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PREFACE

This technical memorandum presents Preliminary Remediation Goals (PRGs) for use in human
health risk assessment efforts under the United States Department of Energy, Oak Ridge Operations
Office Environmental Restoration (ER) Division. This work was performed by the ER Risk
Assessment Program under Work Breakdown Structure 1.4.12.2.3.04.07.01 entitled Risk Assessment
Review, Planning, and Coordination and within the Activity Data Sheet 8304, Technical Integration.
This document provides the ER Division with standardized PRGs which are integral to the Remedial
Investigation/Feasibility Study process. They are used during project scoping (Data Quality
Objectives development), in screening level risk assessments to support early action or No Further
Investigation decisions, and in the baseline risk assessment where they are employed in the selection
of chemicals of potential concern. The primary objective of this document is to standardize these
values and eliminate any duplication of effort by providing PRGs to all contractors involved in risk

activities. In addition, by managing the assumptions and systems used in PRG derivation, the ER
Risk Assessment Program will be able to control the level of quality assurance associated with these

risk-based guideline values.
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1. INTRODUCTION

Chemical-specific preliminary remediation goals (PRGs) are concentration goals for individual
chemicals for specific medium and land use combinations. The PRGs provided in this report are
referred to as risk-based because they have been calculated using risk assessment procedures.
Risk-based calculations set concentration limits using both carcinogenic or noncarcinogenic toxicity
values under specific exposure pathways. The PRG is a concentration that is derived from a specified
excess cancer risk level (carcinogenic PRG) or hazard quotient (HQ) (noncarcinogenic PRG).

Risk Assessment Guidance for Superfund: Volume I—Human Health Evaluation Manual (Part B)
or RAGS, Part B [1], was prepared for risk assessors, remedial project managers, and others to assist
them in developing PRGs for National Priorities List (NPL) sites. RAGS, Part B, provides guidance
on using United States Environmental Protection Agency (EPA) toxicity values and exposure
information to derive risk-based PRGs [1]. The Risk Assessment Program for Environmental
Restoration is providing these values to all organizations involved in risk assessment activities to
ensure consistent development and application of PRGs for Oak Ridge Operations.

1.1 APPLICATION

The National Contingency Plan (NCP) preamble indicates that PRGs are developed typically
during the project scoping phase or concurrently with initial Remedial Investigation and Feasibility
Study (RIFS) activities (i.e., prior to completion of the baseline risk assessment). This early

determination of PRGs facilitates development of appropriate detection limits and remedial
alternatives.

Preliminary remediation goals can also be used as screening tools. Screening against PRGs and
other limiting criteria is discussed in the Remedial Site Evaluation Report as a preliminary step in
the RI/FS process. Comparisons can be used to focus concern on a specific medium or chemical of
potential concern and support “no further action” recommendations. In addition, PRG screens can
be used in place of most toxicity screens for baseline risk assessments. The toxicity screen is a tool
used to identify contaminants of potential concern (COPCs) in baseline risk assessments. The
objective is to eliminate chemicals that pose little or no risk at a site by comparing relative toxicities
and identifying those chemicals contributing less than 1% of the total risk. The PRG screen is a more
useful tool because each chemical is weighed on the basis of its toxicity rather than as a fraction of
total risk.

The reader should note that risk-based PRGs (either during scoping or later) are initial gnidelines
(protective of human health and the environment) that are based on readily available information and
comply with applicable or relevant and appropriate requirements (ARARs). They do not establish
that cleanup to meet these goals is warranted. Preliminary remediation goals developed at the scoping
phase using readily available information are generally modified based on site-specific data gathered
during the RI/FS. Design staff may be able to streamline the consideration of remedial alternatives
by developing PRGs early in the decision-making process (before the RI/FS and the baseline risk
assessment are completed). A risk-based concentration will be considered a final remediation level
only after appropriate analysis in the RI/FS and Record of Decision (ROD) [1].

1-1
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1.2 DEVELOPMENT

The general equations used to calculate the PRGs were obtained from RAGS, Part B [1], where
available; however, the remaining equations, such as concentrations for agricultural products, were
developed using sources specific to the study of agricultural consumption by humans. The toxicity
values used in the development of these PRGs were prepared by the Chemical Hazard Evaluation
Group of the Biomedical and Environmental Information Analysis Section of the Health Sciences
Research Division at the Oak Ridge National Laboratory. These values were compiled from EPA's
Integrated Risk Information System (IRIS) [2] and Health Effects Assessment Summary Tables
(HEAST) [3]. These values have been approved for use in risk assessments at all Department of
Energy-Oak Ridge/Environmental Restoration Division (DOE-OR/ERD) sites.

Carcinogenic toxicity values are referred to as slope factors. Different slope factor values for
ingestion, inhalation, and external exposure are provided. In addition, slope factors for dermal
exposure (absorbed dose) are calculated by using the gastrointestinal absorption factor to adjust the
oral slope factor [4]. In addition, skin absorption factors are used in the equations to adjust for dermal
exposure. Noncarcinogenic toxicity values are referred to as reference doses (oral) and reference
concentrations (inhalation). Both are subdivided into chronic and subchronic levels. For PRG
calculations, only the chronic values are used because these are available for all chemicals with
reference doses and are more conservative relative to human health. The inhalation reference
concentration has been converted to a dose by the units conversion factor recommended in HEAST.
Reference doses for dermal exposure (absorbed dose) are also calculated by using the gastrointestinal
absorption factor to adjust the oral chronic reference dose.

The IRIS/HEAST databases contain toxicity values for more than 600 nonradioactive chemicals
and more than 300 radioactive chemicals. However, toxicity values are not available for many
chemicals. As the IRIS/HEAST databases are updated with toxicity changes and additions, this PRGs
report will be updated also.

Preliminary remediation goals have been calculated for five land use scenarios that may be
considered reasonable for future use of some areas of the Oak Ridge Reservation (ORR). The
residential and industrial scenarios are recommended in RAGS, Part B [1]. In addition, recreation,
agriculture, and excavation scenarios are included. The recreation and agriculture scenarios are
mentioned in RAGS, Part A [5], for baseline risk assessments. The excavation scenario is included
also because it is a likely industrial occurrence at ORR. Equation default parameters from RAGS
have been used when available; others were obtained from documents pertaining to the particular
land use scenario. The media evaluated are groundwater/surface water and soil/sediment.

The exposure routes considered are the same for groundwater and surface water; therefore, a
single set of equations is used to represent the “water” exposure pathway. Likewise, the PRGs for
soil are representative of sediment as well. For the resident, the routes of exposure are ingestion,
inhalation of volatiles, and dermal contact with groundwater or surface water and ingestion,
inhalation, dermal contact, and external exposure to soil or sediment. For the industrial worker, the
routes of exposure are ingestion of groundwater or surface water and ingestion, inhalation, dermal
contact, and external exposure to soil or sediment.

The agricultural scenario evaluates ingestion of produce, beef, and milk grown on the ORR using
groundwater, surface water, soil, and sediment. The underlying assumptions for agricultural product
ingestion are that the produce would be irrigated with either groundwater or surface water during the
growing season and the pasture the cattle graze on would not be irrigated because of the sufficient
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average amount of rainfall for the region. Both vegetation and pasture would grow on existing soil
and sediment around the ORR.

The exposure routes for the recreational visitor are ingestion and dermal contact with surface
water; ingestion of fish caught in surface water; and ingestion, inhalation, dermal contact, and
external exposure with soil or sediment or both. The exposure routes for the excavation worker are
ingestion, inhalation, dermal contact, and external exposure to soil or sediment or both. These
scenarios are demonstrated in Fig. 1.

The default parameters specified in RAGS, Parts A [5] and B [1], were used to develop the PRGS
in this document. Defaults not available in RAGS, Parts A and B, were obtained from land use- and
pathway-specific literature searches. Media-specific information such as soil moisture content (6 and
0., page 2-15) has been changed due to climatic conditions indigenous to the ORR.

1.3 ORGANIZATION

The remainder of this document is organized by land use scenario. In Chapter 2, each scenario
is described, and likely exposure routes are represented. Each equation is numbered sequentially with
the parameters and defaults listed immediately afterwards. The tables (Chapter 3) are arranged by
scenario in the following order: 1) Residential, 2) Industrial, 3) Agriculture, 4) Recreation, and 5)
Excavation. Each table contains the chemical name, its corresponding chemical abstract registration
number (CASRN), and the appropriate PRG for each pathway at risk levels of 1.0E-04 and 1.0E-06
and an HI level of 1. The tables are differentiated based on the medium (water or soil) and the
chemical type (nonradionuclide or radionuclide). For each scenario, risk-based PRGs for
nonradionuclides in water are followed by risk-based PRGs for radionuclides in water,
nonradionuclides in soil, and radionuclides in soil.

1.4 REFERENCES

[1] United States Environmental Protection Agency (EPA). 1991. Risk Assessment Guidance for
Superfund: Volume I - Human Health Evaluation Manual (Part B, Development of Risk-based
Preliminary Remediation Goals). Office of Emergency and Remedial Response, U.S.
Environmental Protection Agency, Washington, D.C.

[2] United States Environmental Protection Agency (EPA). 1994. Integrated Risk Information
System (IRIS). Environmental Criteria and Assessment Office. Cincinnati, OH.

[3] United States Environmental Protection Agency (EPA). 1993. Health Effects Assessment
Summary Tables. Annual FY-1993. OERR 9200.6-303-(93-1). PB93-921199. March. And
Supplement No. 1, OERR 9200.6-303 (93-2). PB93-921101. July.

[4] United States Environmental Protection Agency (EPA). 1992. Dermal Exposure Assessment:
Principles and Application. Interim Report. EPA/600/8-91/011B. Office of Research and
Development, Washington, D.C.

[5] United States Environmental Protection Agency (EPA). 1989. Risk Assessment Guidance for
Superfund: Volume I -Human Health Evaluation Manual. Office of Emergency and Remedial
Response, U.S. Environmental Protection Agency, Washington, D.C.
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Equations

2. EQUATIONS

The reader should note that for purposes of readability and convenience, the equations have been
placed as close as possible to their respective parameters. To ensure this accessibility for the reader,
the chapter has been formatted with each equation followed immediately by its parameters. Blank
pages have been inserted where necessary to separate groups of equations and keep this order.
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Residential Land Use

2.1 RESIDENTIAL LAND USE—GROUNDWATER, SURFACE WATER, SOIL,
OR SEDIMENT

Under residential land use, residents are expected to be in frequent, repeated contact with
contaminated media. The contamination may be on the site itself or may have migrated from it. The
assumptions in this case account for daily exposure over the long term and generally result in the
highest potential exposures and risk. Risk from groundwater or surface water contaminants is
assumed to be primarily from direct ingestion, inhalation of volatiles from household water use, and
dermal contact while showering. Risk from soil or sediment is assumed to be from direct ingestion,
inhalation of dust and particulates, dermal exposure from chemicals, and external exposure from
radionuclides. Risks from two or more exposure pathways are combined where available, and the

risk-based concentration is derived to be protective for exposure from all included pathways.
2.1.1 Groundwater or Surface Water
2.1.1.1 Nonradionuclide contaminant

1) Ingestion only

T x BW x AT

C = )
TV, x IR, x EF x ED

2) Inhalation of vapor-phase chemicals (volatile organics only)

c- T x BW x AT
TV x K = IR, x EF = ED x ET x CF, )

3) Dermal contact only

C - T x BW x AT
TV,, % 84 x K, x ET x EF x ED x CF, @)

4) Ingestion and inhalation and dermal contact

- T x BW x AT
EF<ED[(TV <IR,)+(TV <KxIR <ET*CF,)+(TV _<SAxK xET*CF,)] @)
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where

Parameters

AT

Definition (units)

averaging time (yr X day/yr)

adult body weight (kg)

chemical PRG in water (mg/L)

units conversion factor (L-m)/(cm-m>)

units conversion factor (day/hr)

exposure duration (yr)

exposure frequency (day/yr)

exposure time (hr/day)

indoor inhalation rate (m*/day)

water ingestion rate (L/day)

volatilization factor of Andelman (1990) (L/m®)
permeability constant (cm/hr)

absorbed chronic reference dose (mg/kg-day)
inhalation chronic reference dose (mg/kg-day)
oral chronic reference dose (mg/kg-day)

adult total body surface area (m?)

absorbed dose slope factor ((mg/kg-day)™)
inhalation slope factor ((mg/kg-day)™)

oral slope factor ((mg/kg-day)™)

target (unitless)

target hazard index (unitless)

target excess individual lifetime cancer risk (unitless)

absorbed toxicity value

inhalation toxicity value

oral toxicity value

Residential Land Use

Default Value

70 x 365 (carcinogen) [1]
30 x 365
(noncarcinogen) [1]

70 [1]

10

1/24

30 (1]

350 [1]

0.25 [4]

15[1]

2[1]

0.0005 x 10° [2]
chemical-specific
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
1.94 [4]
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
TR (carcinogen)

THI (noncarcinogen)

1

10%and 10*

SF,, (carcinogen)
1/R{D,; (noncarcinogen)
SF; (carcinogen)

1/RID, (noncarcinogen)
SF, (carcinogen)
1/RfD, (noncarcinogen)
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2.1.1.2 Radionuclide contaminant

Since most radionuclides are not considered to be volatile, the inhalation pathway is not usually
considered for exposure through groundwater or surface water; exceptions are tritium and radon.
Tritium easily volatilizes in water because it acts like hydrogen. Groundwater that is in contact with

rock or soil containing radium will pick up radon-222 and release it to the atmosphere when the water
comes to the surface. With a contribution of 5 x 10® Ci of radon-222 per year, groundwater is
considered the second largest source of environmental radon [15].

1) Ingestion only

- TR
SF, x IR, x EF x ED &)
2) Inhalation only (tritium, radon-220, and radon-222)
} TR
SF, x IR,, x EF x ED x CF x IEF ©)
3) Ingestion and inhalation (volatiles only)
c o TR
EF x ED x [(SF, x IR,) + (SF, x IR, x CF x IEF)] )
where
Parameters Definition (units) Default Value
C radionuclide PRG in water (pCi/L) -
CF units conversion factor (day/hr) 1724
ED exposure duration (yr) 30[1]
EF exposure frequency (day/yr) 350 [1]
IEF inhalation exposure factor (L-hr)(m*-day) 0.2802 (tritium) [14]
7.6030 (radon) [14]
IR, indoor inhalation rate (m*/day) 15[1]
1R, water ingestion rate (L/day) 2[1]
SF; inhalation slope factor (risk/pCi) radionuclide-specific[3]
SF, oral slope factor (risk/pCi) radionuclide-specific[3]
TR target excess individual lifetime cancer risk (unitless) 10 and 10
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2.1.2 Soil or Sediment

Under residential land use, risk of contamination from soil is caused by direct ingestion,
inhalation of dust and particulates, dermal exposure to chemicals, and external exposure to
radionuclides. Because the soil ingestion rate is different for children and adults, the carcinogenic risk
due to direct ingestion of soil is calculated using an age-adjusted ingestion factor. This takes into
account the differences in daily soil ingestion rates, body weights, and exposure durations for the two
exposure groups. Exposure frequency is assumed to be the same for the two groups. Calculated in
this manner, the factor leads to a more protective risk-based concentration compared to an adult-only
assumption. Due to differences in averaging times for carcinogens and noncarcinogens, the
noncarcinogenic hazard is calculated separately for adults and children. This procedure will give a
more protective concentration than the adult-only assumption.

2.1.2.1 Nonradionuclide contaminant
1) Ingestion only

a) Carcinogen
_ T x AT
¢= @®)
TV, x CF x EF x IF ., x FI

S

b) Noncarcinogenic (adult and child calculated separately)

T x BW, x AT,
€= ©
TV, x CF x EF x ED_ x IR, x FI
2) Inhalation only
C = T x BW x AT
TV, x EF % ED x (= + ——) x IR, (10)
' VF  PEF air
3) Dermal contact only
T x BW x AT
- an

TV, x CF, x SA x AF x ABS x EF x ED

4) Ingestion and inhalation and dermal contact (adult only)
T x BW x AT

éﬁ%MMﬂWMWMMJ (12)

C =

EFXED[(TV,xCFXIR XFI) +(TV’X(_1VF+
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where

Parameters

ABS

AF
AT

AT,
BW
BW,

C
CF
CF,
ED
ED

n

EF
FI
IF,

soil/adj

IR,
IR,

PEF
RfDad
RID,
RID,
SA

SF,,
SF,
SF
T

[+

THI
TR

)

Definition (units)

absorption factor (unitless)

adherence factor (mg/cm?)
averaging time (yr X day/yr)

averaging time - noncarcinogenic ingestion only
(yr x day/yr)

adult body weight (kg)

body weight - noncarcinogenic ingestion only (kg)

chemical PRG in soil (mg/kg)

units conversion factor (kg/mg)

units conversion factor - dermal (kg-cm?)/(mg-m?)
exposure duration (yr)

exposure duration - noncarcinogenic ingestion

only (yr)
exposure frequency (day/yr)

fraction ingested (unitless)

age-adjusted soil ingestion factor (mg-yr/kg-day)
soil ingestion rate for adult (mg/day)

total inhalation rate (m*/day)

soil ingestion rate - noncarcinogenic (mg/day)

particulate emission factor (m*/kg)

absorbed chronic reference dose (mg/kg-day)
inhalation chronic reference dose (mg/kg-day)

oral chronic reference dose (mg/kg-day)

adult surface area (head, hands, forearms, lower legs)
(m*/day)

absorbed dose slope factor ((mg/kg-day)™)
inhalation slope factor ((mg/kg-day)™)

oral slope factor ((mg/kg-day)™)

target (unitless)

target hazard index (unitless)
target excess individual lifetime cancer risk (unitless)

absorbed toxicity value

inhalation toxicity value

oral toxicity value

volatilization factor (volatile organics only) (m*/kg)

Residential Land Use

Default Value

0.01 (organic)
0.001 (inorganic)
1[11]

70 x 365 (carcinogen)[1]
30 x 365
(noncarcinogen)[1]
24 x 365 (adult) [1]
6 % 365 (child) [1]
70 [1]

70 (adult) [1]

15 (child) [1]

10

0.01

30[1]

24 (adult) [1]

6 (child) [1]

350 [1]

1[12]

~114 (see Eq. 16) [1]
100 [9]

20[9]

100 (adult)

200 (child)

4.28 x 10° (see Eq. 35)[5]
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
0.53 [4]

chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
TR (carcinogen)

THI (noncarcinogen)

1

10%and 10*

SF,; (carcinogen)
1/RfD,,; (noncarcinogen)
SF, (carcinogen)

1/RID, (noncarcinogen)
SF, (carcinogen)
1/RfD, (noncarcinogen)

chemical-specific
(see Egs. 29-34) [5]
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Residential Land Use

2.1.2.2 Radionuclide contaminant

1) Ingestion only

) TR
SF, x CF x EF x IF, 5, % FI (3)
2) External radiation only
C - TR
SF, x ED x EF, x (1-8) x T, (14)
3) Inhalation only
c .o TR
SF, x ED x CF, x EF x (- + —) x IR (15)
VF  PEF
4) Ingestion and external radiation and inhalation
C - TR
(SFaxCFxEFxEDxIRasz)+(SFxxEDxEFxx(1-SE)xTe)+(SF,.xEDxCF,.xEFx(lVF+P}‘2F)x11em.,) (16)
where
Parameters Definition (units) Default Value
C radionuclide PRG in soil (pCi/g) -
CF units conversion factor (g/mg) 107
Cf; units conversion factor -inhalation (g/kg) 10°
ED exposure duration (yr) 30 [1]
EF exposure frequency (day/yr) 350 1]
EF, exposure frequency - external (day/day) 350/365 [1]
FI fraction ingested (unitless) 1[12]
IF gy age-adjusted soil ingestion factor (mg-yr/day) 3600 [6]
IR, soil ingestion rate for adult (mg/day) 100 [9]
IR, total inhalation rate (m*/day) 20 [9]
PEF particulate emission factor (m°/kg) 428 x 10° [5]
S. gamma shielding factor (unitless) 0.2]1]
SF; inhalation slope factor (risk/pCi) radionuclide-specific [3]
SF, oral slope factor (risk/pCi) radionuclide-specific [3]
SF, external exposure slope factor ((risk-g)/(pCi-yr)) radionuclide-specific [3]
T, gamma exposure time factor (hr/hr) 2424 [1]
TR target excess individual lifetime cancer risk (unitless) 10®and 10*
VF volatilization factor (volatiles only) (m*/kg) radionuclide-specific [5]
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2.1.2.3 Supporting equations

1) Age-adjusted soil ingestion factor for nonradionuclide (carcinogenic risk only)

IF iy = I‘Rsolllage 1-6 x ED age 1-6 + IR:oil/age 7-31 x ED age 7-31 ( ] 7)
-!'0 B Wage 1-6 BWagz 7-31
where
Parameters Definition (units) Default Value
BW,.. 16 average body weight from ages 1-6 (kg) 15[1]
BW g 731 average body weight from ages 7-31 (kg) 70 1]
ED . 16 exposure duration during ages 1-6 (yr) 6[1]
ED ;0731 exposure duration during ages 7-31 (yr) 24 [1]
1 age-adjusted soil ingestion factor (mg-yr/kg-day) ~114[1]
IR Sivage 16 ingestion rate of soil ages 1 to 6 (mg/day) 200 [1]
IR itage 731 ingestion rate of soil ages 7 to 31 (mg/day) 100 [1]
2) Age-adjusted soil ingestion factor for radionuclide

IF, sollladf = (IRJaII/age 1-6 x E‘Dage 1—6) * (IRmil/age 7-31 x ED, age 7-31) (1 8)
where
Parameters Definition (units) Default Value
ED .15 exposure duration during ages 1-6 (yr) 6[1]
ED ;e 701 exposure duration during ages 7-31 (yr) 2411]
IF g age-adjusted soil ingestion factor (mg-yr/day) 3600 [1]
IR ivege 16 ingestion rate of soil ages 1-6 (mg/day) 200 [1]

IR iyage 731 ingestion rate of soil ages 7-31 (mg/day) 100 [1]
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2.2 COMMERCIAL/INDUSTRIAL LAND USE—GROUNDWATER, SURFACE WATER,
SOIL, OR SEDIMENT

Under commercial/industrial land use, workers are exposed to contaminants within a commercial

area or industrial site. Workers are expected to be routinely exposed to contaminated media. Risk of
the contaminant from groundwater or surface water is assumed to be from incidental ingestion only.
Risk of contamination from soil or sediment is assumed to be from direct ingestion, inhalation of dust
and particulates, dermal exposure to chemicals, and external exposure from radionuclides. It is
assumed that there is potential for use of heavy equipment and related traffic in and around
contaminated soils and therefore a potential for soils to be disturbed and produce particulate and
volatile emissions.

2.2.1 Groundwater or Surface Water

2.2.1.1 Nonradionuclide contaminant

Ingestion only
_ T x BW x AT
" TV, x IR, x EF x ED (19)
where
Parameters Definition (units) Default Value
AT averaging time (yr x day/yr) 70 x 365 (carcinogen) [1]
25 %365
(noncarcinogen)[1]
BW adult body weight (kg) 70 [1]
C chemical PRG in water (mg/L) -
ED exposure duration (yr) 25[1]
EF exposure frequency (day/yr) 250 [1]
IR,, water ingestion rate (L/day) 1[9]
RfD, oral chronic reference dose (mg/kg-day) chemical-specific [3]
SF, oral slope factor ((mg/kg-day)™) chemical-specific [3]
T target (unitless) TR (carcinogen)
THI (noncarcinogen)
THI target hazard index (unitless) 1
TR target excess individual lifetime cancer risk (unitless) 10 and 10
TV, oral toxicity value SF, (carcinogen)

1/RfD, (noncarcinogen)
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2.2.1.2 Radionuclide contaminant

Ingestion only
C - TR

SF, x IR, x EF x ED (20)
where
Parameters Definition_(units) Default Value
C radionuclide PRG in water (pCi/L) -
ED exposure duration (yr) 25[1]
EF exposure frequency (day/yr) 250 1]
IR, water ingestion rate (L/day) 1[9]
SF, oral slope factor (risk/pCi) radionuclide-specific [3]

TR target excess individual lifetime cancer risk (unitless) 10®and 10*
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2.2.2 Soil or Sediment
2.2.2.1 Nonradionuclide contaminant
1) Ingestion only

T x BW x AT
TV, x CF x EF x ED x IR,

C =

2) Inhalation only

C- T x BW x AT
TV, x EF x ED x (- + —Ly x IR
' VF  PEF “
3) Dermal contact only
T x BW x AT

C =

i

4% CF, x SA x AF x ABS x EF x ED x ET x CF,

4) Ingestion and inhalation and dermal contact

T x BW x AT

C =

EFXED<[(TV xCFXIR) + (TVix(VlF ; P;F)XIRG) + (TV XCF XSAX AF* ABSXETXCF,)]

@n

(22)

(23)

24)
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where

Parameters

ABS

AF
AT

Definition (units)

absorption factor (unitless)

adherence factor (mg/cm?)
averaging time (yr x day/yr)

adult body weight (kg)

chemical PRG in soil (mg/kg)

units conversion factor (kg/mg)

units conversion factor (day/hr)

units conversion factor - dermal (kg-cm?)/(mg-m?)
exposure duration (yr)

exposure frequency (day/yr)

exposure time (hr/day)

total inhalation rate (m*/day)

soil ingestion rate (mg/day)

particulate emission factor (m*/kg)

absorbed chronic reference dose (mg/kg-day)
inhalation chronic reference dose (mg/kg-day)
oral chronic reference dose (mg/kg-day)

adult surface area (head, hands, forearms) (m*day)
absorbed dose slope factor ((mg/kg-day)™)
inhalation slope factor ((mg/keg-day)?)

oral slope factor ((mg/kg-day)™)
target (unitless)

target hazard index (unitless)

target excess individual lifetime cancer risk (unitless)

absorbed toxicity value
inhalation toxicity value
oral toxicity value

volatilization factor (m*/kg)

Commercial/Industrial Land Use

Default Value

0.01 (organic)

0.001 (inorganic)

1[11]

70 x 365 (carcinogen) [1]
25 x 365
(noncarcinogen){1]

70 [1]

10

1/24

0.01

25[1]

250[1]

8 [9]

20[1]

50[1]

4.28 x 10° (see Eq. 35)[5]
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
0.316 [4]
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
TR (carcinogen) [3]
THI (noncarcinogen)

1

10°and 10*

SF,, (carcinogen)
1/RfD,, (noncarcinogen)
SF; (carcinogen)

1/R{D; (noncarcinogen)
SF, (carcinogen)
1/RfD, (noncarcinogen)
chemical-specific
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2.2.2.2 Radionuclide contaminant

1) Ingestion only

c- TR
SF, x ED x CF x EF x IR, (25)
2) Inhalation only
C = TR
SF, % ED x CF, x EF x (— + —L) x IR 26)
VF  PEF “
3) External radiation only
C - TR
SF, x ED x EF, x (1-8) x T, @7
4) Ingestion and inhalation and external radiation
€= TRl 1 28
EDX[(SF *CFxEFxIR ) +(SFXCF, ,.XEFX(ﬁ + PEF)XIR") +(SF XEF x(1-8 )xT,)] (28)
where
Parameters Definition (units) Default Value
C radionuclide PRG in soil (pCi/g) -
CF units conversion factor (g/mg) 1073
Ct, units conversion factor - inhalation (g/kg) 10°
ED exposure duration (yr) 25 [1]
EF exposure frequency (day/yr) 250 [1]
EF, exposure frequency - external (day/day) 250/365 [1]
IR, total inhalation rate (m*/day) 20 [1]
IR soil ingestion rate (mg/day) 50[1]
PEF particulate emission factor (m*/kg) 4.28 x 10° [5]
S. gamma shielding factor (unitless) 0.2[1]
SF, inhalation slope factor (risk/pCi) radionuclide-specific [3]
SF, oral slope factor (risk/pCi) radionuclide-specific [3]
SE, external exposure slope factor ((risk-g)/(pCi-yr)) radionuclide-specific [3]
T, gamma exposure factor (hr/hr) 8/24 [6]
TR target excess individual lifetime cancer risk (unitless) 10 and 10
VF volatilization factor (m*/kg) radionuclide-specific [5]

Most radionuclides are heavy metal elements and are nonvolatile under normal, ambient
conditions. However, some radionuclides are volatile under certain conditions (i.e., carbon-14,
tritium, phosphorus-32, sulfur-35) and still others undergo radioactive decay to yield gaseous
daughter isotopes (i.e., radium-226 and radium-224 decay to form radon-222 and radon-220,
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respectively). The United States Environmental Protection Agency [1] describes how to calculate
volatilization factors (VF) for these exceptions.

2.2.2.3 Supporting equations

The volatilization factor, VF, defines the relationship between the concentration of contaminants
in soil and the volatilization of contaminants in air. The chemical concentration in soil (C) calculated
using the VF must be compared with the soil saturation concentration (C, ). If C is greater than Can
then the PRG is set equal to C, [1].

1) Soil saturation concentration

._(decwxB)+(waPw)+(waHlea)

Coar ; (29)
where
Parameters Definition (units) Default Value
Ce soil saturation concentration (mg/kg) -
C, upper limit of free moisture in soil (mg/L-water) s % 0,6
H Henry's Law constant (atm-m®/mol) chemical-specific [6]
H Henry's Law constant (unitless) Hx41, where 41l isa

conversion factor [6]
Ky soil-water partition coefficient (L/kg) chemical-specific, or
K, x OC [6]

K, organic carbon partition coefficient (L/kg) chemical-specific [6]
oC organic carbon content of soil (fraction) site-specific, or 0.02 [6]
P, air-filled soil porosity (unitless) P,- 6B [6]
P, total soil porosity (unitless) 1-(B/p) [6]
P, water filled soil porosity (unitless) P,-P,,or 6P [6]
s solubility in water (mg/L-water) chemical-specific [6]
B soil bulk density (keg/l) 1.5[6]
6 soil moisture content (L-water/kg-soil) site-specific, or 0.15 [6]
0, soil moisture content (kg-water/kg-soil) site-specific, or 0.15 [6]
B true soil density or particle density (kg/L) 2.65 [6]

Please note that the equation presented here for C, is also a modification of the equation
presented in RAGS, Part B [1] guidance. This equation also considers the amount of contaminant in
vapor phase in the pore spaces of the soil.

2) Soil-to-air volatilization factor

The VF assumes that the contaminant concentration in the soil is homogeneous from the soil
surface to the depth of concern and that the contaminated material is not covered by contaminant-free
soil material. For the purpose of calculating the VF, depth of concern is defined as the depth at which
a near impenetrable layer or the permanent groundwater level is reached. The following equation
represents revisions to RAGS, Part B, Sect. 3.3.1 [1] incorporating the 95% upper confidence limit
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of the mean normalized concentration as determined by regression analysis of the modeled data. This
methodology uses the most conservative results of the three source shapes modeled (1:3 aspect ratio
rectangle).

1

(3.1416 x o x T)2

= % % 10~ 2 pm 2 (30
VF = Q/C @ =D, x P, % K) 107*m*“/em )
N«
_ (Dei x Pa)
C TP T e)1-PK, @D
4) QIC
0/C = (exp [F, + 2.925(F)]) (32)
5) s(Yp)
73 = 0.02685[0.25 + 2 10509 1105095 (33)
s = 0. ' 26.3608
6) Y,

¥, = 0.1004X, - 5.3466 (34)
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where

Parameters

Commercial/Industrial Land Use

Definition (units) Default Value

effective diffusivity (cm?/s) D,®P. /P2 [5]

molecular diffusivity (cm?/s) chemical-specific

Henry's law constant (atm-m*/mol) chemical-specific

soil/air partition coefficient (g-soil/cm*-air) (H/K;) x 41, where 41
is a units conversion
factor [5]

soil-water partition coefficient (cm*g) chemical-specific, or
K, xOC[5]

organic carbon partition coefficient (cm®/g) chemical-specific [5]

organic carbon content of soil (fraction) site-specific or 0.02 [5]

air-filled soil porosity (unitless) P,- 0B [5]

total soil porosity (unitless) 1-(B/py) [5]

inverse of the normalized concentration from EQ 92.5247 [5]

1993 and represents the emission flux (g/m*-s) per
unit concentration (kg/m®)

UCL for a 95% confidence interval on the mean 0.0187 [5]
response at the point x=x_

exposure interval (s) 7.9 x 108 [5]
volatilization factor (m*/kg) -
contiguous area of contamination (m?) 2025 [5]
natural logarithm of the contiguous area of In(X) [5]

contamination (m?)
linear regression line -
soil bulk density (ke/L) 1.5 [5]

soil moisture content (L-water/kg-soil) site-specific or 0.15 [5]
true soil density or particulate density (g/cm?) 2.65 [5]
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7) Molecular diffusivity (used in calculating VF)

where
Parameters

D.

MW

oV,

PNY

a

0.0017%7 | 1

+

1
\ MW, MV,

D_:

H

Definition (units)

molecular diffusivity (cm%/s)
molecular weight of air (g/mole)

molecular weight of toxic substance (g/mole)

absolute pressure (atm)

P [EV)P+EVYPF

(35

Default Value

28.8
chemical-specific
site-specific or 0.9825

(estimated)
average temperature for year expressed as absolute site-specific or
temperature (°K) 284.82°K

= 53°F (estimated)

molecular diffusion volume of toxic substance (g/mole); chemical-specific
This is the sum of the atomic diffusion volumes of the

compound components (cm*/mole).

molecular diffusion volume for air (cm*/mole)

20.1

To estimate short-term (maximum) release rates, use a value for the temperature that reflects the
expected summer maximum temperatures. Annual average temperatures are used here to estimate

long-term (average) release rates.

Relevant atomic diffusion volume coefficients for use in estimating D; are [16]:

“TMEQZOEA

Aromatic ring
Heterocyclic ring

16.5
1.98
5.48
5.69
19.5
35.5
25.0° [18]
17.0
202
-20.2

The United States Environmental Protection Agency [17] provides appropriate diffusion coefficients.
The diffusion coefficient (D; ) can also be calculated by Fuller's method [16].
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8) Particulate emission factor

3600 s/h

PEF = QIC x
RSF x (1 - G) x (U JUY x F(x)

(36)

where
Parameters Definition (units) Default Value
FX) function dependent on U, / U, (unitless) 0.0497 [19]
G fraction of vegetative cover (unitless) 0[5]
PEF particulate emission factor (m*/kg) 4.28 x 10°[5]
Q/C inverse of the normalized concentration from EQ 92.5247 [5]
1993 and represents the emission flux (g/m’-s) per
unit concentration (kg/m®)
RSF respirable fraction (g/m*-hr) 0.036 [5]
U, mean annual wind speed (m/s) 4.5[5]
U, equivalent threshold value of wind 12.8 [5]

speed at 10 m (m/s)
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2.3 AGRICULTURAL LAND USE—PRODUCE, WHOLE MILK, AND BEEF

Miller et al. [20] state that all sites at the Oak Ridge Reservation (ORR) undergoing a remedial
investigation will include a comparison of the site data to agricultural PRGs. The agricultural
pathways addressed for the ORR in this document include ingestion of produce, milk, and beef. The
agricultural land use scenario integrates exposure from two different exposure media (soil and water)
and integrates the results into a single risk number for a given food chain pathway. This presents
unique problems for the calculation of media-based PRGs since a PRG based on a risk level for a
given media is not necessarily protective of the pathway. Therefore, the calculations presented here
provide the slopes and y-intercepts for an algebraic equation that shows the linear relationship
between the PRGs for water and soil with respect to a given risk level when contamination from both
soil and water is present. Figure 2 demonstrates the use of this equation. The three graphs represent
the relationship between the soil and water at different risk and HI levels. Please note that change in
scale in each graph to interpret PRG level. The x- and y-intercepts show the PRGs for soil and water,
respectively, in the absence of contamination in the other media. Every point on the line represents
a combination of contamination levels in soil and water that yield a risk equivalent to the target risk
level. If a plotted point for a site falls above this line based on the representative soil and water
concentrations for a particular contaminant, then the site has exceeded the combined PRG for that
contaminant and pathway at the target risk level.

Because the milk ingestion rate is different for children and adults, the carcinogenic risk due to
ingestion of milk is calculated using an age-adjusted ingestion factor. This takes into account the
differences in daily milk ingestion rates, body weights, and exposure durations for the two exposure
groups. Exposure frequency is assumed to be the same for the two groups. Calculated in this manner,
the factor leads to a more protective risk-based concentration compared to an adult-only assumption.
Due to differences in averaging times for carcinogens and noncarcinogens, the noncarcinogenic
hazard is calculated separately for adults and children. This procedure will give a more protective
concentration than the adult-only assumption.

2.3.1 Nonradionuclide Contaminant

2.3.1.1 Ingestion of vegetable only

T x BW x AT

C =
" TV, x IR, x FI, x EF x ED G

2.3.1.2 Ingestion of whole milk only

1) Carcinogen

c - T x AT
™ TV, x FI x EF x IF, .. (%)
2) Noncarcinogen (adult and child calculated separately)
T x BW x AT,
Cn = (39

TV, x IR, * FI x EF x ED,
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2.3.1.3 Ingestion of beef only

C - T x BW x AT
® TV, x IR, x FI x EF x ED

where

Parameters Definition (units)

AT averaging time (yr X day/yr)

AT, averaging time - noncarcinogenic ingestion of
milk only (yr x day/yr)

BW adult body weight (kg)

BW, body weight - noncarcinogenic ingestion
of milk only (kg)

C, chemical concentration in beef (mg/kg)

C. chemical concentration in milk (mg/kg)

C, chemical concentration in vegetable (mg/kg)

ED exposure duration (yr)

ED, exposure duration - noncarcinogenic ingestion
of milk only (yr)

EF exposure frequency (day/yr)

FI fraction ingested (unitless)

FI, fraction ingested - vegetable (unitless)

IF pinagi age-adjusted milk ingestion factor (kg-yr/kg-day)

IR, ingestion rate - beef (kg/day)

IR, ingestion rate - vegetable (kg/day)

IR, ingestion rate - milk
(noncarcinogenic ingestion only) (kg/day)

RfD, oral chronic reference dose (mg/kg-day)

SF, oral slope factor ((mg/kg-day)™)

T target (unitless)

THI target hazard index (unitless)

TR target excess individual lifetime cancer risk (unitless)

TV, oral toxicity value

Agricultural Land Use

(40)

Default Value

70 x 365 (carcinogen) [1]
30 x 365
(noncarcinogen)[1]

24 x 365 (adult) [1]

6 x 365 (child) [1]

70 [1]

70 (adult) [1]

15 (child) [1]

30[1]

24 (adult) [1]

6 (child) [1]

350 (1]

1[12]

0.4 [10]

~0.308 (see Eq. 58)
0.075[10]

0.2 [10]

0.305 (adult) [10]
0.509 (child) [21]

chemical-specific [3]
chemical-specific [3]
TR (carcinogen)

THI (noncarcinogen)

1

10%and 10*

SF, (carcinogen)
1/RfD, (noncarcinogen)
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2.3.2 Radionuclide Contaminant

2.3.2.1 Ingestion of vegetables only

c - TR
¥ SF,x IR, x FI, x EF x ED x CF

2.3.2.2 Ingestion of whole milk only

TR
x FI x EF x CF

C =
" SF, x IFMIH@.

2.3.2.3 Ingestion of beef only

C - TR
® SF, x IR, x FI x EF x ED x CF

where

Parameters Definition (units)

G radionuclide concentration in beef (pCi/g)

CF units conversion factor (g/kg)

C. radionuclide concentration in milk (pCi/g)

C, radionuclide concentration in vegetable (pCi/g)
ED exposure duration (yr)

EF exposure frequency (day/yr)

FI fraction ingested (unitless)

FI, fraction ingested - vegetable (unitless)

IF iag; age-adjusted milk ingestion factor (kg-yr/day)
IR, ingestion rate - beef (kg/day)

IR, ingestion rate - vegetable (kg/day)

SF, oral slope factor (risk/pCi)

TR target excess individual lifetime

cancer risk (unitless)

@“n
(42)
(43)

Default Value

1000

30[1]

350 [1]

1[12]

0.4 [10]

~10.374 (see Eq. 59)
0.075[10]

0.2[10]
chemical-specific

10®and 10
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2.3.3 Back-Calculated Concentrations for Groundwater and Soil

Let

. - -Ap % ¢,
A" =¥, x exp; Akl (44)
E

for vegetables, or

P e R

44
,,, % (44,)

for milk or meat.

ge o X F XL - exp(-y % )]

P2, 45)
2.3.3.1 Water contamination only
1) Vegetable
C
CW = - (46)
(4" xIr) + (B, xB") + (4> x B* x 5, % 5, % d)]
2) Whole Milk
CW = Cn
3) Beef
CW = i
F,x Q, x CF" 48)

This conversion factor is for radionuclides only.
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2.3.3.2 Soil contamination only

1) Vegetable

C
CS = Y
B, +(s,xs,xdxA4")

2) Whole milk

c
CS = -

CF, X0, xSy x (B, + (5, xs;xdx A7) + O]

3) Beef

C
CS = b

TR, %[0, < fy < (B, + (s, x5, x dx A7) + 0]

2.4.3.3 Water and soil contamination

1) Vegetable

C
INTCPT = hd
va-l-(A'Xsrxsdxd)

-[4”xIry + (B, xB) + (A" xB" x5 xg§, X
wopg - A% + (B X BY) + ( , % ;%

va+(A"xsrxsdxd)

2) Whole milk

Cm
INTCPT =

Fox 10, xfox B, + (s, xs;xdx A7) + Q]

-0,
Q, xJfg B, + (s, xs;xdx A7) + O

SLOPE =

(49)

(50)

2y

(52)

(53)

(54

(5%



2-25

Equations

Agricultural Land Use

3) Beef
Cy
INTCPT = . (56)
Fyx[Q, xfex B, + (s, x5, xdxA%) + 0]
SLOPE = O (57
Q,*feg*x[B, + (s, xs5,xdxA4A")] + Q,

where

Parameters Definition (units) Default Value

B, soil to plant uptake (kg/kg) chemical-specific

B.. soil to plant uptake converted to wet weight

(kg/kg) B4

G PRG in beef (mg/kg or pCi/g) -

CF units conversion factor (kg/g) 1/1000

C. PRG in milk (mg/kg or pCi/g) -

CS PRG in soil (mg/kg or pCi/g) -

C, PRG in vegetable (mg/kg or pCi/g) -

Cw PRG in water (mg/L or pCi/L) -

d deposition velocity (m/day) chemical-specific

F irrigation period (unitless) 0.25 (based on 3 ms. per
year)

F, transfer coefficient - beef (day/kg) chemical-specific

fs grazing fraction (unitless) 0.4 [22]

F. transfer coefficient - milk (day/kg) chemical-specific

Y, plant yield (wet) (m%kg) 2 [22]

Y, milk or meat yield (dry) (m*kg) 0.12 [8]

INTCPT equation intercept -

Ir irrigation rate (L/m’-day) 3.62 [23]

P area density for root zone (kg/m?) 320 [24]

Q quantity of pasture ingested (kg/day) 25 [25]

Qs quantity of soil ingested (kg/day) 1[26]

Qw quantity of water ingested (IL/day) 50 (beef cattle) [22]
60 (dairy cattle) [22]

Sq area surface soil density (kg/m?) 16 [24]

SLOPE equation slope -

S, soil resuspension factor (1/m) 0.000001 [24]

t, long term deposition and buildup (day) 10950 [22]

Tx half-life (day) chemical-specific

t, above ground exposure time (day) 30 (milk, beef) [22]
60 (vegetable) [22]

t, weathering half-life (day) 14 [22]

Ag effective rate for removal (1/day) A+ Ay [8]
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Ae decay for removal on produce (1/day) A; +(0.6931t,) [8]
A soil leaching rate (1/day) 0.000027 [8]
A, decay (1/day) 0.693/T [8]

2.3.4 Supporting Equations

2.3.4.1 Age-adjusted milk ingestion factor for nonradionuclides (carcinogenic risk only)

IF " = IRmiIk/age 1-6 x EDagz 1-6 + IRmtlklage 7-31 x EDage 7-31 ( 5 8)
mikled BWage 1-6 BWagz 7-31
where
Parameters Definition (units) Default Value
BW. e 16 average body weight from ages 1-6 (kg) 15 [1]
BW e 731 average body weight from ages 7-31 (kg) 70 [1]
EDg. 16 exposure duration during ages 1-6 (yr) 6[1]
ED,. 7.3 exposure duration during ages 7-31 (yr) 24 [1]
IF pigags age-adjusted milk ingestion factor (kg-yr/kg-day) ~0.308[10]
IR inviage 16 ingestion rate of milk for ages 1-6 (kg/day) 0.509 [21]
IR ivvage 7-31 ingestion rate of milk for ages 7-31 (kg/day) 0.305[10]
2.3.4.2 Age-adjusted milk ingestion factor for radionuclides
IFmiIk/adj - (IRmiIHage 1-6 X EDage 1-6) * (Ilelldage 7-31 x ED age 7-3 1) (59)
where
Parameters Definition (units) Default Value
EDgge 16 exposure duration during ages 1-6 (yr) 6[1]
ED,ee 231 exposure duration during ages 7-31 (yr) 24 [1]
1 age-adjusted milk ingestion factor (kg-yr/day) 10.374
IR ige 16 ingestion rate of milk for ages 1-6 (kg/day) 0.509[21]

IR iage 7-31 ingestion rate of milk for ages 7-31 (kg/day) 0.305 [10]
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2.3.4.3 Chemical concentration in vegetables [27]
C, = (C xIrxA")+(CxB, )+(C *B**B, )+(CxsxsxdxA")+(C XB *x5 X5 xd%XA") (60)

Agricultural Land Use

2.3.4.4 Chemical concentration in pasture (assuming no irrigation) [27]

C,=(C,xB)+(C,xs, xs,%xdxA7) 61
2.3.4.5 Chemical concentration in beef
Cy =F, x[(C,x Q) + (C,x Q) + (C, x CF" x Q)] 62)
2.3.4.6 Chemical concentration in milk
C,=F,x[(C,xQ)+(C;xQ)+(C,*xCF" xQ) (63)
where
Parameters Definition (units) Defauit Value
B, soil to plant uptake (kg/kg) chemical-specific
B,. soil to wet plant transfer (kg/kg) B/4
C, concentration in beef (mg/kg or pCi/g) -
CF units conversion factor (kg/g) 1/1000
Cn concentration in milk (mg/kg or pCi/g) -
G concentration in pasture (mg/kg or pCi/g) -
C, concentration in soil (mg/kg or pCi/g) -
C, concentration in vegetable (mg/kg or pCi/g) -
C., concentration in water (mg/L or pCi/L) -
d deposition velocity (m/day) chemical-specific
F, transfer coefficient - beef (day/kg) chemical-specific
F, transfer coefficient - milk (day/kg) chemical-specific
Ir irrigation rate (L/m?-day) 3.62 [23]
Q, quantity of pasture ingested (kg/day) 25 [25]
Qs quantity of soil ingested (kg/day) 1[26]
Q. quantity of water ingested (L/day) 50 (beef cattle) [22]
60 (dairy cattle) [22]
Sy area surface soil density (kg/m?) 16 [24]
S soil resuspension factor (1/m) 0.000001 [24]

This conversion factor is for radionuclides only.
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2.4 RECREATIONAL LAND USE—SURFACE WATER, SOIL, OR SEDIMENT

The recreational land use scenario addresses exposure to people who spend a limited amount of
time at or near a site while playing, fishing, hunting, hiking, or engaging in other outdoor activities.
This includes what is often described as the “trespasser” or “site visitor” scenario. Risk of
contamination from surface water is assumed to be primarily due to ingestion and dermal contact
with chemicals while swimming and ingestion of fish. Risk of contamination from soil or sediment
is assumed to be from direct ingestion, inhalation of dust and particulates, dermal contact with
chemicals in the soil, and external exposure from radionuclides. Because the soil ingestion rate is
different for children and adults, the carcinogenic risk due to direct ingestion of soil is calculated
using an age-adjusted ingestion factor. This takes into account the differences in daily soil ingestion
rates, body weights, and exposure durations for the two exposure groups. Exposure frequency is
assumed to be the same for the two groups. Calculated in this manner, the factor leads to a more
protective risk-based concentration compared to an adult-only assumption. Due to differences in
averaging times for carcinogens and noncarcinogens, the noncarcinogenic hazard is calculated
separately for adults and children. This procedure will give a more protective concentration than the
adult-only assumption.

2.4.1 Surface Water

2.4.1.1 Nonradionuclide contaminant

1) Ingestion only

T x BW x AT
C=TV” (64)
 x IR, x EF x ED x ET x CF,

2) Dermal contact only

c- T x BW x AT
TV,, x 84 x K, x ET x EF x ED x CF, (65)

3) Ingestion and dermal contact

C = T x BW x AT
EF x ED x [(TV, x IR, x ET x CF,) + (IV,, x S4 x K, x ET x CF)]

(66)

4) Ingestion of fish only
C = T x BW x AT
TV, x IR, x FI x EF. % ED x BF

(67)
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where

Parameters Definition (units) Default Value

AT averaging time (yr x day/yr) 70 x 365 (carcinogen) [1]
30 x 365
(noncarcinogen) [1]

BF bioaccumulation factor (L/kg) chemical-specific

BW adult body weight (kg) 70 [1]

C chemical PRG in water (mg/L) -

CF, units conversion factor (L /em - m?) 10

CF, units conversion factor (day/hr) 1724

ED exposure duration (yr) 30[1]

EF exposure frequency (day/yr) 75 (4]

Ef; exposure frequency fishing (day/yr) 48 [13]

ET exposure time (hr/day) 1 [4]

FI fraction ingested (unitless) 1[12]

IR; ingestion rate - fish (kg/day) 0.054 [9]

IR, water ingestion rate (L/day) 2[1]

K, permeability constant (cm/hr) chemical-specific [3]

RfD,, absorbed chronic reference dose (mg/kg-day) chemical-specific [3]

RfD, oral chronic reference dose (mg/kg-day) chemical-specific [3]

SA adult surface area (m?) 1.94 [4]

SF,4 absorbed dose slope factor ((mg/kg-day)™) chemical-specific [3]

SF, oral slope factor ((mg/kg-day)™) chemical-specific [3]

T target (unitless) TR (carcinogen)
THI (noncarcinogen)

THI target hazard index (unitless) 1

TR target excess individual lifetime cancer risk (unitless) 10 and 10

TV absorbed toxicity value SF,, (carcinogen)
1/RfD,, (noncarcinogen)

TV, oral toxicity value SF, (carcinogen)

1/RfD, (noncarcinogen)
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2.4.1.2 Radionuclide contaminant

1) Ingestion only

TR
SF. x IR, x EF x ED x ET x CF

2) Ingestion of fish only

TR
SF, x Ifo Efo FI x ED x BF

radionuclide PRG in water (pCi/L)
units conversion factor (day/hr)

exposure frequency fishing (day/yr)

where

Parameters Definition (units)

BF bioaccumulation factor (L/kg)
C

CF

ED exposure duration (yr)

EF exposure frequency (day/yr)
Ef;

ET exposure time (hr/day)

Fl fraction ingested (unitless)
IR, ingestion rate - fish (kg/day)
IR, water ingestion rate (L/day)
SF, oral slope factor (risk/pCi)
TR

target excess individual lifetime cancer risk (unitless)

(68)

(69)

Default Value

radionuclide-specific

124

30[1]

75 [4]

48 [13]

14]

1[12]

0.054 [9]

2[4
radionuclide-specific
10 and 10*



P

VLo A sl

2-31

Equations

Recreational Land Use



2-32

Equations
Recreational Land Use

2.4.2 Soil or Sediment
2.4.2.1 Nonradionuclide contaminant

1) Ingestion only

a) Carcinogen

T x AT

C =
TV, x CF x EF x FI x IF, .-

x ET x CF, (70)

b) Noncarcinogen (adult and child calculated separately)

T x BW, x AT,

C = (71)
TV, x CF x EF x ED, x IR, x FI x ET x CF,

2) Inhalation only

- T x BW x AT
TV, x EF x ED x (— + —L) x IR x ET x CF, (72)
VF  PEF o
3) Dermal contact only
oo T x BW x AT
TV,, x CF, x SA x AF x ABS x EF x ED x ET x CF, 73

4) Ingestion and inhalation and dermal contact
T x BW x AT

C =
EF&EDxEﬂCFZ[(TVDxCFXFIxIRa)+(TV,><(LW+P]{:F)xIRa,,)+(TVadxCFdeAxAE<ABS)] 74

where

Parameters Definition (units) Default Value

ABS absorption factor (unitless) 0.01 (organic)
0.001 (inorganic)

AF adherence factor (mg/cm?) 1[11]

AT averaging time (yr x day/yr) 70 x 365 (carcinogen) [1]
30 x 365
(noncarcinogen) [1]

AT, averaging time - noncarcinogenic ingestion 24 x 365 (adult) [1]

only (yr x day/yr) 6 x 365 (child) [1]
BW adult body weight (kg) 70[1]
BW,_ body weight - noncarcinogenic ingestion only (kg) 70 (adult) [1]

15 (child) [1]
C chemical PRG in soil (mg/kg) -
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units conversion factor (kg/mg)

units conversion factor (day/hr)

units conversion factor - dermal (kg-cm?)/(mg-m?)
exposure duration (yr)

exposure duration - noncarcinogenic ingestion
only (yr)

exposure frequency (day/yr)

exposure time (hr/day)

fraction ingested (unitless)

age-adjusted soil ingestion factor (mg-yr/kg-day)
ingestion rate for adult (mg/day)

total inhalation rate (m*/day)

ingestion rate - noncarcinogenic ingestion only
(mg/day)

particulate emission factor (m*/kg)

absorbed chronic reference dose (mg/kg-day)
inhalation chronic reference dose (mg/kg-day)
oral chronic reference dose (ng/kg-day)

adult surface area (m*day)

absorbed dose slope factor ((mg/kg-day)™)
inhalation slope factor ((mg/kg-day)™)

oral slope factor ((mg/kg-day)™)

target (unitless)

target hazard index (unitless)

target excess individual lifetime cancer risk (unitless)
absorbed toxicity value

inhalation toxicity value

oral toxicity value

volatilization factor (m*/kg)

Recreational Land Use

10°

1724

0.01

30 (1]

24 (adult) [1]

6 (child) [1]

75 [4]

1[4]

1[12]

~114 (see Eq. 79) [1]
100 [9]

201[9]

100 (adult) [9]

200 (child) [9]

428 x 10° [5]
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
0.53 [4]
chemical-specific [3]
chemical-specific [3]
chemical-specific 3]
TR (carcinogen)
THI (noncarcinogen)
1

10°and 10

SF,4 (carcinogen)
1/R{D,, (noncarcinogen)
SF, (carcinogen)
1/RfD; (noncarcinogen)
SF, (carcinogen)
1/RfD, (noncarcinogen)
chemical-specific
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2.4.2.2 Radionuclide contaminant

1) Ingestion only

TR

C =
SF, x CF x EF x IF, ..

x ET x CF,

2) External radiation only

- TR
SF, x ED x EF_ x (1-8) x T,

3) Inhalation only

C- TR

1
PEF

SF,.xEDxCF,xEFx(LW«» ) x IR,, x ET x CF,
4) Ingestion and external radiation and inhalation (adult only)

- TR

1
PEF

EDX[(SF,xCF*EFxIR XETXCF,) +(SFXEF X(1~S }xT) + (SF,XCF,XEFX(% *

IR  xET%CF,)]

(75)

(76)

)

78)
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where

Parameters Definition (units) Default Value

C radionuclide PRG in soil (pCi/g) -

CF units conversion factor (g/mg) 107

CF, units conversion factor (day/hr) 1724

Cf, units conversion factor - inhalation (g/kg) 10°

ED exposure duration (yr) 30 (1]

EF exposure frequency (day/yr) 75 [4]

EF, exposure frequency - external (day/day) 75/365

ET exposure time (hr/day) 1[4]

IF i age-adjusted soil ingestion factor (mg-yr/day) 3600 (see Eq. 80) [6]

IR, adult ingestion rate (mg/day) 100 [1]

IR, total inhalation rate (m*/day) 20 [9]

PEF particulate emission factor (m*/kg) 4.28 x 10° [5]

S. gamma shielding factor (unitless) 0.2 (see EPA, 1991) [1]

SF; inhalation slope factor (risk/pCi) radionuclide-specific [3]

SF, oral slope factor (risk/pCi) radionuclide-specific [3]

SF, external exposure slope factor ((risk-g)/(pCi-yr)) radionuclide-specific
B3]

T, gamma exposure time factor (hr/hr) 1724

TR target excess individual lifetime cancer risk (unitless) 10®and 10*

VF volatilization factor (m*/kg) radionuclide-specific

2.4.2.3 Supporting equations

1) Age-adjusted Soil Ingestion Factor for Nonradionuclides (carcinogenic risk only)
IR ED IR x ED

X
IF; e - solllage 1-6 age 1-6 + soillage 7-31 age 7-31 (7 9)
g B Wage 1-6 B Wage 7-31

where
Parameters Definition (units) Default Value
BW e 16 average body weight from ages 1-6 (kg) 15[1]

Woge 21 average body weight from ages 7-31 (kg) 70 (1]
ED, 16 exposure duration during ages 1-6 (yr) 6[1]
ED,pe 731 exposure duration during ages 7-31 (yr) 24 [1]
IF ¢ iyagj age-adjusted soil ingestion factor (mg-yr/kg-day) ~114 [1]
IR ivage 1-6 ingestion rate of soil for ages 1-6 (mg/day) 200 [1]

IR iage 731 ingestion rate of soil for ages 7-31 (mg/day) 100 [1]
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2) Age-adjusted soil ingestion factor for radionuclides

IF, soillady = (IRsaiI/age 1-6 x ED age 1-6) + (IRxaiIIage 7-31 x ED age 7—31) (80)
where
Parameters Definition (units) Default Value
ED,. 16 exposure duration during ages 1-6 (yr) 6[1]
ED,;c 7.3 exposure duration during ages 7-31 (yr) 24 [1]
IF iy age-adjusted soil ingestion factor (mg-yr/day) 3600 [1]
IRsivage 1-6 ingestion rate of soil for ages 1-6 (mg/day) 200 [1]

IR ivage 731 ingestion rate of soil for ages 7-31 (mg/day) 100]1]
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2.5 EXCAVATION LAND USE—SOIL OR SEDIMENT

The excavation land use scenario is assumed to be an infrequent and short-lived occurrence. Due
to weather considerations for this scenario, exposure frequency is assumed to be one month of the
worker year, or approximately 20 days per year. In addition, excavation is assumed to be a rare
occurrence, so the exposure duration for any one worker is assumed to be one year. Risk of
contamination is assumed to be due to direct ingestion, inhalation of dust and particulates, dermal
contact with chemicals, and external exposure to radionuclides.

2.5.1 Soil or Sediment
2.5.1.1 Nonradionuclide contaminant

1) Ingestion only

3 T x BW x AT
TV, x CF x EF x ED x IR, @81)
2) Inhalation only
C - T x BW x AT
TV, x EF x ED % (—= + —) x IR (82)
! VF  PEF “
3) Dermal contact only
C = T x BW x AT
TV, x CF, x 84 x AF x ABS x EF x ED x ET x CF, (83)
4) Ingestion and inhalation and dermal contact
c o T x BW x AT
EF<EDXI(TY XCRXIR) (7 X(e +—L IR ) + (V1D psraPrapsEr<cry) - 9
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where
Parameters
ABS

AF
AT

BW
C
CF
CF,
CF,

ED
EF
ET

IR,

IR,
PEF

SF,q

Definition (units)

absorption factor (unitless)

adherence factor (mg/cm?)
averaging time (yr X day/yr)

adult body weight (kg)

chemical PRG in soil (mg/kg)

units conversion factor (kg/mg)
units conversion factor (day/hr)
units conversion factor - dermal

(kg-cm?)/(mg-m’)
exposure duration (yr)

exposure frequency (day/yr)

exposure time (hr/day)

total inhalation rate (m*/day)
soil ingestion rate (mg/day)

particulate emission factor (m*/kg)
absorbed chronic reference dose (mg/kg-day)
inhalation chronic reference dose (mg/kg-day)
oral chronic reference dose (mg/kg-day)

adult surface area (m*/day)

absorbed dose slope factor ((mg/kg-day)™)
inhalation slope factor ((mg/kg-day)™)
oral slope factor ((mg/kg-day)™)

target (unitless)

target hazard index (unitless)

target excess individual lifetime cancer risk (unitless)

absorbed toxicity value
inhalation toxicity value

oral toxicity value

volatilization factor (m*/kg)

Excavation Land Use

Default Value

0.01 (organic)

0.001 (inorganic)

1[11]

70 x 365 (carcinogen) [1]
1 X365 (noncarcinogen)[1]
70 [1]

10

1/24

0.01

1

20(1/12 of worker year)
8

20 [9]

480 [6]

428 x 10°[5]
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
0.316 [4]
chemical-specific [3]
chemical-specific [3]
chemical-specific [3]
TR (carcinogen)

THI (noncarcinogen)

1

10%and 10*

SF,; (carcinogen)
1/RfD,,; (noncarcinogen)
SF, (carcinogen)

1/RfD; (noncarcinogen)
SF, (carcinogen)
1/RfD, (noncarcinogen)
chemical-specific [5]
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2.5.1.2 Radionuclide contaminant

1) Ingestion only

- TR
SF, x ED x CF x EF x IR, (85)
2) Inhalation only
C = TR
SF, x ED x CF, x EF x (- + -1y x (86)
VF  PEF
3) External radiation only
- TR
SF_ x ED x EF_ x (1-S) x T, @87
4) Ingestion and inhalation and external radiation
C - TR
EDX[(SF xCFEFxIR ) + (SF XCFXEFx(—— + —L )xIR ) + SFxEF x(1-SxT)] ~ (&®
VF PEF “ o
where
Parameters Definition (units) Default Value
c radionuclide PRG in soil (pCi/g) -
CF units conversion factor (g/mg) 107
Ct, units conversion factor - inhalation (g/kg) 10°
ED exposure duration (yr) 1
EF exposure frequency (day/yr) 20 (~ one worker month)
EF, exposure frequency - external (day/day) 20/365
IR, total inhalation rate (m%/day) 20 [9]
IR, soil ingestion rate (mg/day) 480 [6]
PEF particulate emission factor (m*/kg) 428 x 10°[5]
S, gamma shielding factor (unitless) 0.2 (see EPA, 1991) [1]
SF, inhalation slope factor (risk/pCi) radionuclide-specific [3]
SF, oral slope factor (risk/pCi) radionuclide-specific [3]
SE, external exposure slope factor ((risk-g)/(pCi-yr)) radionuclide-specific [3]
T, gamma exposure factor (hr/hr) 8/24 [6]
TR target excess individual lifetime cancer risk (unitless) 10 and 10
VF volatilization factor (m*/kg) radionuclide-specific [5]
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3. TABLES

The previous equations and parameters were used to generate the following 23 tables which are
arranged by scenario in the following order: 1) Residential, 2) Industrial, 3) Agriculture, 4)
Recreation, and 5) Excavation. Each table contains the chemical name, its corresponding chemical
abstract registration number (CASRN), and the appropriate PRG for each pathway at risk levels of
1.0E-04 and 1.0E-06 and an HI level of 1. The tables are differentiated based on the medium (water
or soil) and the chemical type (nonradionuclide or radionuclide). For each scenario, risk-based PRGs
for nonradionuclides in water are followed by risk-based PRGs for radionuclides in water,
nonradionuclides in soil, and radionuclides in soil.
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