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GLOSSARY OF ACRONYMS, TECHNICAL TERMS AND MEASUREMENTS

µg/m3 - Micrograms of compound per cubic meter of air.

234Th - Thorium-234

234U - Uranium-234

235U - Uranium-235

238U - Uranium-238

ADD - Average Daily Dose. A compound- and facility-specific value generated by an equation
designed to estimate a receptor's potential daily intake from exposure to compound with potential
noncarcinogenic effects.

ANL - Argonne National Laboratory

ATSDR - Agency for Toxic Substances and Disease Registry

BHHRA - Baseline Human Health Risk Assessment

C - Carbon

CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act

COPC - Compounds of Potential Concern - Those site-related compounds examined in detail
in the quantitative risk assessment.

cm - centimeter

CSF - Cancer Slope Factor - A numerical estimate of the carcinogenic potency of a compound.
CSFs are developed by the United States Environmental Protection Agency's Human Health
Assessment Group for both oral and inhalation routes of exposure.

CSM - Conceptual Site Model

d - day

Dose - Concentration of a compound to which a receptor may be exposed. Dose is usually
expressed in units of milligrams of compound per kilogram of body weight per day.
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Dose-Response Evaluation - The process of quantitatively evaluating toxicity information and
characterizing the relationship between the dose of the compound and the likelihood and
magnitude of adverse health effects in the exposed population. From the quantitative dose-
response relationship, toxicity values are identified and used in the risk characterization step to
estimate the potential for adverse effects occurring in the receptors evaluated in the risk
assessment.

DU - Depleted Uranium

EPC - Exposure Point Concentration

EU - Enriched Uranium

F - Temperature in Degrees Fahrenheit

HEAST - Health Effects Assessment Summary Tables

HI - Hazard Index - The sum of the compound-specific hazard quotients for a particular
exposure pathway.

HQ - Hazard Quotient - The ratio of the calculated Chronic Average Daily Dose to the
Reference Dose for a particular compound. A Hazard Quotient of less than one indicates that the
Reference Dose for that compound has not been exceeded. Therefore, it can be assumed with a
high degree of certainty that no adverse noncarcinogenic health effects are expected to occur as a
result of exposure to that particular compound via that particular route. Because the reference
dose is derived using multiple safety factors, a Hazard Quotient greater than one does not
indicate that health effects are expected but rather that further analysis is warranted.

IRIS - Integrated Risk Information System - A computerized database of toxicological
information maintained by the United States Environmental Protection Agency.

K - Potassium

LADD - Lifetime Average Daily Dose - A compound- and facility-specific value generated by
an equation designed to estimate a receptor's potential daily intake from exposure to potentially
carcinogenic compounds.

LOAEL - Lowest Observed Adverse Effect Level - The lowest experimental dose above the
NOAEL at which a statistically significant difference in response between the control and
exposed group is discernable.
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mg/kg - Milligrams of compound per kilogram of medium.

mg/kg-day - Milligrams of compound per kilogram of body weight per day.

mg/l - Milligrams of compound per liter of water.

NCP - National Contingency Plan

NOAEL - No Observed Adverse Effect Level - An experimental dose greater than zero at
which no statistically significant difference in response can be detected between the control and
exposed groups.

Noncarcinogenic Effects - Category of adverse health effects that does not include cancers (e.g.,
liver effects, changes in blood enzyme levels, variances in body weight).

NRC - Nuclear Regulatory Commission

NTP - National Toxicology Program

pCi/g - picocuries per gram

ppm - part per million

PELCR - Potential Excess Lifetime Cancer Risk - An estimate of the increased probability of
developing cancer given exposure to particular doses of particular compounds via specific
exposure scenarios. The likelihood, over and above the background cancer rate, that a receptor
will develop cancer in his or her lifetime as a result of facility-related exposures to compounds in
various environmental media.

PRG - Preliminary Remediation Goal

PTA - Pohakūloa Training Area

Quantitative Risk Assessment - The mathematical and scientific procedure by which
compounds present in environmental media are evaluated for their potential to adversely impact
the health of individuals who may contact them.

Ra - Radium

Rn - Radon

RCRA - Resource Conservation and Recovery Act

RESRAD - Residual Radioactivity
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Response - Carcinogenic or noncarcinogenic health effect associated with exposure to a
compound

RfC - Reference Concentration - An experimentally derived level of a compound in air
modified by multiple safety factors of ten. It is the air concentration at which no statistical
difference in response is expected to occur for an exposed population. The RfC is a toxicity
value for compounds with noncarcinogenic effects via the inhalation route of exposure, and is
usually expressed in units of milligrams of compound per cubic meter of air.

RfD - Reference Dose - An experimentally derived level of exposure, modified by multiple
safety factors. The RfD is the dose predicted to produce no statistical difference in response for
an exposed population. The RfD is a toxicity value for compounds with noncarcinogenic effects
via the oral and inhalation routes of exposure, and is expressed in units of milligrams of
compound per kilogram of body weight per day.

RME - Reasonable Maximum Exposure

SEIS - Supplemental Environmental Impact Statement

Th - Thorium

Threshold - The level of exposure below which no adverse noncarcinogenic health effects are
known or expected to occur.

Total Excess Lifetime Cancer Risk - The sum of all pathway-specific Excess Lifetime Cancer
Risks for a given receptor.

Total Hazard Index - The sum of all pathway-specific Hazard Indices for a given receptor.

Uncertainty Factor - An empirically-derived factor that is applied to a NOAEL or LOAEL in
order to derive an RfD. Uncertainty factors account for some of the uncertainties associated with
extrapolating information in a dose-response study to the general population.

U - Uranium

UCL - Upper Confidence Limit

USEPA - United States Environmental Protection Agency
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EXECUTIVE SUMMARY

This report presents the results of a surface soil sampling event, a source determination and
background evaluation and Baseline Human Health Risk Assessment (BHHRA) for uranium (U)
isotopes along the proposed Saddle Road alignment (State Route 200) bordering Pohakūloa
Training Area (PTA). The assessment addresses the public’s concern that depleted uranium
originating from military operations at PTA may impact the health of those that may be
involved in the construction of the proposed alignment as well as those that may use the road
in the future. The risk assessment considers both chemical and radiological toxicity from
uranium. This document has been prepared in accordance with the provisions of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP).

Site Description

Saddle Road is a narrow, winding, two-lane road with steep grades, sharp curves, poor
pavement, and substandard drainage. Parts of the easternmost portion have been widened and
repaved by the County of Hawai‘i, but until the current effort dating from 1996, no attempt had
been made to correct deficiencies in vertical or horizontal curves, which reflected the original
path built during World War II. Saddle Road has become increasingly important for access to
the U.S. Department of the Army’s PTA, Mauna Kea, Mauna Loa, Mauna Kea State Park,
outdoor recreation areas used for hunting and gathering, ranch lands, and the communities of
Waiki‘i Ranch and Kaumana. Its role is increasing as a cross-island transportation route linking
East and West Hawai‘i for business travel, the transport of goods and services,
tourism/recreation, shopping, and to some extent for commuting. Currently, about six miles of
the improved Saddle Road have been completed, and another nine-mile section is nearly
complete. A roughly five-mile section has been graded and is expected to be complete by the
end of 2009, at which time another eight-mile section that is currently being designed and
undergoing permit review is expected to begin construction. All of these segments are east of the
roughly 12-mile section mauka of Mamalahoa Highway that is the subject of the Supplemental
EIS to which this analysis pertains.

Project Background

In August 2007, US Army contractors discovered one intact M101 spotting round during a
screening survey of the remote Impact Area at PTA. The recovered fragment consisting of
depleted uranium (DU) was nearly completely unoxidized and found lying on a bare rock lava
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surface. Subsequent surveys uncovered aluminum firing tubes for the spotting round, but no
additional spotting rounds themselves. Recently, ten soil samples were collected by the US
Army from sites where sediment had collected from past runoff/erosion events around the
perimeter of PTA. Radiometric analysis of those samples found only natural U abundances and
234U/238U isotopic composition (Rubin 2008). Irrespective, a portion of the proposed Saddle
Road alignment is proposed to transverse the Ke’āmuku Parcel, a former Parker Ranch property
recently deeded to the U.S. Army, which is downwind during times when the prevailing regional
tradewinds are in effect, particularly at night or in the early morning before daytime heating
causes a convectional sea breeze that blows from the west across Keamuku towards the saddle.
The Hawai‘i State Department of Transportation, in consultation with the Saddle Road Task
Force (a citizen group appointed by U.S. Senator Daniel K. Inouye to guide development of the
project), determined that it would be prudent to examine the presence and risk of depleted
uranium to human receptors who may construct or traverse Saddle Road, as part of the
Supplemental Environmental Impact Statement (SEIS) being prepared to address a modified
route across this property.

Analytical Methods and Results

In June 2008, concentrations of 234U, 235U and 238U isotopes in surface soil along the proposed
Saddle Road alignment were collected by AMEC and analyzed via two analytical methods. The
first method to evaluate uranium isotope concentrations, Inductively Coupled Plasma Mass
Spectrometry (ICP-MS), was utilized to provide precision and low detection limits for the 235U
and 238U isotopes. Results for the ICP-MS method verify the presence of 238U, but resulted in
non-detects for the 234U and 235U isotopes indicating that they were either not present or below
their respective minimum detection limits. The ICP-MS data was considered but not used in the
background analysis and risk assessment as the assessments require data input by activity and/or
mass concentration. The second analytical method utilized in this study was Alpha
Spectrometry. The alpha spectrometry results were expected to provide the greatest precision
and lowest detection limit for the 234U isotope. Results of the alpha spectrometry analysis
indicate the presence of all three isotopes in site soils. 235U was detected in only one of the five
(5) locations sampled. Given that data for all three isotopes were available for the alpha
spectrometry method, data obtained from this method comprised the data set utilized for both the
background analyses and human health risk assessment.

Background Analysis

Uranium occurs naturally in trace amounts in Hawaiian rocks, soils and waters at or below
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concentrations of 1 to 3 parts per million (ppm) by weight (Rubin 2008). Uranium may also
occur in soils due to anthropogenic action, such as from military use or as a byproduct of nuclear
energy generation. Determining the source of any uranium isotopes detected along the proposed
Saddle Road alignment was one objective of this study. Two methods were employed to
evaluate uranium isotope source. The first method compared site-specific total U mass
concentrations to naturally occurring U mass concentrations in Hawai‘i. Total U was determined
by summing the isotopic concentrations of 234U, 235U and 238U detected at each of the 5
independent sites along the proposed Saddle Road alignment. Results of this analysis indicate
that total uranium along the proposed Saddle Road alignment are at or below levels occurring
naturally in native Hawaiian soils. Total U based on alpha spectrometry analyses ranged from
0.4 parts per million (ppm) at location DU003 to 1.3 ppm at DU001. The average at all five
locations was 0.8 ppm.

The second method used to determine whether detected U originates from natural or DU sources
was the evaluation of isotope abundance. Except in extremely rare circumstances (not found in
Hawai‘i), natural U dispersed in rocks and soils have a comparatively greater 234U/238U and
235U/238U ratio than those originating from DU. Although use of the 235U/238U is considered a
more precise measurement than the 234U/238U ratio in isotopic fingerprinting of U contamination,
the utility of the 234U/238U ratio is significant when 235U data are not available or when
concentrations of the 235U isotope are too low to detect. This is the case here and as such, the
234U/238U ratio was used as the second method to fingerprint the U source. The naturally
occurring 234U/238U ratio in soil has been determined to be in the range of 0.5 to 1.2 (Sansone et
al. 2001). 234U/238U ratios at the Saddle Road alignment ranged from 0.74 to 1.79, with an
average ratio across all five (5) locations of 1.16. Assuming the average ratio across the 5 sites is
representative of the proposed alignment; these results indicate that the 234U/238U isotopic ratio is
within the background range.

Baseline Human Health Risk Assessment

A baseline human health risk assessment (BHHRA) was performed to evaluate the potential risk
posed by uranium isotopes detected at the proposed Saddle Road alignment. The alignment
was evaluated as a single decision unit represented by five (5) distinct sampling locations.
Receptors were assumed to be exposed to the lesser of the maximum concentration of each
isotope detected or the 95% UCL of the mean. Risks were evaluated for the following receptors:

 A construction worker scenario assumed to be on site for 8 hours a day for 250 days in 1
year and assumed to contact surface and subsurface soil.
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 A recreational user of the road assumed to frequent the Site 350 days a year for 2 hours a
day, as child for 6 years and as an adult for 24 years, totaling a 30 year recreational
tenure. Recreational receptors were assumed to contact just the surface soil

Potential estimated lifetime cancer risks were calculated using the RESidual RADioactivity
(RESRAD) computer code, Version 6.4, developed by Argonne National Laboratory (ANL
2007). Carcinogenic risks were compared to the USEPA regulatory level of concern of 10-6 and
10-4. Estimated noncarcinogenic risks posed from the chemical toxicity of Uranium are
presented as total site Hazard Indices and were calculated by summing the pathway specific
Hazard Quotients. A total Hazard Index of 1 was considered to be the regulatory level of
concern.

The results for each receptor are presented below. Of the receptors analyzed, none were found to
exceed the most conservative USEPA lifetime cancer risk regulatory level of concern of 10-6 or
the noncarcinogenic Hazard Index regulatory level of concern of 1.

Construction worker

The Construction Worker scenario is assumed to be on site for 8 hours a day for 250 days in 1
year and contact surface and subsurface soil. The construction worker was found to have a
carcinogenic risk of 1E-06, and a noncarcinogenic risk of 4E-03.

Recreational/Commuter

This receptor is a user of the road on a daily basis. The recreational receptor is assumed to
frequent the Site 350 days a year for 2 hours a day, as child for 6 years and as an adult for 24
years, totaling a 30 year recreational tenure. Recreational receptors were assumed to contact just
the surface soil. The carcinogenic risk associated with this receptor were found to be 3E-07 for
the Child Receptor and 9E-07 for the Adult Receptor. These carcinogenic risks can be summed
for a total carcinogenic risk of a 1E-06 for the full 30 year tenure. The noncarcinogenic risk was
calculated to be 3E-03 for the Child Receptor and 1E-03 for the Adult Receptor.

Lead Analysis

In addition to the Uranium investigation and risk assessment, surface soils at all five (5) sample
locations were analyzed for lead. Laboratory results can be found in Appendix A. Results were
compared to the USEPA Region 9 residential Preliminary Remediation Goals (PRGs) for lead in
soil of 400 mg/kg. The maximum lead concentration detected at any site was 3.3 mg/kg at
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sampling location DU004. All lead values were well below the screening level criteria and was
excluded from further analysis.

Conclusions

Based on the available surface soil data collected in June 2008 at five (5) locations along the
proposed alignment, it has been determined that uranium detected at the site originates from
natural sources. Potential noncancer health risks from the ingestion, inhalation and dermal
contact of soil along the proposed alignment are below USEPA’s acceptable risk level of
concern. Potential cancer risks from radiological activity of the detected U isotopes are below
the most conservative regulatory criteria.
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SECTION 1

INTRODUCTION

This report presents the results of a surface soil sampling event, a source determination and
background evaluation, and a Baseline Human Health Risk Assessment for uranium (U) isotopes
along the proposed Saddle Road alignment (State Route 200) bordering Pohakūloa Training
Area (PTA). The assessment addresses the public’s concern that depleted uranium
originating from military operations at PTA may impact the health of those that may be
involved in the construction of the proposed alignment as well as those that may use the road
in the future. The risk assessment considers both chemical and radiological toxicity from
uranium. This evaluation was prepared for the State of Hawai‘i Department of Transportation,
Highways Division and the U.S. Department of Transportation, Federal Highway Administration
Central Federal Lands Highway Division.

1.1 General Site Setting

The Site is contained within or directly adjacent to the Ke‘āmuku parcel, a 23,977-acre property
(tax map key [TMK]: 3rd Div., 6-7-001:003) purchased in 2006 from Parker Ranch by the U.S.
Army as an addition to its Pohakūloa Training Area (PTA) (Figure 1 taken from Geometrician
2007). Although planned for military use, the Army currently allows grazing on the parcel as a
fire mitigation measure. The parcel is bordered by the existing Saddle Road, the Waiki‘i Ranch
subdivision and nearby homes and farms on the north, by the remainder of PTA on the east, by
the Pu‘uanahulu Game Management Area on the south, and by private, undeveloped lands across
Māmalahoa Highway on the west (Geometrician 2007).

1.2 Description of Problem

A surface soils assessment, source analysis and baseline human health risk assessment was
requested to support a Supplemental Environmental Impact Statement (SEIS) that is being
prepared for the Saddle Road extension and realignment, which will eventually bisect a portion
of the PTA northwest of MP42 (proposed W-3 route) or possibly south of the W-3 route
(proposed W-7 route. Note: W-7 is in the conceptual stage). These two areas (W-3 and W-7) are
in proximity to Ke’āmuku on the western side of PTA.

In August, 2007, U.S. Army contractors discovered depleted uranium (DU) fragments at PTA.
Although the Army acknowledges that DU material is considered a chemical hazard, the Army
maintains that DU does not pose a risk to public health and that insufficient quantities have been
detected to pose a risk to human health. Sampling and analytical data for DU are not available in
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areas where the proposed Saddle Road extension is to be constructed. In the absence of
analytical data, the source of U as well as the potential risks to human receptors (construction
workers that will be involved in the construction of the Saddle Road extension or occupants of
vehicles that may use the road in the future) cannot be determined.

The objective of this study was therefore to gather analytical data of sufficient quality and
quantity necessary to support a background source evaluation and human health risk assessment.
The background evaluation is designed to determine whether the source of uranium at the site
was naturally occurring or if anthropogenic depleted uranium sources also contribute to uranium
presence. The human health risk assessment determines the degree of risk, if any, that uranium
and poses for construction workers and users/commuters who may use Saddle Road in the future.
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SECTION 2

SITE DESCRIPTION

This section presents background information relevant to the project including site history,
descriptions of geology and soils, hydrogeology, hydrology, and climate.

2.1 Site History

A portion of the proposed Saddle Road alignment is proposed to transverse the Ke’āmuku
Parcel, a former Parker Ranch property recently deeded to the U.S. Army, which is downwind
from PTA. The Site is currently zoned for agricultural use and it is assumed to have been used
for agricultural use throughout most of its recent history. The US Army conducted training at
PTA during the mid-1960s using the M101 spotting round of the Davy Crockett Weapon
System. The M101 spotting round was a small (20mm) low speed (velocity) projectile that
weighed approximately 1 pound. Each round contained approximately one half pound D38 U
Alloy (92% DU and 8% molybdenum) (Rubin 2008). This spotting round was designed to
mirror the flight characteristics of larger caliber rounds and was fired to identify the correct
range and bearing for those larger caliber rounds. These rounds typically broke into large
fragments after use.

In August 2007, U.S. Army contractors discovered one intact M101 spotting round during a
screening survey of the remote Impact Area at PTA. The recovered fragment consisting of
depleted uranium (DU) was nearly completely unoxidized and found lying on a bare rock lava
surface. Subsequent surveys uncovered aluminum firing tubes for the spotting round, but no
additional spotting rounds themselves. Recently, ten soil samples were collected from sites
where sediment had collected from past runoff/erosion events around the perimeter of PTA.
Radiometric analysis of those samples found only natural U abundances and 234U/238U isotopic
composition (Rubin 2008). No sampling has been performed along the proposed alignment.

2.2 Geology and Soils

The Site is situated on late Pleistocene and Holocene lava flows from Mauna Kea covered with
volcanic ash deposits (MacDonald 1983; Wolfe 1996). The topography reflects the hummocky
character of lava flows. The only major relief features are found in a few gulches and at several
100-foot plus high cinder cones, both of which are concentrated in the northern part of
Ke‘āmuku. The surface has weathered through time to produce deep, well-drained soils
(Geometrician 2007). Soil types anticipated to be encountered during this sampling effort
include: Kilohana loamy fine sand, Pu‘u Pa extremely stony very fine sandy loam, very stony
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land, and Kaimū extremely stony peat. In general, these soils exhibit fairly rapid permeability,
slow runoff, and slight erosion potential (USDA 1973).

2.3 Hydrogeology

According to Mink and Lau (1990), the area of concern overlies two different aquifers, the
Anaeho‘omalu aquifer system (Northwest Mauna Loa aquifer sector) and the Waimea aquifer
system (West Mauna Kea aquifer sector). The aquifers are both classified as unconfined, high
level aquifers in dike compartments and/or flank lava deposits. They are considered
irreplaceable, fresh water aquifers (< 250 milligrams per liter [mg/L] chloride content) with high
vulnerability to contamination due to its proximity to the surface. Groundwater from portions of
these aquifers is currently used as a drinking water source.

2.4 Hydrology

According to maps in the Atlas of Hawai‘i, 3rd ed. (Juvik 1998), annual rainfall averages
approximately 25 inches in Ke‘āmuku overall, being slightly greater at higher elevations and less
at lower elevations. Although no perennial streams, lakes, springs, or wetlands are present, the
Ke‘āmuku property includes a number of ephemeral drainages mapped on U.S. Geological
Survey (USGS) maps. These originate on the steep slopes of Mauna Kea and cross the existing
Saddle Road at various bridges, culverts and dips in the road. There is a distinct shift in the
amount of dissection in the Ke‘āmuku property from north to south, as the terrain changes from
highly-dissected, older Mauna Kea lava flows with many ephemeral streams in the north to
younger, lightly-dissected flows with few ephemeral streams in the south. The very youngest
Mauna Kea flows are found on the southern margin of the Ke‘āmuku property, where the W-7
alignment is located. South of this are Mauna Loa lava flows, which also lack any stream
dissection (Geometrician 2007).

Since there are no perennial stream channels within the Ke‘āmuku area, no baseline data on
surface water quality are available. All of the drainages within the study corridor ultimately
discharge to the ocean or to littoral springs through subsurface flow (Geometrician 2007).

The only baseline water quality data available for Ke‘āmuku are from required water sampling of
a 2,500-foot deep well that supplies water for the Waiki‘i Ranch subdivision. The well is located
within 200 feet of the existing Saddle Road and has been consistently found to meet all of the
federal standards for safe drinking water. There is no recorded contamination associated with
this well (Geometrician 2007). A second well which goes to a depth of 4,300 feet is also located
in Waiki‘i. No further information is provided for this well.
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2.5 Climate

The average maximum daily temperature in the Ke‘āmuku area varies from about 70 to 80
degrees Fahrenheit, with an average minimum of 60 to 70 degrees. Ke‘āmuku on average
receives about 25 inches of rainfall annually, with greater totals at higher elevations and less at
lower ones, according to maps in the Atlas of Hawai‘i, 3rd ed. (Juvik 1998). Winds vary
between northeast trades funneled through the saddle between Mauna Loa and Mauna Kea and
upslope winds generated by heating of the land surface. Light and variable “kona” winds
occasionally replace this pattern, most often in winter. According to site data, Morning winds
are easterly at 15 to 25 knots (17-1/4 to 28-3/4 mph) and afternoon winds are westerly at 15 to 20
knots (17-1/4 to 23 mph). The entire Ke‘āmuku parcel is subject to fog, which above 4,000 feet
in elevation is frequent (Geometrician 2007).
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SECTION 3

SOIL SAMPLING PROGRAM AND RESULTS

The surface soil sampling program is described in its entirety in Final Sampling and Analysis Plan
(SAP), Depleted Uranium Risk Assessment (AMEC 2008). The Final SAP describes sample
locations, sampling methods, data quality objectives, data quality indicators, desired levels of
detection and analytical laboratory Standard Operating Procedures.

Briefly, in June 2008, five (5) surface soil samples were collected, during a single environmental
site investigation along the proposed Saddle Road alignment per the AMEC 2008 protocol (Figure
2). The soil samples were analyzed for Uranium by Alpha Spectrometry by USEPA Method EML
A-01-R MOD, by ICP-MS by USEPA method SW846 6020, and for Percent Moisture by USEPA
method MCAWW 160.3 MOD. Soil samples were also analyzed for Lead by USEPA method
SW846 6020.

Results

Analytical laboratory data sheets are provided in Appendix A. Lead and Uranium were analyzed
for and detected in surface soil at the Site. Summary analytical results are provided in Table 1.

The first method to evaluate uranium isotope concentrations, Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) was utilized to provide precision and low detection limits for the 235U
and 238U isotopes. Results for the ICP-MS method verify the presence of 238U, but resulted in
non-detects for the 234U and 235U isotopes indicating that they were either not present or below
their respective minimum detection limits. These data were considered but not used in the
background analysis and risk assessment because the assessments require data input by activity
and/or mass concentration. The second analytical method utilized in this study was Alpha
Spectrometry. The alpha spectrometry results were expected to provide the greatest precision
and lowest detection limit for the 234U isotope. Results of the alpha spectrometry analysis
indicate the presence of all three isotopes in site soils. 235U was detected in only one of the 5
locations sampled. Given that data for all three isotopes were available for the alpha
spectrometry method, data obtained from this method comprised the data set utilized for both the
background analyses and human health risk assessment.
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Table 1: Summary of Analytical Results

ICP-MS Radiochemistry Lead

Sample
ID

Isotope
Concentration

(ppb)
Isotope

Result
(pCi/g)

Mass
Concentration

(ppb)

234U/238U
Activity
Ratio**

Concentration
(mg/kg)

234 ND 234 0.436 0.0701

235 ND 235/236 ND NADU0001

238 160 238 0.368 1094.66

1.184783 3.0

234 ND 234 0.157 0.0252

235 ND 235/236 ND NADU0002

238 130 238 0.133 395.62

1.180451 2.8

234 ND 234 0.118 0.019

235 ND 235/236 ND NADU0003

238 64 238 0.066
(J)

196.32

1.787879 1.8

234 ND 234 0.144 0.0231

235 ND 235/236 ND NADU0004

238 100 238 0.13 386.7

1.107692 3.3

234 ND 234 0.199 0.032

235 ND 235/236 ND NADU0005

238 140 238 0.269 800.17

0.739777 3.0

234 ND 234 0.123 0.0198

235 ND 235/236 0.018
(J)

8.29DU0006*

238 100 238 0.122 362.9

1.008197 2.0

234 ND 234 0.127 0.0204

235 ND 235/236 ND NADU0007*

238 110 238 0.154 458.09

0.824675 2.4

*Samples DU0006 and DU0007 are replicate samples of DU0002.
**Natural 234/238 Uranium Activity Ratio Ranges from 0.5 to 1.2
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Figure 2: Sample Location Map
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SECTION 4

BACKGROUND EVALUATION

Two methods can be utilized to determine whether detected U originates from natural or DU or
enriched U (EU) sources. The first method involves a simple comparison of site U
concentrations to U concentrations found in typical unimpacted environmental media. The
second method compares isotopic abundance (isotope ratios) from site-specific media to the
isotope abundance in typical unimpacted environmental media. This study utilized both methods
of evaluation. The following sections provide detailed information regarding sources of radiation
in the environment, a description of depleted and enriched uranium (DU and EU), and a site-
specific source analysis of U at the proposed Saddle Road alignment. Sections 4.1, 4.2, and 4.3
have been taken from Rubin (2008) and are consistent with Sansone et al. (2001), Stegnar and
Benedik (2001), and ATSDR (1999).

4.1 Sources of Radiation in the Environment

U is a naturally occurring heavy metal. Rocks, soil, coral, water, air, plants and animals all
contain varying amounts of U. Natural U is a mixture of three types (or isotopes) of U, written as
234U, 235U, and 238U. Although these isotopes are different radioactive materials with differing
radioactive properties, they are the same chemically. Because U normally occurs at very low
concentration in natural materials at Earth’s surface, (less than 5 parts per million by weight,
ppm), geochemists refer to it as a “trace element”. U ores and U rich minerals do not occur in
Hawai‘i, but U is dispersed at low abundance in normal rock forming minerals.

There are many sources of radioactivity in the environment besides U – some are natural and
some are manmade. An environmental assessment typically considers both natural and
contaminant sources of radioactivity. There are multiple natural radiation sources that humans
come in contact with every day. Those most relevant to this assessment include the chemical
elements thorium, radium, radon, potassium and carbon, which have the chemical symbols Th,
Ra, Rn, K and C. Th is a heavy metal like U that occurs in rocks and soils at similar
concentration to U. Th has one major isotope (232Th) and several minor ones, all of which are
radioactive. Ra is a natural radioactive byproduct from the decay of U (and to a much lesser
extent, Th). It is in the same chemical family as the element calcium (Ca), and occurs at low
levels in many materials at Earth’s surface.

Radon is a radioactive gas formed from Ra that continually seeps out of rocks, soils and waters.
All of the atoms of U, Th, Ra, and Rn on Earth are radioactive. K and C are slightly different:



Uranium Soils Investigation
Baseline Human Health Risk Assessment 4-2
Saddle Road
October 2009

these two elements are very common in materials found at Earth’s surface, including the human
body, yet they are only mildly radioactive because just a small fraction of the K and C atoms are
radioactive (these radioactive isotopes are written as 40K and 14C). Both elements are mostly
made up of stable (non-radioactive) isotopes; some forms of carbon (such as coal and petroleum)
have no 14C in them.

The atomic age brought many new sources of radioactivity into our world. For instance,
atmospheric atomic bomb tests in the 20th century produced radioactive isotopes of plutonium,
strontium, cesium, and iodine (to name just a few) that were previously extremely rare or not
found on Earth. Many of these bomb-test isotopes have since decayed away, although the
longest-lived isotopes can still be found at shallow depths in soils, lake sediments, and glaciers
around the world. Other modern activities also occasionally release artificial radio-isotopes into
the environment, including everything from the nuclear power industry to nuclear medicine to
the manufacture and disposal of household smoke detectors. A person exposed to high levels of
radioactivity close to the source can suffer numerous possible toxic effects that depend on the
type of radioactive material. This is why users of radioactive materials follow strict protocols
(based on time, distance, and shielding) to minimize negative impacts on themselves or the
general public, and why, for instance, highly radioactive patients undergoing nuclear medicine
therapy are kept away from the general public.

4.2 Natural, Depleted, and Enriched Uranium

New forms of U with isotopic compositions that differ greatly from natural U are another
development of the atomic age. An industrial process called enrichment is used to concentrate
234U and 235U producing enriched uranium (EU) used for nuclear fuel. The material leftover from
the enrichment process is called DU because it has lower concentrations of these two isotopes
than natural uranium. DU is thus a modified form of U from which these lighter and more
radioactive isotopes have been partially removed, creating a substance that has more 238U than
natural U. The resultant change in the isotopic composition makes it possible to distinguish
naturally occurring U from enriched and depleted forms.

EU is more radioactive than natural U, with more highly enriched forms being more radioactive
than less enriched forms. Depending on the percent enrichment, EU can be used as nuclear fuel
for power plants (less enriched, sometimes called “low EU”) or atomic weapons (more enriched,
sometimes called “high EU”). DU has numerous civilian and military uses that on occasion
cause it to be introduced into the environment. Civilian uses include radiation shielding,
gyroscopes, and stabilizers in aircraft. Past and present military uses include spotting rounds,
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munitions and as shielding in armored vehicles.

4.3 U Mass Concentration

Uranium occurs naturally in trace amounts in Hawaiian rocks, soils and waters at or below
concentrations of 1 to 3 parts per million (ppm) by weight (Rubin 2008). The sum of the 3 most
prevalent isotopes (234U, 235U and 238U) can be used as to estimate total U concentrations. If site-
specific U concentrations are significantly greater than representative background U
concentrations, one can surmise that additional sources of U exist.

4.4 Isotopic Fingerprinting

The proportions of U isotopes in a substance can be used to determine the source of the U it
contains. If environmental U contamination is suspected, isotopic tests can determine if the U
came from natural U ore or from non-natural DU or EU. Except in extremely rare cases (not
found in Hawai‘i), natural U dispersed in rocks, soils and waters at earth’s surface today have the
same 235U/238U radioactivity ratio, even if the U concentration (by weight) is different between
them. This fact provides a fingerprint of natural U isotopic composition. DU has comparatively
less 235U and EU has more, giving this material non-natural 235U/238U ratio. There have been
slight variations in the 235U depletion level in DU manufactured in different places and times, but
normally 235U has been reduced by at least 70% from its natural value. 234U is affected even more
by depletion and enrichment than 235U. However, unlike 235U, the amount of 234U in a natural
material can vary relative to the amount of 238U due to natural processes, making the 234U/238U
ratio less precise but still useful for isotopic fingerprinting of U contamination. The reason
234U/238U varies in nature and 235U/238U does not is that most 234U in a rock has been produced
there from decay of 238U and its immediate daughters, causing slight radiation damage to the
place in a mineral where it resides. 235U and 238U are not decay products of other isotopes on
Earth so there is no radiation damage to their mineral residence sites.

The radiation damage from 234U production increases with the age of the rock, causing that 234U
atom to be more easily leached from the rock during rock weathering. The water that does the
leaching usually ends up with elevated 234U/238U and the rock and soil residues usually have
lower ratios, although secondary mineral formation can affect rock and water ratios as well.
Recoil of 234U atoms as they are produced can also push “extra” 234U into soil water. The
changes in 234U/238U from natural processes are usually smaller than the changes caused by the
manufacture of DU and EU, so 234U/238U is still useful for fingerprinting of U contamination in
nature.
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Contamination generally results in elevated U concentrations, although if U is leaching from the
environment almost as fast as the contaminant is added, the isotopic composition is affected but
the overall U concentration may not change as dramatically. If the contamination is from natural
U (e.g., some phosphorous fertilizers or U ores) the U concentration will change but the isotopic
composition will not. The isotopic composition will change if contamination is from DU or EU.
If DU or EU contamination is present, U in environmental samples will be mixtures of natural
and contaminant U, with intermediate isotopic composition, except in extremely contaminated
cases. Mixing follows predictable trajectories. Laboratory measurements of U concentration and
isotopic composition are used to determine the type and amount of contamination.

4.5 Site Specific U Source Identification

Section 4.5.1 describes the site specific analysis of U mass concentration while sections 4.5.2
describes the use of isotopic fingerprinting to determine whether U at the site is from natural or
anthropogenic sources.

4.5.1 U Mass Concentration

Uranium occurs naturally in trace amounts in Hawaiian rocks, soils and waters at or below
concentrations of 1 to 3 parts per million (ppm) by weight (Rubin 2008). Total U at the site was
determined by summing the isotopic concentrations of 234U, 235U and 238U detected at each of the
5 independent sites along the proposed Saddle Road alignment. Results of this analysis indicate
that total uranium along the proposed Saddle Road alignment are at or below levels occurring
naturally in native Hawaiian soils. Total U based on alpha spectometry analyses ranged from 0.4
parts per million (ppm) at location DU003 to 1.3 ppm at DU001. The average at all five (5)
locations was 0.8 ppm.

4.5.2 Isotopic Fingerprinting

The second method used to determine whether detected U originates from natural or DU sources
was the evaluation of isotope abundance. Except in extremely rare circumstances (not found in
Hawai‘i), natural U dispersed in rocks and soils have a comparatively greater 234U/238U and
235U/238U ratio than those originating from DU. Although use of the 235U/238U is considered a
more precise measurement than the 234U/238U ratio in isotopic fingerprinting of U contamination,
the utility of the 234U/238U ratio is significant when 235U data are not available or when
concentrations of the 235U isotope are too low to detect. This is the case here and as such, the
234U/238U ratio was used as the second method to fingerprint U source. Naturally occurring
234U/238U ratio in soil has been determined to be in the range of 0.5 to 1.2 (Sansone et al. 2001).
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234U/238U ratios at the Saddle Road alignment ranged from 0.74 to 1.79, with an average ratio
across all five (5) locations of 1.16. Assuming the average ratio across the five (5) sites is
representative of the proposed alignment, these results indicate that the 234U/238U isotopic ratio is
within the background range.
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SECTION 5

Baseline Human Health Risk Assessment

This section describes the HHRA processes and methodologies used to identify the hazards
associated with potential uranium exposures for identified receptors. Information available
regarding depleted uranium use was evaluated, a site characterization plan was formulated and
implemented, constituents of potential concern (COPCs) were selected for quantitative risk
assessment, receptors identified, and risk quantified. Additionally, a screening level lead
assessment was performed to determine potential human health risk from lead detected at the
site.

5.1 Hazard Identification

In the Hazard Identification step, analytical data are evaluated and constituents of potential
concern (COPC) are selected for quantitative risk assessment. Data have been collected during a
single phase of investigation. Samples assessed include on-Site surface soil data only. In this
risk assessment, subsurface soil concentrations were assumed to be equal to surface soil
concentrations. This assumption was considered conservative (protective of human health)
because the mobility of U in soils is considered low and it likely that subsurface soil
concentrations would be reduced in comparison to surface soils at the same location (Rubin
2008).

5.1.1 Summary of Available Site Data

Data were collected during a single post-remedial phase of investigation in June 2008.
Environmental surface soil samples were collected from 10,000 square foot areas at five (5)
distinct locations along the proposed alignment. Sampling locations can be found on Figure 2.

The soil samples were analyzed for Uranium by Alpha Spectrometry by USEPA Method EML
A-01-R MOD, by ICP-MS by USEPA method SW846 6020, and for Percent Moisture by
USEPA method MCAWW 160.3 MOD. Soil samples were also analyzed for Lead by USEPA
method SW846 6020.

5.1.2 Selection of COPCs

Based on the nature of the site, problem and need to address public concerns two chemicals were
analyzed and considered for evaluation. They included lead and three U isotopes (234U, 235U and
238U). Other chemicals may be present at the Site but were not included in this assessment.
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5.1.3 Analysis of Lead

All five (5) soil sample locations were analyzed for lead. Results of the Analysis can be found in
Appendix A. Results were compared to the USEPA Region 9 Preliminary Remediation Goals
(PRGs) for lead in soil of 400 mg/kg. Of the five (5) soil sample locations, the maximum
detected was 3.3 mg/kg at sampling location DU004 falling well below the PRG. Due to these
low levels, lead was excluded from any further additional analysis.

5.1.4 Analysis of Uranium

Five (5) soil samples were analyzed for uranium by both Alpha Spectrometry and Inductively
Coupled Plasma Mass Spectrometry (ICP-MS). ICP-MS analysis is generally considered to have
the greatest precision and lowest detection limits for detecting the 235U and 238U isotopes. The
ICP-MS results provided Non Detects for all the samples for the 234U and 235U isotopes. The
highest reading for the 238U isotope was 0.16 mg/kg at sampling location DU001.

Soil samples were also analyzed by Alpha Spectrometry to determine radiological activity.
Alpha Spectrometry is considered to have greater precision and lower detection limits for the
234U. The highest detected 234U isotope was 0.436 pCi/g at sampling location DU001. The
Alpha Spectrometry also has readings as high as 0.018 for 235U at sampling location DU002, and
0.368 pCi/g for 235U at sampling location DU001. It should be noted though that all 235U results
were still below the reporting limit.

Activity determined in the alpha spectrometry analysis was converted to a mass concentration by
via the following formula:
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where:

UTotal = Total mass concentration of uranium (mg/kg)

234U, 235U, and 238U = Isotopic radioactivity concentration (pCi/g)

Based on conversion above, the highest mass concentration detected using Alpha Spectrometry
analysis was 1.095 ppm at sampling location DU001. Because the results from the Alpha
Spectrometry analysis provide evaluation of the progeny Uranium, and overall recorded higher
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activity and resulting mass concentrations, in order to be conservative, these results were used in
lieu of ICP-MS results in the BHHRA.

5.2 Dose-Response Assessment

The purpose of the Dose-Response Assessment is to identify both the types of adverse health
effects a COPC may potentially cause, as well as the relationship between the amount of COPCs
to which receptors may be exposed (dose) and the likelihood of an adverse health effect
(response). The USEPA characterizes adverse health effects as either carcinogenic or
noncarcinogenic and dose-response relationships are defined for oral and inhalation routes of
exposure. The results of the toxicity assessment, when combined with the results of the exposure
assessment (Section 5.3), provide an estimate of potential risk.

This section provides dose-response information for COPCs evaluated in the risk assessment for
the Site. Section 5.2.1 describes the USEPA approach for developing noncarcinogenic dose-
response values. The carcinogenic dose-response relationships developed by USEPA are
discussed in Section 5.2.2. Noncarcinogenic and carcinogenic dose-response values used in this
risk assessment are presented in Table 2. Dose-response information used in this risk assessment
was obtained from the following sources:

 USEPA's Integrated Risk Information System (IRIS) (USEPA 2008);

 Agency for Toxic Substances & Disease Registry’s Minimal Risk Levels (MRLs) for
Hazardous Substances (ATSDR 2007);

 USEPA Region IX's Preliminary Remediation Goals (USEPA 2004).

5.2.1 Noncarcinogenic Dose-Response

Constituents with known or potential noncarcinogenic effects are assumed to have a dose below
which no adverse effect occurs or, conversely, above which an effect may be seen. This dose is
called the “threshold dose”. In laboratory experiments, this dose is known as the “no observed
adverse effects level” (NOAEL). The lowest dose at which an adverse effect is seen is called the
lowest observed adverse effects level (LOAEL). By applying uncertainty factors to the NOAEL
or the LOAEL, the USEPA (and other regulatory agencies from which toxicity values used in
this assessment were acquired) have developed reference doses (RfDs) for chronic exposures to
constituents with potential noncarcinogenic effects.
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Table 2: Noncarcinogenic and Carcinogenic Dose Response

Constituent
Uranium

Oral CSF
(mg/kg-d)^-1 NA a

Inhalation CSF
(mg/kg-d)^-1 NA a

Inhalation URF
(ug/m3)^-1 NA a

Oral TDI/RfD
(mg/kg-d) 3.00E-03 a

Inhalation TC/RfC
(ug/m3) 3.00E-01 b

Inhalation RFDi
(mg/kg/day) 8.60E-05 c

NA - Not Applicable

(a) U.S. EPA (2008). IRIS.

(b) ATSDR MRLs (2008)

(c) Derived from Inhalation RfC.

Uncertainty factors account for unknowns associated with the dose-response value, such as the
effect of using an animal study to derive a human dose-response value, extrapolating from the
high doses used in the laboratory experiment to the low doses typically encountered in
environmental settings, and evaluating sensitive subpopulations. For constituents with potential
noncarcinogenic effects, the RfD provides reasonable certainty that if the specified exposure
dose is below the RfD, then no noncarcinogenic health effects are expected to occur even if daily
exposure were to occur for a lifetime. RfDs are expressed in terms of milligrams of constituent
per kilogram of body weight per day (mg/kg-day). The oral RfD for Uranium is 3E-03 mg/kg-
day (IRIS 2008) and is used for oral and dermal routes of exposure. The inhalation RfD used
was 8.6E-05 mg/kg-day and was derived from the ATSDR MRL inhalation reference
concentration.
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5.2.2 Carcinogenic Dose-Response

The underlying assumption of regulatory risk assessment for constituents with known or
assumed potential carcinogenic effects is that no threshold dose exists. In other words, it is
assumed that a finite level of risk is associated with any dose above zero. For carcinogenic
effects, the USEPA uses a two-step evaluation in which the constituent is assigned a weight-of-
evidence classification, and then a cancer slope factor (CSF) is calculated.

The weight-of-evidence classification summarizes the evidence about the likelihood of the
constituent being a human carcinogen. Group A constituents are classified as human
carcinogens, Group B constituents are probable human carcinogens, Group C constituents are
possible human carcinogens, Group D constituents are not classifiable as to human
carcinogenicity, and, for Group E constituents, there is evidence of noncarcinogenicity for
humans.

In the second part of the evaluation, CSFs are calculated for constituents that are known or
probable human carcinogens. The USEPA has developed computerized models that extrapolate
observed responses at high doses used in animal studies to predicted responses in humans at the
low doses encountered in environmental situations. The models developed by the USEPA
assume no threshold and use animal or human data to develop an estimate of the carcinogenic
potency of a constituent. The USEPA refers to this numerical estimate as the CSF. The
computerized models used by USEPA assume that carcinogenic dose-response is linear at low
doses.

Uranium itself is not considered to be carcinogenic when inhaled ingested or contacted dermally.
However, its radiological activity is assumed to have carcinogenic effects. Potential carcinogenic
risks are therefore addressed using Argonne National Laboratory (ANL 2007) RESidual
RADioactivity (RESRAD) computer code, Version 6.4. This software was developed in
coordination with the Department of Energy (DOE), USEPA, and Nuclear Regulatory
Commission (NRC), as a tool for predicting human health risks due to residual radioactivity in
soils. The code uses radionuclide CSFs presented in Federal Guidance Report (FGR) No. 13
(USEPA 2002), which incorporate HEAST 2001 risk coefficient values.

RESRAD’s computer code was developed to provide site-specific residual radioactive material
guidelines as well as radiation dose and excess lifetime cancer risk to a chronic exposure.
RESRAD uses a pathway analysis method in which the relation between radionuclide
concentrations in soil and the does to a member of a critical population group is expressed as a
pathway sum, which is the sum of products of “pathway factors.” Pathway factors correspond to
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pathway segments connecting compartments in the environment between which radionuclides
can be transported or radiation emitted. Radiation doses, health risks, soil guidelines and media
concentrations are calculated over user-specified time intervals. The source is adjusted over time
to account for radioactive decay and ingrowth, leaching, erosion, and mixing. With few
exceptions, all RESRAD default parameters were used without site-specific modification. Site-
specific exposure factors used in the RESRAD assessment are described in Section 5.5.

5.3 Exposure Assessment

The risk assessment process requires the creation of exposure scenarios to assess the potential for
adverse health effects from constituents at or near the Site. While these scenarios represent
hypothetical people and activities, they reflect the physical description of the Site and the
surrounding residential, industrial and commercial areas, as well as the activities that may
typically occur in these areas. Both current and reasonably foreseeable future potential
exposures are evaluated.

In this assessment, past and current uses of the subject site were analyzed in order to determine
the potential exposure scenarios relevant for the site. The exposure assessment is divided into
seven subsections. Section 5.3.1 describes the potential receptors and exposure scenarios
selected for evaluation in the risk assessment. Section 5.3.3 presents the potential exposure
pathways evaluated for the Site. Section 5.3.4 describes the conceptual site model. Section 5.4
describes the statistical methods used to estimate exposure-point concentrations. Section 5.5
describes exposure factors used in the risk assessment. Absorption adjustment factors are
discussed in Section 5.6 and dermal permeability constants are discussed in Section 5.7. Section
5.8 describes the methods used to estimate potential exposure doses.

5.3.1 Potential Exposure Scenarios

In creating potential exposure scenarios for evaluation in the risk assessment, the likelihood of
potential exposure to Site-related constituents via many pathways was considered. Some
pathways were excluded from further analysis because the route of exposure was physically
impossible or highly unlikely given the conditions of the Site. Based on information about land
use, topography, and current Site conditions, current and future exposure scenarios were
developed for the Site.

5.3.2 Current and Future Exposure Scenarios

As described in Section 1.1 the Site is located in and around the PTA (Figure 1). A general
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description of the property and an account of its history are provided. Likely current and future
exposure scenarios evaluated include adult construction workers, working on the road, and a
commuter, who uses the road on a daily basis. Construction workers were assumed to work on
the site and excavate a large area for construction for 8 hours a day, 250 days a year for 1 year.
Construction workers are expected to be exposed to both surface and subsurface soils, inhalation
of soil derived dust, and any external gamma radiation. Recreational users are commuters
assumed to contact surficial soils, breath soil derived dust, and are exposed to external radiation
for 2 hours a day for 350 days per year for 30 years, 6 as a child and 24 as an adult.

5.3.3 Identification of Potential Exposure Pathways

As described in Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation
Manual (USEPA 1989), four elements must be present in order for a potential human exposure
pathway to be complete:

1. a source and mechanism of constituent release to the environment;

2. an environmental transport medium (e.g., soil, water or soil vapor);

3. an exposure point, or point of potential contact with the potentially affected medium; and

4. a receptor (e.g., human) with a route of exposure at the point of contact.

Potential exposure pathways are the mechanisms by which potential receptors may be exposed to
constituents. The potential exposure pathways included in this assessment were selected based
on the most likely mechanisms of exposure and observations at the Site. The most likely
potential exposure pathways at the Site are ingestion of and dermal contact with soil, exposure
via inhalation of soil-derived dust, and exposure to external gamma radiation. A Conceptual Site
Model summarizing exposure pathways is provided in Figure 3

5.3.4 Conceptual Site Model

The CSM presents potential sources, release mechanisms, transport media, routes of migration
through the environment, exposure media, and potential human receptors. The Conceptual Site
Model also presents the possible human receptors evaluated in this assessment, and the potential
exposure pathways available to these receptors.

5.4 Exposure Point Concentrations

Exposure point concentrations for constituents detected in media at the Site were estimated using
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all relevant analytical data collected (as representative of current site conditions) from the single
site investigation described in Section 3. As described, samples were collected from the surface
soil only.
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Surface soil samples were used to estimate exposure point concentrations for direct contact
exposure, inhalation of soil derived dust, and external radiation for these scenarios. For direct
contact to construction workers, surface soil samples were conservatively used to estimate
subsurface soil concentrations assuming the highest concentration of contaminants would be
found at the surface as potential contamination was a result of deposition.

In calculating exposure point concentrations, all replicate samples were averaged. Summary
statistics (minimum, maximum, mean, standard deviation, frequency of detection, and 95%
upper confidence limit on the arithmetic mean concentration [95% UCL]) were calculated for
each U isotope detected in soil from the Site. The 95% UCL was calculated using USEPA’s
ProUCL software Version 4.0 (USEPA 2007). The USEPA has determined that the average
concentration of a COPC represents a reasonable estimate of the concentration in an
environmental medium that a receptor may potentially contact when that contact occurs at
random over an extended period of time. For estimating exposures to COPCs in environmental
media, USEPA has proposed various ways of estimating the exposure point concentration to
account for the uncertainty due to incomplete sampling and/or analytical data variability. These
range from using the maximum concentration when few samples have been collected from a
potential exposure area to various methods of estimating a 95% UCL on the mean concentration.

For data with a normal distribution, the 95% UCL of the mean is calculated using the t-
distribution (Student's t-statistic) in the following algorithm:

where:

x = arithmetic mean concentration (mg/Kg)

s = standard deviation (mg/Kg)

t = Student’s t distribution statistic

n = number of data points

For data that are log-normally distributed, USEPA recommends the use of the Land method
based on the H-statistic for determining the 95% UCL of the mean. The algorithm supplied by
USEPA for determining the 95% UCL when data are log-normally distributed is:
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where:

x = arithmetic mean concentration (mg/Kg)

s = standard deviation of log transformed data (mg/Kg)

H = Land distribution statistic

n = number of data points

The H-statistic frequently estimates a 95% UCL of the mean that is greater than the maximum
concentration observed at a site when the input data are highly variable (i.e., when the relative
standard deviation (RSD) exceeds 100%) and, in some cases, estimates concentrations in excess
of one part per part. In these cases, the biased estimates of the "average" concentration are likely
reflecting datasets that include many samples collected from areas of higher concentrations and
fewer samples collected from areas of lower concentrations. This is the case at most sites where
sampling efforts have intentionally been focused in areas of expected contamination and their
immediate vicinity, but often not in other portions of a site where concentrations are likely to be
lower but where potential exposure may occur at equal or even higher frequency. In this case,
the data distribution is controlled by the sampling strategy rather than any distribution in nature.
That is, areas of high concentration are more frequently represented than areas of lower
concentration, even though both may be equally likely to represent a contact point by a
hypothetical receptor. Therefore, the estimated exposure point concentration is biased high and
does not represent the actual concentration that the receptor "encounters." The "distribution"
observed in the biased dataset similarly does not represent the actual distribution of
concentrations across the entire site or exposure area. Furthermore, a large part of the error in
applying the H statistic lies in the inability of the algorithm to properly calculate the arithmetic
mean when the data are not lognormally distributed.

If the data were non-parametric in distribution (i.e., not normal or lognormal in distribution), the
data were further evaluated to determine if the sample results represent highly skewed
distributions. For datasets that are neither normal nor lognormal or are highly skewed in
distribution, the 95% UCL on the mean was based on the higher of the values from the percentile
or standard bootstrapping techniques. In cases where sufficient data to calculate a 95% UCL of
the mean were not available, the exposure point concentration was based on the maximum
detected concentration.
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Appendix A presents the analytical results and summary statistics for each constituent detected
in soil samples collected from the site. The 95% UCL was calculated for each isotope from the
Alpha Spectrometry analysis. For 235U and 238U the calculated UCL exceeded the maximum
value detected so the maximum detected activity was used as the EPC. For 234U, the data was
found to be normally distributed and the EPC was based on the calculated t-statistic. Table 3
provides a summary of estimated exposure point concentrations used in the quantitative risk
assessment for each sampling location.

Table 3: Exposure Point Concentrations

5.5 Exposure Factors

The exposure factors used in the quantitative risk assessment are summarized in Table 4.

Individual exposure factors are discussed below.

5.5.1 Body Weight

Body weights were derived from USEPA Exposure Factors Handbook (USEPA 1997) by
averaging the male and female data for mean body weight. The average adult body weight used
in this risk assessment was 71.8 kg. The average child body weight used in this risk assessment
was 16 kg.

5.5.2 Duration of Exposure

Exposure durations were taken from USEPA Exposure Factors Handbook (USEPA 1997). It is
important to note that USEPA (1997) states that the average occupation job tenure is 6.6 years,
which contrasts significantly from the standard default worker duration of 25 years. This value
is the upper bound occupation job tenure, which is consistent with a Reasonable Maximum
Exposure (RME) scenario.

EPC for Soil
(mg/kg)

EPCs for Soil
(pCi/g)

EPC Mass Conversion
(mg/kg)

Chemical Total 234 U 235 U 238 U 234 U 235 U 238 U
Uranium 0.925 0.436 0.006 0.310 0.0001 0.0028 0.9226

Mass Percentage Activity Ratio
234 U 235 U 238 U 234/238 235/238

7.54E-05 3.00E-03 9.97E-01 1.41E+00 1.94E-02
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Table 4: Exposure Factors

Parameter (units)
Soil/

Deposited Dust
Rationale

Exposure Time - vapor (hr/d) 2 Activity Specific Value
Exposure Time - dust (hr/d) 2 Activity Specific Value
Exposure Time - dermal-water (hr/d) NA Activity Specific Value
Exposure Frequency - dermal (event/d) 1 AMEC Assumption
Exposure Frequency (d/y) 52 Activity Specific Value
Exposure Duration (y) 6 Activity Specific Value
Body Weight (kg) 16 USEPA - Exposure Factors (1997)
Averaging Period - Cancer (d) 25550 USEPA - 70 years
Averaging Period - Noncancer (d) 2190 Based on Exposure Duration
Ingestion Rate (mg/d) or (L/d) 200 USEPA - Exposure Factors (1997)
Inhalation Rate (m3/hr) 0.417 USEPA - Exposure Factors (1997)
Fraction from Site (unitless) 1 Activity Specific Value
Surface Area Exposed (cm2/d) 2800 USEPA - Region IX PRG

C
h

il
d

–
R

ec
re

a
ti

on
a
l

Soil-to-Skin Adherence Factor (mg/cm2) 0.29 USEPA - Exposure Factors (1997)
Exposure Time - vapor (hr/d) 2 Activity Specific Value
Exposure Time - dust (hr/d) 2 Activity Specific Value
Exposure Time - dermal-water (hr/d) NA Activity Specific Value
Exposure Frequency - dermal (event/d) 1 AMEC Assumption
Exposure Frequency (d/y) 52 Activity Specific Value
Exposure Duration (y) 24 Activity Specific Value
Body Weight (kg) 71.8 USEPA - Exposure Factors (1997)
Averaging Period - Cancer (d) 25550 USEPA - 70 years
Averaging Period - Noncancer (d) 8760 Based on Exposure Duration
Ingestion Rate (mg/d) or (L/d) 100 USEPA - Exposure Factors (1997)
Inhalation Rate (m3/hr) 0.833 USEPA - Exposure Factors (1997)
Fraction from Site (unitless) 1 Activity Specific Value
Surface Area Exposed (cm2/d) 5700 USEPA - Region IX PRG

A
d

u
lt

–
R

ec
re

at
io

n
a
l

Soil-to-Skin Adherence Factor (mg/cm2) 0.29 USEPA - Exposure Factors (1997)
Exposure Time - vapor (hr/d) 8 Activity Specific Value
Exposure Time - dust (hr/d) 8 Activity Specific Value
Exposure Time - dermal-water (hr/d) NA Activity Specific Value
Exposure Frequency - dermal (event/d) 1 AMEC Assumption
Exposure Frequency (d/y) 250 Activity Specific Value
Exposure Duration (y) 1 Activity Specific Value
Body Weight (kg) 71.8 USEPA - Exposure Factors (1997)
Averaging Period - Cancer (d) 25550 USEPA - 70 years
Averaging Period - Noncancer (d) 365 Based on Exposure Duration
Ingestion Rate (mg/d) or (L/d) 330 USEPA - Exposure Factors (1997)
Inhalation Rate (m3/hr) 0.833 USEPA - Exposure Factors (1997)
Fraction from Site (unitless) 1 Activity Specific Value
Surface Area Exposed (cm2/d) 3300 USEPA - Region IX PRG

C
o
n

st
ru

ct
io

n
W

o
rk

er

Soil-to-Skin Adherence Factor (mg/cm2) 0.29 USEPA - Exposure Factors (1997)
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The construction worker scenario assumes an exposure duration for a single year. For the
recreational user scenario, it is assumed that a visitor would be exposed to the environmental
media for multiple years. The recreational scenario is split, assuming 6 years as a child and 24
years as an adult totaling a 30-year tenure.

5.5.3 Exposure Frequency

The exposure frequency for the on-site worker is a standard Human Health Evaluation Manual:
Supplemental Guidance: Standard Default Exposure Factors (USEPA 1991a) and Exposure
Factors Handbook (USEPA 1997). The Construction worker it is assumed a 250 day exposure
frequency for the year they are on site. For the recreational scenario, an exposure frequency of
350 days per year is assumed.

5.5.4 Amount of Soil and Sediment Ingested

In the interest of health protectiveness, AMEC has assumed that the typical adult soil ingestion
rate for all workers to be 330 mg/day, recreational adults to be 100 mg/day, and 200 mg/day for
recreational children.

5.5.5 Body Surface Area Exposed to Soil/Groundwater

USEPA Region 9 PRG Guidance for Dermal Exposure Pathway (2004) recommends that the
skin surface area for recreational adults be set as 5,700 cm2. This guidance also recommends a
surface area for contact for recreational children of 2,900 cm2 and a surface area for construction
workers of 3,300 cm2.

5.5.6 Lifetime

For carcinogenic risk assessment, the lifetime average daily dose must be calculated. Based on
recent studies, the Exposure Factors Handbook (USEPA 1997) recommends that risk assessors
use the default value of 70 years.

5.5.7 Soil Adherence Rate

The mean adherence value from USEPA (1997) (0.29 mg/cm2) is assumed in this risk
assessment.
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5.6 Relative Absorption Factors

To estimate the potential risk to human health that may be posed by the presence of COPC in
soil, it is necessary first to estimate the potential exposure dose of each COPC. The potential
exposure dose is similar to the administered dose or applied dose in a laboratory experiment.
The animal-derived cancer slope factors (CSFs) and reference doses (RfDs) used in quantitative
risk assessment are based on applied doses in most cases. However, the efficiency of COPC
absorption via a particular route and from a particular matrix (e.g., soil, water) at the Site may
differ from the absorption efficiency for the exposure route and matrix used in the experimental
study that serves as the basis for the CSF or RfD. As recommended by USEPA (1989), Relative
Absorption Factors (RAFs) for Site-related COPCs have been derived and used in the calculation
of potential exposure doses presented above.

RAFs allow risk assessors to make appropriate adjustments if the efficiency of absorption is
known to or expected to differ because of physiological effects and/or matrix or vehicle effects.
RAFs can be less than one or greater than one, depending on the COPC and potential routes of
exposure at a site.

When RfDs and CSFs are based on administered doses, the RAF is calculated as the ratio of the
estimated absorption for the site-specific medium and route of potential exposure, to the known
or estimated absorption for the laboratory study from which the RfD or CSF was derived. When
absorption from the site-specific exposure is assumed to be the same as absorption in the
laboratory study, then the RAF is 1.0. This assessment conservatively assumes absorption from
all pathways (oral, inhalation and dermal) are equal to the oral absorption from the toxicity study
in which the RFD was derived. All RAFs in this assessment were therefore conservatively set at
1.0 including the RAF for the dermal pathway. This almost certainly overestimates absorption
and risk. It should also be noted that the Health Effects Assessment Summary Tables (HEAST) -
Radionuclides Table (2001) provides a Gastrointestinal (GI) absorption fraction for Uranium of
.02. This GI absorption factor represents the fraction of the radionuclide that may be absorbed
from the gastrointestinal (GI) tract into blood following an oral intake.

5.7 Method to Estimate Average Daily Dose

Reasonable maximum exposure (RME) scenarios are evaluated in this risk assessment.
Conservative exposure assumptions are used to construct a reasonable maximum exposure
scenario. Most individuals will not be subject to all the conditions that comprise the RME
scenario. Individuals who do not meet all conditions in the RME scenario have lower potential
exposures to constituents, and therefore, lower potential risks associated with those exposures.
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The Chronic Average Daily Dose (CADD) is an estimate of a receptor's potential daily intake
from exposure to constituents with potential noncarcinogenic effects. Note that Average Daily
Dose is a term used in risk assessment and does not represent a true average because the
assumptions used to derive it do not represent “averages”. According to USEPA (1989), the
exposure dose should be calculated by averaging over the period of time for which the receptor is
assumed to be exposed. The CADD for each constituent via each route of exposure is compared
to the RfD for that constituent to estimate the potential hazard index due to exposure to that
constituent via that route of exposure. Hazard indices are presented and discussed in Section 5.1

For constituents with potential carcinogenic effects, the Lifetime Average Daily Dose (LADD) is
an estimate of potential daily intake over the course of a lifetime. The LADD was not calculated
in this assessment as it was assumed that there presently exists no carcinogenic effects from the
chemical exposure to Uranium. Carcinogenic risks in this assessment were based on the
radiological effects associated with the COPC.

The equations for estimating a receptor's potential chronic average daily dose and the exposure
parameters used are discussed in the following paragraphs. The calculations for all receptors
evaluated in this risk assessment are presented in Appendix B (Risk Characterization
Spreadsheets).

Ingestion & Dermal Contact with Soil & Sediment

ATBW
CFEDEFEFD)]dRAFFAAF(SA)oRAFFI[(IRC

day)-(mg/kgADD



=

where:

ADD = Average Daily Dose (mg/kg-day)

C = Chemical Concentration (mg/kg)

IR = Ingestion Rate (mg/day)

FI = Fraction Ingested from Site (unitless)

RAFo = Relative Absorption Factor (Oral-Soil) (unitless)

SA = Skin Surface Area (cm2)
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AF = Adherence Factor (mg/cm2/event)

FA = Fraction Absorbed from Site (unitless)

RAFd = Relative Absorption Factor (Dermal-Soil) (unitless)

EFD = Exposure Frequency - Dermal (event/day)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

CF = Conversion factor (kg/mg)

BW = Body Weight (kg)

AT = Averaging Time (days) (ED x 365 days/yr, noncancer) (75 yr. x 365 days/yr, cancer)

Inhalation of Soil Derived Dust

BWAT
EDEFETiRAFIRdustC

day)-(mg/kgADD



=

where :

ADD = Average Daily Dose (mg/kg-day)

Cdust = Chemical Concentration (mg/kg)

IR = Ingestion Rate (mg/day)

RAFi = Relative Absorption Factor (Inhalation) (unitless)

ET = Exposure Time - dust (hr/d)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

BW = Body Weight (kg)

AT = Averaging Time (days) (ED x 365 days/yr, noncancer) (75 yr. x 365 days/yr, cancer)
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SECTION 6

RISK CHARACTERIZATION

Risk characterization is the step in the risk assessment process that combines the results of the
exposure assessment and the toxicity assessment for each COPC to estimate the potential for
carcinogenic and noncarcinogenic human health effects from chronic exposure to that
constituent. This section summarizes the results of the risk characterization.

6.1 Noncarcinogenic Risk Assessment

The noncarcinogenic risk assessment for Uranium is generally characterized by combining
exposure assumptions and toxicity data to derive Hazard Quotients (HQs) or Hazard Indices
(HI). Noncarcinogenic health effects are estimated by comparing the Chronic Average Daily
Dose (CADD) for each constituent with the Reference Dose for that constituent. The resulting
ratio, which is unitless, is known as the Hazard Quotient (HQ) for that constituent. The HQ is
calculated using the following formula:

Hazard Quotient

CB=A 

where:

A = Hazard Quotient (unitless);

B = Chronic Average Daily Dose (mg/kg-day); and

C = Reference Dose (mg/kg-day).

When the Hazard Quotient for a given constituent and pathway does not exceed 1, the Reference
Dose has not been exceeded, and no adverse noncarcinogenic health effects are expected to
occur as a result of exposure to that constituent via that pathway. The HQs for each constituent
are summed to yield the HI for that pathway. A Total HI is then calculated for each exposure
medium by summing the pathway-specific HIs. A Total HI that does not exceed 1 indicates that
no adverse noncarcinogenic health effects are expected to occur as a result of that receptor's
potential exposure to the environmental medium evaluated.

Hazard Indices associated with each receptor are presented below. Summary data is provided in
Table 5.
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Table 5
Summary of Potential Hazard Indices

Hazard Index

Compound Child Recreational Adult Recreational Construction
Worker

Uranium 3.E-03 1.E-03 4.E-03

Construction Worker

The Construction Worker scenario assumed that the worker is on site for 8 hours a day for 250
days in 1 year and assumed to contact surface and subsurface soil. The construction worker was
found to have a noncarcinogenic HI of 4E-03, well below the USEPA accepted criteria of 1.

Recreational/Commuter

This receptor is a user of the road on a daily basis. The recreational receptor is assumed to
frequent the Site 350 days a year for 2 hours a day, as child for 6 years and as an adult for 24
years, totaling a 30 year recreational tenure. Recreational receptors were assumed to contact just
the surface soil. The noncarcinogenic risk for this receptor was calculated to be 3E-03 for the
Child Receptor and 1E-03 for the Adult Receptor. The higher of the two noncarcinogenic
calculated risk is used to estimate the risk for the recreational/commuter receptor. Therefore the
noncarcinogenic risk for the full 30 year tenure would be as a child at 3E-03, well below the
USEPA accepted criteria of 1.

6.2 Carcinogenic Risk

U is not considered to be carcinogenic. However, the radiological activity of its isotopes and
daughter products is considered potentially cancer causing. The RESidual RADioactivity
(RESRAD) computer code, Version 6.4 (ANL 2007), was used to estimate the radiological dose
and total PELCR for both potential receptors. RESRAD was developed by ANL, in
conjunction with the Department of Energy (DOE), USEPA and the Nuclear Regulatory
Commission (NRC) as a tool for predicting human health risks due to radioactivity in soils.
The code uses radionuclide CSFs presented in Federal Guidance Report (FGR) No. 13 (USEPA
2002), which incorporates HEAST 2001 risk coefficient values.

To determine the dose and total excess cancer risk per unit concentration of U, the EPC in pCi/g
was used as the source term for each uranium isotope. Where available, site specific data was
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incorporated into the model. Site specific parameters include the following:

Pathways – External Gamma, Inhalation, and Soil Ingestion

Cover/Hydrology – Windspeed was adjusted to a site specific value of 9.163 m/s (20.5 mph)

– Precipitation was adjusted to a site specific value of 0.635 m/year

Occupancy – Inhalation rate adjusted to be receptor dependent, 0.833 m3 per hour for
adults and construction workers, and 0.417 m3 for children.

– Period of exposure adjusted to be site and receptor specific, 350 days per
year for children/adults, and 250 days per year for the worker

– Exposure duration adjusted to 6 years for children, 24 for adults, and 25
for the worker

– Outdoor time fraction adjusted to 1, assuming that all exposure would be
outdoors

Where site-specific parameters were not available, the RESRAD default parameters were
used as model input values. Results from the RESRAD analysis can be found in Appendix C.

In evaluating dose and risk due to the external gamma pathway, it was assumed that all receptors
received their exposure while outdoors. For each receptor, the maximum dose-to-source ratios
and risk-to-source ratios over a period of 1,000 years were obtained from the corresponding
RESRAD dose and health risk output report. Risks from each isotope and their progeny were
summed to obtain the total risk for each receptor.

Construction Worker

The Construction Worker scenario was assumed to be on site for 8 hours a day for 250 days in 1
year and assumed to contact surface and subsurface soil. Carcinogenic risk for the construction
worker was 1E-06.

Recreational/Commuter

This receptor is a user of the road on a daily basis. The recreational receptor is assumed to use
the proposed alignment 350 days a year for 2 hours a day, as child for 6 years and as an adult for
24 years, totaling a 30 year recreational tenure. Recreational receptors were assumed to contact
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surface soil only. The carcinogenic risk associated with this receptor was found to be 3E-07 for
the Child Receptor and 9E-07 for the Adult Receptor. These carcinogenic risks can be summed
for a total carcinogenic risk of a 1E-06 for the full 30-year tenure.

A summary of results from the RESRAD analysis can be found on Table 6. A final summary of
both the chemical and radiological risk assessment can be found on Table 7.

Table 6: Summary of RESRAD Analysis

Table 7: Final Summary

Excess Lifetime Cancer Risk Hazard Index

Construction
Worker

Recreational
Child

Recreational
Adult

Total
Recreational

Scenario
Construction

Worker
Recreational

Child
Recreational

Adult
1.E-06 3.E-07 9.E-07 1.E-06 4.E-03 3.E-03 1.E-03

Ac-227 Pa-231 Pb-210 Ra-226 Th-230 U-234 U-235 U-238 Total

Ground 1.14E-11 5.01E-12 2.91E-15 3.44E-11 9.44E-13 2.57E-09 7.53E-08 8.06E-07 9.E-07
Inhalation 1.01E-14 1.69E-14 1.29E-16 7.06E-16 2.37E-13 1.71E-09 2.11E-11 1.03E-09 3.E-09

Soil 4.41E-13 7.11E-13 2.05E-13 1.83E-13 1.18E-11 8.34E-08 1.17E-09 7.49E-08 2.E-07

Co
ns

tr
uc

tio
n

W
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r

Total Excess
Lifetime Cancer

Risk

1.18E-11 5.74E-12 2.08E-13 3.46E-11 1.30E-11 8.77E-08 7.65E-08 8.82E-07 1.E-06

Ground 1.90E-13 2.98E-13 1.10E-17 4.85E-13 5.52E-14 6.31E-10 1.85E-08 1.98E-07 2.E-07
Inhalation 3.55E-16 2.10E-15 1.02E-18 2.10E-17 2.91E-14 8.80E-10 1.09E-11 5.32E-10 1.E-09

Soil 6.25E-15 3.58E-14 6.59E-16 2.19E-15 5.86E-13 1.74E-08 2.44E-10 1.56E-08 3.E-08

Ch
ild

R
ec

re
at

io
na

l

Total Excess
Lifetime Cancer

Risk

1.97E-13 3.35E-13 6.71E-16 4.88E-13 6.70E-13 1.89E-08 1.87E-08 2.14E-07 3.E-07

Ground 1.02E-11 4.63E-12 2.49E-15 3.05E-11 8.71E-13 2.47E-09 7.23E-08 7.75E-07 8.E-07
Inhalation 3.80E-14 6.54E-14 4.62E-16 2.63E-15 9.19E-13 6.89E-09 8.53E-11 4.17E-09 1.E-08

Soil 1.67E-13 2.79E-13 7.43E-14 6.87E-14 4.62E-12 3.40E-08 4.79E-10 3.05E-08 7.E-08

Ad
ul

tR
ec

re
at

io
na

l

Total Excess
Lifetime Cancer

Risk

1.04E-11 4.97E-12 7.73E-14 3.05E-11 6.41E-12 4.34E-08 7.29E-08 8.10E-07 9.E-07
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SECTION 7

UNCERTAINTY ANALYSIS

Within any of the four steps of the risk assessment process, assumptions must be made due to a
lack of absolute scientific knowledge. Some of the assumptions are supported by considerable
scientific evidence, while others have less support. Every assumption introduces some degree of
uncertainty into the risk assessment process. Conservative assumptions are made throughout the
risk assessment to ensure that public health is protected. Therefore, when all of the assumptions
are combined, it is much more likely that actual risks, if any, are overestimated rather than
underestimated.

The assumptions that introduce the greatest amount of uncertainty in this risk assessment are
discussed in this section. They are discussed in general terms, because, for most of the
assumptions, there is not enough information to assign a numerical value that can be factored
into the calculation of risk.

7.1 Hazard Identification

During the Hazard Identification step, media and constituents of concern are selected for
inclusion in the quantitative risk assessment. In this assessment only lead and U were selected as
COPCs. Uncertainty may be introduced due to this decision as additional chemicals may be
present, but were not evaluated. Additionally, the analytical methods used to determine the
concentration of lead or U may introduce significant uncertainty into the risk assessment process.
To reduce laboratory method uncertainty, samples were analyzed by two independent methods.
They included ICP-MS and Alpha Spectrometry. ICP-MS was theoretically more precise and
provided lower detection limits for 235U and 238U isotopes. Alpha Spectrometry was theoretically
more precise and provided lower detection limits for 234U. The results indicate that ICP-MS was
not the more sensitive method for any isotope, and the differences observed between methods
provides some uncertainty as to the validity of our results. To address this uncertainty, this
assessment utilized the alpha spectrometry results which overall provided more detailed results
as well as higher activity and resulting mass concentrations. Using the higher results may
potentially overestimate the actual risk.

7.2 Dose-Response Assessment

Dose-response values are usually based on limited toxicological data. For this reason, a margin
of safety is built into estimates of both carcinogenic and noncarcinogenic risk, and actual risks
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are lower than those estimated. The two major areas of uncertainty introduced in the dose-
response assessment are: (1) animal to human extrapolation; and (2) high to low dose
extrapolation. These are discussed below.

Human dose-response values are often extrapolated, or estimated, using the results of animal
studies. Extrapolation from animals to humans introduces a great deal of uncertainty in the risk
assessment because in most instances, it is not known how differently a human may react to the
constituent compared to the animal species used to test the constituent. The procedures used to
extrapolate from animals to humans involve conservative assumptions and incorporate several
uncertainty factors that overestimate the adverse effects associated with a specific dose. As a
result, overestimation of the potential for adverse effects to humans is more likely than
underestimation.

Predicting potential health effects from the exposure to media on-Site requires the use of models
to extrapolate the observed health effects from the high doses used in laboratory studies to the
anticipated human health effects from low doses experienced in the environment. The models
contain conservative assumptions to account for the large degree of uncertainty associated with
this extrapolation (especially for potential carcinogens in the radiological risk assessment) and
therefore, tend to be more likely to overestimate than underestimate the risks.

This risk assessment also utilized a conservative set of assumptions when evaluating the
bioavailable fraction of COPCs available for absorption by the human body. Relative absorption
factors (RAFs) estimate the amount a chemical that is absorbed by the body through different
routes of exposure. As very little literature was available on the bioaccessible fraction from
Uranium, AMEC used default ingestion, dermal and inhalation absorption fractions of 1,
meaning the absorption in the animal study used to derive the toxicity value is identical to that in
humans. More realistic bioavailable fractions for these pathways could be derived and would
most likely reduce the estimate risk derived in this assessment.

7.3 Exposure Assessment

During the exposure assessment, average daily doses of COPCs to which receptors are
potentially exposed are estimated, which involves assumptions about how often exposure occurs.
Such assumptions include location, accessibility, and use of an area. With this in mind, the
receptor, or person who may potentially be exposed, and the location of exposure, were both
defined for this risk assessment. The locations where certain activities were assumed to take
place have been purposely selected to be consistent with the use of the Site.



Uranium Soils Investigation
Baseline Human Health Risk Assessment 7-3
Saddle Road
October 2009

The potential intake rates and exposure frequencies and durations assumed in the risk assessment
were considered to be conservative. For example, a potential recreational scenario was assumed
to be present at the Site in which a person may be present for 2 hours per day, 350 days per year
for 6 years as a child and another 24 as an adult. Such assumptions almost certainly overestimate
actual exposures. If more realistic and reasonable potential exposure assumptions had been
employed in the risk assessment, the estimated risks would have been lower, perhaps
substantially lower. The construction worker scenario assumed an 8-hour workday, 250 days per
year, for 1 year.

Exposure point concentrations are estimated values of what is a Reasonable Maximum Exposure
across the entire site. Given that these are estimates, a significant amount of uncertainty can be
introduced into the assessment. For the soil pathways, the surface soil was assumed to be
equivalent to the subsurface soil. This assumes that all Uranium is evenly distributed to depth in
the contaminated zone. This could potentially overestimate any exposure to subsurface soils
assuming the highest concentrations would be at the surface due to deposition.

Exposure Point Concentrations were also taken from either the calculated using a 95% UCL or
the maximum detected activity between the five samples. With very few samples, the variability
was high, and in most cases resulted in the EPC being taken from at or near the maximum
activity detected. This more than likely overestimated actual site concentrations but, as the site
was evaluated as a single decision unit, using statistical analysis to generalize the actual
concentrations across the site could possibly overestimate or underestimate the calculated risk.

Additional uncertainty is also introduced by assuming non-detect laboratory results as present as
zero. This assumption was based on the very limited and low concentrations detected across the
site. Extensive analysis was performed on the sample results before making this assumption.
Using half detection limits as a surrogate detection to calculate Exposure Point Concentrations
resulted in unrealistic data results especially in the ICP-MS analysis. As there is no effective
way to determine actual concentrations of contaminants below the reporting limit of the
laboratory, this may potentially underestimate the concentration of contaminants.

Other exposure factors including inhalation rate, ingestion rate, soil adherence factor and body
weight were all based on recommendation from the EPA Exposure Factors Handbook (1997),
which as closely represent actual site values as reasonably available.

7.4 Risk Characterization

The risk of adverse human health effects depends on estimated levels of exposure and on dose-
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response relationships. Once exposure to, and risk from, each of the selected constituents is
calculated, the total risk posed by exposure to Site-related COPCs is determined by combining
the health risk contributed by each constituent. Where COPCs do not interact, do not affect the
same target organ or do not have the same mechanism of action, summing the risks for multiple
COPCs results in an overestimate of risk posed by the Site. Because U and lead were assessed
separately, little uncertainty is added in this phase of the assessment.
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SECTION 8

CONCLUSIONS

This study has assessed the potential human health risks associated with Uranium and Lead
exposures from surface soils at the proposed Saddle road alignment. Lead concentrations in all
samples were well below the USEPA Region IX residential PRG of 400 parts per million, with
the maximum lead concentration detected at any location of 3.3 mg/kg at sampling location
DU004.

Included in this study was a uranium background level assessment to assess whether onsite
uranium was from natural or anthropogenic sources. Two methods were employed to evaluate
uranium isotope source. The first method compared site-specific total U mass concentrations to
naturally occurring U mass concentrations in Hawai‘i. Total U was determined by summing the
isotopic concentrations of 234U, 235U and 238U detected at 5 independent sites along the proposed
Saddle Road alignment. Results of this analysis indicated that total uranium along the proposed
Saddle Road alignment are at or below levels occurring naturally in native Hawaiian soils. Total
U based on alpha spectroscopy analyses ranged from 0.4 parts per million (ppm) at location
DU003 to 1.3 ppm at DU001. The average at all five (5) locations was 0.8 ppm. The second
method used to determine whether detected U originates from natural or DU sources was the
evaluation of isotope abundance. Except in extremely rare circumstances (not found in
Hawai‘i), natural U dispersed in rocks and soils have a comparatively greater 234U/238U and
235U/238U ratio than those originating from DU. Although use of the 235U/238U is considered a
more precise measurement than the 234U/238U ratio in isotopic fingerprinting of U
contamination, its utility is significant when 235U data are not available or when concentrations
of the 235U isotope are too low to detect. This is the case here and as such, the 234U/238U ratio
was used as the second method to fingerprint U source. The naturally occurring 234U/238U ratio
in soil has been determined to be in the range of 0.5 to 1.2 (Sansone et al. 2001). 234U/238U
ratios at the Saddle Road alignment ranged from 0.74 to 1.79, with an average ratio across all
five (5) locations of 1.16. These results indicate that the 234U/238U isotopic ratio across the
proposed alignment is within the background range.

A baseline human health risk assessment (BHHRA) was performed to evaluate the potential risk
posed by uranium isotopes detected at the proposed Saddle Road alignment. The alignment
was evaluated as a single decision unit represented by five distinct sampling locations.
Receptors were assumed to be exposed to either the maximum concentration of each isotope
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detected or the 95% UCL of the mean. Risks were evaluated for the following receptors:

 A construction worker scenario assumed to be on site for 8 hours a day for 250 days in 1
year and assumed to contact surface and subsurface soil.

 A recreational user of the road assumed to frequent the Site 350 days a year for 2 hours a
day, as child for 6 years and as an adult for 24 years, totaling a 30 year recreational
tenure. Recreational receptors were assumed to contact just the surface soil

The Construction Worker scenario assumed to be on site for 8 hours a day for 250 days in 1 year
and assumed to contact surface and subsurface soil. The construction worker was found to have
a carcinogenic risk of 1E-06, and a noncarcinogenic risk of 4E-03.

The recreational receptor was assumed to frequent the Site 350 days a year for 2 hours a day, as
child for 6 years and as an adult for 24 years, totaling a 30 year recreational tenure. Recreational
receptors were assumed to contact only surficial soils. The carcinogenic risk associated with this
receptor was found to be 3E-07 for the Child Receptor and 9E-07 for the Adult Receptor. These
carcinogenic risks can be summed for a total carcinogenic risk of a 1E-06 for the full 30 year
tenure. The noncarcinogenic risk was calculated to be 3E-03 for the Child Receptor and 1E-03
for the Adult Receptor. The higher of the two noncarcinogenic calculated risk is used to estimate
the risk for the recreational/commuter receptor. Therefore the noncarcinogenic risk for the full
30 year tenure would be as a child at 3E-03.

Based on the available surface soil data collected in June 2008 at five (5) locations along the
proposed alignment, it has been determined that uranium detected at the site originates from
natural sources. Potential noncancer health risks from the ingestion, inhalation and dermal
contact of soil along the proposed alignment are below USEPA’s acceptable risk level of
concern. Potential cancer risks from radiological activity of the detected U isotopes are below
the most conservative regulatory criteria.
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REFERENCES

AMEC 2008. Sampling and Analysis Plan, Depleted Uranium Risk Assessment. Ke‘āmuku Parcel,
South Kohala District. Hawai‘i Island, State of Hawai‘i.

ANL 2007. RESRAD Computer Code, Version 6.4. Argonne National Laboratory. December
19, 2007.

ATSDR 1999. Toxicological Profile for Uranium. US Department of Health and Human
Services.

ATSDR 2008. Minimal Risk Levels (MRLs) for Hazardous Substances. US Department of
Health and Human Services. http://www.atsdr.cdc.gov/mrls/#bookmark01. As of August
2008.

Geometrician 2007. Supplemental Environmental Impact Statement Preparation Notice, Saddle
Road (State Route 200), Mamalahoa Highway (State Route 190) to Milepost 42, County of
Hawai‘i, State of Hawai‘i. FHWA Project No. 200(00).

Juvik, S.P., and Juvik, J.O. (eds.) 1998. Atlas of Hawai’i, Third Edition. University of Hawai’i
Press, Honolulu.

MacDonald, B., Abbott, A., and Peterson, F. 1983. Volcanoes in the sea, 2nd ed. Honolulu,
University of Hawai’i Press, Honolulu.

Mink, J. F. and S. L. Lau 1993. Aquifer Identification and Classification for the Island of
Hawai‘i: Groundwater Protection Strategy for Hawai‘i. Water Resources Research Center,
University of Hawai‘i at Manoa,

Rubin, Kenneth H., Ph.D. 2008. Depleted Uranium, Natural Uranium and Other Naturally
Occurring Radioactive Elements in Hawaiian Environments.

Sansone, U., Stellato, L., Jia, G., Rosamilia, S., Gaudino, S., Barbizzi, S., and Belli, M. 2001.
Levels of Depleted Uranium in Kosovo Soils.

Stegnar, Peter and Benedik, Ljudmila 2001. Depleted Uranium in the Environment – An Issue of
Concern?

USDA 1972. Soil Survey of Islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of
Hawai‘i. United States Soil Conservation Service Washington, DC

USEPA 1989. Risk Assessment Guidance for Superfund, Volume I, Human Health Evaluation
Manual (Part A), EPA 540/1-89/002, PB90-155581.



Uranium Soils Investigation
Baseline Human Health Risk Assessment 9-2
Saddle Road
October 2009

USEPA 1991. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation
Manual, Supplemental Guidance. Standard Default Exposure Factors – Interim Final.
OSWER Directive 9285.6-03.

USEPA 1997. Exposure Factors Handbook, Volumes I, II, and III, USEPA/600/P-95/002Fa-
c, EPA, Office of Research and Development, Washington, DC.

USEPA 2001. Health Effects Assessment Summary Tables. Online database maintained by
USEPA. (http://www.epa.gov/radiation/heast). As of April 2001.

USEPA 2002. Federal Guidance Report No. 13: Cancer Risk Coefficients for Environmental
Exposure to Radionuclides. EPA-402/R-99-001.

USEPA 2004. EPA Region 9 Preliminary Remediation Goal Tables and User’s Guide. U.S.
Environmental Protection Agency Region 9.

USEPA 2007. ProUCL Version 4.0, a Statistical Software, National Exposure Research Lab,
EPA, Las Vegas Nevada. ProUCL 3.0 can be freely downloaded from the EPA website:
http://www.epa.gov/nerlesd1/tsc/tsc.htm

USEPA 2008. Integrated Risk Information System. Online database maintained by USEPA.
(http://www.epa.gov/iris). As of July 2006

Wolfe, E.W., and J. Morris. 1996. Geologic Map of the Island of Hawai‘i. USGS Misc
Investigations Series Map I-2524-A. Washington, D.C.: U.S. Geological Survey.



Uranium Soils Investigation
Baseline Human Health Risk Assessment
Saddle Road
October 2009

AppendixA
ANALYTICAL SAMPLING RESULTS
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AppendixB
CHEMICAL ASSESSMENT RISK

CHARACTERIZATION SPREADSHEETS



APPENDIX C
SUMMARY OF POTENTIAL CANCER RISKS AND HAZARD INDICES
CONSTRUCTION WORKER

SADDLE ROAD

Excess Lifetime Cancer Risk Hazard Index
Compound Soil Sediment Groundwater Surface Water Total Soil Sediment Groundwater Surface Water Total

Uranium NA NA NA NA NA 3.82E-03 NA NA NA 3.82E-03



CONSTRUCTION WORKER SOIL EXPOSURES
RISK CHARACTERIZATION
SADDLE ROAD

Scenario: Subactivity name
Receptor: Construction Worker 
Medium: Soil 
Exposure Pathway: Ingestion and Dermal Contact

ADD (mg/kg-day) = CS x [(IR x FI x RAF) + (SA x AF x FA x RAF x EFD)] x EF x ED x CF
BW x AT

Hazard Quotient (HQ) = ADD (mg/kg-day) / RfD (mg/kg-day)
Cancer Risk (ELCR) = ADD (mg/kg-day) * CSF [1/(mg/kg-day)]

Parameter (units) Value

ADD: Average Daily Dose (mg/kg-day) See Below
CS: Chemical Concentration in Soil (mg/kg) Chemical-Specific
IR: Ingestion Rate (mg/day) 330
RAF: Relative Absorption Factor (Oral-Soil) (unitless) Chemical-Specific
FI: Fraction Ingested from Site (unitless) 1
SA: Skin Surface Area (cm2) 3300
AF: Adherence Factor (mg/cm2/event) 0.29
RAF: Relative Absorption Factor (Dermal-Soil) (unitless) Chemical-Specific
FA: Fraction Absorbed from Site (unitless) 1
EFD: Exposure Frequency - Dermal (event/day) 1
EF: Exposure Frequency (days/year) 250
ED: Exposure Duration (years) 1
BW: Body Weight (kg) 71.8
AT: Averaging Time (days) (ED x 365 days/yr, noncancer) 365
AT: Averaging Time (days) (75 yr. x 365 days/yr, cancer) 25550
CF: Conversion factor (kg/mg) 1.00E-06
RfD: Reference Dose (mg/kg-day) Chemical-Specific
CSF: Cancer Slope Factor [1/(mg/kg-day)] Chemical-Specific

Noncancer Hazard Quotient

Compound
Soil 

Concentration
Oral-Soil RAF 
(noncancer)

Dermal-Soil 
RAF 

(noncancer)
ADD 

(noncancer) Chronic TDI/RfD Soil HQ
Oral-Soil 

RAF (cancer)
Dermal-Soil 

RAF (cancer) ADD (cancer) CSF  Soil Risk
(mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day) [1/(mg/kg-day)]

Uranium 9.25E-01 1 1 1.14E-05 3.00E-03 3.79E-03 1 1 NA NA NA
3.79E-03 0.00E+00

Excess Lifetime Cancer Risk



CONSTRUCTION WORKER - SOIL EXPOSURES
RISK CHARACTERIZATION
SADDLE ROAD

Scenario: Subactivity name
Receptor: Construction Worker 
Medium: Dust from soil
Exposure Pathway: Inhalation

ADD (mg/kg/day) = Cdust x IR x RAF x ET x EF x ED

Hazard Quotient (HQ) = ADD (mg/kg/day) / RfDi (mg/kg/day)
Cancer Risk (ELCR) = ADD (mg/kg/day) * CSFi [1/(mg/kg/day)]

Parameter (units) Value

ADD: Average Daily Dose (mg/kg/day) See Below
CS: Chemical Concentration in Soil (mg/kg) Chemical-Specific
Cdust: Concentration of dust-bound chemical in air (mg/m3) Calculated 
RAF: Relative Absorption Factor (Inhalation) (unitless) Chemical-Specific
ET: Exposure Time - dust (hr/d) 8
EF: Exposure Frequency (days/year) 250
ED: Exposure Duration (years) 1
IR: Inhalation Rate (m3/hr) 0.833
AT: Averaging Time (days) (ED x 365 days/yr, noncancer) 365
AT: Averaging Time (days) (75 yr. x 365 days/yr, cancer) 25550
BW: Body Weight (kg) 71.8
RfDi: Reference Dose Inhalation (mg/kg/day) Chemical-Specific
CSFi: Cancer Slope Factor Inhalation [1/(mg/kg/day)] Chemical-Specific

Noncancer Hazard Quotient

Compound
Soil 

Concentration

Chemical 
Concentration in 

Air
Inhalation RAF 

(noncancer)
ADD 

(noncancer)
RFDi                 

(non-cancer) Soil-Dust HQ
Inhalation 

RAF (cancer) ADD (cancer) CSFi Soil- Dust Risk
(mg/kg) (mg/m3) (mg/kg/day) (mg/kg/day) (mg/kg/day) [1/(mg/kg/day)]

Uranium 9.25E-01 4.63E-08 1 2.94E-09 8.60E-05 3.42E-05 1 NA NA NA
3.42E-05 0.00E+00

AT x BW

Excess Lifetime Cancer Risk



APPENDIX C
SUMMARY OF POTENTIAL CANCER RISKS AND HAZARD INDICES
CHILD-SUBACTIVITY
SADDLE ROAD

Compound Soil Sediment Groundwater Surface Water Total Soil Sediment Groundwater Surface Water Total

Uranium NA NA NA NA NA 2.78E-03 NA NA NA 2.78E-03

Excess Lifetime Cancer Risk Hazard Index



CHILD - SUBACTIVITY - SOIL EXPOSURES
RISK CHARACTERIZATION
SADDLE ROAD

Scenario: Subactivity name
Receptor: Child
Medium: Soil 
Exposure Pathway: Ingestion and Dermal Contact

ADD (mg/kg-day) = CS x [(IR x FI x RAF) + (SA x AF x FA x RAF x EFD)] x EF x ED x CF
BW x AT

Hazard Quotient (HQ) = ADD (mg/kg-day) / RfD (mg/kg-day)
Cancer Risk (ELCR) = ADD (mg/kg-day) * CSF [1/(mg/kg-day)]

Parameter (units) Value

ADD: Average Daily Dose (mg/kg-day) See Below
CS: Chemical Concentration in Soil (mg/kg) Chemical-Specific
IR: Ingestion Rate (mg/day) 200
RAF: Relative Absorption Factor (Oral-Soil) (unitless) Chemical-Specific
FI: Fraction Ingested from Site (unitless) 1
SA: Skin Surface Area (cm2) 2800
AF: Adherence Factor (mg/cm2/event) 0.29
RAF: Relative Absorption Factor (Dermal-Soil) (unitless) Chemical-Specific
FA: Fraction Absorbed from Site (unitless) 1
EFD: Exposure Frequency - Dermal (event/day) 1
EF: Exposure Frequency (days/year) 52
ED: Exposure Duration (years) 6
BW: Body Weight (kg) 16
AT: Averaging Time (days) (ED x 365 days/yr, noncancer) 2190
AT: Averaging Time (days) (75 yr. x 365 days/yr, cancer) 25550
CF: Conversion factor (kg/mg) 1.00E-06
RfD: Reference Dose (mg/kg-day) Chemical-Specific
CSF: Cancer Slope Factor [1/(mg/kg-day)] Chemical-Specific

Noncancer Hazard Quotient

Compound
Soil 

Concentration
Oral-Soil RAF 
(noncancer)

Dermal-Soil 
RAF 

(noncancer)
ADD 

(noncancer) Chronic TDI/RfD Soil HQ
Oral-Soil 

RAF (cancer)
Dermal-Soil 

RAF (cancer) ADD (cancer) CSF  Soil Risk
(mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day) [1/(mg/kg-day)]

Uranium 9.25E-01 1 1 8.34E-06 3.00E-03 2.78E-03 1 1 NA NA NA
2.78E-03 0.00E+00

Excess Lifetime Cancer Risk



CHILD - SUBACTIVITY - SOIL EXPOSURES
RISK CHARACTERIZATION
SADDLE ROAD

Scenario: Subactivity name
Receptor: Child
Medium: Dust from soil
Exposure Pathway: Inhalation

ADD (mg/kg/day) = Cdust x IR x RAF x ET x EF x ED

Hazard Quotient (HQ) = ADD (mg/kg/day) / RfDi (mg/kg/day)
Cancer Risk (ELCR) = ADD (mg/kg/day) * CSFi [1/(mg/kg/day)]

Parameter (units) Value

ADD: Average Daily Dose (mg/kg/day) See Below
CS: Chemical Concentration in Soil (mg/kg) Chemical-Specific
Cdust: Concentration of dust-bound chemical in air (mg/m3) Calculated 
RAF: Relative Absorption Factor (Inhalation) (unitless) Chemical-Specific
ET: Exposure Time - dust (hr/d) 2
EF: Exposure Frequency (days/year) 52
ED: Exposure Duration (years) 6
IR: Inhalation Rate (m3/hr) 0.417
AT: Averaging Time (days) (ED x 365 days/yr, noncancer) 2190
AT: Averaging Time (days) (75 yr. x 365 days/yr, cancer) 25550
BW: Body Weight (kg) 16
RfDi: Reference Dose Inhalation (mg/kg/day) Chemical-Specific
CSFi: Cancer Slope Factor Inhalation [1/(mg/kg/day)] Chemical-Specific

Noncancer Hazard Quotient

Compound
Soil 

Concentration

Chemical 
Concentration in 

Air
Inhalation RAF 

(noncancer)
ADD 

(noncancer)
RFDi                 

(non-cancer) Soil-Dust HQ
Inhalation 

RAF (cancer) ADD (cancer) CSFi Soil- Dust Risk
(mg/kg) (mg/m3) (mg/kg/day) (mg/kg/day) (mg/kg/day) [1/(mg/kg/day)]

Uranium 9.25E-01 4.63E-08 1 3.43E-10 8.60E-05 3.99247E-06 1 NA NA NA
3.99E-06 0.00E+00

AT x BW

Excess Lifetime Cancer Risk



APPENDIX C
SUMMARY OF POTENTIAL CANCER RISKS AND HAZARD INDICES
ADULT -SUBACTIVITY
SADDLE ROAD

Compound Soil Sediment Groundwater Surface Water Total Soil Sediment Groundwater Surface Water Total

Uranium NA NA NA NA NA 1.07E-03 NA NA NA 1.07E-03

Excess Lifetime Cancer Risk Hazard Index



ADULT - SUBACTIVITY - SOIL EXPOSURES
RISK CHARACTERIZATION
SADDLE ROAD

Scenario: Subactivity name
Receptor: Adult Resident
Medium: Soil 
Exposure Pathway: Ingestion and Dermal Contact

ADD (mg/kg-day) = CS x [(IR x FI x RAF) + (SA x AF x FA x RAF x EFD)] x EF x ED x CF
BW x AT

Hazard Quotient (HQ) = ADD (mg/kg-day) / RfD (mg/kg-day)
Cancer Risk (ELCR) = ADD (mg/kg-day) * CSF [1/(mg/kg-day)]

Parameter (units) Value

ADD: Average Daily Dose (mg/kg-day) See Below
CS: Chemical Concentration in Soil (mg/kg) Chemical-Specific
IR: Ingestion Rate (mg/day) 100
RAF: Relative Absorption Factor (Oral-Soil) (unitless) Chemical-Specific
FI: Fraction Ingested from Site (unitless) 1
SA: Skin Surface Area (cm2) 5700
AF: Adherence Factor (mg/cm2/event) 0.29
RAF: Relative Absorption Factor (Dermal-Soil) (unitless) Chemical-Specific
FA: Fraction Absorbed from Site (unitless) 1
EFD: Exposure Frequency - Dermal (event/day) 1
EF: Exposure Frequency (days/year) 52
ED: Exposure Duration (years) 24
BW: Body Weight (kg) 71.8
AT: Averaging Time (days) (ED x 365 days/yr, noncancer) 8760
AT: Averaging Time (days) (75 yr. x 365 days/yr, cancer) 25550
CF: Conversion factor (kg/mg) 1.00E-06
RfD: Reference Dose (mg/kg-day) Chemical-Specific
CSF: Cancer Slope Factor [1/(mg/kg-day)] Chemical-Specific

Noncancer Hazard Quotient

Compound
Soil 

Concentration
Oral-Soil RAF 
(noncancer)

Dermal-Soil 
RAF 

(noncancer)
ADD 

(noncancer) Chronic TDI/RfD Soil HQ
Oral-Soil 

RAF (cancer)
Dermal-Soil 

RAF (cancer) ADD (cancer) CSF  Soil Risk
(mg/kg) (mg/kg-day) (mg/kg-day) (mg/kg-day) [1/(mg/kg-day)]

Uranium 9.25E-01 1 1 3.22E-06 3.00E-03 1.07E-03 1 1 NA NA NA
1.07E-03 0.00E+00

Excess Lifetime Cancer Risk



ADULT - SUBACTIVITY - SOIL EXPOSURES
RISK CHARACTERIZATION
SADDLE ROAD

Scenario: Subactivity name
Receptor: Adult Resident
Medium: Dust from soil
Exposure Pathway: Inhalation

ADD (mg/kg/day) = Cdust x IR x RAF x ET x EF x ED

Hazard Quotient (HQ) = ADD (mg/kg/day) / RfDi (mg/kg/day)
Cancer Risk (ELCR) = ADD (mg/kg/day) * CSFi [1/(mg/kg/day)]

Parameter (units) Value

ADD: Average Daily Dose (mg/kg/day) See Below
CS: Chemical Concentration in Soil (mg/kg) Chemical-Specific
Cdust: Concentration of dust-bound chemical in air (mg/m3) Calculated 
RAF: Relative Absorption Factor (Inhalation) (unitless) Chemical-Specific
ET: Exposure Time - dust (hr/d) 2
EF: Exposure Frequency (days/year) 52
ED: Exposure Duration (years) 24
IR: Inhalation Rate (m3/hr) 0.833
AT: Averaging Time (days) (ED x 365 days/yr, noncancer) 8760
AT: Averaging Time (days) (75 yr. x 365 days/yr, cancer) 25550
BW: Body Weight (kg) 71.8
RfDi: Reference Dose Inhalation (mg/kg/day) Chemical-Specific
CSFi: Cancer Slope Factor Inhalation [1/(mg/kg/day)] Chemical-Specific

Noncancer Hazard Quotient

Compound
Soil 

Concentration

Chemical 
Concentration in 

Air
Inhalation RAF 

(noncancer)
ADD 

(noncancer)
RFDi                 

(non-cancer) Soil-Dust HQ
Inhalation 

RAF (cancer) ADD (cancer) CSFi Soil- Dust Risk
(mg/kg) (mg/m3) (mg/kg/day) (mg/kg/day) (mg/kg/day) [1/(mg/kg/day)]

Uranium 9.25E-01 4.63E-08 1 1.53E-10 8.60E-05 1.78E-06 1 NA NA NA
1.78E-06 0.00E+00

AT x BW

Excess Lifetime Cancer Risk
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AppendixC
RADIOLOGICAL ASSESSMENT

RISK CHARACTERIZATION REPORTS
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RESRAD
CONSTRUCTION WORKER
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