/1<g1day) 0.02
Trichloroethene 22.4 ugIL 3.8E-06 (mg/1<g1day) 1.3E.Q2 (mg/1<g1day)" <l.9E-OB ·1.3E.Q4 (mg/1<g1day) 5.OE.Ql (mg/1<g1day) 0.0003
Arsenic 2.35 ugIL 9.3E.Q9 (mg/1<g1day) 1.5E+OO (mg/1<g1day)" 1.4E.Q8 3.3E.Q7 (mg/1<g1day) 3.0E.Q4 (mg/1<g1day) 0.001
Barium 221 ugIL 8.8E.Q7 (mg/1<g1day) NA (mg/1<g1day)" . -- 3.1E.Q5 (mg/1<g1day) 4.9E.Q3 (mg/1<g1day) 0.006
Chromium 8.18 . ugIL 6.5E.Q8 (mg/1<g1day) NA (mg/1<g1dayr' .. 2.3E-06 (mg/1<g1day) 7.5E.Q5 (mg/1<g1day) 0.03
Lead 2.57 ~gIL 1.0E.Q8 (mg/1<g1day) NA (mg/1<g1dayr' -- 3.6E-07 (mg/1<g1day) NA (mg/1<g1day) -
Manganese 362 ugIL 1.4E-06 (mg/1<g1day) NA (mg/1<g1dayr' .. 5.0E·05 (mg/1<g1day) 9.6E·04 (mg/1<g1day) 0.05

Exp. Route Total 4. 1E-06 0.2
Exposure Point Total 1.8E.Q5 1.9

Exposure Medium Total 1.8E.Q5 1.9

Air Site 1 Inhalation Carbon Tetrachloride 0.003 mglmJ 3.0E·06 (mg/1<g1day) 5.3E-ll2 (mg/1<g1dayr' 1.6E·07 1.0E.Q4 (mg/1<g1day) 5.0E.Q2 (mg/1<g1day) 0.002

Chtoroform 0.003 mglm3 3.2E-06 (mg/1<g1day) 8.1E.Q2 (mg/1<g1dayr' 2.6E.Q7 1.1E·04 (mg/1<g1day) 1.4E.Q2 (mg/1<g1day) 0.008

Tetrachloroethene 0.005 mglm3 5.9E-06 (mg/1<g1day) 2.0E.Q2 (mg/1<g1dayr' 1.2E.Q7 2.1E.Q4 (mg/1<g1day) 1.4E-OI (mg/1<g1day) ·0.001

Trichloroethene 0.011 mglm3 1.2E.Q5 (mg/1<g1day) 7.OE.Q3 (mg/1<g1dayr' 8.6E-08 4.3E.Q4 (mg/1<g1day) 1.7E·Ol (mg/1<g1day) 0.003

Arsenic O.OE+O mg/m3 O.OE+OO (mg/1<g1day) 1.5E+01 (mg/1<g1dayr' -- . O.OE+OO (mg/1<g1day) NA (mg/1<g1day) -
Barium O.OE+O mglm3 O.OE+OO (mg/1<g1day) NA (mg/1<g1dayr' .. O.OE+OO (mg/1<g1day) 1.4E-04 (mg/1<g1day) -
Chromium O.OE+O mglm3 O,OE+OO (mg/1<g1day) 4.2E+01 (mg/1<g1day)" .. O.OE+OO (mg/1<g1day) 2.9E·05 (mg/1<g1day) -
Lead O,OE+O mglm3 O.OE+OO (mg/1<g1day) NA (mg/1<g1dayr' .. O.OE+OO (mg/1<g1day) NA (mg/1<g1day) -
Mangane&e O.OE+O mglm3 O.OE+OO (mg/1<g1day) NA (mg/1<g1dayr' .. O.OE+OO (mg/1<g1day) 1.4E.Q5 (mg/1<g1day) -

Exp. Route Total 6.2E.Q7 0.01

Exposure Point Total 6.2E.Q7 0.01

Exposure Medium Total 6.2E·07 0.01

Medium Total 1.9E-05 1.9

Total of Receptor Risks Across An Media 1.9E.Q5 Total 01 Receptor Hazards Across All Media 1.9
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Resident

. TABLE 7.2 CTE

. CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

CENTRAL TENDENCY EXPOSURES

NASJR.B WILLOW GROVE

Medium Exposure Medium Exposure Point exposure Route ChemIcal of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concem Value Units Intake(Exposure Concentration CSFlUnit Risk Cancer Risk IntakefExposure Concentration RIDIRfC Hazard Cuotient

Value Units Value Units Value Units Value Units
Groundwater Groundwater Site 1 Ingestion Carbon Tetrachlorlde S.74 ugll HE-06 (mg/1<glday) 1.3E-lll (mglkglday)" 9.6E-ll7 7.4E-llS (mglkglday) 7.0E-04 (mglkglday) 0.1

Chloroform S.78 ugll HE-06 (mglkglday) NA (mglkglday)" -- HE-OS (mglkglday) 1.0E-02 (mglkglday) 0.007
Tetrachtoroethene 11.7 ugll l_SE-llS (mglkglday) S.4E-lll (mglkgldayr' 8.1E-QS 1.5E-Q4 (mglkglday) 1.0E-02 (mglkglday) 0.02
Trichloroethene 22.4 ugll 2.9E-OS (mglkglday) 1.3E-ll2 (mglkgldayr' 3.7E-ll7 2.9E-04 (mglkglday) 5.0E-Ol (mglkglday) 0.0006

Arsenic 2_3S ugll 3.0E-06 (mglkglday) 1.5E+OO (mglkglday)" 4.5E·06 3.0E-05 (mglkglday) 3.0E-ll4 (mglkglday) 0.1
Barium 221 ugll 2.8E-04 (mglkglday) NA (mglkglday)" .. 2.8E-03 (mglkglday) 7.0E-ll2 (mglkglday) 0.04
Chromium 8.18 ugll 1.0E-05 (mglkglday) NA (mglkglday)" -. 1.0E·04 (mglkglday) 3.0E-03 (mglkglday) 0.03

lead 2.57 ugll 3.3E-06 (mglkglday) NA (mgtkgldavr' -- 3.3E-ll5 (mglkglday) NA (mglkglday) -
Manganese 362 ugll 4.6E-Q4 (mglkglday) NA (mgfkglday)" -- 4.6E..QJ (mglkglday) 2.4E-D2 (mglkglday) 0.2

Exp. Roule Total HE-OS 0.5

Dermal Carbon Tetrachloride 5.7. ugll 1.6E-06 (mg/1<glday) 1.3E-lll (mglkglday)" 2.0E-ll7 1.6E-05 (mglkglday) 7.0E-ll4 (mglkglday) 0.02

ChlOfoform 5.78 ugll 5.2E-ll7 (mglkglday) NA (mglkgldlllvr' -- 5.2E-06 (mglkglday) 1.0E-ll2 (mglkglday) 0.0005

Tetrlllchloroethene 11.7 ugll 7.0E-06 (mglkglday) 5.4E-Ol (mglkgldaYr' 3.8E-06 7.0E-ll5 (mglkglday) 1.0E-ll2 (mglkglday) 0.007

Trichloroethene 22.4 ugll 3.7E-06 (mglkglday) 1.3E-ll2 (mglkgldavrl HE-08 3.7E-ll5 (mglkglday) 5.OE-lll (mglkglday) 0.00007

Arsenic 2.3S ugll 6.6E-ll9 (mglkglday) 1.5E+OD (mglkglday)" 9.9E-ll9 6.6E-ll8 (mglkg;day) 3.0E-Q4 (mglkglday) 0.0002

Barium 221 ugll - 6.2E-ll7 (mglkglday) NA (mglkg;day)" -- 6.2E-06 (mglkglday) 4.9E-ll3 (mglkglday) 0.001

Chromium 8.18 ugll UE-ll8 (mglkglday) NA (mg/1<glday)" -- 4.6E-ll7 (mglkglday) 7.5E-ll5 (mglkglday) D.DDS

Lead' 2.57 ugll 7.2E-09 (mglkglday) NA (mglkglday)·1 .. 7.2E-ll8 (mglkglday) NA (mglkglday) -
Manganese 362 ugll 1.DE-06 (mglkglday) NA (mglkglday)"

_. 1.0E-ll5 (mglkglday) 9.6E-04 (mglkglday) 0,01

Exp. Route Total 4.0E-06 O.OS

Exposure Point Total 1.8E-05 0.5

Exposure Medium Total 1.8E-05 0.5

p.j, SUe 1 Inhalation Carbon Tetrachloride 0.005 mglm3 4.1E-06 (mg/1<glday) 5.3E-ll2 (mglkglday)" 2.2E-ll7 4.1E-05 (mglkglday) 5.0E-ll2 (mglkglday) 0.0008

ChlOfo~m 0.005 mgim3 4.3E-ll6 (mglkglday) 8.1E-ll2 (mglkglday)" 3.5E-ll7 UE-05 (mglkglday) 1.4E-02 (mglkglday) 0.003

Te:tract\loroethene 0.010 mglm3 8.1E-06 (mglkglday) 2.0E-ll2 (mglkglday)" 1.6E-07 8.1E-05 (mglkglday) HE·Ol (mglkglday) 0.0006

Trichloroethene 0.020 mglm3 1.7E-OS (mg/1<glday) 7_0E-ll3 (mglkglday)" '_2E-07 1.7E-04 (mglkglday) 1.7E-lll (mglkglday) 0.001

Arsenic D.DE+D mglm3 O.OE+OO (mglkglday) 1.5E+01 (mglkglday)" _. O.OE';OO (mglkglday) NA (mglkglday) -
Barium O.OE';O mglm3 O.OE+OO (mglkglday) NA (mglkglday)" .- O.OE+OO (mglkglday) HE-Q4- (mglkglday) -
Chromium O.OE';O mglm3 O.OE+OO (mglkglday) •.2E+01 (mglkglday)" -- O.OE+OO (mglkglday) 2.9E-05 (mglkglday) -
Lead O.OE+O mg/m3 O.OE+OO (mg/1<glday) NA (mglkglday)" .. O.OE+OO (mglkglday) NA (mglkglday) -
Manganese O.OE+O mg/m3 O.OE+OO (mglkglday) NA (mglkglday)" .- O.OE+OO (mglkglday) 1.4E-05 . (mglkglday) -

Exp. Route Total 8.5E-07 0.005

Ellposure Point Total 8.SE-07 0.005

Erposure Medium Total 8.5E-ll7 0.005

Me:diumTotal 1.9E-ll5 0.6

Total of Receptor Risks Across An Media 1.9E-ll5 Total of Receptor Hazards Across All Media 0.6
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TABLE 9.1 RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURES

NASJRB WILLOW GROVE

Scenario Timeframe: Future

Receptor Population: Resident

Receptor Age: Child

TotalCNS HI

TotalCVS HI

Total GS HI

Total Kidney H

Total Uver H

Total Skin H

Total Fetotoxicity H

Total Bone H

Medium Exposure Exposure Chemical Carcinogenic Risk NorrCarcinogenic Hazard Quotient
Medium Point of Potential

Concern Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ(s) • Routes Total
IGroundwater Groundwater Si1el Carbon Tetrachloride 4E-06 - 6E-C7 - SE-06 Liver 0.5 .. O.OB 0.6

Chlorofonn .. - .. - .- Liver 0.04 -- 0.002 0.04

Tet~chloroet~ene 3E-OS - lE-CS - SE·OS Liver 0.07 -- 0.02 . 0.10

Trichloroethane 2E-06 - lE-C7 - 2E·06 Liver 0.003 -. 0.0003 0.003

Arsenic 2E-CS - 4E·08 - 2E-CS . Skin, CVS 0.5 .. 0.001 0.5

Barium .- - .. - .. Kidney 0.2 -. 0.006 0.2

Chromium -- - -- - -- Fetotoxicity, GS, Bone 0.2 .- 0.03 0.2

Lead .. - .. - .. NA - .- - -
Manganese -- - .. - -. CNS 1.0 -- 0.05 1

Chemical Total 6E-CS - lE-OS - I 7E-OS I 2 .. 0.2 I 3 I
Exposure Point Total I 7E-OS I I 3 I

I Exposure Medium Total II \I 7E-OS I I 3 I
Groundwater Site 1 Carbon Tetrachloride - 9E-07 - - 9E-C7 Liver -- 0.004 .. 0.004

Chlorofonn - lE-C6 - - lE-06 Liver .. 0.01 -- 0.01

Tetrachloroethene - 6E-C7 - - 6E·07 Uver . - 0.003 .. 0.003

Trichloroethene - SE-07 - .- SE-07 Uver -- O.OOS .. 0.005

Arsenic - .- - - .. NA .. - -- -.
Barium - -- - - .- Fetotoxicily -- .. -- --
Chromium - .. - - -- Lungs -- - _. _.
Lead - -- - - -. NA -- - _. -
Manganese - -- .. - -- CNS .- - .. -

hemical Total 3E-C6 - - I 3E-06 I -- 0.03 .. I 0.Q3 I
Exposure Point Total 3E-06 I 0.Q3 I

I Exposure Medium Total II \I 3E-C6 I I 0.03 I
Medium Total I Ii 8E-OS I 3 I
Receptor Total Receptor Risk Total I BE·OS Receptor HI Total 3

1

0.5

0.2

0.2

O.B

0.5

0.2

0.2
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Scenario Timeframe: Future

Receptor Population: Resident

Receptor Ace: Adult

TABLE 9.2 RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURES

NASJRB WILLOW GROVE'

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concem Ingestion Inhalation Dermal External Exposure Primary Ingestion Inhalation Dermal Exposure
I (Radiation) Roules Total TargeIOrgan(s) Routes Total

Groundwater Groundwater Sile 1 Carbon Telrachloride 7E·06 - lE-06 - 8E-06 liver 0.2 -- 0.04 0.3

Chloroform -. - .- -- .- liver 0.02 .. 0.0009 0.02

Tetrachloroethene BE-OS - 2E-OS .. 8E-OS liver 0.03 .. 0.01 0.04

Trichloroethane 3E·06 -- 3E-07 - 3E-06 liver 0.001 -- 0.0001 0.001

Arsenic 3E-OS - 7E·08 - 3E·OS Skin, CVS 0.2 .. 0.0005 0.2

Barium .. - -- - -- Kidney 0.09 -- 0.003 0.09

Chromium -. - _. - .. Feloloxicily, GS, Bone 0.07 -- 0.01 0.09

Lead -- - -- - .- NA -- -. - -
Manganese -- - -. - -- CNS 0.4 .. 0.02 0.4

Chemical Tolal lE-04 - 3E-05 - I lE-04 I 1 -. 0.09 I 1 I
Exposure Point Total I lE·04 I I 1 I

Exposure Medium Total lE-04 I 1 I
Groundwater Site 1 Carbon Tetrachloride - 7E-07 - - 7E-07 liver, .. 0.0008 -. 0.0008

Chloroform - lE·08 - - lE-08 liver .- 0.003 .. 0.003

Tetrachloroethane - BE-07 - - 8E-07 liver -- 0.0006 .. 0.0006

Trichloroethane - 4E·07 - - 4E-07 Liver .. 0.001 -- 0.001

Arsenic - .. - -- .. NA -- - .. --
Barium - .- - - -- Fetotoxicity -- - .- -
Chromium - .. - - .. Lungs -- - .. -
Lead - -- - - .- NA -. - .. -
Manganese - .. - - . -- CNS .- - -- -

hemical Tolal - 3E-06 - - I 3E-08 I -- 0.005 .. I 0.005 I
Exposure Point Total 3E-08 I 0.005 I

Exposure Medium Total I I 3E·08 I 0.005 I
Medium Tolal I I lE-Q4 I II 1 I
Receplor Total Receptor Risk Total lE-Q4 Receplor HI Total I 1

Total CNS HI

Total CVS HI

Tolal GS HI

Tolal Kidney H

Total UverH

Total Skin H

Total Feloloxicily H

TOlal Bone H

0.4

0.2

0.09
0.09
0.3
0.2

0.09
0.09

8/31/2005



TABLE 9.3 RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURES

NASJRB WILLOW GROVE

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient
Medium Point of'Potential

Concern Ingestion Inhalation Dennal External Exposure Primary Ingestion Inhalation Dennal Exposure

(Radiation) Routes Total Target Organ(s) Roules Total
IGroundwater Groundwater Site 1 Carbon Tetrachloride 1E-05 - 2E-06 - 1E-05

Chlorofonn -- - -- - --
Tetrachloroethene 9E-05 - 4E:05 - 1E-04

Trichloroethane 4E-06 - 5E-C7 - 5E-06

Arsenic 5E-05 - 1E-07 - 5E-05

Barium -- - -- -- --
Chromium -- - -- - --
Lead -- - -- - --
Manganese -- - -- - --
IChemical Total 2E-04 - 4E-05 - I 2E-C4 I I I

Exposure Point Total I 2E-04 I I I
I Exposure Medium Total II II 2E-04 II II I
Groundwater Site 1 Carbon Tetrachloride - 2E-06 - - 2E-06

Chloroform - 3E-06 -- - 3E-06

Tetrachloroethene - 1E-06 - - 1E-06

Trichloroethene - 9E-07 - - 9E-07

Arsenic - -- - - --
Barium - -- - - --
Chromium - -- - - --
Lead - -- - --
Manganese - -- - -- --
©hemical Total I - 6E-06 - I

6E-06

I I I
Exposure Point Tctal 6E-06 I I

I Exposure Medium Total I
II

6E-06

I I I
!Medium Total I 2E-04 I I
Receptor Total Recaptor Risk Total I 2E-Q4

"
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Scenario Timeframe: Future

,tor Population: Resident

e: Child

TABLE 9.1 CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

Medium Exposure Exposure Chem'leal Carcinogenic Risk Non-Carcinogenic Hazard Quotient
Medium Point of Potential

Concem Ingestion Inhalation Dermal Extemal Exposure Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ(s) Routes Total
Groundwater Groundwater Site 1 Carbon Tetrachloride lE-06 - 2E·07 - lE-06 Liver 0.4 .- O.OB 0.4

Chloroform .. - -- - -- Liver 0.03 -- 0.002 0.03

Tetrachloroethane BE-06 - 4E-OB - lE-OS Liver 0.05 .. 0.02 O.OB

Trichloroethane 4E·07 - SE-CB - 4E-07 liver 0.002 -- 0.0003 0.002

Arsenic SE·OB - lE-OB - SE-OB Skin. CVS 0.4 -- 0.001 0.4

Barium .. - -- - .. Kidney 0.1 .. O.OOB 0.1

Chromium .. - _. - -. Fetotoxicity. GS, Bone 0.1 .. 0.03 0.2

Lead -- - -- - .- NA - -- - -
Manganese -- - -- - .- CNS 0.7 .. 0.05 0.7

Chemical Total lE-CS - 4E-OB - I 2E-OS I 2 .. 0.2 I 2 I
Exposure Point Total I 2E-OS I I 2 I

Exposure Medium Total I 2E-CS II II 2 I
Groundwater Site 1 Carbon Tetrachloride - 2E-C7 - - 2E-07 Liver -- 0.002 -- 0.002

Chloroform - 3E-07 - - 3E-07 Liver -- O.OOB .. O.OOB

Tetrachloroethene - lE-07 - - lE·07 Liver .. 0.001 -- 0.001

Trichloroethane - 9E·OB - - 9E-OB liver -. 0.003 .. 0.003

Arsenic - -- . -- - .. NA .. - .- ..
Barium - -- - - .. Fetotoxicity .. - .- ..
Chromium - -- - - .- Lungs _. - .. -
Lead. - -- - - -. NA -- -- -- -
Manganese - .- - - -- CNS -. -- -- -
IChemical Total I BE-07 - - I

BE-07

I
.. 0.01 -- I 0.01 I

Exposure Point Total BE-07 I 0.01 I
Exposure Medium Total I· BE-07 II II .0.01 I

Medium Total I 2E-OS II II 2 II
Receptor Total Receptor Risk Total 2E-CS I Receptor HI Total I 2 I

Total CNS H

Total CVS H

Total GS HI

Total Kidney H

Total LiverH

Total Skin H

Total Fetotoxicity H

Total Bone H

0.7

0.4

0.2

0.1

O.B

0.4

0.2

0.2
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Scenario Timeframe: Future

Receptor Population: Resident

Receptor Ace: Adult

TABLE 9.2 CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FqR COPCs

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient
Medium Point of Potential

Concern Ingestion Inhalation Dermal Extemal Exposure .Primary Ingestion Inhalation Dermal Exposure

(Radiation) Routes Total Target Organ(s) Routes Total
iGroundwaler Groundwater Sile 1 Carbon Tetrachlorida lE-06 - 2E-07 - lE-06 Liver 0.1 -- 0.02 0.1

Chloroform -- - -- - -- Liver 0.007 -- 0.0005 O.OOS

Tetnichloroethene SE-06 - 4E-06 - IE-OS 'Uver 0.02 -- 0.007 0.02

Trichloroethene 4E-07 - SE-oS - 4E-07 Liver O.OOOS -- 0.00007 0.0006

Arsenic SE-06 - lE-oS - SE-06 Skin. CVS 0.1 -- 0.0002 0.1

Barium -- - -- - -- Kidney 0.04 -- 0.001 0.04

Chromium -- - -- - -- Fetotoxicity. GS. Bone 0.03 -- 0.006 0.04

Lead -- - -- - -- NA - -- - --
Manganese -- - -- - -- CNS 0.2 -- 0.01 0.2

K:hemical Total IE-OS - 4E-06 - I 2E-OS I 0.5 -- 0.05 I 0.5 I
Exposure Point Total I 2E-OS I I 0.5 I

Exposure Medium Total I II 2E-OS II II 0.5 I
Groundwater Site 1 Carbon Tetrachloride - 2E-07 - - 2E-07 Liver -- O.OOOS -- O.OOOS

Chloroform - 4E-07 - - 4E-07 Uver -- 0.003 -- 0.003

Tetrachloroethene - 2E-07 - - 2E-07 liver -- 0.0008 -- 0.0006

Trichloroethena - lE-07 - - lE-07 Liver -- 0.0010' -- 0.0010

Arsenic - -- - - -- NA -- - -- -
Barium - -- - - -- Fetotoxlcily -- - -- -
Chromium - -- - - -- Lungs -- - -- --
Lead - -- - - -- NA -- - -- -
Manganese - -- -- - -- CNS -- - -- -
I{,;hemical Total SE-07 - I SE-07 I -- 0.005 -- 0.005

Expo.sure Point Total I SE-07 I I 0.005 I
I Exposure Medium Total I I SE-07

II II
0.005 I

Medium Total I 2E'OS I I O.S I
Receptor Tatal Receptor Risk Total 2E-OS I Receptor HI Tolal I O.S

Total CNS H

Total CVS H

Tolal GS H

Total Kidney H

Total Uver H

Total Skin H

Total Fetotoxicity H

Total Bone H

0.2

0.1

0.04

0.04

0.2
0.1

I 0.04
0.04
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Scenario Timeframe: Future

Receptor Population: Resident

Receptor Age: Lifelong (Child and Adult)

TABLE 9.3 CTE

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

CENTRAL TENDENCY EXPOSURES

NASJRB WILLOW GROVE

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concem Ingestion Inhalation Oennal External Exposure Primary Ingestion Inhalation Dennal Exposure

(Radiation) Routes Total Target Organ(s) Routes Total

Groundwater Groundwater Site 1 Carbon Tetrachloride 2E-06 - 4E-07 - 2E-OO

Chlorofonn -- - -- - --
retrachloroethene 2E-OS - BE-06 - 2E-OS

Trichloroethane 7E-07 - lE-C7 - BE-07

Arsenic 9E-06 - 2E-CB - ·9E-06

Barium -- - -- - --
" Chromium -- - -- - --

Lead -- - -- - --
Manganese -- - '- - --
IChemical Total 3E-CS - BE-06 - I 4E-OS I I I

Exposure Point Total 4E-CS I I
Exposure Medium Totsl 4E-CS I II I

Groundwater Site 1 Carbon Tetrachloride - 4E-C7 -- - 4E-C7

Chlorofonn - BE-C7 - - BE-07

Tetrachloroethane - 3E-07 - - 3E-07

Trichloroethane -- 2E-07 .- -- 2E-C7

Arsenic - -- - - --
Barium - -- - - --
Chromium - .. - - --
Lead - -- - - --
Manganese - -- - - --

hemical Total - lE-OO - - I lE-06 I I IExposure Point Total 'lE-Q6

Exposure Medium Total I II lE-OO I I I
Medium Total n 4E-CS I I I
Receptor Total Receptor Risk Total I 4E-OS
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SAMPLE CALCULATIONS
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CALCULATION WORKSHEET Page 1 of 2

99g

:

CLIENT: I~OB NUMBER:
WILLOW GROVE, PENNSYLVANIA 2192
SUBJECT:
CALCULATION OF INTAKE/RISK FROM INGESTION OF GROUNDWATER
ADULT RESIDENT
BASED ON:
U.S. EPA, DECEMBER 1989
BY: IC~n_Y: I,DATE:
A. JUPIN ./- " ./' 06/08/2005

PURPOSE: To estimate intake carcino en(and noncarcino enic risks from in estion of·
groundwater.

EQUATION: lEX = _--::;C..iil.g..;.;.w..;,;x;.,.:C::::F::,,:x:.:-:-:-IF-:x~E:...F.:.:.x-=E:.;:D~_
. BW xAT

Where:
lEX
Cgw
CF
IR
EF
ED

·BW
AT
CSFo
RlOo'

= estimated exposure intake (mg/kg/day)
= exposure point concentration in groundwater (ug/L)
= conversion factl;>r (1.0E-3 mg/ug) .

ingestion rate (Uday)
=_ eXPQsureJrequency (days/year)
= exposure duration (years)

. body weight (kg)
averaging time (days)

= oral carcinogenic slope factor «mg/kg/dayr1
)

= oral noncarcinogenic reference dose (mg/kg/day)

RISKS:
ILCR (Carcinogens) . = Intake (mg/kg/day) x CSFo (mg/kg/day)-1
HQ (Noncarcinogens) = Intake (mg/kg/day) / RFDo (mg/kg/day)

Chemical: Trichloroethane22.4 uglL
2 Uday

1.0E-03 mg/ug
350 days/year
24 years
70 kg

25550 days
8760 days

1.3E-02 (mglkg/dayr1

5.0E-01 (mg/kg/day)

=

=

=

ASSUMPTIONS:
Cgw =
IR =
CF
EF
ED
BW
ATc
ATnc
CSFo

. RfDo
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CLIENT: IJOB NUMBER:
WILLOW GROVE, PENNSYLVANIA 2192
SUBJECT:
CALCULATION OF INTAKE/RISK FROM INGESTION OF GROUNDWATER
ADULT RESIOENT
BASED ON:
U.S. EPA, DECEMBER 1989
BY:

IC; _V!Y~- I,DATE:
R. JUPIN 06/08/2005

EXAMPLE CARCINOGENIC CALCULATION

IEXc

IEXc

22.4 ug/L x 0.001 mg/ug x 2 Uday x 350 days/year x 24 years
70 kg x 25550 days

= 2.10E-04 mg/kg/day· /

ILCR = 2.10E-04 mg/kg/day x1.30E-02 (mg/kg/day)-1 = Incr~mental Lifetime Cancer Risk ~

ILCR = 2.7E-06 /

EXAMPLE NONCARCINOGENIC CALCULATION

IEXnc = 22.4 uglL x 0.001 mg/ug x 2 Uday x 350 days/Year x 24 years
70 kg x 8760 days

IEXnc = 6.14E-04 mglkg/day V
HQ

6.14E-04 mg/kg/day =Hazard Quotient ~
5.0E-Q1 (mg/kg/day)

HQ = 0.0012 V
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CLIENT: I~OB NUMBER:
WILLOW GROVE, PENNSYLVANIA 2192
SUBJECT:
CALCULATION OF INTAKE/RISK FROM DERMAL CONTACT WITH GROUNDWATER
ADULT RESIDENT
BASED ON:
U.S. EPA, DECEMBER 1989, JULY 2004
BY:

f./c
BY: IIDATE

:R. JUPIN ( /. . /-'L
06/08/2005

t7
PURPOSE: To estimate intake, carcinogenic and noncarcinogenic risks from dermal contact with

groundwater. .

EQUATION:
DAD = DAevent x EV x ED x EF x A

BWxAT

= dermally absorbed dose (mglkglday)
absorbed does per event (mglcm2/event)
event frequency (events/day)

= exposure frequency (dayslyear)
exposure duration (years)

= skin surface available for contact (cm2
) ­

= body weight (kg)
= averaging time (days)
= oral carcinogenic slope factor «mglkgldayr1

)

= oral noncarcinogenic reference dose (mg/kglday)

Where:
DAD
DAevent =
EV
EF
ED
A
BW
AT
CSFo
RfDo

RISKS:
ILCR (Carcinogens) =DAD (mg/kg/day) x CSFd (mglkglday)-1
HQ (Noncarcinogens) =DAD (mg/kglday) 1RFDd (mglkglday)

EQUATIONS for DAevent:
\

For Inorganics:

IDAevent = Kp x Cw x CF x levent

For Organics:

6xtauxteventntevent~f, then: DAevent=2xFAxKpxCwxCFx.I-----
1t

. . [tevent (1 +3B+~J~ntevent > t, then: DAevent= FAxKpxCwxCFx --+2xtaux 2

1+8 (1+8)
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CLIENT: I:JOB NUMBER:
WILLOW GROVE, PENNSYLVANIA 2192
SUBJECT:
CALCULATION OF INTAKE/RISK FROM DERMAL CONTACT WITH GROUNDWATER
ADULT RESIDENT
BASED ON: .
U.S. EPA, DECEMBER 1989, JULY 2004
BY: jCHECKED BY: . I~ATE:·
R. JUPIN 06/08/2005

Where:
Kp
Cgw
tevent
CF
t*
t

B

= permeability coefficient from water (cmlhr)
= concentration of chemical in groundwater (mglL)
- duration of event (hr/event)
= Conversion factor (0.001 Ucm1

time it takes to reach steady-state (hr/event)
lag time (hr/event)

= Bunge Model Constant (dimensionless)

EXAMPLE CALCULATION OF DAevent

ASSUMPTIONS:

Cgw 0.0224 mglL Chemical: Trichloroethene
Kp = 1.16E-Q2 crn/hr
FA = 1 unitless
tevent 0.25 hr/event

\
CF 0.001 Ucm3=
t* 1.39 hr/event
t. 0.58 hr/event
B = 0.051

tevent < t*, therefore,

DAevent =

J
(2 x 0.0116 cm/hr) (1) (0.0224 mg/L) (0.001 Ucm3) x

6 x 0.581 hr/event x 0.25 hr/event
1t

DAevent = 2.74E-07 mglcm2-event

.18000 cm2/day
1 event/day·

24 years
350 days/year
70 kg

25550 days
8760 days

1.3E-02 (mg/kg/dayr' .
5.0E-Q1 (mglkg/day)

RISK CALCULATIONS

ASSUMPTIONS:

A =
EV =
ED =
EF =
BW =
ATc =
ATnc =
CSFd =
RfDd =

6/8/2005
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CLIENT: I~OB NUMBER:
WILLOW GROVE, PENNSYLVANIA 2192
SUBJECT:
CALCULATION OFINTAKEJRISK FROM DERMAL CONTACT WITH GROUNDWATER
ADULT RESIDENT
BASED ON:
U.S. EPA, DECEMBER 1989, JULY 2004
BY:

IC / (/. BY:"/7_ IIDATE
:R. JUPIN - 06/08/2005

EXAMPLE CARCINOGENIC CALCULATIOI

DADc 2.74E-Q7 mglcm2-event x 1 event/day x 24 years x 350 days/year x 18000 cm2lday
70 kg x 25550 days

DADc = 2.31 E-05 mglkglday /

DADc = 2.31 E-05 mg/kglday x 1.30E-02 (mglkg/day)-1 =Incremental Lifetime Cancer Risk ~""

ILCR = 3.0E-07

EXAMPLE NONCARCINOGENIC CALCULATION

DADnc = 2.74E-07 mglcm2-event x 1 event/day x24 years x 350 days/year x 18000 cm2lday
70 kg x 8760 days

= 6.75E-05 mg/kglday /5.ooE-Q1 (mglkglday) =Hazard Quotient

DADnc

HQ

= 6.75E-05 mglkglday
~..

HQ _ 0.00013 /"

6/8/2005 .
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og 9
volatiles while showering by an adult resident.

CLIENT: .. I~OB NUMBER:
. WILLOW GROVE, PENNSYLVANIA ·2192

SUBJECT:
CALCULATION OF INTAKEIAISK FROM INHALATION OF VOLATILES WHILE SHOWERING
BY AN ADULT RESIDENT
BASED ON:
U.S. EPA,1989 AND FOSTER AND CHROSTOWSKI, 1987
BY:

IC~rl~: 69, IIDATE
:R. JUPIN 06/0812005

PURPOSE: To estimate intake, carcin ele and noncarcino enic risks from inhalation of

EQUATIONS: Intake = S,-:::x::-IR;-S_h::-X=-K-,:x::-E_F---::X:-::E;-D _
BW.x AT x Ra x CF

Where:
K=Ds + exp(-Ra x Dt) - exp[Ra x (Ds - 01)]

Ra

S = Cwd x FRlSV Cwd = Cw x [1-exp(-Kal x ts/60d»)

Kal =KI x [(T1 xUs)/(Ts x U1 )-o.s KI =11[1/k1 + RT/(H x kg)]

k1 =20 cm/hrx (44/MW)o.s kg =3000 cmlhr x (18/MW)o.s •
Where:
Intake = estimated exposure intake (mg/kglday)
S = volatile chemical generation rate (mglm3-min - shower)
IRsh =') inhalation rate (m3/hr)
EF exposure frequency (showers/year)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (days)
Ra = air exchf;lnge rate (1/min)
Ds shower duration (min)
01 = total time in bathroom (min)
FR =. shower water flow rate (Umin)
SV shower room air volume (m3)
ts = shower droplet drop time (sec)
d = shower droplet diameter (mm)
MW = molecular weight of compound (glmole)
H = Henry's Law constant (atm-m3/mole)
T1 = calibration water temperature (K)
Ts = shower water temperature (K)
U1 = water viscosity at T1 (cp)
Us = water viscosity at Ts (cp)

CSFi inhalation carcinogenic slope factor «mg/kgldayr1
)

RfDi inhalation noncarcinogenic reference dose (mglkglday)
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CLIENT: .I~OB NUMBER:
WILLOW GROVE, PENNSYLVANIA .2192
SUBJECT:
CALCULATION OF INTAKE/RISK FROM INHALATION OF VOLATILES WHILE SHOWERING
BY AN ADULT RESIDENT
BASED ON:
U.S. EPA, 1989 AND FOSTER AND CHROSTOWSKI, 1987
BY: ·ICHE~·"'·' ~L.

IIDATE
:R. JUPIN / .l Z ....~-

06/08/2005
.v I

ASSUMPTIONS: Chemical: Trichloroethene
lAsh = 0.6 m3/hr
EF = ·350 showers/year
ED 24 years
BW = 70 kg
ATc = 25550 days
Atn ·8760 days
Ra = 0.0167 1/min
CF - 60 minlhr
Os = 15 min (

Dt = 20 min
FR = 10 Umin
SV "--- _J2__ m3
Cw - 0.0224 mgIL
ts 2 sec
d = 1 mm
MW = 131.4 glmole
H = 1.03E-02 atm-m3/mole
RT = 2.40E-02 atm-m3/moJe
11 293 K
Ts 320 K
U1 = 0.982 centipoise
Us = . ·0.616 centipoise
CSFi = " "7.00E-03 (mglkglday)-1
RfDi 1.70E-01 (mglkglday)

EXAMPLE CALCULATION:

11.57 cm/hr

= 20 cm/hr x (44 glmole 1131.4 g/mole)IIQ.5

/"=.

k1

=

kg

kg

= 3000 cm/hr x (18 g/mole 1131.4 glmole)IIQ.5

1110.35 cm/hr·~

KI 11[1/11.6 cm/hr + 2.40E-02 atm-m3/mole/(1.03E-02 atm-m3/mole x 1110.3 cm/hr)]

KI = 1.13E+01 cm/hr V"
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CLIENT: I~OB NUMBER:
WILLOW GROVE, PENNSYLVANIA 2192
SUBJECT:
CALCULATION OF INTAKE/R/SK FROM INHALATION OF VOLATILES WHILE SHOWERING
BY AN ADULT RESIDENT
BASED ON:
U.S. EPA, 1989 AND FOSTER AND CHROSTOWSKI, 1987
BY: ICHECK6IYBY~ ./,DATE:
R. JUPIN /_f/. ~ 06/08/2005

~

=

KaJ

Kal

Cwd

Cwd

= .1.13E+Ol crnlhr x [(293 K x 0.616 centipoise)/(320 K x 0.982 centipoise)}"-0.5

14.9 cmlhr· /"

-. 0.0224 mgIL x [1 - exp«-14.9 cmlhr x 2 sec)/(60 xl mm))]

=. B.77E-03 mgIL /

S

S

K

K

=

=

8.77E-03 mglL x 10 Umin I 12 m3

7.31 E-:03 mgim3-min-shower· /

15 min + exp(-0.Ol67 l/min x 20 min} - exp[0.01671/min x (15 min - 20 min))
0.01671/min

2.79 min

CARCINOGENIC INTAKE:

Intake = 7.31E-03 mgim3-min-shower x 0.6 m3/hr x 2.79 min x 350 showers/year x 24 years
70 kg x 25550 days x 0.0167 l/min x 60 min/hr

intake = 5.74E-05 mglkg-day

Risk

Risk =

0.007 (mglkglday)-l x 5.74E-Q5 mglkg-day

4.0E-07 .V"
NONCARCINOGENIC INTAKE:

Intake 7.31 E-03 mgim3-min-shower x 0.6 m3/hr x 2.79 min x 350·showers/year x 24 years
70 kg x 8760 days x 0.01671/min x 60 min/hr

6/8/2005
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LEAD MODEL FOR WINDOWS version 1.0

Model Version: 1.0 Build 261
Location: NASJRB willow Grove, Pennsylvania
Site Name: Site 1
Date: 6/10/2005
Run Mode: Site Risk 'Assessment

# Soil/Dust Data
Average concentration of lead in surface soil = 21.3 mg/kg.
# Water Data
Average concentration of lead in groundwater = 2.57 ug/L.

(Page 1 of 3)

The time step used in this model run: 1 - Every 4 Hours (6 times a day) .

.•**~** Air ***.**

Indoor Air Pb Concentration: 30.000 percent of outdoor.
Other Air Parameters:

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Time
OUtdoors
(hours)

1.000
2.000
3.000
4.000
4.000
4.000
4.000

Ventilation
Rate

(m
A 3/day)

2.000
3.000
5.000
5.000
5.000
7.000
7.000

Lung
Absorption

(%)

32.000
32.000
32.000
32.000
32.000
32.000
32.000

OUtdoor Air
Pb Cone

(ug Pb/mA 3)

0.100
0.100
0.100
0.100
0.100
0.100
0.100

****** Diet ******

Age Diet Intake(ug/day)

.5-.1
1-2
2-3
3-4
4-5
5-6
6-7

5.530
5.780
6.490
6.240
6.010
6.340
7.000

••• *** Drinking Water .*.***

Water Consumption:
Age Water (L/day)

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

0.200
0.500
0.520
0.530
0.550
0.580
0.590

, Drinking Water Concentration: 2.570 ug Pb/L



=;===;================================~~====~~=================~========;;======F=

Model Version: 1.0 Build 261
Location: NASJRB Willow Grove, Pennsylvania'
Site Name: Site 1
Date: 6/10/2005
Run Mode: Site Risk Assessment

****** Soil & Dust **-'****

Multiple Source Analysis Used
Average multiple source concentration: 24.910 ug/g

(Page 2 of 3)

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
Outdoor airborne lead to indoor household dust lead concentration: 100.000
Use alternate indoor dust Pb sources? No .

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Soil (ug Pb/g)

21.300
21. 300
21.300
21. 300
21.300
21. 300
21. 300

House Dust (ug Pb/g)

24.910
24.910
24.910
24.910
24.910
24.910
24.910

.'***** Alternate Intake *.** ••

Age Alternate (ug Pb/day)

.5-1
1-2
2-3
.3-4
4-5
5-6
6-7

*** .. '**

·0.000
0.000
0.000
0.000
0.000

'0.000
. 0.000

Maternal Contribution: Infant Model ******

Maternal Blood Concentration: 2.500 ug Pb/dL

****'**••• *.* •• *.*'*.*.'* ••*.***.***********

CALCULATED BLOOD LEAD AND LEAD UPTAKES:

Year Air
(ug/day)

Diet
(ug/day)

. Alternate
(ug/day)

Water
(ug/day)

.5-1 0.021 2.658 0.000 0.247
1-2 0.034 2.783 0.000 0.619
2-3 0.062 3.134 0.000 0.645
3-4 0.067 3.030 0.000 0.662
4-5 0.067 2.935 0.000 0.690
5-6 0.093 3.103 0.000 0.729
6-7 0.093 3.427' 0.000 0.742

Year Soil+Dust Total Blood
(ug/day) (ug/day) (ug/dL)

---------------------------------------------------------------
.5-1 0.571 3.497 1.9
1-2 0.908 4.345 1.9
2-3 0.911 4.753 1.8
3-4 0.916 4.675 1.7
4-5 0.682 4.375 1.5
5-6 0.615 4.541 1.4
6-7 0.581 4.844 1.4



========================================================================:==:======
Model Version: 1.0 Build 261
Location: NASJRB willow Grove. Pennsylvania
Site Name: Site 1
Dat.e: 6/10/2005
Run Mode: Site Risk Assessment
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----------------------------------------------------------------------------------

Prob. Distribution (%)
iOO

75

so

25

Age Range.=O to 84 months
TIme Step = Every 4 Hours
Run Mode = Site Risk~ent
Comment = Site 1

9 10 11 1221 3. 4 5 6 7 8

Blood Pb Cone (ugldL)

CutolT= 10.000 ugldl
Geo Mean =1.660
GSD= 1.600
% Above = 0.007

oL- ~_--===~ ..L___

o

Prob. Density (Blood Pb)
75 .

60

Age Range = 0 to 84 months
Time Step = Every 4 Hours
Run Mode = Site Risk Assessment
Comment = Site 1

9 10 11 12321 4 5 6 7 8

Blood Ph Cone (ug/dL)

CutoO:= 10.000 ugldl
Geo Mean = 1.660
GSD=I.600
% AbOve = 0.007
% Below =99.993


