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EXECUTIVE SUMMARY 

This baseline human health risk assessment (BHHRA) report presents the human health risks 
from potential exposure to soil, groundwater, surface water, and sediment associated with Acid 
Area 2 located at the former Plum Brook Ordnance Works (PBOW), Sandusky, Erie County, 
Ohio.  This BHHRA was prepared in accordance with the Baseline Human Health Risk 
Assessment and Ecological Risk Assessment Work Plans (Jacobs, 2007).  It is consistent with 
U.S. Environmental Protection Agency (EPA) and Ohio EPA guidance and with the procedures 
established in the BHHRA Work Plan for TNT Areas A & C soil (IT Corporation, 2001a) and the 
BHHRA work plan for groundwater at PBOW (Shaw Environmental, Inc., 2005a). 

Acid Area 2 is located in the northwestern portion of PBOW.  The site was used to produce 
oleum, sulfuric acid, and nitric acid for the manufacture of trinitrotoluene (TNT).  Investigations 
have identified chemical contamination in site media.  Acid Area 2 is now an open field with two 
drainage ditches running west to east.  The remains of an old railroad grade are still evident.  
Former building foundations can be observed on the north side of the site. Acid Area 2 covers 
approximately 25 acres.  The majority of the site is currently covered with tall grass and frequent 
low shrubs.  Small wooded areas have developed throughout the site and tend to be thickest in 
the western portion.  The Acid Area 2 site is currently not being utilized, with the exception of 
storage use at the remaining building.  The facility is currently surrounded by a chain-link fence, 
and the perimeter is regularly patrolled.  Access by authorized personnel is limited to 
established checkpoints.  Public access is restricted, except during the annual deer hunting 
season. 

The objective of this BHHRA is to evaluate potential for cancer and noncancer human health 
effects posed to current and potential future receptors.  This objective was met through the 
process of data evaluation, exposure assessment, toxicity assessment, risk characterization, 
and uncertainty analysis. 

Data evaluation consists of identification of data sources, evaluation of data quality, 
identification of chemicals of potential concern, and background screening.   The exposure 
assessment consists of development of the conceptual site exposure model including definition 
of contaminant sources, contaminant release mechanisms, receptors, and exposure pathways; 
description of exposure-point concentrations (EPCs); and identification of the methods for 
calculating chemical intake and contact rates.  The toxicity assessment defines the potential for 
cancer and/or noncancer human health effects; provides an estimate of the quantitative 
relationship between the magnitude of dose or contact rate and the probability and/or severity of 
adverse effects; and identifies the toxicity values that are used in the BHHRA.   The risk 
characterization combines the output of the exposure assessment and toxicity assessment to 
quantify the risk to each receptor.  The uncertainty analysis identifies uncertainties in all phases 
of the BHHRA and discusses their individual effects on the risk assessment results. 

PBOW is currently classified for industrial use, but future residential use was considered in the 
risk assessment to support evaluation of all plausible receptor scenarios. Groundskeeper, 
construction worker and hunter scenarios were evaluated under the current site-use 
assumptions. Groundskeeper, construction worker, indoor worker, hunter (including a child 
venison consumer) and on-site residential scenarios were evaluated as plausible future 
exposure scenarios. 
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The groundskeeper, hunter, and child venison consumer were evaluated for exposure only to 
surface soil. The total hazard index (HI) estimate for the groundskeeper receptor equaled the 
threshold value of 1. The total incremental lifetime cancer risk (ILCR) estimate for the 
groundskeeper receptor was 5.0E-5. The HI equaled 1. There were no chemicals of concern 
(COCs) for the HI; the COCs for the ILCR were arsenic, polychlorinated biphenyl- (PCB-) 1254, 
PCB-1260, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene in surface soil. Total HI estimates for the adult hunter and the adult and 
child venison consumer receptors were below 1. The total ILCR estimate for the adult hunter 
was 6E-6.  The COCs were benzo(a)pyrene and PCB-1254 in surface soil. Total ILCR 
estimates for the adult and child venison consumer receptors were below 1E-6, defined as the 
point of departure for significant contribution to cancer risk. 

The construction worker was evaluated for exposure to surface and subsurface soil, surface 
water and sediment. The total HI estimate summed across all media for the construction worker 
receptor was 10.  The COCs for the HI were arsenic, iron, thallium and PCB-1254 in surface soil 
and arsenic, iron, thallium, and PCB-1254 in subsurface soil. The total ILCR estimate summed 
across all media for the construction worker receptor was 1E-5. ILCR sums for surface water 
and sediment were below 1E-6. ILCR summed for surface and subsurface soil was 1E-5.  The 
COCs for the ILCR were PCB-1254 and benzo(a)pyrene in surface soil and benzo(a)pyrene in 
subsurface soil. 

The indoor worker was evaluated for exposure to surface soil and groundwater. Total HI 
estimates for the indoor worker for groundwater and surface soil were 2 and 0.4, respectively. 
The COCs for the groundwater HI were arsenic, iron, and thallium. The total ILCR estimate 
summed across all media for the indoor worker receptor was 5E-5. The ILCRs for groundwater 
and surface soil were 7E-4 and 2E-5, respectively.  The COCs for the ILCR were 1,1,2-
trichloroethane, arsenic and benzene in groundwater, and arsenic, PCB-1254, PCB-1260, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene in 
surface soil. 

The adult and child residential receptors were evaluated for exposure to surface and subsurface 
soil, groundwater, surface water and sediment. Total HI estimates summed across all media for 
the adult and child residential receptors were 7 and 31, respectively. HI sums for surface water 
and sediment were below 1. HI sums for groundwater and surface and subsurface soil were 7 
and 31 for the adult and child, respectively. The groundwater COCs for the HI were aluminum, 
arsenic, barium, iron, manganese, thallium, vanadium, cyanide, benzene, bromomethane, and 
nitrobenzene for the adult, and aluminum, arsenic, barium, chromium, iron, manganese, 
thallium, vanadium, cyanide, 1,1,2-trichloroethane, 2-methylnaphthalene, benzene, 
bromomethane, nitrobenzene, and total xylenes for the child.   The surface soil COCs were 
PCB-1254 for the adult, and aluminum, arsenic, iron, thallium, and PCB-1254 for the child.  The 
subsurface soil COCs were aluminum, arsenic, iron, manganese, thallium, and PCB-1254 for 
the child. There were no HI COCs for adult exposures to subsurface soil. 

The total ILCR estimates summed across all media for the adult and child residential receptors 
were both 3E-4. ILCR sums for surface water and sediment were 5E-6 and 7E-6 for the adult 
and child, respectively. ILCR sums for groundwater and surface and subsurface soil for adult 
and child residential receptors were both 3E-4. The groundwater COCs for the ILCR were 1,1,2-
trichloroethane, arsenic, bis(2-ethylhexyl)phthalate, and benzene for the adult and 1,1,2-
trichloroethane, arsenic, and benzene for the child.  The surface soil COCs were arsenic, PCB-
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1254, PCB-1260, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene for the adult, and arsenic, PCB-1254, PCB-1260, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene for the child.  The 
subsurface soil COCs were arsenic, PCB-1260. benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene for both the adult 
and child. 

Based on analytical results, metals, polynuclear aromatic hydrocarbons (PAHs), and PCBs 
appear to be widespread but generally at low concentrations in environmental media at Acid 
Area 2, with isolated areas of elevated PAH or PCB contamination.  All inorganic constituents 
detected in environmental media were carried through the risk assessment to provide a 
conservative estimate of potential risks associated with exposure to site media.  However, the 
maximum detected concentrations (MDCs) for arsenic and iron in surface soil and aluminum, 
arsenic, iron, and manganese in subsurface soil were lower than their respective background 
criteria. The MDC of aluminum exceeded its background criterion, which was based on the 
maximum concentration detected in background samples. The EPC for aluminum was well 
below its background criterion.  There are no site-specific background data for the PAHs, and 
several were selected as COCs. PAH concentrations at Acid Area 2 all fall within global 
background levels for urban areas compiled by the Agency for Toxic Substances and Disease 
Registry (1997). 

HIs for contamination in soil are less than 1 for a groundskeeper or hunter, including an adult or 
child who consumes venison from deer harvested on site, suggesting that adverse effects from 
exposure are unlikely. Cancer risk for a groundskeeper or hunter, including an adult or child who 
consumes venison from deer harvested on site are within or below the cancer risk range of 1E-6 
to 1E-4.  

HIs for the indoor workers were below 1. HIs exceeded 1 for the construction worker, and adult 
and child residential receptors for exposure to surface soil. The primary contributor to the HIs 
was PCB-1254. Cancer risk estimates were within the cancer risk range of 1E-6 to 1E-4 for the 
construction worker and indoor worker, and just slightly above 1E-4 for the adult and child 
residential receptors. The primary contributor to the ILCRs was benzo(a)pyrene. 

HIs for construction workers and adult and child residential receptors exceeded 1 for exposure 
to subsurface soil. The primary contributor to the HIs was thallium. Cancer risk estimates were 
within the cancer risk range of 1E-6 to 1E-4 for the construction worker and the adult and child 
residential receptors. The primary contributor to the ILCRs was benzo(a)pyrene. 

HIs for the indoor workers and adult and child residential receptors exceeded 1 for exposure to 
groundwater. The primary contributor to the HIs was thallium. Cancer risk estimates were within 
the cancer risk range of 1E-6 to 1E-4 for the indoor worker, and just slightly above 1E-4 for the 
adult and child residential receptors. The primary contributor to the ILCRs was arsenic. 

Cancer risk and noncancer hazard estimates for exposure to surface water were below 1E-6 
and 1, respectively, for any receptor evaluated. Cancer risk estimates were within the cancer 
risk range of 1E-6 to 1E-4 for the construction worker and adult and child residential receptors 
for exposures to sediment. 
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Accounting for natural background concentrations of metals and the isolated detections of 
elevated concentrations of some COCs, potential risks from exposure to contaminants detected 
in site environmental media appear to be limited. 
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1.0 INTRODUCTION 

This baseline human health risk assessment (BHHRA) report presents the human health risks 
from potential exposure to soil, groundwater, surface water, and sediment associated with Acid 
Area 2 located at the former Plum Brook Ordnance Works (PBOW), Sandusky, Erie County, 
Ohio. 

This BHHRA was prepared by Jacobs Engineering Group (Jacobs) under contract DACW62-03-
D-0004, Delivery Order #4.  This work is being conducted for the U.S. Army Corp of Engineers 
(USACE) under the Defense Environmental Restoration Program (DERP) – Formerly Used 
Defense Sites (FUDS).  The Army is the executive agent for the FUDS program and the USACE 
manages and directs the program’s administration.  Investigations at PBOW under DERP-FUDS 
are being managed by the USACE Huntington District and technically overseen by the USACE 
Nashville District. 

This BHHRA was prepared in accordance with the Baseline Human Health Risk Assessment 
and Ecological Risk Assessment Work Plans (Jacobs, 2007).  It is consistent with U.S. 
Environmental Protection Agency (EPA) and Ohio EPA (OEPA) guidance and with the 
procedures established in the BHHRA Work Plan for TNT Areas A & C soil (IT Corporation [IT], 
2001a) and the BHHRA work plan for groundwater at PBOW (Shaw Environmental, Inc. [Shaw], 
2005a).     

1.1 Facility Description  

PBOW is located approximately 4 miles south of Sandusky, Ohio, and 59 miles west of 
Cleveland (Figure 1-1).  Although located primarily in Perkins and Oxford Townships, the 
eastern edge of the facility extends into Huron and Milan Townships. PBOW is bounded on the 
north by Bogart Road, on the south by Mason Road, on the west by Patten Tract Road, and on 
the east by U.S. Highway 250.  The area surrounding PBOW is mostly agricultural and 
residential (IT, 2001b).  The facility is currently surrounded by a chain-link fence, and the 
perimeter is regularly patrolled.  Access by authorized personnel is limited to established 
checkpoints.  Public access is restricted, except during the annual deer hunting season.  The 
Acid Area 2 site is located in the northwestern portion of PBOW, south of Patrol Road and west 
of Campbell Street (Figure 1-2).  

The Acid Area 2 site is an open field with two drainage ditches running west to east; one on the 
northern perimeter of the site, and one on the southern perimeter of the site.  A storm sewer 
system was constructed at the site, as evidenced by existing drainage grates, manhole covers, 
and open holes with brick lining.  The remains of an old railroad grade with a few railroad ties 
and loose track are still evident at the site.  Former building foundations can be observed on the 
north side of the site.  A paved service road completes a loop around the perimeter of the site.  
Acid Area 2 covers approximately 25 acres.  The ground surface is relatively flat with minimal 
slope toward the east and southeast.  Elevations at the site range from 639.6 feet (ft) above 
mean sea level (amsl) near the southeastern portion of the site to 643.8 ft amsl in the western 
portion.  The majority of the site is currently covered with tall grass and frequent low shrubs.  
Small wooded areas have developed throughout the site and tend to be thickest in the western 
portion.  The areas outside of the site boundary are heavily wooded.   
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1.2 Background 

The 9,009-acre PBOW site was built in early 1941 as a manufacturing plant for trinitrotoluene 
(TNT), dinitrotoluene (DNT), and pentolite.  Production of explosives began in December 1941 
and continued until 1945.  It is estimated that more than one billion pounds of explosives were 
manufactured during the four-year operating period. 

The National Aeronautics and Space Administration (NASA) acquired PBOW in 1963 and 
presently utilize about 6,400 acres for conducting space research.  The site is operated by 
NASA as the Plum Brook Station of the John Glenn Research Center, which is headquartered in 
Cleveland, Ohio.  In 1978 NASA declared approximately 2,152 acres of land as excess (IT, 
1997).  The Perkins Township Board of Education acquired 46 acres of the excess property for 
use as a bus transportation center.  The Ohio National Guard has an agreement with the U.S. 
General Services Administration to use 604 acres of the facility.     

Acid Area 2 was used to produce oleum, sulfuric acid, and nitric acid for the manufacture of 
TNT.  The Acid Area 2 site contained 8 buildings, 24 above-ground acid storage tanks, and a 
rail line.  A review of the 1958 and 1968 aerial photos indicates that the above-ground features 
including buildings and storage tanks were dismantled between these dates.  The Acid Area 2 
site is currently not being utilized, with the exception of storage use at the remaining building. 

Recent investigations at Acid Area 2 have identified chemical contamination in the soil and 
sediment related to former U.S. Department of Defense activities.  Concentrations of 
polychlorinated biphenyls (PCBs) and semivolatile organic compounds (SVOCs) exceed the 
screening criteria.  

1.3 Site Use and Groundwater Use 

Prior to acquisition of the site for construction of the PBOW, the area was largely agricultural.  
Most of the forested areas were cleared during construction of the PBOW.  Today, second 
generation forests have returned to large portions of the site that are not actively used by NASA.  
Other undeveloped areas of the site are maintained as open fields.  The surrounding area is 
mostly agricultural and residential.   

Potential future uses of portions or all of the facility property include:  

1. The continuation of NASA activities at PBOW. 

2. Recreational uses such as hunting and fishing.  PBOW is open to deer hunters during 
the hunting season. 

3. Selling of portions of the site by the General Services Administration to other parties 
(state or local government or private individuals). 

4. Agricultural uses.   

5. Residential uses. 

6. Training area for use by National Guard Units. 
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7. Construction activities. 

Items 3 through 7 are speculative and no negotiations have been scheduled to define future 
land use.   

1.3.1 Acid Areas Land Use 

Acid Area 2 was used as early as 1941.  Acid production likely ceased in 1945 when TNT 
production was discontinued.  Previous investigation reports and records searches do not 
indicate dates for construction, operation, or dismantlement.  Removal of buildings and above-
ground tanks occurred between 1958 and 1968 based on aerial photography.  The only 
remaining building at Acid Area 2 is the easternmost building adjacent to the former rail line, 
which currently is used for storage of deer traps.  No specific future uses of this site have been 
identified.   

1.3.2 Groundwater Use 

Two aquifers are utilized for drinking water in the area surrounding PBOW: a carbonate aquifer 
outcropping in the western portion of Erie County and a shale aquifer outcropping in the eastern 
portion.  PBOW is located within the transition of the two aquifers.  Both aquifers are overlain by 
a veneer of glacial drift, generally less than 20 ft thick, that is considered a poor source of 
groundwater except in areas of sand and gravel lenses.  The shallow overburden at Acid Area 2 
is limited primarily to silt and clay deposits, with occasional discontinuous lenses of silty fine-
grained sand.  Well yields from the shallow monitoring wells at Acid Area 2 ranged from 210 to 
300 ml per minute.  Because of the low yields, shallow groundwater could not realistically be 
used as a potable water source and does not represent a point of exposure for future residents. 

Most of PBOW is mapped by the Ohio Department of Natural Resources as an area in which 
well yields seldom exceed 3 gallons per minute (gpm) from the shale aquifer and overlying 
discontinuous sand and gravel deposits.  The northwest portion of PBOW, including all of Acid 
Area 2, is mapped as an area in which yields of 100 to 500 gpm may be developed from depths 
of less than 200 ft from cavernous limestone and dolomite (Ohio Department of Natural 
Resources, 2007).  

Residences to the north and east of PBOW are served by city, county, and rural water 
departments.  Residences south and west of PBOW are supplied by wells.  As of 1991, a total 
of 179 permitted private drinking water wells, listed at the Erie County Health Department, were 
within a 4-mile radius of PBOW (Science Applications International Corporation [SAIC], 1991).  
The nearest recorded well is at 6115 Schenk Road, approximately 1950 ft north of Acid Area 2; 
however, a closer well was observed at 1810 Schenk Road, located approximately 1400 ft 
northeast of Acid Area 2.   

1.4 Protocol for the Baseline Human Health Risk Assessment  

This BHHRA was prepared based on EPA, OEPA, and USACE, guidance, including, but not 
limited to, the following:  

• OEPA, 2004a, Technical Decision Compendium, Methodology for Evaluating Site-
specific Background Concentrations of Chemicals Ohio EPA Division of Emergency and 
Remedial Response Remedial Response Program 14 April 2004. 
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• OEPA, 2004b, Technical Decision Compendium, Human Health Cumulative 
Carcinogenic Risk and Non-carcinogenic Hazard Goals for DERR Remedial Response 
and Office of Federal Facility Oversight Ohio EPA Division of Emergency and Remedial 
Response 28 April 2004 

• OEPA, 2005a, Use of Risk-Based Numbers in the Remedial Response Process 
Overview DERR-00-RR-038, June 28, 2005. 
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1.5  Organization of the Baseline Human Health Risk Assessment  

This BHHRA report presents the methods used, results generated, and the interpretation of 
these results. The remainder of this report is organized as follows: 

Section 2.0, Data Evaluation:  Identifies data sources, evaluates data quality, identifies 
chemicals of potential concern (COPCs), and provides the background screening.  

Section 3.0, Exposure Assessment:  Presents the conceptual site exposure model (CSEM), 
including contaminant sources, contaminant release mechanisms, receptors, and exposure 
pathways; describes exposure-point concentrations (EPCs); and presents methods for 
calculating chemical intake and contact rates.  

Section 4.0, Toxicity Assessment:  Describes the potential for cancer and/or noncancer 
human health effects; provides an estimate of the quantitative relationship between the 
magnitude of dose or contact rate and the probability and/or severity of adverse effects; 
identifies the toxicity values that are used in the BHHRA; and describes the development of 
dermal toxicity values.  

Section 5.0, Risk Characterization:  Combines the output of the exposure assessment and 
toxicity assessment to quantify the risk to each receptor.  Risks associated with exposure to all 
appropriate media were evaluated.  This section includes the derivation of risk-based 
remediation levels (RBRLs), which describes their development based on the methods of the 
BHHRA and discussion between OEPA and USACE. 

Section 6.0, Uncertainty Analysis:  Identifies uncertainties in all phases of the BHHRA and 
discusses their individual effects on the risk assessment results, focusing on those issues that 
are most likely to have the greatest effect on risk estimates and/or risk management decisions.   

Section 7.0, Summary and Conclusions:  Provides a brief summary of the BHHRA, including 
quantitative results, uncertainties, and pertinent site information.  The summary focuses those 
results and issues that are most likely to directly affect site management decisions. 

Section 8.0, References:  Provides a complete list of all references used and cited in the 
BHHRA. 

The text of this document is supported by the following appendices: 

Appendix A, Dermal Absorbed Dose Calculations 

Appendix B, Risk Calculations 

Appendix C, Risk-Based Remediation Levels 

Appendix D, Toxicological Profiles for Chemicals of Concern 

Appendix E, ProUCL Calculations for Exposure-Point Concentrations 

Appendix F, Responses to Comments on the Draft Baseline Human Health Risk Assessment 
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2.0 DATA EVALUATION 

A Site Investigation (SI) was performed at Acid Areas 2 and 3 in 1998 (IT, 1998), which 
identified surface and subsurface soil contamination above EPA Region 3 Risk Based Criteria 
(RBC).  Thirty soil samples were collected at 15 locations at Acid Area 2. Organic contaminants 
in surface and subsurface soil exceeding the RBCs included PCBs and SVOCs. 

Groundwater monitoring wells were installed at Acid Area 2 as part of a site-wide groundwater 
investigation beginning as early as 1993.  Five wells installed at or adjacent to Acid Area 2 were 
sampled at various times during the period 1993 through 2004.  These wells were included in 
the 2005 investigation (Jacobs, 2006), summarized below. 

A Remedial Investigation (RI) was performed in 2004 – 2005, which involved additional surface 
and subsurface soil sampling, surface water and sediment sampling, and groundwater sampling 
from shallow and bedrock monitoring wells.  Soil samples were collected from 13 locations in 
Acid Area 2.  Surface soil samples were collected from 0.5 to 1.5 ft below ground surface (bgs) 
at all locations.  Subsurface samples were collected from 3 to 5 ft bgs at all locations and from 8 
to 10 ft bgs at specific locations.  All samples were analyzed for volatile organic compounds 
(VOCs), SVOCs, nitroaromatics, target analyte list (TAL) metals, and PCBs.  

No monitoring wells were installed at Acid Area 2 as there were 5 existing wells at the site.   
Two rounds of groundwater samples were collected from the existing wells in January and April 
2005.  In addition to the collection of unfiltered samples, samples for metals analysis were 
filtered in the field during the January 2005 sampling rounds.  Based on the BHHRA technical 
memorandum submitted 23 May 2005 (Shaw, 2005b) no filtered data were used in risk 
assessment. 

Three surface water and sediment samples were collected from the drainage ditch along the 
southern perimeter of Acid Area 2 on 27 October 2004.  Surface water samples were collected 
at the same locations 29 April 2005, once sufficient discharge was present at all locations.  
Sample locations included one upstream location, one location adjacent to the site, and one 
downstream location.   

Thirty additional surface water and sediment samples were collected in the spring of 2006.  The 
locations included co-located surface water and sediment sampling as follows: 

• Twelve locations at the southern drainage ditch, including one upstream location, 8 
locations adjacent to the site, and 3 downstream locations. 

• Eight locations at the northern drainage ditch, including 6 locations adjacent to the site 
and 2 downstream locations. 

RI sample collection and data evaluation are discussed in detail in the Interim Final Site 
Characterization Report (Jacobs, 2006).  Sufficient data have been collected for Acid Area 2 to 
support a risk assessment. 
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2.1 Identification of COPCs 

COPCs are the chemicals that are identified as site-related and potentially capable of 
contributing significantly to risk, and are carried forward to quantitative evaluation in the risk 
assessment (RA). The following subsections describe the process for their identification. Prior to 
initiation of the RA, a list of chemicals present in site samples was compiled. This initial list 
included all chemicals detected in any site medium. COPCs were selected from this list as 
discussed in the following sections. 

2.1.1  Evaluation of Data Quality 

The quality of the analytical data was evaluated to select data for inclusion in the BHHRA.  Data 
quality is expressed by the assignment of qualifier codes during the analytical laboratory quality 
control process or during data validation that reflect the level of confidence in the data. The 
following are some of the more common qualifiers and their meanings (EPA, 1989a):  

U  Chemical was analyzed for but not detected; the associated value is the sample 
quantitation limit.  

J  Value is estimated, probably below the contract-required quantitation limit.  

N  The analysis indicates an analyte for which there is presumptive evidence to 
make a tentative identification.  

NJ  The analysis indicates a “tentatively identified analyte,” and the reported value 
represents its approximate concentration.  

UJ   The analyte was not detected above the reported sample quantitation limit.  
However, the reported quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to accurately and precisely 
measure the analyte in the sample.  

R  Quality control indicates that the data are unusable (chemical may or may not be 
present).  

B  Inorganic chemicals: the concentration is less than the contract-required 
detection limit but greater than the instrument detection limit.  Organic chemicals: 
the concentration in the sample is not sufficiently higher than the concentration in 
the blank, using the five-times, ten-times (5x, 10x) rule, whereby a chemical is 
considered a nondetect unless its concentration exceeds 5 or 10 times the blank 
concentration.  For common laboratory contaminants (acetone, 2-butanone 
[methyl ethyl ketone], methylene chloride, toluene, and the phthalate esters), the 
sample concentration must exceed 10 times the blank concentration to be 
considered a detection. 

“J”, “N”, and “NJ” qualified data were used in the BHHRA; “R” data and “B” qualified data were 
not.  The handling of “U” qualified data (nondetects) in the BHHRA is described in Section 3.2. 
Data for which the identity of the chemical was unclear were not used in the BHHRA. When 
confidence was reasonably high that the chemical was present but the actual concentration was 
somewhat in question, the data generally were used.  
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Some chemicals were analyzed under two different analytical programs.  For example, the DNT 
isomers were analyzed by EPA Method 8330 for nitroaromatics as well as EPA Method 8270C 
for SVOCs.  Analytical results from EPA Method 8330 were used to quantify risks.  The potential 
uncertainties associated with analytical results obtained by EPA Method 8270c are discussed in 
the uncertainty analysis (Section 6.0). 

2.1.2  Frequency of Detection  

As stated above, if confidence was high that a given chemical was present, the data generally 
were used in the RA.  For most chemicals, their identification at concentrations above levels in 
blanks (considering the 5x, 10x rule) was presumptive evidence of their presence.  However, 
chemicals that were reported infrequently (i.e., in less than 5 percent of the samples) may be 
artifacts in the data that do not reflect the presence of the chemical in question.  Chemicals that 
were reported only at low concentrations in less than 5 percent of the samples from a given 
medium were dropped from further consideration unless their presence would be expected 
based on site historical information. 

2.1.3  Risk-Based Screening  

Risk-based screening for human health focuses the assessment on the chemicals that may 
contribute significantly to overall risk and to remove from quantification those chemicals whose 
contribution is clearly inconsequential.  In this screening, the maximum detected concentration 
(MDC) was compared to the appropriate risk-based screening concentration (RBSC). The units 
of the MDC and RBSC are the same for each chemical in a given medium.  

If the MDC of a chemical was less than or equal to its RBSC, then the chemical in this medium 
was not considered further in the BHHRA because it is unlikely that chemical concentrations at 
or below the RBSC would contribute significantly to risk. An analyte was identified as a COPC if 
its MDC exceeded its RBSC.  RBSCs used in this BHHRA were derived from the EPA Region 9 
preliminary remediation goal (PRG) tables (EPA, 2004b).  

PRG values are based on a concentration equal to either an incremental lifetime cancer risk 
(ILCR) of 1E-6 or a noncancer hazard quotient (HQ) of 1, the threshold at or below which 
adverse noncancer effects are regarded as unlikely to occur.  For this BHHRA, the noncancer 
values listed in the PRG tables were multiplied by a factor of 0.1 to provide additional protection 
for simultaneous exposure to multiple chemicals resulting in RBSC values associated with an 
HQ of 0.1.  For cancer risk, the PRG values were used directly as RBSCs in the BHHRA, as 
they are based on an ILCR of 1E-6.  Acceptable exposure levels are generally concentration 
levels that represent an increased upper bound lifetime cancer risk to an individual of 1E-6 to 
1E-4 (EPA, 1990), referred to as the “risk management range.”  Cancer risks associated with 
PRG values represent the lower end of this range.  For this BHHRA, the RBSC for a chemical 
that elicited both cancer and noncancer health effects was selected based on either a cancer 
risk of 1E-6 or an HQ of 0.1, whichever associated concentration was lower.  

2.1.4 Evaluating Essential Nutrients 

Evaluating essential nutrients is a special form of risk-based screening applied to certain 
ubiquitous elements that are generally considered to be required human nutrients. Essential 
nutrients such as calcium, iron, magnesium, potassium, and sodium are usually eliminated as 
COPCs because they are generally considered innocuous in environmental media. Other 
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essential nutrients including chloride, iodine, and phosphorus, may be eliminated as COPCs, 
provided that their presence in a particular medium is shown to be unlikely to cause adverse 
effects on-human health. No members of this latter group were selected as site-related 
chemicals. Therefore, an exposure analysis was not performed. 

2.1.5 Background Screening  

For background screening, the MDC was compared to the PBOW chemical-specific background 
screening concentration (BSC) for groundwater or soil.  The derivation of groundwater BSCs 
was described in the 2004 groundwater report (Shaw, 2005c).  BSCs were calculated for use at 
PBOW based on concentrations found in background bedrock monitoring wells installed 
upgradient of PBOW sources.  Each groundwater BSC is either the MDC or the calculated 95 
percent upper tolerance limit of the background groundwater data set based on unfiltered 
samples collected using low-flow sampling, whichever value is lower (Shaw, 2005c).  BSCs for 
soil established as part of the acid areas investigation (IT, 1998) were used for this RA. BSCs 
for soil were reported as the 95 percent upper tolerance limit for lognormal data sets or the 95th 
percentile for datasets with a nonparametric distribution. 

Background screening also applies to certain organic compounds that are part of normal 
background concentrations.  Such chemicals may include VOCs and polycyclic aromatic 
hydrocarbons (PAHs), a class of organic compounds that form from natural or anthropogenic 
combustion of organic matter including fossil fuels, and are generally ubiquitous in the 
environment.  Airborne PAHs associated with non-Department of Defense sources may be 
deposited on soil and leach to groundwater.  Benzene, toluene, ethylbenzene, and xylenes 
compounds may also be associated with background due to the presence of natural petroleum-
derived compounds present in the vicinity of PBOW. 

Background screening was applied to each inorganic constituent whose MDC exceeded the 
RBSC and that could not be characterized as an infrequently detected analyte. Background 
screening consisted of comparing the MDC of the site data set to the BSC.  Background 
screening was not used to eliminate COPCs.  Comparison of COPC concentrations to 
background levels are discussed in Section 6.0. 

2.2 Developing Exposure-Point Concentrations 

The EPC is a conservative estimate of the average concentration of a COPC, statistically 
calculated from the analytical results of all samples for a particular environmental medium within 
an exposure unit.   

Because of the uncertainty associated with characterizing contamination in environmental 
media, both the mean and the upper confidence limit (UCL) on the mean are usually estimated 
for each COPC in each medium of interest.  The upper 95 percent confidence limit on the mean 
is generally referred to as the 95 percent upper confidence limit on the arithmetic mean (UCL95).  

The EPA statistical software package ProUCL Version 3 was used to compute estimated mean 
and UCL95 concentrations for all data sets containing fewer than 15 percent nondetects.  
ProUCL Version 3 is inappropriate for data sets containing more than 15 percent nondetects. 

 2-4  

Final AA2 BHHRA 02 12 08.doc  Issued:  February 2008 

 



 

For data sets with 15 percent or more nondetects, a combination of the following procedures 
was used: 

• Most statistical computations were made using a FoxPro based statistical package 
developed by Jacobs and based on a large number of published guidance manuals.  

• Kaplan-Meier computations were confirmed using Minitab Version 14 (commercial 
statistical software from Minitab Inc.). 

Data sets consisting of 5 or more data points were tested for normality and lognormality with the 
Shapiro-Wilk test. Statistical analysis was performed only on those chemicals identified as 
COPCs.  The UCL95 was calculated for a normal distribution as follows (EPA, 1992a):  
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where:  

UCL95 = upper 95th confidence limit on the arithmetic mean concentration (calculated)  

x  = sample arithmetic mean  

t1 = critical value for Student's t-test 

α= 0.05 (95 percent confidence limit for a one-tailed test) 

n = number of samples in the data set 

s = sample standard deviation. 

The UCL95 was calculated for a lognormal distribution as follows (Gilbert, 1987):  

( ) ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎥
⎦

⎤
⎢
⎣

⎡

−
++

=
5.095.0

2

1
5.0

95
n

s
HsY y

y

eUCL    Eq. 2.2 

where:  

UCL95 = 95 percent upper confidence limit on the arithmetic mean (calculated) 

Y  = Σy/n = sample arithmetic mean of the log-transformed data, 

sy = ln x = sample standard deviation of the log-transformed data  

n = number of samples in the data set  

H0.95 = value for computing the one-sided upper 95 percent confidence limit on a 
lognormal mean from standard statistical tables.  
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If the data distribution was nonparametric, the UCL95 was estimated using three different 
methods: Kaplan-Meier (Kaplan and Meier, 1958), simple bootstrap with replacement (Helsel, 
2005), and rank order based on the binomial distribution. 

The Kaplan-Meier method for UCL95 calculation has been used for many years in the medical 
industry and in manufacturing to estimate summary statistics for censored data sets (data sets 
with nondetect results). The Kaplan-Meier method estimates the survival probability function for 
the evaluated data set. The survival function is the probability that any given data value will 
exceed any specific quantile of the data set. The UCL95 is computed by integrating the area 
under the stair-step survival function curve.  

The simple bootstrap UCL95 is computed by resampling the data set with replacement a large 
number of times, computing the mean of each resampling, and computing the UCL95 from these 
computed means using the Students-t approach. 

The UCL95 rank order on the arithmetic mean of the data set was estimated by ranking the data 
observations from smallest to largest.  The arithmetic mean was converted to a percentile by 
interpolation. The rank order of the data point selected as the UCL95 was estimated from the 
following equation (Gilbert, 1987):  

)1()1( 1 pnpZnpu −++= −α    Eq. 2.3 

where:  

u = rank order of value selected as UCL95, calculated 

p = percentile corresponding to the arithmetic mean 

n = number of samples in the data set 

α= confidence limit (95 percent) 

Z1-α = normal deviate variable. 

Analytical data from field duplicates were averaged with original sample results to yield one 
result for use in the statistical manipulations.  

Generally, the detection limit is the lowest concentration of a chemical that can be "seen" above 
the normal, random noise of an analytical instrument or method. Analytical results are presented 
as nondetects ("U" qualifier) whenever chemical concentrations in samples do not exceed the 
reporting limits for the analytical procedures for those samples. To apply the statistical 
procedures described above, a concentration value must be assigned to nondetects.  Generally, 
nondetects were assumed to be present at one-half the reporting limit (EPA, 1989a).  However, 
professional judgment was used in those cases where the detection limit was unusually high. 
For example, elevated detection limits that exceed the MDC due to matrix interference or 
sample dilution may be eliminated from the data set and not used in the estimation of the EPC; 
however, no data points were eliminated from use in EPC estimation in this evaluation. 
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The UCL95 or MDC, whichever is smaller, was selected as the EPC and is understood to 
represent a conservative estimate of average for use in the RA or in various transport models 
used to estimate exposure.  

2.3 Results of the Data Evaluation 

Previous investigations at Acid Area 2 confirmed the presence of soil contamination from former 
PBOW operations. The sampling locations for these investigations are provided in Figure 2-1.  
The objective of the soil investigation conducted under the RI (Jacobs, 2006) was to evaluate 
the presence of soil contamination at additional former site facilities not previously sampled. The 
objective of the groundwater investigation was to characterize the shallow and bedrock aquifers 
and to evaluate the presence of chemical contamination in groundwater in the vicinity of Acid 
Area 2.  Two rounds of groundwater samples were collected from the shallow and bedrock 
monitoring wells.  Surface water and sediment samples were collected from the drainage 
ditches bounding Acid Area 2:15 from the southern drainage ditch and 8 from the northern 
drainage ditch.  

Table 2-1 provides the following information for each detected chemical for each medium at 
Acid Area 2:  

• Chemical name, 

• Frequency of detection, 

• Range of detected concentrations, 

• Range of detection limits, 

• Arithmetic mean of site concentrations, 

• 95 percent UCL on the arithmetic mean, 

• Appropriate RBSC, 

• Appropriate BSC, and 

• Selection/exclusion of chemical as a COPC. 

Surface Soil.  A total of 28 surface soil samples have been collected at Acid Area 2, which 
includes 15 samples collected during the 1998 SI and 13 samples collected during the RI.  
Contaminants detected include VOCs, nitroaromatics, SVOCs, PCBs, and metals.  Specific 
compounds exceeding the USEPA Region 9 Residential PRGs (EPA, 2004b) are identified in 
Table 2-1. 

Subsurface Soil.  A total of 35 subsurface soil samples have been collected from 28 locations 
at Acid Area 2, which includes 15 samples from 15 locations during the 1998 SI and 20 samples 
from 13 locations during the RI.  Sample depths for the 1998 SI ranged from 2 to 10 ft bgs.  
Depths for the samples were limited to the 3 to 5 ft interval and the 8 to 10 ft interval.  
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Contaminants detected include VOCs, SVOCs, PCBs, and metals.  Specific compounds 
exceeding the USEPA Region 9 Residential PRGs (EPA, 2004b) are identified in Table 2-1. 

Shallow Groundwater.  Contaminants detected in shallow groundwater at Acid Area 2 during 
two rounds of sampling in 2005 include VOCs, SVOCs, and metals.  Specific compounds 
exceeding the USEPA Region 9 residential PRGs (EPA, 2004b) for drinking water are identified 
in Table 2-1. The organic detections were limited to a few locations and a few compounds. 
SVOC detection was limited to bis(2-ethylhexyl)phthalate, a common lab artifact, which was 
reported in the sample from monitoring well IT-MW10 during Round 2 only. 

The VOCs detected at monitoring well AA2-GW-002 during Round 1 include benzene, 
cyclohexane, ethylbenzene, isopropylbenzene, methylcyclohexane, and xylenes, all at relatively 
low levels. The results for benzene, ethylbenzene, and isopropylbenzene were J-flagged 
because the detections were between the reporting limit and the detection limit, indicating that 
the detections are estimated and the associated numerical values are the approximate 
concentrations of the respective analytes in the samples.  These contaminants are found in 
groundwater in most of the bedrock wells, and are associated with naturally occurring petroleum 
in the Columbus Limestone.  AA2-GW-002 was the only shallow well where bladder pump #2 
was used during Round 1 sampling.  This pump was used for all of the bedrock wells.  It is 
possible that residual amounts of contaminants were left in the pump after decontamination.  
Precautions were made during Round 2 to ensure that the pump used for sampling bedrock 
wells was not used in a shallow well, and these contaminants were not detected during 
Round 2. 

Bedrock Groundwater.  Contaminants detected in bedrock groundwater during two rounds of 
sampling include VOCs, nitroaromatics, SVOCs, and metals.  Specific compounds exceeding 
the USEPA Region 9 residential PRGs (EPA, 2004b) for drinking water are identified in Table 
2-1. SVOCs were detected in 3 bedrock wells and limited to napthalene and 
2-methylnapthalene, which are compounds associated with naturally occurring petroleum, 
present in the Columbus Limestone. All of these detections were J-flagged because they were 
between the reporting limit and the detection limit, indicating that the detections are estimated 
and the associated numerical values are the approximate concentrations of the respective 
analytes in the samples.  Further characterization of the organic compounds is to be performed 
by NASA in an attempt to confirm the source of these compounds. 

Five nitroaromatic compounds were detected in 4 bedrock wells during Round 2, only.  All of 
these detections were J-flagged because they were between the reporting limit and the 
detection limit, indicating that the detections are estimated and the associated numerical values 
are the approximate concentrations of the respective analytes in the samples.  The 
nitroaromatic compound 2-nitrotoluene was not detected during Round 1 and the Round 2 
detection was J-flagged because it was between the reporting limit and the detection limit.  

Surface Water.  Contaminants detected in surface water at Acid Area 2 include SVOCs, PAHs, 
and metals.  Specific compounds exceeding the USEPA Region 9 residential PRGs 
(EPA 2004b) for drinking water are identified in Table 2-1. 

Results for the arsenic, vanadium, and trichloroethene exceedances were J-flagged because 
the detections were between the reporting limit and the detection limit, indicating that the 
detections are estimated and the associated numerical values are the approximate 
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concentrations of the respective analytes in the samples.  Other than the J-flagged results, 
trichloroethene was not otherwise detected.  The bis(2-ethylhexyl)phthalate concentration 
exceeding the PRG was both J-flagged and was detected in the associated trip blank and is 
recognized as a common laboratory artifact.   

Sediment.  Contaminants detected in sediment at Acid Area 2 include VOCs, SVOCs, PAHs, 
nitroaromatics, PCBs, and metal.  Specific compounds exceeding the USEPA Region 9 
Residential PRGs (EPA, 2004b) for soil are identified in Table 2-1. 
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3.0 EXPOSURE ASSESSMENT 

Exposure is the contact by a receptor with a chemical or physical agent.  An exposure 
assessment estimates the type and magnitude of potential exposure of a receptor to COPCs 
found at or migrating from a site (EPA, 1989a).  The following steps are included in an exposure 
assessment:  

• Characterize the physical setting, 

• Identify the contaminant sources, release mechanisms, and migration pathways,  

• Identify the potentially exposed receptors, 

• Identify the potential exposure pathways, 

• Estimate EPCs, and 

• Estimate chemical intakes or contact rates. 

This BHHRA characterizes potential exposures to COPCs in soil, groundwater, surface water 
and sediment associated with Acid Area 2.  Estimation of risk from potential exposure is 
described in the risk characterization for each COPC (Section 5.0).  The Scope of Work 
(USACE, 2001) requires the summation of potential risks from all environmental media 
evaluated in the risk characterization. 

3.1 Conceptual Site Exposure Model  

The CSEM provides the basis for identifying and evaluating the potential risks to human health 
in the BHHRA. The CSEM was constructed from plausible site-use scenarios and the potential 
exposure pathways. The elements of the CSEM include:  

• Source, 

• Source media (i.e., initially contaminated environmental media), 

• Contaminant release mechanisms, 

• Contaminant transport pathways, 

• Intermediate or transport media, 

• Exposure media, 

• Plausible receptors, and 

• Routes of exposure. 
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Contaminant release mechanisms and transport pathways are not relevant for direct receptor 
contact with a contaminated source medium (e.g., ingestion of or dermal contact with 
groundwater).  

Figure 3-1 depicts the CSEM used for Acid Area 2.  The receptors and pathways on the figure 
reflect plausible scenarios developed from information on site background and history, 
topography, climate, and demographics as presented by the site-wide groundwater investigation 
(IT, 1997).  Exposure pathways that were identified as complete on the CSEM are addressed in 
the BHHRA. Additional potential receptors not listed on the CSEM figures were briefly discussed 
in Section 3.1.3.2 of the Work Plan (Jacobs, 2007). 

No current or future exposures by off-site residents were evaluated.  The majority of the off-site 
residents are serviced by municipal water.  There are numerous private groundwater wells in 
the vicinity, including 8 within one mile of the facility boundary.  Although natural hydrocarbons 
are known to be present within the bedrock limestone and shale formations, groundwater 
underlying the sites cannot be summarily excluded for consideration as a tap water source 
based on natural water quality parameters.  Therefore, given the presence of numerous off-site 
wells and the assumption of unrestricted future land use on site, the development of 
groundwater for on-site residential (or on-site worker) use as tap water was regarded as 
plausible.  

3.1.1  Physical Setting  

The Acid Area 2 site physical features include an open field with two drainage ditches running 
west to east: one on the northern perimeter of the site, and one on the southern perimeter of the 
site.  A storm sewer system was constructed at the site, as evidenced by existing drainage 
grates, manhole covers, and open holes with brick lining.  The remains of an old railroad grade 
with a few railroad ties and loose track are still evident at the site.  Former building foundations 
can be observed on the north side of the site.  A paved service road completes a loop around 
the perimeter of the site.  Acid Area 2 covers approximately 25 acres.  The ground surface is 
relatively flat, with minimal slope toward the east and southeast.  Elevations at the site range 
from 639.6 ft amsl near the southeastern portion of the site to 643.8 ft amsl in the western 
portion.  The majority of the site is currently covered with tall grass and frequent low shrubs.  
Small wooded areas have developed throughout the site and tend to be thickest in the western 
portion.  The areas outside of the site boundary are heavily wooded.   

Geology.  Overburden thickness at Acid Area 2 ranges from 18 to 21.5 ft.  The overburden 
consists of clay and silty clay, with frequent discontinuous zones of silt and occasional sandy silt 
or silty fine grained sand zones.  The discontinuous silts and sands are limited to the upper 10 ft 
of the overburden.  The lower 10 to 12 ft of overburden consists of clay and silty clay with 
occasional silt layers.  Silt content tends to be greater in the southern half of the site.  The 
northern half of the site contains a greater amount of highly plastic clays in the bottom half of the 
overburden.  The Delaware Limestone subcrops beneath these unconsolidated deposits over 
the entire site.  A small amount of Plum Brook shale may be present on top of the Delaware 
Limestone in the extreme eastern end of the site.  The Delaware Limestone is underlain by the 
Columbus Limestone. 

 3-2  

Final AA2 BHHRA 02 12 08.doc  Issued:  February 2008 

 



 

Surface Water.  Two drainage ditches border the Acid Area 2 site: one on the northern 
perimeter and one on the southern perimeter.  The drainage ditches are both approximately 
1900 ft on-site, discharging to Pipe Creek approximately one-quarter mile downgradient (east) 
of the site.  The southern drainage ditch channel is approximately 6 to 8 ft wide and 4 to 6 ft 
deep, with width and depth increasing downstream.  The northern drainage ditch channel is 
approximately 3 ft wide and 2 to 3 ft deep.   Both drainage systems are ephemeral and flow only 
during the wet season and following precipitation events, which limits potential human exposure 
to surface water.  Both drainages remain dry from mid-summer through the fall, further limiting 
potential human exposure.  The average annual precipitation for Sandusky is 34.5 inches per 
year. 

Groundwater.  Groundwater at PBOW includes the shallow overburden and the bedrock 
aquifers.  Numerous wells have been installed across the site to characterize these two water-
bearing units (Shaw, 2003).  The shallow overburden generally has low yields over most of the 
site due to the high percentage of silt and clay.  Water levels in the shallow overburden range 
from less than 1 ft bgs to 6 ft bgs during wet season and fluctuate up to 4 ft on a seasonal basis.  
Shallow water levels generally mirror the local topography and flow is typically toward the local 
surface drainage features with a general northerly trend.  

Bedrock groundwater has been subdivided into two separate units at PBOW:  1) the Plum Brook 
Shale and Ohio Shale, and 2) the Delaware Limestone and Columbus Limestone.  Water levels 
in the Plum Brook Shale and Ohio Shale closely match those of the shallow overburden 
suggesting good vertical communication between the two units.  Water levels in the Delaware 
and Columbus Limestones are on average 30 ft bgs.  Water in the limestone typically occurs in 
fractures, along bedding planes, or in solutionally enlarged openings. The conceptual model 
indicates that bedrock groundwater flow in the Delaware and Columbus Limestones is 
dependant on the frequency, orientation, density, and connectivity of the fractures.  
Groundwater flow in the limestone is generally to the north; however, there are major fracture 
zones transecting the site, which influence groundwater flow in several areas (Shaw, 2003).  
Groundwater from the Columbus Limestone at Acid Area 2 is unsuitable as a potable water 
source due to the presence of naturally occurring hydrogen sulfide gas and petroleum. 

3.1.2  Contaminant Sources, Release Mechanisms, and Migration Pathways 

Numerous buildings, process facilities, and storage tanks were constructed at Acid Area 2 to 
support the production of oleum, sulfuric acid, and nitric acid used in manufacturing TNT.  
Contamination resulted from the inadvertent release of oleum, sulfuric acid, nitric acid, 
contaminants, and residues.  Releases occurred to the surface soil as spills and to the 
subsurface soil from leaking or damaged underground pipes.  Releases may also have occurred 
during decontamination or during the building and equipment removal processes.  Runoff and 
erosion may have spread contamination over the surrounding surface soil and may have carried 
contaminants to nearby streams.  Infiltration and leaching may have carried contaminants into 
the subsurface soil and groundwater.  

3.1.3  Receptors and Exposure Pathways 

Receptors, selected to represent the upper bound on exposure from all plausibly exposed 
groups of people at Acid Area 2, and the pathways by which they may be exposed to chemicals 
are summarized in Figure 3-1 and Table 3-1.  The exposure variable values used in the 
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contaminant intake models for soil, surface water, and sediment are compiled in Table 3-2.  The 
exposure variable values used in the contaminant intake models for groundwater are compiled 
in Table 3-3. The receptors evaluated in this BHHRA are: 

• Current and future groundskeeper, 

• Current and future construction worker, 

• Future on-site resident, 

• Future indoor worker, and 

• Current and future hunter. 

Most RAs are based on a reasonable maximum exposure (RME) assumption.  The intent of the 
RME assumption is to estimate the highest exposure level that could reasonably be expected to 
occur, but not necessarily the worst possible case (EPA, 1989a, 1991a).  It is interpreted as 
reflecting the 90th to 95th percentile on exposure.  In keeping with EPA (1991a) guidance, 
variables chosen for the baseline RME scenario for ingestion rate (IR), exposure frequency (EF) 
and exposure duration (ED) were generally upper bounds.  Other variables such as body weight 
(BW) and exposed skin surface area (SA), were generally central or average values. In the case 
of contact rates consisting of multiple components (e.g., dermal contact with soil or water, which 
consists of a dermal absorption factor [ABS] and soil-to-skin adherence factor [AF] for soil, and 
permeability coefficient [PC] and exposure time [ET] for water), only one variable, ABS or PC, 
needs to be an upper bound. The conservatism built into the individual variables ensures that 
the entire estimate for contact rate is sufficiently conservative.  

The averaging time (AT) for the noncancer evaluation was computed as the product of ED 
(years) times 365 days per year (days/year), to estimate an average daily dose over the entire 
exposure period (EPA, 1989a). For cancer evaluation, AT was computed as the product of 70 
years, the assumed human lifetime, times 365 days/year, to estimate an average daily dose 
prorated over a lifetime regardless of the frequency or duration of exposure.  This methodology 
assumes that the risk from short-term exposure to a high dose of a given carcinogen is 
equivalent to long-term exposure to a correspondingly lower dose, provided that the total 
lifetime doses are equivalent. This approach is consistent with the EPA (1986) policy of 
carcinogen evaluation, although it introduces uncertainty into the cancer RA.  

The chemical intake equations contain a fraction of intake (FI) parameter to account for 
scenarios in which exposure to a potentially contaminated medium associated with the site was 
less than total daily exposure to that medium.  For example, if the site of interest is small 
enough such that a groundskeeper may spend only one-half of his working time there, an FI of 
0.5 was applied to the soil ingestion and dermal intake equations.  An FI was also used if a 
receptor's exposure was split between two comparable media.  For example, if a construction 
worker is exposed to both soil and sediment, FIs are introduced that apportion his exposure 
between the two media.  The default value of FI is 1. 
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3.1.3.1  Overburden Groundwater  

Shallow groundwater in the vicinity of Acid Area 2 is not regarded as a potential source of 
potable water because of the high clay content and limited, discontinuous permeable zones, 
resulting in low yields. It is possible that a construction worker may be exposed to shallow 
groundwater via direct contact; however, such exposure would likely be sporadic and of short 
duration. Therefore, the BHHRA did not quantitatively evaluate exposure to perched 
groundwater.  

3.1.3.2  Bedrock Groundwater  

The following receptors were evaluated to represent the upper bound on bedrock groundwater 
exposure for all plausibly exposed groups of people at Acid Area 2.  

Current on-site.  No current on-site exposure to bedrock groundwater exists.  

Future on-site.  The evaluation of future on-site exposure to bedrock groundwater was based 
on measured concentrations at Acid Area 2 described in this report.  Future receptors were the 
on-site worker and on-site resident.  

If on-site groundwater were to be developed as a tap water source, other potential future 
groundwater receptors may include short-term (e.g., construction) workers or site visitors.  
However, the levels of exposure to these would be shorter in duration and/or frequency than 
that of an on-site worker or resident. Therefore, the on-site worker and resident receptor 
represent an upper bound on exposure for all potential receptors.  

The potential exposure scenarios evaluated for groundwater were the future on-site resident 
and the future on-site worker. Exposure assumptions and parameter values specific to the 
resident and worker are described in the paragraphs that follow. The fraction of tap water 
intake/exposure attributed to groundwater was 1.0 for each receptor. Exposure parameters and 
parameter values are summarized in Table 3-1.  

Resident.  The resident was assumed to be exposed to groundwater as household tap water 
and, for volatile compounds, to air concentrations associated with groundwater use in the 
residence.  Cancer and noncancer assessments were performed for both an adult and child.  
The evaluations assumed 30 years of exposure:  24 years as a 70-kilogram (kg) adult 
(EPA, 1991a) and 6 years as a 15-kg child (EPA, 1991a).  For cancer effects, the adult and 
child effects were summed together; for noncancer effects, the child and adult were evaluated 
separately.  An EF of 350 days per year (EPA, 1991a) was used for adult and child residential 
pathways.  

Drinking water ingestion rates for the adult of 2 liters per day (L/day) (EPA, 1991a) and for the 
child of 1 L/day (EPA, 1991a) were assumed.  Both the child and adult resident were assumed 
to be dermally exposed to COPCs in groundwater while bathing/showering.  The child was 
assumed to bathe for 20 minutes per day (0.333 hour/day) (EPA, 2004a).  The adult was 
assumed to shower for 35 minutes per day (0.6 hour/day) (EPA, 2004a).  Inhalation rates of 
0.833 m3/hour for the adult (EPA, 1991a) and 0.416 m3/hour for the child (EPA, 2004a) were 
used. Because the Exposure Factors Handbook (EPA, 1997a) lists a 90th percentile for time 
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spent in a residence as over 23 hours per day, it was conservatively assumed that the resident 
spends 24 hours per day in the house.  

On-Site Worker.  Under the future land-use scenario, a site worker may be exposed to 
groundwater, which theoretically could be developed as a source of drinking water.  His drinking 
water ingestion rate was assumed to be 1 L/day (EPA, 1991a).  He could also experience 
dermal contact with groundwater used to clean equipment and to rinse dust or perspiration from 
his body.  For this evaluation, it was assumed that the head, forearms, and hands, 
approximately 3,300 square centimeters (cm2) (EPA, 2004a), would be exposed intermittently 
for up to 1 hour per day.  Dermal absorbed dose was calculated using the spreadsheet model 
developed by EPA in conjunction with RAGS Part E (EPA, 2004a) (Appendix A).  

3.1.3.3 Surface Soil 

The following receptors were evaluated to represent the upper bound on surface soil exposure 
for all plausibly exposed groups of people at Acid Area 2. Exposure assumptions and parameter 
values specific to the potential current and future receptors are described in the paragraphs that 
follow. Exposure parameters and parameter values are summarized in Table 3-1. 

Current on-site.  Potential current on-site receptors are construction workers, groundskeepers, 
and hunters.  The evaluation of current on-site exposure to surface soil was based on current 
measured concentrations.  

Future on-site.  Potential future receptors are construction workers, on-site indoor workers, on-
site residents, groundskeepers and hunters. The evaluation of future on-site exposure to 
surface soil was based on current measured concentrations. 

Groundskeeper.  Under the current and future land-use scenarios, a groundskeeper may be 
exposed to surface soil.  The groundskeeper scenario was designed to evaluate the upper 
bound for site worker exposure to surface soil in the current and future site-use scenario. Direct 
exposure pathways include incidental ingestion and dermal contact.  Inhalation of dust raised by 
operating lawn mowers or other equipment was also evaluated because relatively high dust 
concentrations may be produced within the groundskeeper's breathing zone, with little 
opportunity for dilution by ambient air. The groundskeeper was assumed to be a 70-kg adult 
who works 8 hours per day (hours/day), approximately 5 days per week (days/week) year-round 
on site for a total of 250 days/year for 25 years (EPA, 1991a). The respiratory rate for the 
groundskeeper was assumed to be 20 m3/8-hour workday (2.5 m3/hour), and the soil incidental 
ingestion rate was assumed to be 100 milligrams per day (mg/day), comparable to that for an 
agricultural worker. 

Recent studies evaluating soil adherence that consider the nature of the activity performed and 
the different body regions were reviewed by EPA (1997a). Measurements of soil adherence to 
hands, arms, legs, ft, and face for 29 groundskeepers revealed AFs ranging from 8E-4 
milligrams per square centimeters (mg/cm2) (legs) to 1.5E-1 mg/cm2 (hands). The AF weight 
averaged across these body regions (i.e., adjusted to reflect the different SAs of the different 
body regions) for males and females is 9E-3 mg/cm2. The SA of body regions evaluated for 
groundskeepers includes approximately 11,300 cm2 (EPA, 1997a). 
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Hunter.  Under the current and future land-use scenarios, a hunter may be exposed to surface 
soil.  The hunter was assumed to be a 70-kg adult nearby resident (exposure duration of 30 
years) (EPA, 1991a). Small children would be unlikely to accompany the hunter afield. 
Therefore, the direct exposure pathways evaluated for the hunter (incidental ingestion and 
dermal contact with soil) were not evaluated for the small child. It was assumed that the hunter 
would spend his entire 2-week vacation hunting on PBOW; i.e., his EF for incidental soil 
ingestion and dermal contact was 14 days/year. His incidental soil ingestion rate was assumed 
to be 100 mg/day (EPA, 1991a). It was assumed that approximately 25 percent of his body SA, 
or 4,550 cm2, would be available for exposure to soil (EPA, 2004a). A soil AF of 0.2 mg/cm2 was 
assumed. Inhalation of airborne dust would be a potential exposure pathway, however, 
vegetation would reduce dust emissions to insignificant levels, and it was assumed that the 
hunter would spend virtually all of his time on vegetated rather than bare soil.  Therefore, it was 
assumed that inhalation exposure would contribute much less than incidental ingestion and the 
inhalation exposure pathway was not evaluated. 

Future On-Site Resident.  It was assumed that the future on-site resident would be exposed to 
surface soil.  The on-site residential scenario was evaluated using both an adult and a child. 
Lifetime cancer risk was estimated as the sum of the risks calculated for the adult and the child.  

The adult resident was assumed to be a 70-kg person with an incidental soil ingestion rate of 
100 mg/day, and an inhalation rate of 20 m3/day (0.83 m3/hour) (EPA, 1991a). Approximately 25 
percent of his body SA, or 4,500 cm2, was assumed as available for exposure to soil (EPA, 
2004a). The adult resident was assumed to be exposed 350 days/year for 24 years (EPA, 
1991a). 

The child resident was assumed to be a 1- through 6-year-old with an average BW of 15 kg, a 
soil ingestion rate of 200 mg/day, and an inhalation rate of 10 m3/day (EPA, 1991a). 
Approximately 25 percent of his body SA, or 1,750 cm2, was assumed to be available for 
exposure to soil (EPA, 2004a). The child resident was assumed to be exposed for 
350 days/year for 6 years (EPA, 1991a). 

An average soil AF of 0.2 mg/cm2 was adopted for the on-site resident (EPA, 2004a). 

Evaluation of exposure to VOCs from soil by the future on-site resident was addressed during 
evaluation of airborne dust as described for the groundskeeper, above. It was assumed that 80 
percent of the soil surface would be covered with pavement or vegetation for evaluating 
inhalation to airborne dust. Inhalation of VOCs released from subsurface soil and entrapped in 
indoor air was not evaluated as there were no VOCs detected in the subsurface soil.  Inhalation 
rates of 20 m3/day for the adult (EPA, 1991a) and 10 m3/day for the child (EPA, 1991a) were 
used.  

Future On-Site Indoor Worker.  Under the future land-use scenario, an on-site worker may be 
exposed to surface soil.  This receptor scenario was developed to evaluate exposure to indoor 
airborne VOCs entrapped in a building. However, as there were no VOCs detected in the 
subsurface soil, this pathway was not evaluated. The indoor worker would also be potentially 
exposed to surface soil via incidental ingestion.  Dermal exposure to surface soil and inhalation 
of airborne dust and VOCs from surface soil, although plausible, were expected to be less 
significant than incidental ingestion because he would spend his work time indoors. Therefore, 
dermal contact and inhalation of dust and airborne VOCs from surface soil was not quantified.  
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The indoor worker was assumed to be a 70-kg adult who works 8 hours/day, approximately 5 
days/week year-round on the site for a total of 250 days/year for 25 years (EPA, 1991a). His soil 
incidental ingestion rate was assumed to be 50 mg/day, and his inhalation rate was assumed to 
be 20 m3/8-hour workday. 

Construction Worker.  Under the current and future land-use scenarios, a construction worker 
may be exposed to surface soil.  The construction worker scenario was developed to evaluate 
short-term exposure to surface and subsurface soil (total soil) in either the current or future site-
use scenario. Construction projects were expected to be infrequent. It was assumed that the 
construction worker would participate in only one construction project on the site. Relevant 
exposure pathways include incidental ingestion and dermal contact, inhalation of dust raised by 
operating construction equipment, and inhalation of airborne VOCs released from subsurface 
soil during excavation and grading. 

The construction worker was assumed to be a 70-kg adult who works 8 hours per day 
(hours/day), approximately 5 days per week (days/week) for 6 months.  Potential exposure 
pathways were incidental ingestion and dermal contact, inhalation of dust raised by operating 
construction equipment, and inhalation of airborne VOCs released from subsurface soil during 
excavation and grading. However, as there were no VOCs detected in the subsurface soil, 
inhalation of airborne VOCs released from subsurface soil during excavation and grading was 
not evaluated. Excavation and soil grading activities, which result in intensive soil contact, were 
assumed to last for 3 months; for the remaining 3 months, construction activities were assumed 
to result in less intensive soil contact.  Soil ingestion rates of 480 mg/day (EPA 1991a) and 
100 mg/day, similar to an agricultural worker, were assumed for the intensive and less intensive 
contact periods, respectively.  The resulting time-weighted average soil ingestion rate was 
290 mg/day.  

Construction workers would also experience dermal contact with soil adhered as dust or from 
direct contact with the soil. An AF for soil for the construction worker of 8E-2 mg/cm2 was 
estimated using the same method as previously described for the groundskeeper, combining 
EPA (1997a) data for construction workers, utility workers, and equipment operators to capture 
the full range of activities likely to be performed by this receptor. The body regions evaluated for 
construction workers total approximately 11,300 cm2. An inhalation rate of 20 m3/day 
(EPA, 1991a) for potential exposures to VOCs and air borne dust was assumed.  

3.1.3.4 Subsurface Soil 

The following receptors were evaluated to represent the upper bound on subsurface soil 
exposure for all plausibly exposed groups of people at Acid Area 2. Exposure assumptions and 
parameter values specific to the potential current and future receptors are described in the 
paragraphs that follow. Exposure parameters and parameter values are summarized in 
Table 3-1. 

Current on-site.  The only potential current on-site receptors are construction workers.  The 
evaluation of current on-site exposure to surface soil was based on current measured 
concentrations.  
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Future on-site.  Potential future receptors are construction workers and on-site residents.  The 
evaluation of future on-site exposure to surface soil was based on current measured 
concentrations.  

Groundskeeper.  Under the current and future land-use scenarios, contact with subsurface soil 
would be infrequent and sporadic, since such contact would not be part of the groundskeeper's 
regular duties or activities.  Therefore, exposure to subsurface soil was not evaluated. 

Future On-Site Resident.  Exposure parameters for the future on-site resident are identical to 
those described above for surface soil (Section 3.1.3.3).  Future on-site residents were 
assumed to be exposed to subsurface soil as a result of residential development that would 
involve excavation and grading, which would bring subsurface soil to the surface.   

Future On-Site Indoor Worker.  Under the future land-use scenario, an on-site worker may be 
exposed to indoor airborne VOCs entrapped in a building. VOCs released from subsurface soil 
may enter a building through joints or cracks in the foundation or slab. However, as there were 
no VOCs retained as COPCs in the subsurface soil, this pathway was not evaluated. The 
exposure parameters for the on-site indoor worker are the same as described above for surface 
soil (Section 3.1.3.3). 

Construction Worker.  Under the current and future land-use scenarios, a construction worker 
may be exposed to subsurface soil.  Exposure parameters for the construction worker were 
identical to those described above for surface soil (Section 3.1.3.3). 

3.1.3.5 Surface Water 

The following receptors were evaluated to represent the upper bound on surface water 
exposure for all plausibly exposed groups of people at Acid Area 2.  Exposure assumptions and 
parameter values specific to the potential current and future receptors are described in the 
paragraphs that follow. Exposure parameters and parameter values are summarized in 
Table 3-1. 

Current on-site.  The only potential current on-site receptors are construction workers.  The 
evaluation of current on-site exposure to surface water was based on current measured 
concentrations.  

Future on-site.  Potential future receptors are construction workers and on-site residents.  The 
evaluation of future on-site exposure to surface water was based on current measured 
concentrations. 

Groundskeeper.  Under the current and future land-use scenarios, a groundskeeper may be 
exposed to surface water.  However, such exposure would be infrequent and sporadic, since 
such contact would not be part of the groundskeeper’s regular duties or activities.  Therefore, 
exposure to surface water was not quantified.  

Hunters.  Under the current and future land-use scenarios, a hunter may be exposed to surface 
water.  However, such exposure would be infrequent and sporadic, since such contact would 
not be part of the hunter’s regular or activities.  Therefore, exposure to surface water was not 
quantified. 
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Future On-Site Resident.  The future on-site resident was assumed to be exposed to surface 
water.  The resident could have access to the surface water bodies associated with Acid Area 2. 
It was assumed that the resident would visit the streams for 8 hours/day, 2 days/week during 
the warmer half of the year. The resident was assumed to wade for 3 hours/day on 
52 days/year. The exposure pathway evaluated was dermal contact with surface water. 
Approximately 30 percent of the adult’s and child’s total body SAs, 5,450 cm2 and 2,100 cm2, 
respectively, were assumed to be available for exposure to surface water.  The dermal 
absorbed dose was calculated using the spreadsheet model developed by EPA in conjunction 
with RAGS Part E (EPA, 2004a) (Appendix A).  Incidental ingestion of surface water in a wading 
scenario was considered to be less significant than dermal contact and was not quantified. 
Inhalation of VOC emissions from surface water is also possible, but the large volume of 
outdoor ambient air and natural air currents would be expected to dilute airborne concentrations 
such that this pathway would be less significant than dermal contact, which was quantified. For 
these reasons, inhalation of VOC emissions from surface water was not quantified.  

On-Site Indoor Worker.  Under the future land-use scenario, an on-site indoor worker would 
not be expected to be exposed to surface water.  Therefore, exposure to surface water was not 
quantified. 

Construction Worker.  Under the current and future land-use scenarios, a construction worker 
may be exposed to subsurface soil.  The construction worker may also be exposed to surface 
water during projects such as installation of underground utilities or rerouting stream flow. 
Dermal contact would be the most significant pathway for exposure to surface water. Incidental 
ingestion of surface water would also be possible, but would be expected to be much less 
significant than dermal contact. Dermal exposure to surface water was assumed to occur for 
4 hours/day, or one-half the normal workday. It was assumed that the arms, forearms and 
hands (an SA of approximately 3,100 cm2 [EPA, 1997a]) would be exposed to surface water.  
Dermal absorbed dose was calculated using the spreadsheet model developed by EPA in 
conjunction with RAGS Part E (EPA, 2004a) (Appendix A).  Inhalation of VOCs from surface 
water is also possible, but the large volume of outdoor ambient air and natural air currents 
would be expected to dilute airborne concentrations, so that this pathway would be less 
significant than dermal contact, which was quantified. For these reasons incidental ingestion 
and inhalation of VOCs from surface water were not quantified.  

3.1.3.6 Sediment 

The following receptors were evaluated to represent the upper bound on sediment exposure for 
all plausibly exposed groups of people at Acid Area 2.  Exposure assumptions and parameter 
values specific to the potential current and future receptors are described in the paragraphs that 
follow. Exposure parameters and parameter values are summarized in Table 3-1. 

Current on-site.  The only potential current on-site receptors are construction workers.  The 
evaluation of current on-site exposure to sediment was based on current measured 
concentrations.  

Future on-site.  Potential future receptors are construction workers and on-site residents.  The 
evaluation of future on-site exposure to sediment was based on current measured 
concentrations. 
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Groundskeeper.  Under the current and future land-use scenarios, a groundskeeper may be 
exposed to sediment.  However, such exposure would be infrequent and sporadic since contact 
would not be part of the groundskeeper’s regular duties or activities.  Therefore, exposure to 
sediment was not quantified.  

Hunters.  Under the current and future land-use scenarios, a hunter may be exposed to 
sediment.  However, such exposure would be infrequent and sporadic since contact would not 
be part of the hunter’s regular or activities.  Therefore, exposure to sediment was not quantified. 

Future On-Site Resident.  The future on-site resident was assumed to be exposed to 
sediment.  The resident could have access to sediments associated with Acid Area 2 and could 
be exposed to sediment. It was assumed that the resident would visit the streams for 8 
hours/day, 2 days/week during the warmer half of the year. The resident was assumed to wade 
for 3 hours/day on 52 days/year. The exposure pathway evaluated was dermal contact with 
sediment. The mechanisms of exposure to soil and sediment are likely to be similar; therefore, 
the incidental soil ingestion rate of 100 mg/day was also applied to sediment. Approximately 25 
percent of the adults and child’s total body SAs, 4,500 cm2 and 1,750 cm2, respectively, were 
used. 

On-Site Indoor Worker.  Under the future land-use scenario, an on-site indoor worker would 
not be expected to be exposed to sediment.  Therefore, exposure to sediment was not 
quantified. 

Construction Worker.  Under the current and future land-use scenarios, a construction worker 
may be exposed to sediment.  The construction worker may be exposed to sediment during 
projects such as installation of underground utilities or rerouting stream flow. Dermal contact 
would be the most significant pathway for exposure to sediment. Incidental ingestion of 
sediment would also be possible, but would be expected to be much less significant than dermal 
contact.  Dermal exposure to sediment was assumed to occur for 4 hours/day, or one-half the 
normal work day.  It was assumed that the arms, forearms and hands, an SA of approximately 
3,100 cm2 (EPA, 1997a), would be exposed to sediment. Inhalation of VOCs from sediment 
would also be possible; but the large volume of outdoor air and natural air currents would be 
expected to dilute airborne concentrations such that this pathway would be less significant than 
dermal contact, which was quantified. For these reasons, incidental ingestion and inhalation of 
VOCs from sediment were not quantified.  

3.1.3.7 Game Animals 

The following receptors were evaluated to represent the upper bound on exposure via ingestion 
of game animals taken at Acid Area 2.  

Current and future on-site.  The potential current and future on-site receptors are hunters.  
The evaluation of current on-site exposure to game animals was based on current measured 
concentrations.  

Exposure assumptions and parameter values specific to the potential current and future 
receptors are described in the paragraphs that follow. Exposure parameters and parameter 
values are summarized in Table 3-1.  
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Hunters.  This scenario was developed to evaluate the potential for contaminants in soil to 
affect food-chain pathways. Acid Area 2 provides habitat for deer and other wildlife, and deer 
hunting is permitted on the PBOW facility. Therefore, a hunter who consumes his game is a 
plausible scenario requiring evaluation. Many kinds of game animals may be hunted and 
consumed including squirrel, pheasant and other upland birds, turkey and deer; however, the 
deer is the species most likely to contribute meaningfully to the diet. Therefore, the evaluation 
was limited to a deer hunter. 

Data were not located regarding the rate of venison ingestion; therefore, a hypothetical scenario 
was adapted from the assumptions applied to a similar site in West Virginia (IT, 2000c). A highly 
conservative but plausible scenario consists of a hunter who kills a deer each year. It was 
assumed that the hunter eats 10 pounds (4.5 kg) of venison per year (Sharp, 1995). This 
consumption rate corresponds to 0.013 kg/day (0.186 g/kg-day) of venison for each of the 
350 days per year (EPA, 1991a) that the hunter spends at home. 

It is likely that the successful hunter would share his venison with the rest of the family, which 
may include small children. The hunter's child was referred to as a child venison consumer for 
the purposes of this evaluation. Data regarding the rate of venison ingestion by small children 
were not located. It was assumed that venison replaced beef in the diet, and the differences in 
beef consumption between adults and children were used to estimate a venison ingestion rate 
for children. EPA (1997a) provides per capita beef intake data for less than 1- to 5-year-old 
children ranging from 0.941 to 1.46 g/kg-day (time-weighted average of 1.296 g/kg-day). EPA 
(1997a) provides per capita beef intake data for 12- to 70+-year-old adults ranging from 0.568 to 
0.83 g/kg-day (time-weighted average of 0.727 g/kg-day). From these data, it was estimated 
that the beef consumption of small children, expressed on a BW basis, would be approximately 
1.8 times that of an adult. Therefore, a venison ingestion rate of 0.335 g/kg-day was estimated 
for the young child from the venison ingestion rate of 0.186 g/kg-day for the adult.  Assuming 
that the child is 0 to 6 years old with an average BW of 15 kg (EPA, 1991a), the child venison 
ingestion rate may be expressed as 0.005 kg/day. 

3.2  Quantification of Exposure-Point Concentrations  

The EPC is a conservative estimate of the average concentration of a COPC, statistically 
calculated from the analytical results of all samples for a particular environmental medium to 
which a receptor may be exposed over the duration of the exposure.  An EPC may be based on 
media concentrations that have been directly measured or it may be derived based on 
environmental medium-to-medium transport modeling.  The EPCs of COPCs in soil, 
groundwater, surface water and sediment were statistically derived values based on measured 
analytical data.  Concentrations of COPCs in air were not measured (and in the case of 
groundwater volatilization or future exposure scenarios, cannot reasonably be measured), but 
were based on models that use the EPCs of COPCs in groundwater as input values.  

3.2.1  COPC Concentrations from Dust  

Inhalation exposure to particulate (dust) emissions from soil for the groundskeeper and 
construction worker evaluations results from activities that raise dust.  Therefore, the most 
appropriate approach to estimating chemical concentrations in ambient air is through the use of 
an activity-based dust loading equation (U.S. Department of Energy [DOE], 1989):  
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Ca = (D)(Cso )( CF1)     Eq. 3.1 

where:  

Ca=contaminant concentration in air (mg/m3, calculated)  

D = dust loading factor (g of soil/m3 of air)  

Cso = contaminant concentration in soil (mg/kg)  

CF1 = conversion factor (1E-3 kg/g).  

Plausible values for D include 2E-4 grams per cubic meter (g/m3) for agricultural activity (DOE, 
1989), 6E-4 g/m3 for construction work (DOE, 1983), and 1E-4 g/m3 for other activity (National 
Council on Radiation Protection and Measurements [NCRPM], 1984).  The value for D of 1E-
4 g/m3 for other activity was used for the groundskeeper. It was assumed that construction 
activities requiring intimate contact with soil, for which D = 6E-4 g/m3 is appropriate, may last for 
one-half of a construction period. The remaining one-half of the time is more realistically 
characterized by D = 1E-4 g/m3. Therefore, a time-weighted average dust loading factor for 
construction work of 3.5E-4 g/m3 was estimated for the construction worker.  

Airborne concentrations of VOCs estimated by the dust loading model was assumed to 
sufficiently estimate levels of VOCs that may arise from volatilization, because the dust loading 
model treats the VOCs as if they were located at the ground surface.  

The resident would be more likely to be exposed to dust arising from wind erosion than from 
dust-raising activities on the site. EPA (1996a) derived a model for estimating a dust particulate 
emission factor based on an "unlimited reservoir" model and the assumption that the source 
area is square:  

)()1(036.0

3600
3

xFU
UV
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QPEF

t

m ×⎟
⎠
⎞⎜

⎝
⎛×−×

×=
   Eq. 3.2 

where:  

PEF = particulate emission factor (m3/kg, calculated)  

Q/C = inverse of the mean concentration at center of square source 
(43.08 g/m3second per kg/m3, site-specific value from Table 3 in EPA 
[1996a] [Zone 7, Cleveland, 30-acre site])  

3600 = seconds/hour 

V = fraction of surface covered with vegetation (0.8, unitless, assumed) 

Um = mean annual wind speed (default, 4.69 m/second) 
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Ut = equivalent threshold value of wind speed at 7 m (default, 11.32 m/second) 

F(x) = function dependent on Um/Ut (default, 0.194). 

The concentration of COPCs in air are calculated as follows:  

PEF
CC so

a =      Eq. 3.3 

where:  

Ca = contaminant concentration in air (mg/m3, calculated) 

Cso = contaminant concentration in soil (mg/kg) 

PEF = particulate emission factor (m3/kg). 

Airborne concentrations of VOCs estimated by the wind erosion model were assumed to 
sufficiently estimate levels of VOCs that may arise from volatilization, because the wind erosion 
model treats the VOCs as if they were located at the ground surface.  

3.2.2  Concentrations in Household Air from Groundwater Use  

Inhalation of VOCs released from groundwater was evaluated, as applicable, for the on-site 
resident scenario.  Chemicals that have a Henry’s Law value exceeding 1E-05 atmospheres per 
cubic meter (m3) per mole and a molecular weight less than 200 grams (g) per mole are 
considered to be VOCs and are subject to evaluation via this pathway. Other groundwater 
contaminants may be evaluated on a case-by-case basis for their potential contribution to risk 
via the inhalation pathway based on the degree of departure from the Henry’s Law and 
molecular weight criteria, groundwater concentration, and toxicity.  

The simple whole-house tap water-to-air model described in Part B of the human health 
evaluation manual (HHEM) (EPA, 1991b) was used in the BHHRA.  This model was selected 
based on correspondence between the OEPA (2004) and the USACE. Part B of the HHEM 
recommends a volatilization constant of 0.0005 for the total concentrations of all VOCs detected 
in groundwater; the conversion is characterized by the following equation:  

3000,1001.0 m
L

wag
mg

gwa xxKxCC μ=    Eq. 3.4 

where:  

aC  = Modeled concentration in air (mg/m3)  

gwC = Groundwater EPC (µg/L)  

waK = tap water-to-air volatilization constant (0.0005 [unitless]; [EPA, 1991b]) 
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Implicit in HHEM Part B application of this model are the following: 1) a family of four uses the 
groundwater as the sole source of household tap water; 2) the volume of the house is 150 m3; 
3) the daily groundwater use is 720 L/day; 4) 50 percent of VOCs in tap water volatilize to 
household air; and 5) the exchange rate of the house is 0.25 m3/hour (EPA, 1991b). The EPA 
(1997a) Exposure Factors Handbook lists values different from some of these assumed by 
HHEM Part B.  As appropriate, this pathway was evaluated in the BHHRA using alternate 
values from the Exposure Factors Handbook.  

3.2.3  Concentrations of VOCs in Groundwater:  Resident Dermal Uptake 

Volatilization of VOCs from household water reduces the concentration remaining available for 
dermal contact.  As mentioned in Section 3.2.2, the HHEM Part B whole-house tap water-to-air 
model assumes that 50 percent of the VOC concentrations are released to household air.  Thus, 
the concentrations of VOCs remaining in the water after volatilization occurs are calculated by 
difference as follows:  

( )vgwd FxCC −= 1      Eq. 3.5 

where:  

dC = concentration of VOC in household water available for dermal exposure (mg/L, 
calculated)  

gwC = concentration of VOC in groundwater (mg/L)  

vF = fraction of VOCs volatilized to air (0.5, unitless).  

Only the concentration remaining in tap water after volatilization (Cd), as applicable, was 
assumed to be available for contact with the skin during bathing/showering.  

3.2.4  Concentrations of COPCs in Venison  

The hunter was assumed to harvest and consume game and share it with his family, including 
small children.  The game was assumed to be venison because deer is the species hunted most 
widely and most likely to provide a regular contribution to the diet.  Data do not exist to reliably 
estimate contaminant concentrations in venison, but the following simplifying assumptions 
permit estimates sufficient for an RA:  

• Deer are small ruminants and as such are not unlike cattle; thus, it is reasonable to 
assume they may have similar physiological processes that could yield similar 
biotransfer factors. Unlike beef, however, deer meat does not undergo marbling with fat, 
and deer fat is quite unpalatable and is likely to be trimmed rather than consumed.  
Therefore, the biotransfer factors for edible venison were derived by adjusting 
biotransfer factors for beef to account for differences in the fat content of table-ready 
beef (cooked choice retail cuts trimmed to 0 inches of fat: average 14.4 percent fat) and 
venison (cooked boneless muscle meats: average 2.9 percent fat) (Nutrient Database, 
1997).  

 3-15  

Final AA2 BHHRA 02 12 08.doc  Issued:  February 2008 

 



 

• Deer are expected to browse a much larger area than that encompassed by Acid Area 2; 
therefore the fraction of total browse consumed from the contaminated site would be 
expected to be small.  

• Indirect food-chain pathways may be significant for metals and for those SVOCs that 
persist in the environment and have the tendency to bioaccumulate.  VOCs are generally 
mobile in the environment and unstable in biological systems and do not tend to 
bioaccumulate.  

To reflect the assumptions previously noted, venison biotransfer factors are estimated by 
multiplying beef biotransfer factors by 2.9/14.4 (or 0.20), and by a fraction, .   reflects 
the areal portion of the site compared to a deer's home range area.  These assumptions are 
captured in the following equation:  

eFI eFI

( )( )bev BFIB 20.0=      Eq. 3.6 

where:  

vB = biotransfer factor for venison (unitless, calculated)  

20.0 = factor to reflect differences in fat content between beef and venison (0.20, 
unitless, see above)  

eFI = areal portion of site compared to a deer's home range (0.04, unitless, see below) 

bB = biotransfer factor for beef.  

Values for Bb for metals are provided in the toxicity profiles in Appendix D.  Toxicity profiles were 
prepared for each of the COCs.  The toxicity profiles briefly describe the uses of the chemical, 
its physical properties, behavior in environmental media, biotransfer capability, and toxicity 
values.  

The Acid Area 2 site covers approximately 25 acres. The home range of a deer is approximately 
630 acres. Therefore, FIe was set equal to 0.04.  

Deer were assumed to be exposed to contaminants by ingesting browse growing on 
contaminated soil. It was assumed that deer consume approximately 1.74 kg of browse per day 
(Sample, et al., 1996), which is approximately 50 percent dry matter (DM), or 0.87 kg browse 
DM per day (Mautz, et al., 1976).  The contaminant concentration in browse was estimated from 
the following equation, which was originally developed for estimating the contaminant 
concentration in forage to which cattle may be exposed (EPA, 1994a):  
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( )( )( )psop BCCFC 7=     Eq. 3.7 

where:  

pC  = concentration of contaminant in (plant) forage DM (mg/kg, calculated)  

7CF  = conversion factor to adjust for soil containing 20 percent moisture (1.25 unitless). 

soC  = concentration of contaminant in soil (mg/kg)  

pB  = soil-to-forage biotransfer factor (mg of chemical per kg of dry plant/mg of chemical 
per kg of dry soil).  

Values for  were taken from the toxicity profiles in Appendix D.   values for the vegetative 
parts of plants rather than the reproductive parts of plants were selected, where possible, 
because deer browse year-round, and the vegetative parts are more available for the greater 
part of the year.  

pB pB

The concentration of COPC in venison can be estimated from the following equation (adapted 
from EPA, 1994a):  

( )( )( )vppv BCQC =     Eq. 3.8 

where:  

vC = contaminant concentration in venison (mg/kg, calculated)  

pQ = browse ingestion rate (0.87 kg DM/day)  

pC = contaminant concentration in browse DM (mg/kg)  

vB = biotransfer factor for venison (days/kg).  

3.3  Quantification of Chemical Intakes  

This section describes the models used to quantify doses or intakes of the COPC by the 
exposure pathways identified in Section 3.1.3, using the exposure parameter values described 
in Section 3.1.3. Models are taken or modified from EPA (1989a) unless otherwise indicated.  
Intakes were calculated for both cancer and noncancer evaluations. Therefore, the AT variable 
shown in the following equations is replaced with ATn for noncancer calculations (365 × ED), 
and with ATc (25,550 days) for the cancer calculations. Intake values were based on the EPCs 
(Section 2.2) and the equations discussed below for the respective exposure pathways.  
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3.3.1  Inhalation of COPCs in Air  

The following equation was used to estimate the inhaled dose of COPC in air (groundskeeper, 
construction worker, on-site resident - inhalation of dust and VOCs in ambient air from surface 
or total soil; construction worker - inhalation of VOCs in ambient air from subsurface soil; indoor 
worker and on-site resident - inhalation of VOCs in indoor air from subsurface soil and tap 
water):  

))((
))()()()()((

ATBW
EDEFETIRFICI aaaa

a =   Eq. 3.9 

where:  

aI = inhaled dose of COPC (mg/kg-day, calculated)  

aC = concentration of COPC in air (mg/m3)  

aFI = fraction of exposure attributed to site media (unitless)  

aIR = inhalation rate (m3/hour)  

aET = exposure time (hours/day)  

EF = exposure frequency (days/year)  

ED = exposure duration (years)  

BW = body weight (kg)  

AT = averaging time (days).  

3.3.2  Incidental Ingestion of COPCs in Soil and Sediment 

The ingested dose of COPCs in soil (groundskeeper, construction worker, on-site resident, 
indoor worker, hunter) were estimated from the equation:  

)AT)(BW(
)CF)(ED)(EF)(IR)(FI)(C(I 2sososo

so =   Eq. 3.10 

where:  

soI = ingested dose of COPC in soil (mg/kg-day, calculated) 

soC = concentration of COPC in soil (mg/kg) 
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soFI = fraction of exposure attributed to site soil or sediment (unitless)  

soIR = ingestion rate of soil or sediment (mg/day) 

EF  = exposure frequency (days/year) 

ED  = exposure duration (years) 

2CF =conversion factor (1E-6 kg/mg) 

BW  = body weight (kg)  

AT  = averaging time (days). 

3.3.3  Dermal Contact with COPCs in Soil, Sediment, or Water  

Unlike the methodologies for estimating inhaled or ingested doses of COPCs, which quantify the 
dose presented to the barrier membrane (the pulmonary or gastrointestinal mucosa, 
respectively), dermal dose is estimated as the dose that crosses the skin and is systemically 
absorbed.  For this reason, dermal toxicity values are also based on absorbed dose.  The 
absorbed dose of a COPC is estimated from the equation (EPA, 2004a):  

))((
))()()((

ATBW
EDEFSADADAD =    Eq. 3.11 

where:  

DAD = average dermal absorbed dose of COPC (mg/kg-day, calculated) 

DA = dose absorbed per unit body surface area per day (mg/cm2-day)  

SA = for soil, for sediment, for water = surface area of the skin exposed 
(cm

soSA sdSA wSA
2) 

EF  = exposure frequency (days/year) 

ED  = exposure duration (years) 

BW  = body weight (kg)  

AT  = averaging time (days). 

DA is calculated differently for dermal uptake from soil or sediment and from water.  Dermal 
uptake of constituents from soil (groundskeeper, construction worker, on-site resident, hunter) 
or sediment (construction worker, on-site resident) assumes that absorption is a function of the 
fraction of a dermally applied dose that is absorbed.  It is calculated from the equation (EPA, 
2004a):  
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( )( )( )( )( )ABSAFCFFICDA 2=    Eq. 3.12 

where:  

DA = dose absorbed per unit body surface area per day (mg/cm2-day, calculated)  

C = for soil, for sediment = concentration of COPC in medium (mg/kg)  soC sdC

FI = for soil, for sediment = fraction of exposure attributed to site medium 
(unitless)  

soFI sdFI

2CF = conversion factor (1E-6 kg/mg)  

AF = for soil, for sediment = soil- or sediment-to-skin adherence factor 
(mg/cm

soAF sdAF
2-day)  

ABS = absorption fraction (unitless, chemical-specific).  

ABS  values are provided in the toxicity profiles for each COC.  

Quantification of dermal absorbed dose was modeled using the spreadsheet model developed 
by EPA in conjunction with RAGS Part E (EPA, 2004a) (Appendix C).  

3.3.4  Consumption of Venison 

Consumption of venison by the hunter or his child is evaluated by the following equation:  

))((
))()()((

ATBW
EDEFIRCI vv

v =    Eq. 3.13 

where: 

vI = ingested dose of COPC in venison (mg/kg-day, calculated)  

vC = concentration of COPC in venison (mg/kg)  

vIR =venison ingestion rate (kg/day) 

EF = exposure frequency (days/year) 

ED = exposure duration (years) 

BW = body weight (kg) 

AT = averaging time (days).  
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3.3.5  Ingestion of COPCs in Groundwater and Surface Water  

The ingested dose of COPCs in groundwater and surface water is estimated from the equation:  

))((
))()()((

ATBW
EDEFIRCI ww

w =    Eq. 3.14 

 

where:  

wI = ingested dose of COPC in groundwater (mg/kg-day, calculated) 

wC = concentration of COPC in groundwater (mg/L) 

wIR = drinking water ingestion rate (L/day) 

EF = exposure frequency (days/year) 

ED = exposure duration (years) 

BW = body weight (kg) 

AT = averaging time (days) 
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4.0 TOXICITY ASSESSMENT  

Toxicity is defined as the ability of a chemical to induce adverse effects in biological systems.  
The purpose of the toxicity assessment is two-fold:  

• Identify the cancer and noncancer effects that may arise from exposure of humans to the 
COPC (hazard assessment).  

• Provide an estimate of the quantitative relationship between the magnitude and duration 
of exposure and the probability or severity of adverse effects (dose response 
assessment).  

The latter is accomplished by the derivation of cancer and noncancer toxicity values, as 
described in the following section.  

4.1  Evaluation of Carcinogenicity  

A few chemicals are known, and many more are suspected, to be human carcinogens.  The 
carcinogenic slope factors (SFs), inhalation unit risks, and the accompanying weight-of-
evidence classification are used to evaluate potential human carcinogenic risks associated with 
exposures. 

In defining the potential carcinogenicity of a chemical to humans, EPA first evaluates the 
sufficiency of evidence of carcinogenicity from available animal and human data. If there are 
sufficient quantitative data and adequate understanding of the carcinogenic process, a 
biologically based model may be developed to relate dose and response data on an agent-
specific basis. Otherwise, as a default procedure, a standard model can be used to curve-fit the 
data. Once the data are evaluated, the chemical is assigned a weight-of-evidence classification.  
The EPA recognizes 6 weight-of-evidence group classifications for carcinogenicity, which are as 
follows: 

• Group A – Human Carcinogenic: human data are sufficient to identify the chemical as a 
human carcinogen. 

• Group B1 – Probable Human Carcinogen: human data indicate that a causal association 
is credible, but alternative explanations cannot be dismissed. 

• Group B2 – Probable Human Carcinogen: human data are insufficient to support a 
causal association, but testing data in animals support a causal association. 

• Group C – Possible Human Carcinogen: human data are inadequate or lacking, but 
animal data suggest a causal association, although the studies have deficiencies that 
limit interpretation. 

• Group D – Not Classifiable as to Human Carcinogenicity: human and animal data are 
lacking or inadequate. 

• Group E – Evidence of Non-Carcinogenicity to Humans: human data are negative or 
lacking, and adequate animal data indicate no association with cancer. 
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The weight-of-evidence narrative developed to characterize potential carcinogenic hazard 
summarizes the results of the hazard assessment and provides a conclusion with regard to 
human carcinogenic potential. The weight-of-evidence narrative includes both a conclusion 
about the weight of evidence of carcinogenic potential and a summary of the data on which the 
conclusion rests. The narrative explains the kinds of evidence available and how they fit 
together in drawing conclusions, and points out significant issues/strengths/limitations of the 
data and conclusions. 

EPA derives SF and unit risk values for carcinogens. SFs generally represent an upper bound 
on the average risk in a population or the risk for a randomly selected individual, but not the risk 
for a highly susceptible individual or group. Some individuals face a higher risk and some face a 
lower risk. The use of upper bounds generally is considered to be a health-protective approach 
for covering the risk to susceptible individuals, although the calculation of upper bounds is not 
based on susceptibility data. The SF defines quantitatively the relationship between dose and 
response as the plausible upper-bound estimate of the probability of a response (i.e., 
development of cancer) per unit intake of a potential carcinogen over a lifetime. In general, an 
inhalation unit risk is developed directly from a dose response analysis using equivalent human 
concentrations already expressed in units of μg/m3. 

The SF is derived by EPA by selecting the most appropriate data set, extrapolating to lower 
doses, and determining equivalent human doses for the appropriate route of exposure. A 
nonlinear extrapolation method can be used for cases with sufficient data to ascertain the mode 
of action and to conclude that it is not linear at low doses but with insufficient data to support a 
toxicodynamic model that may be either nonlinear or linear at low doses. Nonlinear 
extrapolation having a significant biological support may be presented in addition to a linear 
approach when the available data and a weight-of-evidence evaluation support a nonlinear 
approach, but the data are not strong enough to ascertain the mode of action.  The SF is 
expressed in terms of risk per unit concentration of the chemical (mg) per unit body weight (kg) 
per unit time (day) or (mg/kg/day)-1.  Inhalation unit risk estimates express the SF in terms of 
μg/m3 or parts per million air. 

Cancer toxicity values and sources are provided in Table 4-1.  

4.2  Evaluation of Noncarcinogenic Effects  

Many chemicals, whether or not associated with carcinogenicity, are associated with 
noncarcinogenic effects.  The evaluation of noncancer effects (EPA, 1989b) involves:  

• Qualitative identification of the adverse effect(s) associated with the chemical, which 
may differ depending on the duration (acute or chronic) or route (oral or inhalation) of 
exposure.  

• Identification of the critical effect for each duration of exposure (i.e., the first adverse 
effect that occurs as dose is increased).  

• Estimation of the threshold dose for the critical effect for each duration of exposure.  
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• Development of an uncertainty factor (UF); i.e., quantification of the uncertainty 
associated with interspecies extrapolation, intraspecies variation in sensitivity, severity of 
the critical effect, slope of the dose-response curve, and deficiencies in the database, in 
regard to developing a reference dose (RfD) for human exposure.  

• Identification of the target organ(s) for the critical effect for each route of exposure.  

These information points are used to derive an exposure route- and duration-specific toxicity 
value called an RfD, expressed as mg/kg-day, which is considered to be the dose for humans at 
which adverse effects are not expected to occur, and includes uncertainty of an order of 
magnitude or greater.  Mathematically, it is estimated as the ratio of the threshold dose to the 
UF.  For purposes of risk assessment, chronic exposure is defined as equal to or greater than 7 
years, or at least 10 percent of expected lifespan; subchronic exposure is defined as 2 weeks to 
7 years.  

The EPA Integrated Risk information System (IRIS) expresses the inhalation noncancer 
reference value as a reference concentration (RfC) in units of mg/m3.  Because noncancer risk 
characterization requires a reference value expressed as mg/kg-day, the RfC must be 
converted to an inhalation RfD.  Since the inhalation RfC is based on continuous exposure of an 
adult human (assumed to inhale 20 m3

 
of air per day and to weigh 70 kg), the mathematical 

conversion consists of multiplying the RfC (mg/m3) by 20 m3/day and dividing the result by 
70 kg.  

RfD and RfC values are derived for both chronic and subchronic exposure. Under the assump-
tion of monotonicity (incidence, intensity, or severity of effects can increase, but cannot 
decrease, with increasing magnitude or duration of exposure), a chronic RfD may be considered 
sufficiently protective for subchronic exposure, but a subchronic RfD may not be protective for 
chronic exposure. Currently, subchronic RfD values exist for few chemicals.  Subchronic RfD 
values can be derived from chronic RfD values as follows:  

• If the UF applied in the derivation of the chronic RfD does not provide for expansion from 
subchronic to chronic exposure (e.g., if the chronic RfD was derived from a chronic 
study), the chronic RfD is adopted as being sufficiently protective for subchronic 
exposure.  

• If the UF applied in the derivation of the chronic RfD contains a component to expand 
from subchronic to chronic exposure, the subchronic RfD is derived by multiplying the 
chronic RfD by the factor used to expand from subchronic to chronic exposure (e.g., if a 
factor of 10 was used to expand from subchronic to chronic exposure, the subchronic 
RfD will be 10 times larger than the chronic RfD).  

Oral and dermal RfDs (discussed in Section 4.3) as well as RfCs and inhalation RfDs are 
provided in the Table 4-1.  

4.3  Dermal Toxicity Values  

Dermal RfDs and SFs are derived from the corresponding oral values, provided there is no 
evidence to suggest that dermal exposure induces exposure route-specific effects that are not 
appropriately modeled by oral exposure data.  In the derivation of a dermal RfD, the oral RfD is 
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multiplied by the gastrointestinal absorption factor (GAF), expressed as a decimal fraction.  The 
resulting dermal RfD, therefore, is based on absorbed dose.  The RfD based on absorbed dose 
is the appropriate value with which to compare a dermal dose, because dermal doses are 
expressed as absorbed rather than exposure doses. The dermal SF is derived by dividing the 
oral SF by the GAF. The oral SF is divided, rather than multiplied, by the GAF because the SF 
is expressed as a reciprocal dose.  

4.4  Target Organ Toxicity  

As a matter of science policy, EPA assumes dose and effect to be additive for noncarcinogenic 
effects (EPA, 1989a). This assumption provides the justification for adding the HQs or hazard 
indices (HIs) in the risk characterization for noncancer effects (Section 5.2) resulting from 
exposure to multiple chemicals, pathways, or media.  However, EPA (1989a) acknowledges that 
adding all HQ or HI values may overestimate hazard because the assumption of additivity is 
probably appropriate only for those chemicals that exert their toxicity by the same mechanism.  

Mechanisms of toxicity data sufficient for predicting additivity with a high level of confidence are 
available for very few chemicals.  In the absence of such data, EPA (1989a) assumes that 
chemicals that act on the same target organ may do so by the same mechanism of toxicity; that 
is, the target organ serves as a surrogate for mechanism of toxicity.  When total HI for all media 
for a receptor exceeds 1 due to the contributions of several chemicals, it is appropriate to 
segregate the chemicals by route of exposure and mechanism of toxicity (i.e., target organ) and 
estimate separate HI values for each target organ.  

As a practical matter, since human environmental exposures are likely to involve near- or sub-
threshold doses, the target organ chosen for a given chemical is the one associated with the 
critical effect.  If more than one organ is affected by a given chemical at the threshold, then the 
affected target organs are selected for this chemical.  The target organ is also selected on the 
basis of duration of exposure (i.e., the target organ for chronic or subchronic exposure to low or 
moderate doses is selected rather than the target organ for acute exposure to high doses) and 
route of exposure. Because dermal RfD values are derived from oral RfD values, the oral target 
organ is adopted as the dermal target organ.  For some chemicals, no target organ is identified.  
This occurs when no adverse effects are observed or when adverse effects such as reduced 
longevity or growth rate are not accompanied by recognized organ- or system-specific functional 
or morphologic alteration.  Target organs for the oral and inhalation pathway are provided in the 
toxicity profiles.  

4.5  Sources of Toxicity Information Used in the Risk Assessment  

Toxicity values were selected for use in this BHHRA based on the EPA Office of Solid Waste 
and Emergency Response Directive 9285.7-53 (EPA, 2003b) which prescribes the following 
hierarchy:  

• Tier 1 values: IRIS (EPA, 2005) database.  

• Tier 2 values: EPA’s provisional peer-reviewed toxicity values.  The provisional peer-
reviewed toxicity values are developed by the Office of Research and Development, the 
National Center for Environmental Assessment, and the Superfund Health Risk 
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Technical Support Center on a chemical-specific basis when requested by the 
Superfund program.    

• Tier 3 values: Other toxicity values from additional EPA and non-EPA sources of toxicity 
information.  As stated in the EPA Office of Solid Waste and Emergency Response 
directive, “priority should be given to those sources of information that are the most 
current, the basis for which is transparent and publicly available, and which have been 
peer reviewed.”  Two common examples of Tier 3 values are the EPA’s Health Effects 
Assessment Summary Tables (EPA, 1997b) and the California Environmental Protection 
Agency (2005) Office of Environmental Health Hazard Assessment Toxicity Criteria 
Database.  

GAFs, used to derive dermal RfD values and SFs from the corresponding oral toxicity values, 
are obtained from the following sources:  

• Oral absorption efficiency data compiled by the National Center for Environmental 
Assessment for the Superfund Health Risk Technical Support Center of EPA.  

• Federal agency reviews of the empirical data, such as Agency for Toxic Substances and 
Disease Registry Toxicological Profiles and various EPA criteria documents.  

• Other published reviews of the empirical data.  

• The primary literature.  

GAFs obtained from reviews are compared to empirical (especially more recent) data, when 
possible, and are evaluated for suitability for use for deriving dermal toxicity values from oral 
toxicity values. The suitability of the GAF increases when the following similarities are present in 
the oral pharmacokinetic study from which the GAF is derived and in the key toxicity study from 
which the oral toxicity value is derived:  

• The same strain, sex, age, and species of test animal were used.  

• The same chemical form (e.g., the same salt or complex of an inorganic element or 
organic compound) was used.  

• The same mode of administration (e.g., diet, drinking water, or gavage vehicle) was 
used.  

• Similar dose rates were used.  

The most defensible GAF for each chemical was used in the BHHRA.    
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5.0 RISK CHARACTERIZATION 

Risk characterization is the combination of the results of the exposure assessment and toxicity 
assessment to yield a quantitative expression of risk. Quantitative estimates are developed for 
individual chemicals, exposure pathways and exposure media for each receptor. The risk 
characterization is used to guide risk management decisions. 

Generally, the risk characterization follows the methodology prescribed by the EPA (1989a), as 
modified by more recent information and guidance. The EPA methods are, appropriately, 
designed to be health-protective and tend to overestimate rather than underestimate risk. The 
risk results are generally conservative, because risk characterization involves multiplication of 
the conservatisms built into the estimation of source-term and EPC, the exposure (intake) 
estimates, and the toxicity dose-response assessments. 

Risk characterization is limited to those site-related chemicals selected as COPCs, i.e., present 
at concentrations that exceed RBSCs (Section 2.1.3). 

Up to this point, the term “risk” has been used generically to mean the potential for the 
occurrence of adverse effects, either cancer or noncancer, to arise from exposure to chemicals. 
However, at this point in the discussion, it is helpful to define terms more precisely. Therefore, in 
this section of the document, “risk” is used to describe the likelihood or probability of the 
occurrence of cancer. The potential for the occurrence of noncancer effects is referred to as 
noncancer hazard.  

5.1  Cancer Risk 

The risk from exposure to potential chemical carcinogens is estimated as the probability of an 
individual developing cancer over a lifetime, and is called the ILCR. In the low-dose range, 
which would be expected for most environmental exposures, cancer risk is estimated from the 
following linear equation (EPA, 1989a): 

( )( )SFCDIILCR =      Eq. 5.1 

where:  

ILCR = incremental lifetime cancer risk, a unitless expression of the probability of 
developing cancer, adjusted for background incidence, calculated  

CDI = chronic daily intake, averaged over 70 years (mg/kg-day)  

SF = cancer slope factor (risk per mg/kg-day).  

The use of Equation 5.1 assumes that chemical carcinogenesis does not exhibit a threshold and 
that the dose-response relationship is linear in the low-dose range. Because this equation could 
generate theoretical cancer risks greater than 1 for high-dose levels, it is considered to be 
inaccurate at cancer risks greater than 1 E-2. In these cases, cancer risk may be estimated by 
the one-hit model (EPA, 1989a): 

 5-1  

Final AA2 BHHRA 02 12 08.doc  Issued:  February 2008 

 



 

( )( )[ ]SFCDIeILCR −= 1      Eq. 5.2 

where:  

ILCR = incremental lifetime cancer risk, a unitless expression of the probability of 
developing cancer, adjusted for background incidence, calculated  

( )( )[ SFCDIe ]= the exponential of the risk calculated using Equation 5.1  

As a matter of policy, the EPA (1986) considers the carcinogenic potency of simultaneous 
exposure to low doses of carcinogenic chemicals to be additive, regardless of the chemicals' 
mechanisms of toxicity or sites (organs of the body) of action. Cancer risk arising from exposure 
to a given chemical in a given medium by multiple pathways is estimated from the following 
equation: 

ichemchemp ILCRILCRILCRILCR ...21 ++=   Eq. 5.3 

where:  

pILCR = total pathway risk of cancer incidence, calculated 

chemiILCR = individual chemical cancer risk for the pathway.  

Cancer risk for a given receptor across chemicals and across media is summed in the same 
manner. For risk management purposes, OEPA considers a total ILCR of 1E-6 to be a point of 
departure below which cancer risks are considered to be insignificant. ILCR estimates between 
1E-6 and 1E-4 are considered to fall within the risk management range. ILCR estimates above 
1E-4 are considered to be unacceptable. The OEPA (2004b) policy is consistent with the EPA 
(1990) policy of risk management. 

5.2  Noncancer Hazards 

The noncancer hazards associated with chemicals are evaluated by comparing an exposure 
level or intake with an RfD. The HQ, defined as the ratio of intake to RfD, is estimated as (EPA, 
1989a): 

RfD
IHQ =       Eq. 5.4 

where:  

HQ = hazard quotient (unitless, calculated) 

I = intake of chemical averaged over subchronic or chronic exposure period (mg/kg-day) 

RfD = reference dose (mg/kg-day).  
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Chemical noncancer hazards are evaluated using chronic RfD values. This approach is different 
from the probabilistic approach used to evaluate cancer risks. An HQ of 0.01 does not imply a 1 
in 100 chance of an adverse effect, but indicates that the estimated intake is 100 times lower 
than the RfD. An HQ of unity (1) indicates that the estimated intake equals the RfD. If the HQ is 
greater than unity, there may be concern for potential adverse health effects. 

In the case of simultaneous exposure of a receptor to multiple chemicals, or to a given chemical 
by multiple pathways, an HI is calculated as the sum of the HQs by: 

iHQHQHQHI ++= 21     Eq. 5.5 

where:  

HI = hazard index (unitless, calculated) 

iHQ  = hazard quotient for the Ith chemical, or for the Ith pathway.  

An HI may be calculated across all exposure pathways for a given chemical, across all 
chemicals for a given exposure pathway, across all chemicals and exposure pathways for a 
given exposure medium, or across all media to yield the total HI for a given receptor. 

HQ or HI values below or equal to the threshold value of 1 are interpreted to mean that adverse 
noncancer effects are unlikely. HQ or HI values greater than 1 are interpreted to mean that 
there is a likelihood of adverse noncancer effects. 

Calculating a total HI as the sum of HQ values is based on the assumption that the potential for 
noncancer effects is additive. EPA (1989a), however, acknowledges that the assumption of 
additivity is probably appropriate only for chemicals that induce adverse effects by the same 
mechanism (Section 4.2).  Therefore, if the total HI for a receptor exceeds 1, individual HI 
values may be calculated for each target organ as follows:  

apiapapa HIHIHIHITotal −−− ++= ...21    Eq. 5.6 

where: 

aHITotal = total hazard index for target organ “a” (unitless, calculated) 

apiHI − = hazard index for target organ “a” via pathway “i”. 

Toxicity values are not available for the evaluation of lead. Risk assessment of lead generally 
consists of estimating blood lead levels in children associated with exposure to the 
environmental media at the site in question, and comparing the estimate with the threshold level 
of 10 µg/dL. Two common exposure scenarios are routinely evaluated. The first is residential, 
which involves direct exposure of a young child. The EPA (1994b) integrated exposure-uptake 
biokinetic (IEUBK) blood lead model for young children is used to predict blood lead levels for 
children hypothetically exposed at the site. The IEUBK is a self-contained DOS-based computer 
program. Average lead concentrations in the various media are input in the model; default 
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values provided by the IEUBK are used when site-specific data are not available. Arithmetic 
mean values, rather than conservative estimates of average, are used because the IEUBK 
contains a statistical module that addresses individual variation in exposure and physiological 
parameters. The output is a probability density histogram of predicted blood lead levels. The risk 
assessment is considered to "pass" if the IEUBK predicts that not more than 5 percent of young 
children exposed in this manner would experience a mean blood lead level above the 
10.4 µg/dL threshold. 

An alternative risk assessment for lead in soil for residential site use may consist of comparing 
the average concentration with the RBRL of 400 mg/kg. The risk assessment is considered to 
pass if the average concentration of lead in soil does not exceed 400 mg/kg. Development of 
the RBRL of 400 mg/kg is described in the next section.  

The second common exposure scenario addresses adult exposures to lead in soil in 
nonresidential exposure scenarios (EPA, 1996b). The method focuses on the estimation of 
blood lead concentrations in fetuses carried by women exposed to average concentrations of 
lead in soil (EPA, 1999). The method is based on a probability model for blood lead levels in 
adult women exposed to lead in soil coupled with an estimated constant of proportionality 
between fetal and maternal blood lead levels, a geometric mean fetal blood lead concentration 
and empirically determined geometric standard deviation (EPA, 1999). The statistical terms 
used in the method permit an equation to be used to establish an average adult blood lead 
concentration such that a fetus has not more than a 5 percent probability of blood lead 
concentrations exceeding 10 µg/dL (EPA, 1996b). The risk assessment is considered to pass if 
the average adult blood lead level does not predict an excess of 5 percent probability that fetal 
blood lead levels exceed 10 µg/dL, as interpreted by the Technical Review Workgroup (TRW) 
for the established cleanup goal to limit childhood risk of exceeding 10 µg/dL to 5 percent (EPA 
1994c, 1996b). 

An alternative risk assessment for lead in soil for industrial site use may consist of comparing 
the average concentration with the RBRL of 750 mg/kg. The risk assessment is considered to 
pass if the average concentration of lead in soil does not exceed 750 mg/kg. Development of 
the RBRL of 750 mg/kg is described in the following section. 

5.3  Risk-Based Remediation Level Development 

RBRLs are derived to provide support for risk management decisions.  They are developed only 
for the COCs in media that are associated with unacceptable risk that may potentially warrant 
corrective action.  RBRLs are site-specific risk-based concentrations that reflect the exposure 
and toxicity assumptions applied in the baseline RA.  Consequently, RBRLs are source 
medium-, receptor-, and chemical-specific. The development of RBRLs involves a balance of 
cancer risk and noncancer hazard estimates.  The development of RBRLs is an iterative 
process with on-going discussion between OEPA and the USACE.  

The first step in RBRL development is selection of COCs.  Either of two conditions results in 
designation of a COPC as a COC:  

• The concentration of the COPC exceeds its medium-specific ARAR, provided one is 
available.  
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• The COPC contributes significantly to cancer risk or hazard as described below.  

As presented in EPA 1991b, COCs based on cancer risks are selected for any medium for 
which the total ILCR for a given receptor (summed across chemicals and exposure pathways) 
exceeds 1E-4. For an individual COPC in a given medium to be selected as a cancer-based 
COC, it must have an ILCR (summed across exposure pathways) exceeding 1E-6. COCs based 
on noncancer hazards are selected for any receptor for which the total HI (summed across 
chemicals and exposure pathways) exceeds 1.  For an individual COPC in any medium to be 
selected as a noncancer-based COC, it must have an HI (summed across exposure pathways) 
exceeding 0.1.  

RBRLs are risk- or hazard-specific concentrations of chemicals developed only for the COCs in 
media selected by the criteria described above.  RBRLs for cancer COCs are estimated for a 
given medium from the following equation (EPA, 2000):  

coc

coc
coc ILCR

TRST
RBRL =     Eq. 5.7 

where:  

cocRBRL = risk-based remediation level for a given COC, receptor and source medium 
(calculated)  

cocST = source-term concentration of the COC in the given medium  

TR = target risk level (1E-6, 1E-5)  

cocILCR = total incremental lifetime cancer risk for a given COC, receptor and source 
medium.  

RBRLs for noncancer COCs are estimated as follows (EPA, 2000):  

coc

coc
coc HI

THIST
RBRL =     Eq. 5.8 

where:  

cocRBRL = risk-based remediation level for a given COC, receptor and source medium 
(calculated)  

STcoc = source-term concentration of the COC in the given medium  

THI = target hazard index (0.1, 1)  

cocHI = total hazard index for a given COC, receptor and source medium.  
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Concentration units are not provided in Equations 5.7 or 5.8; the RBRL units are the same as 
the concentration units of the EPC. RBRLs are not final remedial concentrations. RBRLs are to 
be used by risk managers as approximate values to give an idea of the magnitude of 
remediation that may be needed. Final remedial goals based on toxicity, carcinogenicity, 
number and variety of COCs, and other factors as appropriate would be developed before a 
feasibility study were initiated. 

The procedure described above is not suitable for developing an RBRL for lead. EPA (1994c,d, 
1998, 2001) has considerable experience using the IEUBK to develop screening levels for lead 
in soil. The concentration of 400 mg/kg in soil has stood the test of time as a screening level. 
EPA (1998) recommends applying site-specific data to the IEUBK to develop site-specific 
cleanup levels or RBRLs. In general, cleanup levels developed with the IEUBK do not exceed 
the screening level of 400 mg/kg unless site-specific exposure parameters are available that 
differ substantially from the defaults provided by the model. The residential scenario developed 
in this BHHRA was based on standard exposure assumptions. Site-specific information is not 
available that would permit refinement of these assumptions. Therefore, the IEUBK was not 
used to develop a site-specific RBRL for lead in soil for residential use. Instead, the 400 mg/kg 
screening level confirmed by EPA (1998) is adopted as the RBRL. 

EPA (2004b) provides a PRG of 750 mg/kg for lead in soil for industrial sites, based on the 
recommendations of the TRW for lead. The PRG is appropriately considered a screening value 
for lead for industrial site use.  

Plausible receptor scenarios for industrial site use include the groundskeeper, the indoor worker 
and the construction worker. Theoretically, the EPA (1996b) adult blood lead model could be 
used to develop RBRLs for lead in soil for these exposure scenarios.  However, central 
tendency (CT) or mid-range exposure variable values, including estimates for incidental soil 
ingestion rate, are not available for these receptors. Therefore, any attempt to refine the 
screening level or develop a site-specific RBRL would introduce an inordinate amount of 
uncertainty. Largely for this reason, the EPA (2004b) PRG of 750 mg/kg for lead in industrial soil 
is adopted as the RBRL for the groundskeeper, indoor worker, and construction worker for this 
BHHRA.  

5.4 Risk Characterization Results and Discussion 

ILCR and HQ estimates for each receptor, medium and COPC, including sums across exposure 
routes for each COPC, are compiled in tables in Appendix B. 

Considerable uncertainty is associated with ILCR, HQ and HI estimates; therefore, EPA (1989a) 
recommends that they be rounded to one significant figure for presentation in an RA. For 
example, an HI of 1.49E+0 is rounded to 1 and interpreted to mean that the HI does not exceed 
the threshold level of 1 and that occurrence of adverse noncancer effects is unlikely. An HI of 
1.49E+1, for example, is rounded to 15. 

COCs are defined as the chemicals that contribute significantly to an ILCR exceeding 1E-4 or 
an HI exceeding 1. For this discussion, an individual chemical is considered to contribute 
significantly to the cancer risk estimate if its ILCR summed across all exposure routes exceeds 
1E-6. Similarly, an individual chemical is considered to contribute significantly to the noncancer 
hazard if its HI summed across all exposure routes exceeding 0.1.  
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When total HI summed across chemicals and/or media exceeds the threshold limit of 1, 
consideration is given to possible benefit of segregating HI values by target organ, as suggested 
by EPA (1989a). Target organ specific HIs were not developed for this BHHRA. 

Total HI and ILCR estimates for each receptor and each source medium for Acid Area 2 are 
summarized in Table 5-1 and discussed below; detailed results are provided in Appendix B. The 
uncertainties associated with the HI and ILCR estimates are discussed in Section 6.0. 

The groundskeeper, hunter, and child venison consumer were evaluated for exposure only to 
surface soil. The total HI estimate for the groundskeeper receptor equals 1. The total ILCR 
estimate for the groundskeeper receptor was 5.0E-5. The HI equals the threshold for noncancer 
effects. There were no COCs for the HI.  The COCs for the ILCR were arsenic, PCB-1254, 
PCB-1260, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene in surface soil. Total HI estimates for the adult hunter, and adult and 
child venison consumer receptors were below the threshold limit of 1. The total ILCR estimate 
for the adult hunter was 6E-6.  The COCs were benzo(a)pyrene and PCB-1254 in surface soil. 
Total ILCR estimates for the adult and child venison consumer receptors were below 1E-6, 
defined as the point of departure for significant contribution to cancer risk.  

The construction worker was evaluated for exposure to surface and subsurface soil, surface 
water and sediment. The total HI estimate summed across all media for the construction worker 
receptor was 10 (Table 5-1).  The COCs for the HI were arsenic, iron, thallium and PCB-1254 in 
surface soil and arsenic, iron, thallium, and PCB-1254 in subsurface soil. The total ILCR 
estimate summed across all media for the construction worker receptor was 1E-5. ILCR sums 
for surface water and sediment were below 1E-6. ILCR summed for surface and subsurface soil 
was 1E-5.  The COCs for the ILCR were PCB-1254 and benzo(a)pyrene in surface soil and 
benzo(a)pyrene in subsurface soil. 

The indoor worker was evaluated for exposure to surface soil and groundwater. Total HI 
estimates for the indoor worker for groundwater and surface soil were 2 and 0.4, respectively 
(Table 5-1). The COCs for the groundwater HI were arsenic, iron, and thallium. The total ILCR 
estimate summed across all media for the indoor worker receptor was 5E-5. The ILCR for 
groundwater and surface soil were 7E-4 and 2E-5, respectively.  The COCs for the ILCR were 
1,1,2-trichloroethane, arsenic and benzene in groundwater, and arsenic, PCB-1254, PCB-1260, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene in 
surface soil. Vapor intrusion into buildings from subsurface soil was not evaluated, as there 
were no VOCs detected in the subsurface soil. 

The adult and child residential receptors were evaluated for exposure to surface and subsurface 
soil, groundwater, surface water and sediment. Total HI estimates summed across all media for 
the adult and child residential receptors were 7 and 31, respectively (Table 5-1). HI sums for 
surface water and sediment were below 1. HI sums for groundwater and surface and 
subsurface soil were 7 and 31 for the adult and child, respectively. The groundwater COCs for 
the HI were aluminum, arsenic, barium, iron, manganese, thallium, vanadium, cyanide, 
benzene, bromomethane, and nitrobenzene for the adult, and aluminum, arsenic, barium, 
chromium, iron, manganese, thallium, vanadium, cyanide, 1,1,2-trichloroethane, 
2-methylnaphthalene, benzene, bromomethane, nitrobenzene, and total xylenes for the child.   
The surface soil COCs were PCB-1254 for the adult, aluminum, arsenic, iron, thallium, and 
PCB-1254 for the child.  The subsurface soil COCs were aluminum, arsenic, iron, manganese, 
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thallium, and PCB-1254 for the child. There were no HI COCs for adult exposures to subsurface 
soil. 

The total ILCR estimates summed across all media for the adult and child residential receptors 
were both 3E-4. ILCR sums for surface water and sediment were 5E-6 and 7E-6 for the adult 
and child, respectively. ILCR sums for groundwater and surface and subsurface soil for adult 
and child residential receptors were both 3E-4. The groundwater COCs for the ILCR were 
1,1,2-trichloroethane, arsenic, bis(2-ethylhexyl)phthalate, and benzene for the adult and 
1,1,2-trichloroethane, arsenic, and benzene for the child.  The surface soil COCs were arsenic, 
PCB-1254, PCB-1260, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene for the adult, and arsenic, PCB-1254, PCB-1260, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene for the child.  The 
subsurface soil COCs were arsenic, PCB-1260. benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene for the adult and 
child. Vapor intrusion into dwellings from subsurface soil was not evaluated, as there were no 
VOCs detected in the subsurface soil. 

RBRLs for total soil for cancer risk and noncancer effects for all receptors are compiled in 
Appendix C. The RBRLs should be considered as average concentrations, rather than not-to-
exceed concentrations, for the COCs. 

Figures 5-1 through 5-3 show the distribution of COCs (based on the adult and child residential 
exposure scenarios) exceeding the EPC and background concentrations for surface soil, 
sediment, and bedrock groundwater. 
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6.0 UNCERTAINTY ANALYSIS 

This section evaluates the uncertainties inherent in the RA process. Uncertainty is a factor in 
each step of the data evaluation and exposure and toxicity assessments presented in the 
preceding sections. Uncertainties associated with early stages of the RA become magnified 
when they are concatenated with other uncertainties in the latter stages. It is not possible to 
eliminate all uncertainty, and sometimes not even to reduce it; however, a recognition of the 
uncertainties is fundamental to the understanding and reasonable use of the RA results. 

Generally, risk assessments carry two types of uncertainty. Measurement uncertainty refers to 
the usual variance that accompanies scientific measurements such as instrument uncertainty 
(accuracy and precision) associated with contaminant concentrations. The results of the RA 
incorporate the accumulated variances of the individual measured values. A different kind of 
uncertainty stems from data gaps, i.e., additional information needed to complete the database 
for the assessment. Often the data gap is significant, such as imprecision regarding the number 
of days that a hunter might visit the site or the absence of information on the effects of human 
exposure to a chemical (EPA, 1992c). 

EPA (1992c) guidance urges risk assessors to address or provide descriptions of individual risk 
to include the "high end" portions and "central tendency" of the risk distribution. One way of 
fulfilling this preference, if either cancer or noncancer risk exceeds generally acceptable limits 
(cancer risk greater than 1 E-4 or target organ-specific HI greater than 1) is to re-calculate the 
ILCRs or HIs using CT values for as many intake model variables as possible.  In contrast to the 
RME evaluation, which prevails in RAs and uses upper-end values for intake or contact rates, 
exposure frequency and exposure duration, the CT evaluation uses average or midrange values 
for these variables (EPA, 1991a). The intent is to present a quantified risk/hazard estimate more 
typical for the receptor of interest.  

Another method of quantifying uncertainty, called Monte Carlo simulation, provides a more 
graphic illustration of the uncertainty associated with a risk/hazard estimate, because it presents 
the risk as a range with probability densities. To be meaningful, however, Monte Carlo 
simulation requires that the nature of the distributions of the variables that drive the risk 
assessment be well characterized. However, well characterized distributions are available for 
few exposure or toxicological variables, in which case the Monte Carlo simulation provides an 
incomplete or potentially misleading illustration of the magnitude or the distribution of the 
uncertainty. 

Because of the limitations of the CT and Monte Carlo procedures, the uncertainty analysis 
consists of a qualitative discussion of the sources of uncertainty and their impact on the 
estimated risk results and their interpretation, as described below. 

Sampling and Analytical Limitations. It is not possible to completely characterize the nature 
and extent of contamination on any site. Uncertainties arise from limits on the number of 
locations that can be sampled. The sampling protocol used at Acid Area 2, however, was 
designed to optimize efficiency of the sampling effort and reduce uncertainty by focusing on 
areas around former process buildings, storage structures, and potential transfer piping. 
Furthermore, the sampling appears to be sufficient to show that the contamination is largely 
limited to the soil, with the exception of PCB-1260 in two sediment samples at Acid Area 2. 
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Specifically, the data show that surface water is not a medium of concern. There appears to be 
little uncertainty regarding the media affected by chemical releases at Acid Area 2. 

Two sediment samples (AA2-SWSD-19 and AA2-SWSD-20) at Acid Area 2 had elevated 
concentrations of PCB-1260 at 15,000 and 18,000 ug/kg, respectively, approximately 5 times 
higher than the next highest detection. The sample locations are upgradient (AA2-SWSD-19) 
and downgradient (AA2-SWSD-20) of the former process building 706. No explanation is 
immediately apparent for the high concentrations of PCB-1260. 

The sampling and analytical data are sufficient to identify PCB-1254 as the major contaminant 
in soil. Metals and PAHs were also identified. PCB-1254 was consistently detected in samples 
collected from 0.5 to 1.5 ft bgs, but not in samples collected from 0 to 1 ft bgs.  Analyses were 
not performed for pesticides and herbicides, or for dioxins/dibenzofurans. Pesticides and 
herbicides may have been used to control insects and discourage overgrowth of weeds. These 
classes of compounds, however, are commonly identified in agricultural and former agricultural 
areas, and lack of analysis for these chemicals is not considered to impart significant 
uncertainty to the assessment. Dioxins/dibenzofurans are commonly associated with 
incineration, but their formation generally requires a source of chlorine such as chlorinated 
solvents. There is no record or other reason to believe that chlorinated organics were present 
when the former buildings were demolished and burned; therefore, lack of analysis for the 
dioxins/dibenzofurans is not viewed as a significant source of uncertainty. 

The major contaminants in deep groundwater are metals, benzene, and bromomethane.  
Detection of metals in groundwater appears to be associated with sediment entrained in the 
samples.  Specifically, samples with elevated turbidity had higher metals detections, while 
concentrations of metals in samples with low turbidity levels and filtered samples had low 
concentrations or were nondetect.  Benzene may also be associated with background due to 
the presence of natural petroleum-derived compounds present in the vicinity of PBOW. 
Bromomethane may be an artifact of the analytical process caused by laboratory equipment 
(off-gasing of o-rings), but could not be eliminated during data validation. This compound is also 
naturally occurring in the environment, and was only detected sporadically in groundwater (one 
of 14 deep groundwater samples) at Acid Area 2.  

Selection and Quantification of Chemicals of Potential Concern. Uncertainty associated 
with the processes used to identify COPCs and estimate EPCs arises from the following:  

1. Identifying background chemicals. Metals are judged to be present at concentrations 
comparable to background if the MDC does not exceed the BSC, or if statistical testing 
demonstrates that the site data and background data are drawn from the same population. 
Statistical testing of site data versus background was not performed for this RA.  All 
inorganic constituents detected in environmental media were carried through the risk 
assessment to provide a conservative estimate of potential risks associated with exposure 
to site media.  The MDCs for arsenic and iron in surface soil and aluminum, arsenic, iron, 
and manganese in subsurface soil were lower than their respective background criteria. The 
MDC of aluminum exceeded its background criterion, which was based on the maximum 
concentration detected in background samples. The EPC for aluminum was well below its 
background criterion.  Detected concentrations of thallium in surface and subsurface soil 
exceeded its background criterion. Concentrations of lead detected in surface and 
subsurface soil, and sediment were 150-, 14-, and 30-times greater than background. There 
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was no background criterion for thallium in deep groundwater. Some organic chemicals, 
such as PAHs, may be considered to be anthropogenic background. PAHs were identified in 
soil and sediment at Acid Area 2, possibly as a result of asphalt contained in roofing material 
and in roads and parking areas, or associated with the rail line traversing the site. There are 
no site-specific background data for the PAHs, and several were selected as COCs. PAH 
concentrations at Acid Area 2 all fall within global background levels for urban areas 
compiled by the Agency for Toxic Substances and Disease Registry (ATSDR) (1997). Given 
the rationale for their presence, PAHs may be considered site-related compounds in soil at 
Acid Area 2. The PAH benzo(a)pyrene contributes approximately 40 percent of the adult 
residential risk at Acid Area 2. However, the total risk is within the cancer risk range of 1E-6 
to 1E-4. 

2. Estimated EPCs are uncertain. For statistical purposes, if a constituent was positively 
identified at a site and had at least a single positive hit, all the samples with nondetects were 
assumed to have a value equal to half the reporting limit and were included in the data set. 
These procedures may introduce a conservative bias into the risk assessment. Computed 
UCL95 values are only estimates of the actual upper confidence limits associated with each 
data set.  Examples of factors affecting the uncertainty of these estimates include the 
number of samples, proportion of nondetects, conformance with an assumed mathematical 
distribution, imprecision of laboratory data, elevated detection limits (from dilutions, matrix 
interference, etc.), and statistical methodology.  The confidence of computed UCLs for this 
project have been qualitatively evaluated and identified as high, moderate, low and 
indeterminate.  For indeterminate data sets, the MDC was used for the UCL.  Uncertainties 
associated with the statistical determination of EPCs for the COCs in each medium are: 

• Groundwater 
o 1,1,2-trichloroethane:  Indeterminate confidence – 93% nondetects 
o 2-methylnaphthalene:  Indeterminate confidence – elevated detection limits for 

nondetects 
o Aluminum (total):  Moderate confidence – 43% nondetects 
o Arsenic (total):  Indeterminate confidence – elevated detection limits for 

nondetects, 73% nondetects 
o Barium (total):  High confidence – no nondetects, good fit to normal distribution 
o Benzene:  High confidence – no nondetects, good fit to normal distribution 
o bis(2-ethylhexyl)phthalate:  Indeterminate confidence – elevated detection limits 

for nondetects, 67% nondetects 
o Bromomethane:  Indeterminate confidence – elevated detection limits for 

nondetects, 93% nondetects 
o Chromium (total):  Low confidence – 60% nondetect 
o Cyanide:  Indeterminate confidence – elevated detection limits for nondetects, 

86% nondetects 
o Iron (total):  Moderate confidence – marginal fit to lognormal distribution, non-

parametric methods do not provide adequate coverage for 95 percent confidence 
level with only 14 samples 

o Manganese (total):  Moderate confidence – marginal fit to lognormal distribution, 
non-parametric methods do not provide adequate coverage for 95 percent 
confidence level with only 15 samples 

o Nitrobenzene:  Indeterminate confidence – elevated detection limits for 
nondetects, 90% nondetects 
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o Thallium (total):  Indeterminate confidence – elevated detection limits for 
nondetects, 73% nondetect 

o Vanadium (total):  Indeterminate confidence – elevated detection limits for 
nondetects, 93% nondetect 

o Xylenes (total):  High confidence – no nondetects, good fit to gamma distribution 
 

• Surface Soil 
o Aluminum:  High confidence – no nondetects, good fit to gamma distribution 
o Arsenic:  High confidence – no nondetects, good fit to gamma distribution 
o Benzo(a)anthracene:  Moderate confidence – non-parametric, 50% nondetects 
o Benzo(a)pyrene:  Indeterminate confidence – elevated detection limits for 

nondetects, 50% nondetects 
o Benzo(b)fluoranthene:  Indeterminate confidence – 54% nondetects 
o Benzo(k)fluoranthene:  Moderate confidence – non-parametric, 50% nondetects 
o Dibenz(a,h)anthracene:  Indeterminate confidence – elevated detect limits for 

nondetects, 68% nondetects 
o Indeno(1,2,3-cd)pyrene:  Moderate confidence – non-parametric, 54% 

nondetects 
o Iron:  High confidence – no nondetects, good fit to gamma distribution 
o Lead:  High confidence – no nondetects 
o PCB-1254:  Indeterminate confidence – elevated detection limits for nondetects, 

61% nondetects 
o PCB-1260:  Moderate confidence – non-parametric 
o Thallium:  Indeterminate confidence – elevated detection limit for nondetects, 

57% nondetects 
 

• Subsurface Soil  
o Aluminum:  High confidence – no nondetects, good fit to normal distribution 
o Arsenic:  High confidence – good fit to gamma distribution 
o Benzo(a)anthracene:  Indeterminate – 91% nondetects 
o Benzo(a)pyrene:  Indeterminate – elevated detection limits for nondetects, 91% 

nondetects 
o Benzo(b)fluoranthene:  Indeterminate confidence – 91% nondetects 
o Dibenz(a,h)anthracene:  Indeterminate – elevated detection limits for nondetects, 

64% nondetect 
o Indeno(1,2,3-cd)pyrene:  Indeterminate confidence – 91% nondetects 
o Iron:  High confidence – no nondetects, good fit to gamma distribution 
o Manganese:  High confidence – no nondetects, good fit to gamma distribution 
o PCB-1254:  Indeterminate confidence – elevated detection limits for nondetects, 

80% nondetect 
o PCB-1260:  Indeterminate confidence – 60% nondetect 
o Thallium:  Indeterminate confidence – elevated detection limits for nondetects, 

60% nondetect 
 

• Sediment 
o Arsenic:  High confidence – no nondetects, good fit to normal distribution 
o Benzo(a)pyrene:  Indeterminate confidence – elevated detection limits for 

nondetects 

 6-4  

Final AA2 BHHRA 02 12 08.doc  Issued:  February 2008 

 



 

o Lead:  Moderate confidence – parametric UCL is approximately twice the non-
parametric UCL 

o PCB-1254:  Indeterminate confidence – 96% nondetects 
o PCB-1260:  High confidence 
o Thallium:  Indeterminate confidence – elevated detection limits for nondetects, 

87% nondetect 

3. A limited number of samples may not completely characterize the site because they provide 
less information about the population from which they are drawn than do larger sample sets. 
Accordingly, small sets tend to have a greater variability, which results in the calculation of 
wide confidence intervals on the mean concentration and high EPCs. In some cases, the 
UCL95 was greater than the maximum value; thus, the maximum value was chosen as the 
EPC. High confidence limits may introduce a conservative bias into the risk assessment. 

4. Laboratory analytical techniques have a degree of uncertainty associated with them. These 
uncertainties are documented by using data qualifiers to reflect the degree of certainty of 
measurement. For example, some data were estimated (e.g., J-qualified), while other data 
were rejected (i.e., R-qualified). The direction of bias is unclear.  

5. Per EPA (1992a) guidance, the UCL95 was used for the EPC. Therefore, the exposure 
assessment is likely to underestimate the EPCs in 5 percent of the cases and overestimate 
exposures in 95 percent of cases, imparting an overall conservative bias to the risk 
assessment. 

Selection of Hypothetical Receptors and Potential Exposure Pathways. The exposure 
scenarios chosen for evaluation address plausible receptors for the current and projected future 
site uses previously described. Although the specific uses to which the sites may be put are not 
entirely certain, the general categories (industrial, recreational, residential) are comprehensive 
and fairly standard. The receptor scenarios selected for evaluation include the most intensely 
exposed for each general site-use category; therefore, uncertainty regarding the specific uses 
has no meaningful effect on interpretation of the RA. For example, the groundskeeper 
represents the upper bound on exposure for any industrial application. The indoor worker 
represents the upper bound on any worker indoor exposure, particularly relevant for VOCs that 
may gain entrance to a building from subsurface soil. The construction worker represents the 
upper bound on short-term exposure to soil, regardless of the nature of a construction project. 
The hunter represents a plausible scenario for recreational site use and indirect (food-chain) 
exposure. Finally, the on-site resident represents the upper bound for residential site use. The 
resident is generally considered to represent the upper bound for any standard site use. 

Another source of uncertainty in the receptor scenarios is the decision not to quantify intake or 
uptake from certain exposure routes. For example, inhalation of VOCs in outdoor air that 
volatilized from subsurface soil by the groundskeeper, indoor worker and hunter is not 
quantified. It is assumed that overlying soil would attenuate emissions and that the large volume 
of outdoor air and natural air currents would dilute concentrations in the breathing zone to 
toxicologically insignificant levels. This assumption is based on considerable experience with 
volatilization models, and is consistent with the assumption applied by EPA (2004c) in 
developing PRGs for soil. VOCs were generally not detected in surface or subsurface soil at 
Acid Area 2. Where VOCs were detected, their concentrations were below the Region 9 PRGs 
and none were selected as COPCs, further reducing concern that a potentially significant 
exposure pathway was not evaluated. 
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As another example, the groundskeeper and hunter were not evaluated for exposure to surface 
water or sediment, even though these receptors spend most of their time outdoors. Since 
contact with surface water would not be part of their normal activities, it is assumed that any 
exposure would be sporadic and would not readily lend itself to quantification. Also, such 
exposures should be viewed as repeated acute rather than chronic, which does not fit the EPA 
(1989a) paradigm or the toxicity values developed for an RA. Finally, exposure to surface water 
was evaluated for the construction worker and on-site resident, who are expected to be more 
regularly exposed. Therefore, the decision not to evaluate surface water exposure for the 
groundskeeper and hunter is not seen as a significant source of uncertainty affecting the results 
or interpretation of the RA. 

The indoor worker was not evaluated for inhalation of airborne dust or VOCs from surface soil or 
for dermal contact with surface soil because these exposure routes are expected to be less 
significant than incidental ingestion which is quantified. The decision not to quantify inhalation 
and dermal exposure imparts a non-conservative bias to the RA. However, inhalation and 
dermal contact were quantified for the groundskeeper, who would be more intensely exposed by 
these routes. Risk estimates for the groundskeeper from inhalation exposure were negligible. 
Similarly, as stated above, VOCs were generally not detected in surface or subsurface soil at 
Acid Area 2. Where VOCs were detected, their concentrations were below the Region 9 PRGs 
and none were selected as COPCs, further reducing the possibility that a potentially significant 
exposure pathway was not evaluated. Therefore, it is assumed that inhalation exposure would 
be negligible for the indoor worker, as well, and that the decision not to quantify this route had 
no meaningful effect on the outcome of the RA or its interpretation. 

Other plausible receptors include office workers, delivery personnel, and resident farmers. 
These receptors would be less intensively exposed to soil than the groundskeeper; therefore, 
their exposures were not evaluated. Much of the land around PBOW is used for agriculture, and 
it is possible that areas of PBOW could be farmed in the future. However, experience has 
shown that risk from ingestion of home-grown grains, fruits, meat, poultry, eggs, or milk is 
generally insignificant compared with direct exposure pathways, except for dioxin/furan 
compounds; therefore, indirect food-chain exposures are not evaluated. Additionally, the 
increased exposure to soil and ingestion of beef are adequately represented by the evaluations 
of groundskeeper and ingestion of venison scenarios, respectively. 

The uncertainty associated with dermal exposure is not as clear. Dermal risk estimates for the 
groundskeeper were at the low end of the cancer risk range of 1E-6 to 1E-4 at Acid Area 2. It is 
expected that the intensity of dermal exposure to soil would be much less for an indoor worker 
than an outdoor worker; however, dermal exposure parameters were not developed for the 
indoor worker to test this assumption. Therefore, the decision not to evaluate dermal exposure 
represents a source of uncertainty that has not been quantified. The construction worker and 
on-site resident were not evaluated for inhalation of VOCs from surface water or incidental 
ingestion of surface water, because these exposure routes are expected to be less significant 
than dermal exposure, which is quantified.  

The decision not to quantify incidental ingestion of surface water imparts a non-conservative 
bias to the RA; however, VOCs were not detected in surface water samples from Acid Area 2. 
The uncertainty associated with incidental ingestion is not as clear. It is expected that the 
potential for incidental ingestion would be very low in a wading scenario, and far less significant 
than dermal uptake; however, exposure parameters for incidental ingestion were not developed 
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to test this assumption. Therefore, the decision not to evaluate incidental ingestion represents a 
source of uncertainty that has not been quantified. 

The hunter was not evaluated for inhalation of dust from surface soil because this receptor 
would be expected to spend most of his time on vegetated soil, and because inhalation 
exposure would be expected to be far less than incidental ingestion of soil, which was 
quantified. However, inhalation is quantified for the groundskeeper, who would be more 
intensely exposed. Estimated risk for the groundskeeper from inhalation exposure was 
negligible. Therefore, it was assumed that inhalation exposure would be negligible for the hunter 
as well and that the decision not to quantify this route had no meaningful effect on the outcome 
of the RA or its interpretation. 

Quantification of Intakes. Ingestion rates, inhalation rates, EDs, and EFs were based on 
upper-bound values (EPA, 1989a, 1991a), even though it is likely that serial multiplication of 
conservative variable values leads to gross overestimation of COPC intakes (Cogliano, 1997). 

Toxicity Assessment. Considerable uncertainty is associated with the qualitative (hazard 
assessment) and quantitative (dose-response) evaluations of a toxicity assessment. Hazard 
assessment of carcinogenicity is evaluated as a weight-of-evidence determination (EPA, 1986). 
Positive animal cancer test data suggest that humans also contain tissue(s) that may manifest a 
carcinogenic response; however, the animal data cannot necessarily be used to predict the 
target tissue in humans. In the hazard assessment of noncancer effects, positive animal data 
suggest the nature of the effects (i.e., the target tissues and type of effects) anticipated in 
humans (EPA, 1989b). 

There are many sources of uncertainty in the dose-response evaluation for cancer (i.e., 
computation of an SF or unit risk) and noncancer effects (i.e., computation of an RfD). First, 
there is uncertainty regarding interspecies (animal-to-human) extrapolation which, in the 
absence of quantitative pharmacokinetic, dosimetric, or mechanistic data, is usually based on 
consideration of interspecies differences in basal metabolic rate. Second, there is uncertainty 
regarding intraspecies or individual variation. Most toxicity experiments are performed with 
animals that are very similar in age and genotype, so that intragroup biological variation is 
minimal, but the human population of concern may reflect wide heterogeneity including unusual 
sensitivity to the COPC. Even toxicity data from human occupational exposure reflect a bias 
because only those individuals sufficiently healthy to attend work regularly and those not 
unusually sensitive to the COPC are likely to be occupationally exposed. Third, uncertainty 
arises from expansion from short-term to lifetime exposure such as the construction worker and 
child on-site resident. Additional uncertainty arises from the potential for children to be more 
sensitive than adults. Finally, the quality of the key study from which the quantitative estimate is 
derived and the database contributes to uncertainty. For cancer studies, the uncertainty 
associated with some quality factors (e.g., study group size) is expressed within the 95 percent 
upper-bound of the SF. For noncancer effects, additional uncertainty factors may be applied in 
the derivation of the RfD to reflect poor quality of the key study or gaps in the database. 

Another source of uncertainty regarding quantitative risk estimation for carcinogenicity is the 
method by which data from high doses in animal studies are extrapolated to the dose range 
expected for environmentally exposed humans. The linearized multistage model, which is used 
in most quantitative estimates of human cancer risk from animal data (PAHs, PCBs), is based 
on a non-threshold assumption of carcinogenesis. An impressive body of evidence, however, 
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suggests that epigenetic carcinogens as well as many genotoxic carcinogens, have a threshold 
below which they are noncarcinogenic (Gold, et al., 1992); therefore, the use of the linearized 
multistage model is ultraconservative for chemicals that exhibit a threshold for carcinogenicity. 

A further source of uncertainty for noncancer effects arises from use of an effect level in the 
estimation of an RfD or RfC, because this estimation is predicated on the assumption of a 
threshold below which adverse effects are not expected. Therefore, an additional uncertainty 
factor is usually applied to estimate a no-effect level. Additional uncertainty arises from 
estimating RfD values for chronic exposure from less-than-chronic data. Unless empirical data 
indicate that effects do not worsen with increasing duration of exposure, an additional 
uncertainty factor is applied to the no-effect level in the less-than-chronic study. Uncertainty also 
arises from the presence of chemicals (e.g., lead) for which there are no EPA-approved toxicity 
values, and for which quantitative risk characterization is not possible. However, the adult blood-
lead model and the IEUBK are supported by a considerable body of empirical data, and are 
considered to be among the best validated of the various models used in risk assessment. In 
summary, the EPA methodology for both cancer and noncancer toxicity evaluation is 
intentionally designed to be protective. However, the extent to which toxicity values may 
overestimate toxic potency is not clear, and it is possible that the toxicity values for some 
compounds may not be adequately protective. 

Risk Characterization.  Risk characterization is the process of quantifying the risk of cancer 
due to exposure to carcinogens, as well as quantitatively evaluating hazards potentially posed 
by exposure to noncarcinogenic toxicants. Cancer risk is assumed to be additive for all 
carcinogens. Noncancer risk is assumed to be additive for chemicals with similar sites of 
toxicological action. In the event that any combination of these chemicals results in synergistic 
effects, risk might be underestimated. Conversely, the assumption of additivity would 
overestimate risk if a combination of these chemicals acted antagonistically or had no combined 
toxic effect at all.  
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7.0 SUMMARY AND CONCLUSIONS 

This section briefly summarizes the RA protocol and results and interprets the results, in light of 
the uncertainty associated with their estimation, to draw realistic conclusions regarding risk to 
human health. 

PBOW is currently classified for industrial use, but future residential use was considered in the 
risk assessment to support evaluation of all plausible receptor scenarios. Groundskeeper, 
construction worker and hunter scenarios were evaluated under the current site-use 
assumptions. Groundskeeper, construction worker, indoor worker, hunter (including a child 
venison consumer) and on-site residential scenarios were evaluated as plausible future 
exposure scenarios. The groundskeeper was evaluated for exposure to surface soil. The 
construction worker was evaluated for exposure to surface and subsurface soil, surface water 
and sediment. The adult hunter was evaluated for exposure to surface soil by direct contact and 
indirectly by ingestion of venison (deer graze vegetation growing on contaminated soil). The 
indoor worker was evaluated for exposure to surface and subsurface soil, and groundwater. The 
on-site resident was evaluated as the upper bound on exposure to surface and subsurface soil, 
groundwater, surface water and sediment. 

7.1 Sampling and Analysis 

Surface and subsurface soil samples were taken from the areas around each of the former 
process buildings where contamination was thought to have been possible. Surface water and 
sediment samples were taken from the drainage ditches that border the site. Groundwater 
samples were collected from monitoring wells at the site. 

The analytical results revealed that the soil contains metals, PCBs, and PAHs at concentrations 
exceeding the Region 9 PRGs; consequently, they were selected as COPCs. PAHs possibly 
result from asphalt contained in roofing material and in roads and parking areas, or associated 
with the rail line traversing the site. Elevated concentrations of lead were also detected in two 
surface soil samples.  

Contaminants detected in deep groundwater were metals, VOCs, and SVOCs.  Detection of 
metals in groundwater appears to be associated with sediment entrained in the samples.  
Specifically, samples with elevated turbidity had higher metals concentrations while samples 
with low turbidity levels and filtered samples had low concentrations or were nondetects.  
Certain VOCs may be associated with background due to the presence of natural petroleum-
derived compounds present in the vicinity of PBOW. Other VOCs and SVOCs may be artifacts 
of the analytical process at the laboratory, but they could not be eliminated during data 
validation.  

Two sediment samples (AA2-SWSD-19 and AA2-SWSD-20) at Acid Area 2 had elevated 
concentrations of PCB-1260 at 15,000 and 18,000 ug/kg, respectively. The sample locations are 
upgradient (AA2-SWSD-19) and downgradient (AA2-SWSD-20) of the former process building 
706.  Levels of PCBs in downgradient sediment were approximately 3 orders of magnitude 
lower, suggesting that off-site contaminant migration is minimal.  

Metals, bis(2-ethylhexyl)phthalate, and trichloroethene were selected as COPCs in surface 
water. Bis(2-ethylhexyl)phthalate concentrations were either nondetect or “JB” flagged indicating 
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contamination in blank samples.  Trichloroethene, which is not a risk driver, was only detected 
in one sample, suggesting possible cross contamination in the laboratory. 

7.2 Risk Assessment Results 

The groundskeeper, hunter, and child venison consumer were evaluated for exposure only to 
surface soil. The total HI estimate for the groundskeeper receptor equaled 1. The total ILCR 
estimate for the groundskeeper receptor was 5.0E-5. The HI equaled the threshold for 
noncancer effects. There were no COCs for the HI; the COCs for the ILCR were arsenic, PCB-
1254, PCB-1260, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene in surface soil. Total HI estimates for the adult hunter and the adult and 
child venison consumer receptors were below the threshold limit of 1. The total ILCR estimate 
for the adult hunter was 6E-6.  The COCs were benzo(a)pyrene and PCB-1254 in surface soil. 
Total ILCR estimates for the adult and child venison consumer receptors were below 1E-6, 
defined as the point of departure for significant contribution to cancer risk. 

The construction worker was evaluated for exposure to surface and subsurface soil, surface 
water and sediment. The total HI estimate summed across all media for the construction worker 
receptor was 10 (Table 5-1).  The COCs for the HI were arsenic, iron, thallium and PCB-1254 in 
surface soil and arsenic, iron, thallium, and PCB-1254 in subsurface soil. The total ILCR 
estimate summed across all media for the construction worker receptor was 1E-5. ILCR sums 
for surface water and sediment were below 1E-6. ILCR summed for surface and subsurface soil 
was 1E-5.  The COCs for the ILCR were PCB-1254 and benzo(a)pyrene in surface soil and 
benzo(a)pyrene in subsurface soil. 

The indoor worker was evaluated for exposure to surface soil and groundwater. Total HI 
estimates for the indoor worker for groundwater and surface soil were 2 and 0.4, respectively 
(Table 5-1). The COCs for the groundwater HI were arsenic, iron, and thallium. The total ILCR 
estimate summed across all media for the indoor worker receptor was 5E-5. The ILCRs for 
groundwater and surface soil were 7E-4 and 2E-5, respectively.  The COCs for the ILCR were 
1,1,2-trichloroethane, arsenic and benzene in groundwater, and arsenic, PCB-1254, PCB-1260, 
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene in 
surface soil. Vapor intrusion into buildings from subsurface soil was not evaluated, as there 
were no VOCs detected in the subsurface soil. 

The adult and child residential receptors were evaluated for exposure to surface and subsurface 
soil, groundwater, surface water and sediment. Total HI estimates summed across all media for 
the adult and child residential receptors were 7 and 31, respectively (Table 5-1). HI sums for 
surface water and sediment were below 1. HI sums for groundwater and surface and 
subsurface soil were 7 and 31 for the adult and child, respectively. The groundwater COCs for 
the HI were aluminum, arsenic, barium, iron, manganese, thallium, vanadium, cyanide, 
benzene, bromomethane, and nitrobenzene for the adult, and aluminum, arsenic, barium, 
chromium, iron, manganese, thallium, vanadium, cyanide, 1,1,2-trichloroethane, 
2-methylnaphthalene, benzene, bromomethane, nitrobenzene, and total xylenes for the child.   
The surface soil COCs were PCB-1254 for the adult, and aluminum, arsenic, iron, thallium, and 
PCB-1254 for the child.  The subsurface soil COCs were aluminum, arsenic, iron, manganese, 
thallium, and PCB-1254 for the child. There were no HI COCs for adult exposures to subsurface 
soil. 
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The total ILCR estimates summed across all media for the adult and child residential receptors 
were both 3E-4. ILCR sums for surface water and sediment were 5E-6 and 7E-6 for the adult 
and child, respectively. ILCR sums for groundwater and surface and subsurface soil for adult 
and child residential receptors were both 3E-4. The groundwater COCs for the ILCR were 
1,1,2-trichloroethane, arsenic, bis(2-ethylhexyl)phthalate, and benzene for the adult and 
1,1,2-trichloroethane, arsenic, and benzene for the child.  The surface soil COCs were arsenic, 
PCB-1254, PCB-1260, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene for the adult, and arsenic, PCB-1254, PCB-1260, benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene for the child.  The 
subsurface soil COCs were arsenic, PCB-1260. benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene for both the adult 
and child. Vapor intrusion into dwellings from subsurface soil was not evaluated, as there were 
no VOCs detected in the subsurface soil. 

7.3 Conclusions 

Based on analytical results, metals, PAHs, and PCBs appear to be widespread but generally at 
low concentrations in environmental media at Acid Area 2, with isolated areas of elevated PAH 
or PCB contamination. HIs for contamination in soil are less than one for a groundskeeper or 
hunter, including an adult or child who consumes venison from deer harvested on site, 
suggesting that adverse effects from exposure are unlikely. Cancer risk for a groundskeeper or 
hunter, including an adult or child who consumes venison from deer harvested on site are within 
or below the cancer risk range of 1E-6 to 1E-4.  

HIs for the indoor workers were below 1. HIs exceeded 1 for the construction worker, and adult 
and child residential receptors for exposure to surface soil. The primary contributor to the HIs 
was PCB-1254. Cancer risk estimates were within the cancer risk range of 1E-6 to 1E-4 for the 
construction worker and indoor worker, and just slightly above 1E-4 for the adult and child 
residential receptors. The primary contributor to the ILCRs was benzo(a)pyrene. 

HIs for construction workers and adult and child residential receptors exceeded 1 for exposure 
to subsurface soil. The primary contributor to the HIs was thallium. Cancer risk estimates were 
within the cancer risk range of 1E-6 to 1E-4 for the construction worker and the adult and child 
residential receptors. The primary contributor to the ILCRs was benzo(a)pyrene. 

HIs for the indoor workers and adult and child residential receptors exceeded 1 for exposure to 
groundwater. The primary contributor to the HIs was thallium. Cancer risk estimates were within 
the cancer risk range of 1E-6 to 1E-4 for the indoor worker, and just slightly above 1E-4 for the 
adult and child residential receptors. The primary contributor to the ILCRs was arsenic. 

Cancer risk and noncancer hazard estimates for exposure to surface water were below 1E-6 
and 1, respectively, for any receptor evaluated. Cancer risk estimates were within the cancer 
risk range of 1E-6 to 1E-4 for the construction worker and adult and child residential receptors 
for exposures to sediment. 

Accounting for natural background concentrations of metals and the isolated detections of 
elevated concentrations of PCBs and lead, potential risks from exposure to contaminants 
detected in site environmental media appear to be limited.  
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Lead 1460 J mg/Kg 48.6 776

PBOW-06-SD-AA2-SD17-A  -  06/11/06
Analyte Value Bkg. EPC
PCB-1260 (Aroclor 1260) 15000 ug/Kg 5780

PBOW-06-SD-AA2-SD19-A  -  06/11/06
Analyte Value Bkg. EPC
PCB-1260 (Aroclor 1260) 18000 ug/Kg 5780

PBOW-06-SD-AA2-SD20-A  -  06/11/06
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Figure 5-3
Sandusky, Ohio

Plum Brook Ordnance Works

Distribution of COCs Exceeding 
Background and EPC in

Bedrock Groundwater — Acid Area 2

07/19/07  JD D:/GIS/Plumbrook/Projects/
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Analyte (Metals) Value Bkg. EPC Date
Aluminum (total) 10200 ug/L 309 8100 5/12/1998
Arsenic (total) 7.95 J ug/L 7.4 7.206 1/27/2005
Arsenic (total) 9.1 J ug/L 7.4 7.206 10/8/2001
Arsenic (total) 34.2 ug/L 7.4 7.206 5/12/1998
Chromium (total) 307 ug/L 6.204 5/12/1998
Iron (total) 51600 ug/L 1550 19059 5/12/1998
Manganese (total) 1030 ug/L 636 446.1 10/8/2001
Manganese (total) 5130 ug/L 636 446.1 5/12/1998
Vanadium (total) 108 ug/L 19.03 5/12/1998

AA2-BEDGW-001   (screen: 30.25 - 45.25' ft bgl)

Analyte (Organics) Value Bkg. EPC Date
2-Methylnaphthalene 9.8 J ug/L 5.803 10/8/2001
Benzene 45 J ug/L 2.4 30.86 10/8/2001
Benzene 130 ug/L 2.4 30.86 5/12/1998
Benzene 33 ug/L 2.4 30.86 11/20/1997
Xylenes, Total 360 ug/L 5.5 138.2 10/8/2001
Xylenes, Total 220 ug/L 5.5 138.2 5/12/1998
Xylenes, Total 200 ug/L 5.5 138.2 11/20/1997
bis(2-Ethylhexyl)phthalate 5.6 B ug/L 4.858 5/12/1998

AA2-BEDGW-001   (screen: 30.25 - 45.25' ft bgl)

Analyte (Metals) Value Bkg. EPC Date
Chromium (total) 10 ug/L 6.204 11/14/1997
Chromium (total) 13.8 ug/L 6.204 10/17/1996
Cyanide 0.109 J mg/L 0.08679 1/24/2005
Field Duplicate Results
Chromium (total) 10.7 ug/L 6.204 10/17/1996

PB-BED-MW19   (screen: 26.2 - 51.2' ft bgl)

Analyte (Organics) Value Bkg. EPC Date
2-Methylnaphthalene 10 ug/L 5.803 4/4/2002
2-Methylnaphthalene 12 ug/L 5.803 10/4/2001
Benzene 42 J ug/L 2.4 30.86 4/4/2002
Benzene 46 ug/L 2.4 30.86 10/4/2001
Bromomethane 7.9 J ug/L 5.832 10/4/2001
Xylenes, Total 170 ug/L 5.5 138.2 4/4/2002
Xylenes, Total 180 ug/L 5.5 138.2 10/4/2001
bis(2-Ethylhexyl)phthalate 9.7 J ug/L 4.858 4/4/2002
bis(2-Ethylhexyl)phthalate 24 B ug/L 4.858 5/16/1998
bis(2-Ethylhexyl)phthalate 5.8 J ug/L 4.858 11/14/1997
Field Duplicate Results
2-Methylnaphthalene 12 ug/L 5.803 10/4/2001
Benzene 54 ug/L 2.4 30.86 10/4/2001
Xylenes, Total 210 ug/L 5.5 138.2 10/4/2001

PB-BED-MW19   (screen: 26.2 - 51.2' ft bgl)
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