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Welcome to the EPA's "Dose Compliance Concentrations for Radionuclides at Superfund Sites"
(DCC) user's guide. Here, you will find descriptions, equations, and default exposure parameters
used to calculate the dose-based DCCs. If this is your first time using the DCC Calculator, it is
strongly recommended that you first read ""Radiation Risk Assessment At CERCLA Sites: Q & A",

Additional guidance is also provided on sources of parameters and proper DCC use. It is suggested
that users read the DCC FAQ page before proceeding. The user guide is extensive, so please use the

"Open All Sections" and "Close All Sections" links below as needed. Individual sections can be
opened and closed by clicking on the section titles. Before proceeding through the user's guide,
please read the Disclaimer.
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This guidance document sets forth recommended approaches based on EPA's best thinking to date with respect to dose
assessment for response actions at CERCLA sites. This document does not establish binding rules. Alternative dose assessment

approaches may be more appropriate at specific sites (e.g., where site circumstances do not match the underlying

assumptions, conditions, and models of the guidance). The decision to use an alternative approach and a description of any

such approach should be placed in the Administrative Record for the site. Accordingly, if comments are received at individual

sites questioning the use of the approaches recommended in this guidance, the comments should be considered and an

explanation provided for the selected approach.

The policies set out in the Radionuclide Applicable or Relevant and Appropriate (ARAR) DCC User Guide provide guidance to

EPA staff. It also educates the public and regulated community on how EPA intends the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP) be implemented. EPA may change this guidance in the future, as appropriate. This calculator

is intended for use by risk assessors, health physicists, and other qualified environmental protection specialists.

It should also be noted that DCCs do not address human cancer risk, noncancer toxicity, or potential ecological risk. Of the

radionuclides generally found at CERCLA sites, only uranium has potentially significant noncancer toxicity. When assessing

sites with uranium as a contaminant, it may also be necessary to consider the noncancer toxicity of uranium using other tools,

such as EPA's Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites electronic calculator for

uranium in soil, water, or air and the WTC for uranium inside buildings. EPA's SDCC Calculator should be used to assess

radionuclide dose for hard outside surfaces and the BDCC Calculator for radionuclide dose inside buildings. EPA's PRG
Calculator should be used to assess radionuclide cancer risk for soil, water, and air; BPRG Calculator for radionuclide cancer

risk inside buildings; and the SPRG Calculator for radionuclide cancer risk for hard outside surfaces. Similarly, some sites with

radiological contaminants in sensitive ecological settings may also need to be evaluated for potential ecological risk. EPA's

guidance "Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological Risk

Assessment" contains an eight step process for using benchmarks for ecological effects in the remedy selection process.
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This web calculator may be used to develop generic DCCs for radionuclides for several different exposure scenarios. The

calculator is flexible and may be used to derive site-specific DCCs as more site characterization is obtained (U.S. EPA 2000a).
Models reviewed by EPA in the Soil Screening Guidance for Radionuclides: Technical Background Document are presented in
Section 3-2. This report provides a detailed technical analysis of five unsaturated zone fate and transport models for
radionuclides. This report supports the information provided in Part 3 - Unsaturated Zone Models for Radionuclide Fate and

Transport [PDF 383KB, 25 pages] of the Soil Screening Guidance for Radionuclides: Technical Background Document on
determining the general applicability of the models to subsurface conditions and assessing each model's potential
applicability to the soil screening process.

1. Introduction

Radionuclide Applicable or Relevant and Appropriate (ARAR) Dose Compliance Concentrations (DCCs) are dose concentrations
derived from standardized equations that combine exposure information, assumptions, and dose conversion factors (DCFs). Dose
conversion factors (DCFs) (U.S. EPA 1988) , more recently called dose coefficients, are used to calculate dose. For the purposes of this
guide we retain the DCF abbreviation.

The Dose Assessment Guidance is a tool that the U.S. Environmental Protection Agency developed to help standardize the evaluation
and cleanup of radioactively contaminated sites when doses are being assessed. This guidance provides a methodology for radiation
professionals to calculate dose-based, site-specific, dose compliance concentrations (DCCs) for radionuclides that comply with a
dose-based standard as an ARAR. This guidance supersedes the dose assessment methodology contained in the Risk Assessment
Guidance for Superfund Volume | Human Health Evaluation Manual (Part A) (U.S. EPA 1989).

A number of different radiation standards may be used as Applicable or Relevant and Appropriate Requirements (ARARs) to establish
cleanup levels at a site. Cleanup levels may be based on a number of Federal or State ARARs. Federal standards expressed in terms of
dose that are potential ARARs at CERCLA sites include 40 CFR Part 190, "Environmental Radiation Protection Standards for Nuclear
Power Operations," 40 CFR Part 191, "Environmental Radiation Protection Standards for Management and Disposal of Spent Nuclear
Fuel, High-Level and Transuranic Radioactive Wastes," or 10 CFR Part 61, "Licensing Requirements for Land Disposal of Radioactive
Waste," among others.

One set of radiation standards consists of a combination of whole body and critical organ dose annual limits, generally either (1) 25
mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any other critical organ besides the thyroid or (2) 25 mrem to the
whole body and 75 mrem to any critical organ (including the thyroid). Another set of annual standards consists of a single limit (e.g.,
10 mrem). The type of dose limit used in a particular standard would use the same dose methodology as used for dose assessments
to demonstrate ARAR compliance.

The approach to dose limitation and the methods used to calculate doses have evolved over time. The first two radiation protection
standards listed above (the 25/75/25 and 25/75 mrem annual dose limits) are based on the older, critical organ concept of dose
limitation. This approach limits dose and long-term effects to a specific target tissue or organ (e.g., the thyroid), the most
radiosensitive tissue or organ, or the tissue or organ receiving the highest dose. Under this approach, introduced in 1959 by the
International Commission on Radiological Protection (ICRP) in its Publication 2, "Report of Committee Il on Permissible Dose for
Internal Radiation" (ICRP 1959), the dose to an organ from internally-deposited radionuclides is calculated separately from the dose
due to external exposure, and the whole body is essentially treated as one of the critical organs.

Later, standards were based on the effective dose equivalent concept of dose limitation, introduced in 1977 by the ICRP in its
Publication 26, "Recommendations of the International Commission on Radiological Protection" (ICRP 1977). The effective dose
equivalent approach accounts for the differences in the cancer induction rates in organs and tissues subjected to equal doses of
radiation and normalizes these doses and effects on a whole body basis. Under this approach, the effective dose equivalent dose is
calculated as the weighted sum of the committed dose equivalents (from ingested and inhaled radionuclides) and the dose
equivalent (for external exposure from photon-emitting radionuclides) to all organs and tissues. The weighting factors used in these
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calculations are organ-specific and correspond to the fractional contribution of each organ or tissue to the total risk of fatal cancers

when the body is uniformly irradiated. Thus, the summation of all organ and tissue factors is equal to one.

ICRP has since updated the effective dose equivalent concept with the introduction of effective dose quantity in its Publication 60,
"1990 recommendations of the International Commission on Radiological Protection" (ICRP 1991). While similar to the effective dose
equivalent approach, the effective dose quantity incorporates updated scientific information in the dose conversion factors. Effective
dose quantity incorporates a greater number of organs, updated information on organ-specific risk, and age-specific dose coefficients
for internal exposure that incorporate new physiologically-based biokinetic models.

ICRP Publication 107 (ICRP 2008) provides an electronic database of the physical data for calculations of radionuclide-specific
protection and operational quantities. This database supersedes the data of ICRP 38 and will be used in future ICRP publications of
dose coefficients for the intake of or exposure to radionuclides in the workplace and the environment.

The purpose of this document is to guide EPA personnel in calculating release criteria based on regulations promulgated under
various methods of dose calculation. This guidance will relate these dose limits to a single measure (i.e., cleanup concentration). This
guidance will assist RPMs in making decisions at these sites.

Note: use of this calculator to develop dose compliance concentrations for some dose-based ARARs does not affect the CERCLA
requirement to comply with all other Federal and State ARARs at a site (e.g., 40 CFR 141.66, 40 CFR 192.12). ARARs are determined site-
specifically. For a list of "Likely Federal Radiation Applicable or Relevant and Appropriate (ARARs)", see Attachment A of EPA's
guidance "Establishment of Cleanup Levels for CERCLA sites with Radioactive Contamination." For additional guidance documents on
compliance with ARARs at radioactively contaminated sites, see https://www.epa.gov/superfund/radiation-superfund-sites.

This website combines current EPA DCFs with "standard" exposure factors to estimate contaminant concentrations in environmental
media (biota, air, soil, and water) that are protective of humans(including sensitive groups) over a lifetime. Sufficient knowledge
about a given site may warrant the use of site-specific assumptions that may differ from the defaults. Exceeding a DCC usually
suggests that further evaluation of the potential doses is appropriate. The DCCs presented on this website can be used to screen
pollutants in environmental media, trigger further investigation, and provide initial cleanup goals, if applicable. DCCs should be
applied in accordance with guidance from EPA Regions.

In addition to this guidance, for relevant training, see the internet-based course "Radiation Risk Assessment: Updates and Tools".

2. Understanding the DCC Website

This website offers the ability to quickly look up or calculate DCCs. Within the DCCs are many complex models that require a greater

understanding when using the calculator in site-specific mode. The sections that follow expand upon these models and should be
consulted before generating site-specific DCCs.

2.1 General Considerations

DCCs are radionuclide concentrations that correspond to annual levels of dose from exposure to air, soil, water, and biota. The
DCCs, regardless of land use, are based on annual dose and differ from PRGs which are based on 26 years for resident, 25 years
for workers (except construction worker), and 40 years for farmer. Dose Coefficients (DCFs) represent the dose equivalent per
unit intake (i.e., ingestion or inhalation) or external exposure for a given radionuclide. In dose assessments, these DCFs are
used in calculations with radionuclide concentrations and exposure assumptions to estimate dose from exposure to
radioactive contamination. The calculations may be rearranged to generate DCCs for a specified level of dose. DCFs may be
specified for specific body organs or tissues of interest or as a weighted sum of individual organ dose, termed the effective
dose equivalent. These DCFs may be multiplied by the total activity of each radionuclide inhaled or ingested per year or the
external exposure concentration to which a receptor may be exposed to estimate the dose to the receptor. Dose Coefficients
used are provided by the Center for Radiation Protection Knowledge. The main report is Calculations of Slope Factors and

Dose Coefficients, and the tables of DCFs are in a separate appendix.
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Inhalation dose coefficients are tabulated separately for each of the three lung absorption types considered in the lung model

currently recommended by the International Commission on Radiological Protection (ICRP) and, where appropriate, for
inhalation of radionuclides in vapor or gaseous forms.

The designations "F", "M", and "S" (expressed as fast (F), medium (M), or slow (S)) presented in the Radionuclide Table under
the heading "ICRP Lung Type" refer to the lung absorption type for inhaled particulate radionuclides used in the current ICRP
model of the respiratory tract. The inhalation dose coefficient values tabulated in the Radionuclide Table for each radionuclide
have been selected based on the following guidelines: (1) for those elements where Table 4.1 of Federal Guidance Report No.
13 (and Table 2 of ICRP Publication 72) specifies a recommended default lung absorption type for particulates, the inhalation
dose coefficient for that type is tabulated in the Radionuclide Table for each radioisotope of that element; (2) for those
elements where no specific lung absorption type is recommended and multiple types are indicated as plausible choices, the
inhalation dose coefficient reported in the Radionuclide Table for each radioisotope of that element is the maximum of the
values for each of the plausible lung absorption types; and (3) where Federal Guidance Report No. 13 specifies risk coefficients
for multiple chemical forms of certain elements (tritium, carbon, sulfur, iodine, and mercury), the inhalation dose coefficient
value for the form estimated to pose the maximum dose is reported in the Radionuclide Table in most cases.

Inhaled particulates are assumed to have an activity median aerodynamic diameter (AMAD) of 1 um, as recommended by the
ICRP for consideration of environmental exposures in the absence of specific information about physical characteristics of the
aerosol. Where appropriate, radionuclides may be present in gas or vapor form, designated by "G" and "V", respectively; such
radionuclides include tritium, carbon, sulfur, nickel, ruthenium, iodine, tellurium, and mercury.

The most common land uses and exposure assumptions are included in the equations on this website: Resident Soil,
Composite Worker Soil, OQutdoor Worker Soil, Indoor Worker Soil, Construction worker Soil, Farmer Soil, Recreator Soil,

Resident Air, Composite Worker Air, Outdoor Worker Air, Indoor Worker Air, Construction worker Air, Farmer Air, Recreator Air,

Tap Water, Soil to Groundwater, and Ingestion of Fish.

The DCCs are generated with standard exposure route equations using EPA DCFs and exposure parameters. Exposures to other

media can be addressed by other calculators. For exposure to contaminated materials inside and outside buildings, use the
BDCC (Dose Compliance Concentrations for Radionuclides in Buildings at Superfund Sites) and the SDCC (Dose Compliance
Concentrations for Radionuclides on Outdoor Surfaces at Superfund Sites), respectively. A DCC calculator receptor represents
the reasonably maximum exposed (RME) individual, as does a BDCC receptor. Since the DCC RME is often outside and the BDCC
RME is always indoors, an individual receiving both indoor and outdoor exposures at a site should be protected when both
tools are used.

For the calculation of dose conversion factors, area correction factors, and gamma shielding factors, a standard soil density of
1.6 g/cm?3 has been used.

2.2 DCC Output Options

The calculator offers four options for calculating DCCs. Previous versions of this calculator employed dose coefficients that
included progeny ingrowth for 100 years, designated "+D." The +D dose coefficients are no longer included in the pick list. See
section 2.9.2 to learn more. The DCCs presented in sections 2.2.1 and 2.2.2 independently model progeny during migration to
groundwater and biota uptake, while the +D DCCs did not. This section describes the potential applications of the four choices
and recommends a default DCC calculation.

2.2.1 DCC Output Option #1: Assumes period of peak dose (with decay and progeny
ingrowth)(Peak DCC)

This is the preferred DCC calculation option and is marked as the default selection in the calculator. The Peak DCC is
calculated for the time period when the parent and progeny activities present the most dose. The underlying
assumption of the Peak DCC option is that a pure isotope was released and progeny begin ingrowth and decay. This
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DCC is protective, as future progeny may contribute more dose than the parent. When a single isotope is selected, the

calculator identifies all the progeny in the chain. The DCCs for each progeny are combined with the parent based on
their fractional contribution (FC). The FC is determined by branching fractions, where a progeny may decay into more
than one isotope. Section 2.2.2 provides detail on calculating the FC. Unlike previous DCC output options that included
progeny contribution (i.e., +D DCCs as discussed in section 2.9.2.), the Peak DCC models each progeny independently of
the parent for half-life, migration to groundwater, and biota uptake. The DCC provided in the output is the inverse sum
of the reciprocal DCCs of the parent and all the progeny present at the period of peak dose. All the DCC equation images
are presented without a radioactive decay term; however, decay and ingrowth is included in this DCC option.

When the Peak DCC output option is selected, the DCC Calculator shows the individual progeny contributions for the
total DCC. At the top of the output page, the results are separated into tabs by media. In the Peak DCC output, the
individual exposure routes are presented separately. This is done to help determine the exposure routes that are drivers
and may help to focus site-specific remedial efforts. The period of peak dose may differ for some exposure routes (e.g.,
external, soil ingestion, food ingestion, and inhalation) as well as the total Peak DCC. Forward dose calculations are also
available for this output option.

The Peak DCC output option can be run for an infinite time period or a user-defined time period.

2.2.1.1 Infinite Time

The default setting for the Peak DCC option is to search for the period of peak dose out to infinity. To accomplish
this, the Peak DCC uses a Bateman solver to determine the parent and progeny activities out to a trillion years.
This isotopic activity curve is then converted to dose; another routine selects the time period with the most
dose from parent and progeny and determines the parent activity (DCC) that would represent the target dose.
Users should note that for long-lived isotopes that have a peak dose that begins in the future, progeny are likely
already ingrown, and the secular equilibrium (SE) DCCs may be appropriate. This ORNL Technical Memorandum

offers explanation of the derivation of the Peak DCCs.

2.2.1.2 User-defined Time Period

The user may also select a defined time period to search for the period of peak dose. This option operates just
like the infinite time option but stops searching for the period of peak dose at a user-defined time in the future.
Predefined time points of 10,000, 1,000, and 100 years are offered as well as the option for the user to enter a
specific time period between 70 and one trillion years. These options are only offered for use in certain
situations where a regulatory agency is concerned with dose at certain time points in the future. If a peak hasn't
been resolved in the entered time period, as is the case when progeny are still ingrowing, the dose interval will
be calculated for the last exposure duration span. For instance, if the time period of 100 years is selected for
default resident soil for U-238 (ED of 1 year), year 100 will be selected by default, because U-238 peak dose isn't
until year 3,981,072.

User-defined time periods should only be considered when a purified radionuclide was recently disposed or
released. These time periods should not be considered when a radionuclide has been present long enough for
progeny to ingrow (e.g., uranium, thorium, and radium as ore material) or was recently disposed or released.
The default selection of infinity is the preferred option for use on Superfund sites being remediated for
unrestricted future land uses.

Click Here for a Tutorial on Understanding Peak DCC Graphs

The following images provide instructions for exploring and understanding the peak dose graphs.
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Peak Dose Rates for Ra-226
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Peak Dose Rates for Ra-226
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Peak Dose Rates for Ra-226
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Peak Dose Rates for Ra-226
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2.2.2 DCC Output Option #2: Assumes Secular Equilibrium Throughout the Chain (no
decay - parent and progeny in constant equilibrium)

This was the default DCC calculation option prior to the release of the Peak DCC. When a single isotope is selected, the
calculator identifies all the progeny in the chain. The DCCs for each progeny are combined with the parent based on
their FC. The FC is determined by branching fractions, where a progeny may decay into more than one isotope. The FC
calculation process is described later in this section. The resulting DCC is now based on secular equilibrium of the full
chain. For straight chain decay, all the progeny would be at the same activity of the parent, and the DCC provided in the
output would be the inverse sum of the reciprocal DCCs of the parent and all the progeny. Unlike previous DCC output
options that included progeny contribution (i.e., +D DCCs as discussed in section 2.9.2.), the secular equilibrium DCC
models each progeny independently of the parent for half-life, migration to groundwater, and biota uptake. All the soil
DCC equation images are presented without a radioactive decay term. Decay is not included in this DCC option
because, under secular equilibrium, each isotope in the decay series is continuously replenished by the decay of its
immediate predecessor — including the original progenitor — thereby maintaining a constant concentration for every
member.

When the secular equilibrium DCC output option is selected, the DCC Calculator now gives the option to show the
individual progeny contributions for the DCC (and dose) output. When the option to display progeny contribution is

https://epa-dccs.ornl.gov/dcc _users_guide.html
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selected, the DCC Calculator output gives the secular equilibrium DCC and the individual progeny DCCs in separate

tables.

Atotal DCC is calculated using the following formula:

Total secular equilibrium DCC for parent isotope:
1

m 1
=1 (DCCSE-route)i
where:

n = total number of exposure routes.

DCCse-tot =

Route secular equilibrium DCC for parent isotope:

1
DCCseroute =

1

n____
i=1 /DCC
FC J;
where:

n = total number of isotopes in decay chain;
FC = fraction contribution of isotope in decay chain;
DCC = DCC for isotope in decay chain without decay.

The EPA Decay Chain tool provides the branching fractions for each radionuclide's decay chain, based on the ICRP 107
data. The branching fractions presented for non-converging chains are used directly in the DCC equation above for the

FC (fractional contribution) term. Convergence in a chain is when there are multiple decay pathways to a particular
isotope or when multiple isotopes can decay to a particular isotope. When a chain converges, as is the case with the Ra-
226 chain, the effect of multiple branches needs to be taken into account. Consider the branching fractions in the Ra-
226 decay chain in the table below.

Nuclide Half-life Mode Mass Brancl.1ing Progeny Brancl'iing Progeny
Fraction Fraction

Ra-226 1600 years A 226.025409 1.00e+0 Rn-222

Rn-222 3.8235 days A 222.017577 1.00e+0 Po-218

Po-218 3.10 minutes B-,A 218.008973 1.00e+0 Pb-214 2.00e-4 At-218
Pb-214 26.8 minutes B- 213.999805 1.00e+0 Bi-214

At-218 1.5 seconds A,B- 218.008694 9.9%-1 Bi-214 1.00e-3 Rn-218
Bi-214 19.9 minutes B-,A 213.998711 1.00e+0 Po-214 2.10e-4 Tl-210
Rn-218 3.50e-2 seconds A 218.005601 1.00e+0 Po-214

Po-214 1.64e-4 seconds A 213.995201 1.00e+0 Pb-210

Tl-210 1.3 minutes B- 209.990073 1.00e+0 Pb-210

Pb-210 22.2 years B-,A 209.984188 1.00e+0 Bi-210 1.90e-8 Hg-206
Bi-210 5.01 days B-,A 209.984120 1.00e+0 Po-210 1.32e-6 Tl-206

https://epa-dccs.ornl.gov/dcc _users_guide.html
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Hg-206 8.15 minutes B- 205.977514 1.00e+0 Tl-206
Po-210 138.38 days A 209.982873 1.00e+0 Stable Pb-206
Tl-206 4.2 minutes B- 205.976110 1.00e+0 Stable Pb-206

For example, the branching fraction presented in the above table, for At-218 decaying to Rn-218, is 0.1% (0.001 or 1.0E-
03); however, this isn't the complete picture, because At-218 appears in the chain as only 0.02% of Po-218 decay. To
determine the true fractional contribution of Rn-218 to the whole chain, multiply the two branching fraction ratios
together as follows: (2.0E-04 x 1.0E-03 = 2.0E-07). Technically, to calculate the fractional contribution of each isotope in
a chain, each unique pathway to that isotope should have its branching fractions multiplied together and each result
summed. The tables below present this process for At-218, Rn-218, Tl-210, Hg-206, and T|-206, respectively. The FCs for

the other progeny are all 1.0.

Determination of Fractional Contribution (FC) from Converging Branching Fractions in the Ra-226 Decay Chain.
At-218 FC
Ra-226 Rn-222 Po-218
to to to Fraction
Rn-222 Po-218 At-218
1 1 2.00E-04 2.00E-04
Total FC 2.00E-04
Rn-218 FC
Ra-226 Rn-222 Po-218 At-218
to to to to Fraction
Rn-222 Po-218 At-218 Rn-218
1 1 2.00E-04 1.00E-03 2.00E-07
Total FC 2.00E-07
Tl-210 FC
Ra-226 Rn-222 Po-218 At-218 Bi-214
to to to to to Fraction
Rn-222 Po-218 At-218 Bi-214 Tl-210
1 1 2.00E-04 1 2.10E-04 4.20E-08
Ra-226 Rn-222 Po-218 Pb-214 Bi-214
to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Tl-210
1 1 1 1 2.10E-04 2.10E-04
Total FC 2.10E-04

https://epa-dccs.ornl.gov/dcc _users_guide.html

17/203



3/25/26, 2:28 PM

DCC User's Guide

Hg-206 FC

Ra-226 Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210

to to to to to to to Fraction
Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Hg-206

1 1 2.00E-04 1.00E-03 1 1 1.90E-08 3.8E-15
Ra-226 Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210

to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Hg-206

1 1 2.00E-04 1 1 1 1.90E-08 3.8E-12
Ra-226 Rn-222 Po-218 At-218 Bi-214 Tl-210 Pb-210

to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Tl-210 Pb-210 Hg-206

1 1 2.00E-04 1 1 1 1.90E-08 3.8E-12
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210

to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Hg-206

1 1 1 1 1 1 1.90E-08 1.90E-08
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Tl-210 Pb-210

to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Tl-210 Pb-210 Hg-206

1 1 1 1 2.10E-04 1 1.90E-08 3.99E-12

Total FC 1.90E-08
Tl-206 FC

Ra-226 Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Bi-210

to to to to to to to to Fraction
Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Bi-210 Tl-206

1 1 2.00E-04 1.00E-03 1 1 1.00E+00 1.32E-06 2.64E-13
Ra-226 Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Hg-206

to to to to to to to to
Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Hg-206 Tl-206

1 1 2.00E-04 1.00E-03 1 1 1.90E-08 1.00E+00 3.80E-15
Ra-226 Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Bi-210

to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Bi-210 Tl-206

1 1 2.00E-04 1 1 1 1.00E+00 1.32E-06 2.64E-10

https://epa-dccs.ornl.gov/dcc _users_guide.html
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Ra-226 Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Hg-206 Tl-206
1 1 2.00E-04 1 1 1 1.90E-08 1.00E+00 3.80E-12
Ra-226 Rn-222 Po-218 At-218 Bi-214 Tl-210 Pb-210 Bi-210
to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Tl-210 Pb-210 Bi-210 Tl-206
1 1 2.00E-04 1 2.10E-04 1 1.00E+00 1.32E-06 5.54E-14
Ra-226 Rn-222 Po-218 At-218 Bi-214 Tl-210 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Tl-210 Pb-210 Hg-206 Tl-206
1 1 2.00E-04 1 2.10E-04 1 1.90E-08 1.00E+00 7.98E-16
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Bi-210
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Bi-210 Tl-206
1 1 1 1 1 1 1.00E+00 1.32E-06 1.32E-06
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Hg-206 Tl-206
1 1 1 1 1 1 1.90E-08 1.00E+00 1.90E-08
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Tl-210 Pb-210 Bi-210
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Tl-210 Pb-210 Bi-210 Tl-206
1 1 1 1 2.10E-04 1 1.00E+00 1.32E-06 2.77E-10
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Tl-210 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Tl-210 Pb-210 Hg-206 Tl-206
1 1 1 1 2.10E-04 1 1.90E-08 1.00E+00 3.99E-12
Total FC 1.34E-06

2.2.3 DCC Output Option #3: Does Not Assume Secular Equilibrium, Provides Results for
Progeny Throughout Chain (with decay where appropriate)

This option displays the DCCs calculated with half-life decay that accounts for half-lives shorter than the exposure
duration. See section 4.10.7 to learn more about the half-life decay function. In addition to the selected isotope, all the
individual progeny DCCs are displayed. Each DCC is determined with each isotope's respective half-life and not that of
its parent isotope. This option does not assume secular equilibrium and presents all the individual progeny DCCs, so
that the dose or risk assessor can identify any isotopes that will be present and those that have no data. Users can alter
progeny half-life to match the parent isotope or other progeny or to account for ingrowth and decay over a chain. The
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individual isotope DCCs then would be combined (using the inverse sum of reciprocals method described in section
2.9.2) to give a parent DCC protective of progeny ingrowth.

2.2.4 DCC Output Option #4: Does Not Assume Secular Equilibrium, Selected Isotopes Only
(with decay where appropriate)

This option displays DCCs for only the selected isotopes with half-life decay that accounts for half-lives shorter than the
exposure duration. See section 4.10.7 to learn more about the half-life decay function. In this output, secular
equilibrium is not assumed, progeny DCCs are not displayed, and progeny contribution is not combined into the DCC
for the selected isotope. This option is useful when contamination is from one radionuclide with a very long half-life,
where secular equilibrium would be too conservative.

2.2.5 Comparison of Peak DCC to the other 3 DCC Output Options

The Peak DCC output option returns results that are similar to one of the three other output options, but it varies as to
which of these 3 output options provides results that most resemble the Peak DCC results. For example, some
transuranic isotopes (TRUs), such as Pu-238, Pu-239, Pu-240, and Am-241, have relatively short half lives in comparison
to subsequent progeny. In such cases, equilibrium is not achieved. The activity of the relatively long-lived progeny
grows in slowly, in some cases taking thousands of years to reach a significant fraction of the total activity.
Furthermore, the activity of the progeny only reaches a small fraction of the parent's initial activity. For example, U-234
reaches a maximum activity of about 0.04 percent of the initial Pu-238 activity at approximately 1000 years. As such, the
DCC for the parent only option is very similar to that of the Peak DCC option.

Conversely, secular equilibrium (SE) only occurs when the half-life of the progeny is much shorter than the half-life of
the parent. When the progeny has a longer half-life than the parent, equilibrium does not exist. The assumption of SE in
these cases significantly overestimates the activity of the progeny, resulting in a much lower DCC.

The following table presents a comparison of the default composite worker soil DCC options for Pu-238, Pu-239, Pu-
240, and Am-241 and their long-lived progeny U-234, U-235, U-236, and Np-237, respectively. This table shows that each
parent has a half-life about four orders of magnitude shorter than its progeny. As expected, of the three DCC options
presented, the SE DCC is always the most protective (smallest). For the TRU isotopes, the peak and the parent only
DCCs are shown to be essentially identical; for the long-lived progeny, the SE and Peak DCC are more closely related.
Also, of interest is that the SE DCCs for the TRU isotopes and their long-lived progeny are very similar but slightly more
protective than the TRU isotope DCCs. This is expected, as the dose contribution to the parent DCC is only different by
one isotope in a long chain.

Isotope Half-life (years) Parent only DCC (pCi/g) SE DCC (pCi/g) Peak DCC (pCi/g)

Transuranics With Relative Short Half-lives Compared to Progeny

Am-241 4.32E+02 3.49E+01 1.47E+00 3.49E+01
Pu-238 8.77TE+01 4.44E+01 3.80E-01 4.44E+01
Pu-239 2.41E+04 4.01E+01 1.26E+00 4.01E+01
Pu-240 6.56E+03 4.02E+01 2.98E-01 4.02E+01

Long-lived Progeny of Transuranics Above, Respectively

Np-237 2.14E+06 3.94E+01 1.53E+00 1.88E+00
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U-234 2.46E+05 2.09E+02 3.83E-01 6.46E-01
U-235 T7.04E+08 6.08E+00 1.30E+00 1.30E+00
U-238 4.47E+09 2.33E+02 3.77E-01 3.77E-01
Decay over time for Am-241 @ =@
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Am-241

The figure above shows a decay curve for Am-241 over one million years with an initial activity of 10,000 pCi. The
progeny levels are near zero, because the first progeny is long-lived relative to the parent. The figure below is for Np-
237, the first progeny of Am-241, which has a half-life approximately four orders of magnitude longer than its parent.
The initial activity was also 10,000 pCi. At 1 million years, the progeny activity is approximately four orders of
magnitude higher than the Am-241 decay curve. This analysis demonstrates the reason the Peak DCC is similar to the

parent only DCC for these transuranics with short half-lives relative to their progeny.
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To further evaluate the Peak DCC option, the table below presents the three DCC output options for the common
Superfund nuclides, in an effort to categorize the decay characteristics. The table presents the default composite

worker soil DCCs at a target dose of 1.0. Several categories are identified.

Category 1: TC-99 and I-129 make up the first category, where the decay is straight to stable over a period of time
much greater than the exposure duration (ED). In this case, all three DCC output options return the same value.
Category 2: H-3 and C0-60 make up the second category, where the decay is also straight to stable, but the half-
life is a fraction of the ED. In this case, the Peak DCC matches the parent-only DCC and the SE DCC is
overprotective.

Category 3: U-235, U-238, and Th-232 make up the third category, where the decay chain is long and the parent
half-life is much longer than the progeny. In this case, the Peak DCC matches the SE DCC and the parent only
DCCs are under protective.

Category 4: U-234, Ra-226, Ra-228, Sr-90, Cs-137, Th-228, and Th-230 comprise the fourth category, where the SE
DCCs and the Peak DCCs are much closer than the Peak DCCs and parent-only DCCs. There are multiple reasons
the parent only DCCs are under protective compared to the Peak DCCs.

Category 5: 1-131 comprises the fifth category, where the Peak DCC only matches the parent-only DCC. In this
instance, there is only one progeny and both chain members have a relatively short half-life compared to ED.
Category 6: The final category is the focus of this section and consists of the transuranic isotopes: Pu-239, Am-
241, Pu-240, and Pu-238. In these instances, the parent has a short half-life relative to immediate progeny and
the Peak DCCs match the parent only DCCs.

Common
Peak Peak DCC = Percent Peak Percent Parent-
Superfund SE Total Parent Only Peak DCC
DCC= Parent DCC larger only DCC larger
Isotopes DCC Total DCC Total DCC
. SE? Only? than SE than Peak DCC
(half-life)
Category 1
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Tc-99
1.18E+04 1.18E+04 1.18E+04 Yes Yes 0% 0%
(0.211M years)
1-129
8.19E+01 8.19E+01 8.19E+01 Yes Yes 0% 0%
(15.7M years)
Category 2
H-3
3.18E+00 3.27E+00 3.27E+00 No Yes 3% 0%
(12.3 years)
Co-60
2.85E-01 3.04E-01 3.04E-01 No Yes 7% 0%
(5.27 years)
Category 3
U-235
1.30E+00 6.08E+00 1.30E+00 Yes No 0% 368%
(704M year)
U-238
3.77E-01 2.33E+02 3.77E-01 Yes No 0% 61704%
(4.47B years)
Th-232
3.00E-01 4.58E+01 3.00E-01 Yes No 0% 15167%
(14.1B years)
Category 4
U-234 (0.246M
3.83E-01 2.09E+02 6.46E-01 Nearly No 69% 32253%
years)
Ra-226 (1600
3.87E-01 3.00E+01 4.01E-01 Nearly No 3.6% 7381%
years)
Ra-228 (5.75
3.02E-01 1.64E+01 5.07E-01 Nearly No 68% 3135%
years)
Sr-90 (28.8 years) 8.26E+01 3.77E+02 8.37E+01 Nearly No 1% 350%
Cs-137 (30.2
1.37E+00 6.94E+02 1.39E+00 Nearly No 1% 49828%
years)
Th-228 (1.91
4.87E-01 1.34E+02 5.73E-01 Nearly No 20% 23286%
years)
Th-230 (75400
3.84E-01 4.66E+01 4.17E-01 Nearly No 9% 11075%
years)
Category 5
1-131
1.26E+00 6.82E+01 6.82E+01 No Yes 3057% 0%
(0.022 years)
Category 6
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Pu-239 (24100
1.26E+00 4.01E+01 4.01E+01 No Yes 3083% 0%
years)
Am-241 (432
1.47E+00 3.49E+01 3.49E+01 No Yes 2274% 0%
years)
Pu-240 (6560
2.98E-01 4.02E+01 4.02E+01 No Yes 13390% 0%
years)
Pu-238 (87.7
) 3.80E-01 4.44E+01 4.44E+01 No Yes 11584% 0%
years

*DCCs presented in this table are for a dose limit of 1.0.

2.2.6 DCC output options and media that use decay

As stated in section 2.2.1, a Bateman solver is used to calculate decay and ingrowth as part of the Peak DCC model.
Also, as stated in section 2.2.2, decay is not included in the secular equilibrium output because it is assumed that the
parent is continually being renewed. The other 2 output options, described in sections 2.2.3 and 2.2.4, apply the decay
function according to the table below. See section 4.10.7 to learn more about the half-life decay function used for the
last 2 output options.

Media Is decay applied?
Soil (soil and 2D) Yes
With and without decay

Air )
options are presented

Water (surface, tap, & soil to

No
groundwater)

Biota-Direction Ingestion No

2.3 Dose Conversion Factors/Dose Coefficients (DCFs)

Users should choose the DCFs [International Commission on Radiological Protection (ICRP) 30, 60 or 107] required by the
ARAR. If DCFs are not specified within the regulation (for example, the Code of Federal Regulations for a federal standard that is
being complied with as an ARAR), then users should generally choose ICRP 107 DCFs. This recommendation is consistent with
the guidance contained in "Use of IRIS Values in Superfund Risk Assessment" (OSWER 9285.7-16) for EPA to evaluate dose
based upon its best scientific judgment. For further discussion of the scientific differences between ICRP 30 and 60
methodologies, see "Dosimetric Significance of the ICRP's Updated Guidance and Models, 1989-2003, and Implications for U.S.
Federal Guidance" (August 2003, ORNL/TM-2003/207). For a discussion of the impacts of the ICRP 107 nuclear decay data, see
Impact of the New Nuclear Decay Data of ICRP Publication 107 on Inhalation Dose Coefficients for Workers.

EPA classifies all radionuclides as Group A carcinogens ("carcinogenic to humans"). Group A classification is used only when
there is sufficient evidence from epidemiologic studies to support a causal association between exposure to the agents and
cancer. The appendix radionuclide table, from the Center for Radiation Protection Knowledge, lists ingestion, inhalation, and

external exposure dose coefficients for radionuclides in conventional units of picocuries (pCi). Ingestion and inhalation dose
coefficients are central estimates in a linear model of the age-averaged, lifetime attributable radiation cancer incidence (fatal
and nonfatal cancer) dose per unit of activity inhaled or ingested, expressed as mrem/pCi. External exposure dose coefficients
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are central estimates of lifetime attributable radiation dose for each year of exposure to external radiation from photon-

emitting radionuclides distributed uniformly in a thick layer of soil and are expressed as mrem/year per pCi/gram soil. External
exposure dose coefficients can also be used that have units of mrem/year per pCi/cm? soil. When combined with site-specific
media concentration data and appropriate exposure assumptions, dose coefficients can be used to estimate annual dose to
members of the general population due to radionuclide exposures. EPA currently provides guidance on inhalation risk
assessment in RAGS Part F (Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual, Part F,
Supplemental Guidance for Inhalation Risk Assessment). This guidance only addresses chemicals. The development of
inhalation dose coefficients for radionuclides differs from the guidance presented in RAGS Part F for development of inhalation
unit risk (IUR) values for chemicals.

The DCFs from the Center for Radiation Protection Knowledge differ from the values presented in FGR 12 CD supplement. The

DCFs were calculated using ORNL's DCAL software in the manner of Federal Guidance Report 12 and 13. For the calculation of
oral dose coefficients, a standard soil density of 1.6 g/cm? has been used. The radionuclides presented are those provided in
the International Commission on Radiological Protection (ICRP) Publication 107. This document contains a revised database of
nuclear decay data (energies and intensities of emitted radiations, physical half-lives, and decay modes) for 1,252 naturally
occurring and man-made radionuclides. ICRP Publication 107 supersedes the previous database, ICRP Publication 38,
published in 1983.

Inhalation risk and dose coefficients for Rn-222, Rn-220, Bi-212, Bi-214, Pb-212, Pb-214, and Po-218 were updated in January
2017 and can be found here. The updated values are for inhalation of individual radionuclides without accompanying progeny
but include the contribution to risk from ingrowth of radioactive progeny in the body following intake of a parent radionuclide.
This approach allows the user to derive cancer risk and effective dose estimates for any known or hypothetical combination of
Rn-222 or Rn-220 and its short-lived progeny in air. Rn-219 is not included in the update due to the large uncertainty in the
distribution of decays of Rn-219 and its progeny in the body.

2.3.1ICRP 30

Unlike ICRP 2, which did not calculate DCF per se, ICRP 30 does present DCFs that may be used to calculate either organ
dose equivalent or effective dose equivalent for ingestion and inhalation. For each radionuclide, ICRP 30 provides
values for the organ dose equivalent conversion factors, hy 5y, and the effective dose equivalent conversion factor, hg 5,
(calculated using the organ weighting factors wy). These values are also presented in Federal Guidance Report No. 11.

Organ DCFs are provided for those organs that have specific weighting factors, namely the gonads, breast, red marrow,
lungs, thyroid, and bone surfaces. Organ DCFs are also given for the remainder, which include the five remaining tissues
that receive the next highest doses. These include the liver, kidneys, spleen, brain, small intestine, upper large intestine,
lower large intestine, etc.

Organ dose equivalent conversion factors and effective dose equivalent conversion factors for all radionuclides
selected for this analysis are provided in Attachment A, Table A.2 (inhalation) and Table A.3 (ingestion). These values, in
units of mrem/pCi, have been taken from Tables 2.1 and 2.2 respectively of Federal Guidance Report No. 11.

2.3.2 ICRP 60

ICRP 60 also presents DCFs. Most of the world's radiation standards are based on this document. ICRP 60 is similar to
ICRP 30, except it is based on more recent findings. ICRP 60 risk estimates increased due to cancers in Japanese
populations exposed to radiation from World War Il bombings. There were also reevaluations of the radiation dose
calculations. These values are also presented in Federal Guidance Report No. 13.

Isotopes that decay by spontaneous fission at greater than 0.1% (Cf-252, Cf-254, Cm-248, Cm-250, and Pu-244) are not
in FGR-13. They are released in ICRP 72, which is analogous to the FGR 13 CD that contains most of the same values.
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The use of dose conversion factors of ICRP 60/72 is mandated in the European Union by European Council Directive

96/29 of May 13, 1996. If requested, NRC can grant a licensee an exemption to use the new dosimetric data of the ICRP
(e.g., ICRP 68 for occupational exposures). In accordance with a June 8, 2007 Federal Register notice, DOE no longer
requires a facility to get an exception to use ICRP 68 dosimetric data for occupational exposure. Non-regulatory studies
(e.g., risk assessments) use the technically best available dose coefficients, which are those of the recent ICRP
Publications. In addition, the IAEA in its Safety Series has adopted the ICRP Publication 60 Recommendations and the
subsequent dose coefficients. For example, the dose coefficients of ICRP Publication 68 are contained in the IAEA Safety
Guide entitled "Assessment of Occupational Exposure Due to Intakes of Radionuclides", RS-G-1.2, issued in 1999.

2.3.3 ICRP 107

ICRP Publication 107 (ICRP 2008) provides an electronic database of the physical data for calculations of radionuclide-
specific protection and operational quantities. This database supersedes the data of ICRP 38 and will be used in future
ICRP publications of dose coefficients for the intake of or exposure to radionuclides in the workplace and the
environment.

The database contains information on the half-lives, decay chains, yields, and energies of radiations emitted in nuclear
transformations of 1252 radionuclides of 97 elements. The CD accompanying the publication provides electronic access
to complete tables of the emitted radiations as well as the beta and neutron spectra. The database has been
constructed such that user-developed software can extract the data for further calculations of a radionuclide of
interest. A Windows-based application is provided to display summary information on a user-specified radionuclide as
well as the general characterization of the nuclides contained in the database. In addition, the application allows users
to export the emissions of a specified radionuclide for use in subsequent calculations.

2.3.4 Federal Guidance Report 12

ICRP Publications 30 and 60 provide dose coefficients for the ingestion and inhalation intake of radionuclides. Dose
coefficients for exposure to the radiations emitted by radionuclides present outside the body are given in Federal

Guidance Report 12. That report addresses radionuclides uniformly distributed in air, in water, on the surface of the
soil, and within the volume of the soil. The published report is consistent with ICRP Publication 26; however, the CD
Supplement to Federal Guidance Report 13 provides values for the effective dose as defined in ICRP Publication 60.

2.3.5 Metastable Isotopes

Most dose and risk coefficients are presented for radionuclides in their ground state. In the decay process, the newly
formed nucleus may be in an excited state and emit radiation (e.g., gamma rays) to lose the energy of the state. The
excited nucleus is said to be in a metastable state, which is denoted by the chemical symbol and atomic number
appended by "m" (e.g., Ba-137m). If additional higher energy metastable states are present, then "n", "p", ... is
appended. Metastable states have different physical half-lives and emit different radiations and thus have unique dose
and risk coefficients. In decay data tabulations of ICRP 107, if the half-life of a metastable state was less than 1 minute,
then the radiations emitted in de-excitation are included with those of the parent radionuclide. Click to see a graphical
representation of the decay of Cs-137 to Ba-137.

Eu-152, in addition to its ground state, has two metastable states: Eu-152m and Eu-152n. The half-lives of Eu-152, Eu-
152m, and Eu-152n are: 13.5y, 9.31 min, and 96 min, respectively, and the energy emitted per decay is 1.30 MeV, 0.080
MeV, and 0.14 MeV, respectively.

2.4 Radionuclide-Specific Parameters

Several radionuclide-specific parameters are needed for development of the DCCs. The parameters are selected from a
hierarchy of sources.
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2.4.1 Sources

Many sources are used to populate the database of radionuclide-specific parameters. They are briefly described below.

1.

IAEA TRS 472 (IAEA). Handbook of Parameter Values for the Prediction of Radionuclide Transfer in Terrestrial and
Freshwater Environments. Technical Reports Series No. 472. International Atomic Energy Agency, Vienna. 2010.

(IAEATRS 364. Handbook of Parameter Values for the Prediction of Radionuclide Transfer in Temperate
Environments (Technical Reports Series No. 364), 1994 was used to supplement egg, poultry and swine transfer
factors.) Spreadsheet of values.

. Environment Agency (EA). Initial radiological assessment methodology - part 2 methods and input data.

Spreadsheet of values.

.NCRP 123 (NCRP). NCRP Report No. 123, Screening Models for Releases of Radionuclides to the Atmosphere,

Surface Water, and Ground. National Council on Radiation Protection and Measurements. January 22, 1996.
Spreadsheet of values.

. EPA Radionuclide Soil Screening Level (SSL). Soil Screening Guidance for Radionuclides: User's Guide. Office of

Solid Waste and Emergency Response (OSWER) Directive 9355.4-16A. October 2000. Spreadsheet of values.

. RESRAD. User's Manual for RESRAD Version 6. Environmental Assessment Division, Argonne National Laboratory.

ANL/EAD-4. July 2001. Spreadsheet of values.

. BAES. A Review and Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides

through Agriculture. C. F. Baes lll, R. D. Sharp, A. L. Sjoreen, R.W. Shor. Oak Ridge National Laboratory 1984.
Spreadsheet of values.

.ICRP 107. Nuclear Decay Data for Dosimetric Calculations. International Commission on Radiological Protection

Publication 107. Ann. ICRP 38 (3), 2008.

. EPAKD. Understanding Variation in Partition Coefficient, Kd, Values. Volume II: Review of Geochemistry and

Available Kd Values for Cadmium, Cesium, Chromium, Lead, Plutonium, Radon, Strontium, Thorium, Tritium (3H),
and Uranium. Office of Air and Radiation. EPA 402-R-99-004B. August 1999. and Volume IIl: Review of Geochemistry
and Available Kd Values for Americium, Arsenic, Curium, lodine, Neptunium, Radium, and Technetium. Office of Air
and Radiation. EPA 402-R-04-002C. July 2004. Spreadsheet of values.

2.4.2 Hierarchy by Parameter

Generally the hierarchies below are followed.

o Half-life (yr), Decay mode, Atomic weight, Atomic number and Decay energy. ICRP 107.

e Milk transfer factor (TFdairy (day/L)). IAEA, EA, NCRP, RESRAD. TFdairy is the volumetric activity density in milk (pCi/L)
divided by the daily intake of radionuclide (pCi/day).

e Beef transfer factor (TF, . (day/kg)). IAEA, EA, NCRP, RESRAD. TF, ¢ is the mass activity density in beef (pCi/kg fresh
weight) divided by the daily intake of radionuclide (in pCi/day).

e Fin Fish bioconcentration factor (BCF (L/kg)). IAEA, EA, RESRAD. BCF is the ratio of the radionuclide concentration in the
fin fish tissue (pCi/kg fresh weight) from all exposure pathways relative to that in water (pCi/L).

o Shellish bioconcentration factor (BCF (L/kg). IAEA. BCF is the ratio of the radionuclide concentration in the shellfish
tissue (pCi/kg fresh weight) from all exposure pathways relative to that in water (pCi/L).

e Poultry transfer factor (TFpoultry (day/kg)). IAEA. TF

poultry IS the mass activity density in poultry (pCi/kg fresh weight)

divided by the daily intake of radionuclide (in pCi/day).

e Egg transfer factor (TFegg (day/kg)). IAEA. TFees is the mass activity density in egg (pCi/kg fresh weight) divided by the

daily intake of radionuclide (in pCi/day).

e Swine transfer factor (TFg;.. (day/kg)). IAEA. TF

is the mass activity density in swine (pCi/kg fresh weight) divided

swine

by the daily intake of radionuclide (in pCi/day).
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* Sheep Milk transfer factor (TFpqen mitk (day/L)). IAEA. TF g oqp.mik IS the volumetric activity density in sheep milk (pCi/L)

divided by the daily intake of radionuclide (pCi/day).
Sheep transfer factor (TFSheep (day/kg)). IAEA, EA. [
divided by the daily intake of radionuclide (in pCi/day).
Goat Milk transfer factor (TFgq, ¢ mi (day/L)). IAEA. TF
divided by the daily intake of radionuclide (pCi/day).
Goat transfer factor (TF,,,, (day/kg)). IAEA. TF
daily intake of radionuclide (in pCi/day).

Soil to water partition coefficient (K, (mg/kg-soil per mg/L water or simplified = L/kg)). EPAKD, IAEA, SSL, RESRAD,
BAES. Ky is the ratio of the mass activity density (pCi/kg) of the specified solid phase (usually on a dry mass basis) to the

is the mass activity density in sheep (pCi/kg fresh weight)

goat-milk IS the volumetric activity density in goat milk (pCi/L)

« is the mass activity density in goat (pCi/kg fresh weight) divided by the

goa

volumetric activity density (Bqg/L) of the specified liquid phase.

Soil to plant transfer factor-wet (Bv,,; (pCi/g plant per pCi/g soil)). IAEA, EA, NCRP, SSL, RESRAD, BAES. The values for
cereal grain are used from IAEA. By, is the ratio of the activity concentration of radionuclide in the plant (pCi/kg wet

mass) to that in the soil (pCi/kg dry mass). Note: Some By, ., values were derived from Bvdry sources, assuming the ratio
of dry mass to fresh mass was presented in the source documents. For carbon, the only value in the hierarchy is found
in RESRAD. This value is excluded, as it overestimates root uptake. See section 2.5.4 for a detailed discussion of the
carbon transfer factor derivation.

Soil to plant transfer factor-dry (Bvdry (pCi/g plant per pCi/g soil)). IAEA, EA, NCRP, SSL, RESRAD, BAES. The values for
cereal grain are used. BVgyy is the ratio of the activity concentration of radionuclide in the plant (pCi/kg dry mass) to that

in the soil (pCi/kg dry mass). Note: Some Bv,, values were derived from By, sources, assuming the ratio of dry mass
to fresh mass was presented in the source documents. For carbon, the only value in the hierarchy is found in RESRAD.
This value is excluded, as it overestimates root uptake. See section 2.5.4 for a detailed discussion of the carbon transfer
factor derivation.

BVyyet and Bvg, can be determined using the following equations.

BVivet = BVqry X <100 - MC>

100
where:

MC = percent moisture content (%)

and:

100
BVery = BVt x (m)
where:

MC = percent moisture content (%)

2.5 Biota Modeling

2.5.1 Produce Modeling

There are 23 individually calculated DCCs that make up the default produce DCC. The 23 individual fruits and
vegetables selected for use in the DCC calculator are those for which the Exposure Factors Handbook (EFH) had
ingestion rates for homegrown produce. Each individual DCC is determined based on produce specific data, such as
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intake rate, soil to plant transfer factors (Bv,,,), and soil mass loading factor (MLF). These 23 individual DCCs are then
summed by inverse reciprocal to determine a total produce DCC. The MLFs and intake rates used in the determination
of the default biota DCCs are based on fresh weight. Intake rates, MLFs, and transfer factors were updated in June 2021
in a revised Technical Memorandum. The final version of this document was published in September 2021 and may be

found here.

2.5.1.1 Intake Rates (g/day)

Table 2.5.1-A provides all of the default produce intake rates that are used to determine the total produce DCC.
The delineation of (FW) in the column header indicates that the intake rates are for fresh weight; these are the
intake rates used when the tool is run in default mode. In site-specific mode, the user may choose between
Fresh Weight (FW) or Cooked Weight (CPW), which takes cooking and prepartion loss into account. In addition,
the user may also add rice and cereal grain to the produce output. These intake rates can be found in Table
2.5.1-B below and are only given in dry weight (DW). In user-provided mode, the user may change produce-
specific and element-specific parameters to model produce that is not provided in this tool, such as soil-to-plant
transfer factor, mass loading factor, contaminated fraction, and intake rates.

In addition, a local food survey can be conducted. Much of the methodology in the Guidance for Conducting
Fish and Wildlife Consumption Surveys may be useful for surveying produce consumption to determine site-

specific food intake rates. Another potential source for intake rates, particularly for food exposures not included
in the Exposure Factors Handbook, is the Food Commodity Intake Database (FCID). If the FCID is used, the user

must convert the data to g/day, as it is required for use in this tool.

To determine which produce are commonly cultivated in the area around the site, users should contact their
county extension office. The National Pesticide Information Center has an interactive map that allows users to

choose their state and county and then connects them to their county extension office. Additionally, information
about urban gardening can be found at the Resources about Brownfields and Urban Agriculture website

provided by the EPA. This website presents multiple resources from various federal resources.

Intake Intake Intake Intake Intake Intake Intake Intake
Rate for Rate for Rate for Rate for Rate for Rate for Rate for Rate for
Farmer Farmer Resident Resident Farmer Farmer Resident Resident

Table 2.5.1-A . A N .

Child Adult Child Adult Child Adult Child Adult
(g/day) (g/day) (g/day) (g/day) (g/day) (g/day) (g/day) (g/day)

(Fw) (Fw) (FW) (Fw) (CPW) (CPW) (CPW) (CPW)

Fruit
Apples 82.7 84.8 72.0 73.9 42.9 44.0 37.3 38.3

Berries other
than 24.2 35.2 24.2 35.2 12.5 18.2 12.5 18.2
Strawberries

Citrus 206.0 306.5 206.0 306.5 106.8 158.9 106.8 158.9
Peaches 98.2 103.1 110.2 115.7 50.9 53.5 57.1 60.0
Pears 79.6 59.8 69.4 52.1 41.3 31.0 36.0 27.0
Strawberries 27.5 40.6 27.5 40.6 14.2 21.1 14.2 21.1
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Vegetables
Asparagus 11.9 40.1 11.9 40.1 8.1 27.4 8.1 27.4
Beets 6.0 34.4 6.0 34.4 4.1 23.5 4.1 23.5
Broccoli 14.8 34.1 13.2 30.5 10.1 233 9.0 20.8
Cabbage 11.0 79.5 11.8 85.1 7.5 54.3 8.0 58.1
Carrots 13.1 24.4 14.5 27.1 8.9 16.6 9.9 18.5
Corn 31.6 82.1 23.2 60.2 21.6 56.1 15.8 41.1
Cucumbers 16.3 54.9 24.5 82.3 11.2 BIES 16.7 56.2
Lettuce 34 36.7 3.4 36.7 2.3 25.0 2.3 25.0
Lima Beans 22.0 33.9 22.0 33.9 15.0 23.2 15.0 23.2
Okra 9.4 30.4 9.4 30.4 6.4 20.8 6.4 20.8
Onions 7.5 27.3 5.9 21.5 5.1 18.6 4.0 14.7
Peas 20.4 31.6 22.6 35.0 13.9 21.6 15.5 23.9
Peppers 7.4 23.9 5.9 19.1 5.1 16.3 4.1 13.0
Pumpkins 21.2 63.5 21.2 63.5 14.5 43.4 14.5 43.4
Snap Beans 28.7 54.5 28.3 53.8 19.6 37.2 19.3 36.8
Tomatoes 42.2 94.0 36.0 80.1 28.9 64.2 24.6 54.7
White
Potatoes 52.4 141.8 47.3 127.8 35.8 96.9 32.3 87.3
Total 837.5 1517.1 816.4 1485.5 486.7 932.6 473.5 911.9
Intake Rate for Intake Rate for Intake Rate for Intake Rate for
Table 2.5.1-B Farmer Child (g/day) Farmer Adult (g/day) Resident Child (g/day) Resident Adult
(Dw) (Dw) (Dw) (g/day) (DW)
Rice 49.6 98.9 41.0 81.9
Cereal Grain 48.1 84.8 39.8 70.2
Total 97.7 183.7 80.8 152.1
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2.5.1.2 Soil-to-Plant Transfer Factors (Bv)

The new soil-to-plant transfer factors (Bv

wet

) from IAEA (TRS-472) are unique to climate zone, soil type, and

produce type. There are three climate zones (Temperate, Tropical, and Subtropical), seven soil types (Default,

Sand, Loam, Clay, Organic, Coral Sand, and Other), and 25 produce types implemented in the DCC calculator.

When the tool is run in default mode, the climate zone is temperate, the soil type is Default (which applies to all

soil types), and 23 produce are used. Corn and rice are not used in default mode, because the parameters used

for these are based on dry weight, whereas the other 23 produce are based on fresh weight. For rice, IAEA did

not specify a particular climate zone; therefore, the rice transfer factors have been applied to all three climate

zones.

Climate Zones

The following map of the Holdridge Life Zones shows how the climate zones are distributed across the United

States. Additionally, the KGppen-Geiger climate classification maps are available. This resource could be

consulted to apply site-specific climate zone inputs for calculating DCCs and dose for ingestion of produce

items. The Képpen-Geiger climate zone classification for every county in the U.S.A. is available here.
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*The Holdridge life zones of the conterminous United States in relation to ecosystem mapping. Journal of

Biogeography, 26, 1032.

Soil Types

Table 2 below describes the soil classification used in TRS-472. The Coral Sand and Other soil types are not
listed in Table 2. The 'Other’ soil type classification, in a temperate climate, was created for soils without

characterization data and for mineral soils with unknown sand and clay contents (TRS-472, pg. 9). For tropical
climates, the 'Coral Sand' soil type classification was changed from 'Other’ (given in TRS-472, because it refers

to soils that are outside the classification scheme used here, such as Marshall Island soils, classified by the

authors as coral sand soil) (TRS-472, pg. 73).

TABLE 2. TYPICAL RANGES OF VALUES OF SELECTED SOIL

PARAMETERS FOR THE FOUR SOIL GROUPS

Organic Cation Sand content in the Clay content in the
. matter exchange . . ) .
Soil group pH = mineral matter fraction mineral matter fraction
content capacity (%) (%)
(%) (cmol /kg) ’ ’
Sand 3565 0.5-3.0 3.0-150 =65 <18
Loam 4.0-6.0 20-65 5.0-250 65-82 18-35
Clay 50-8.0 35-100 20.0-70.0 — =35
Organic 3.0-5.0 =20 20.0-200.0 — —

*Technical Report Series no. 472.

STATSGO soil texture on NLDAS grid

125W 120w 115w 110w 105w 100W oW 90w BEW

Sandy sgnd’ c Silty
il a
Sand Loam Sitt Lnuifn Luu:1 Clay
Loal Silt Loam Silty Sandy
San Loom Clay Chay
Learm

Organic Other

*Land Data Assimilation Systems (LDAS). NASA

Produce Types
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The following table illustrates which soil-to-plant transfer factor categories from IAEA are used for each produce

type in the DCC calculator. The individual produce output only lists the category name from IAEA; however, a

value from a secondary source may be being utilized.

Primary Primary Secondary Secondary Tertiary
Transfer Transfer Transfer Transfer Transfer Tertiary Transfer Factor
Table 2.5.1-C
Factor Factor Factor Factor Factor Source
Category Source Category Source Category
Fruit
. NCRP-123, RADSSL, RESRAD,
Apples Woody Tree IAEA Fruit EA None
and Baes
Berries other
NCRP-123, RADSSL, RESRAD,
than Shrub IAEA Fruit EA None
. and Baes
Strawberries
) . NCRP-123, RADSSL, RESRAD,
Citrus Woody Tree IAEA Fruit EA None
and Baes
. NCRP-123, RADSSL, RESRAD,
Peaches Woody Tree IAEA Fruit EA None
and Baes
. NCRP-123, RADSSL, RESRAD,
Pears Woody Tree IAEA Fruit EA None
and Baes
) . NCRP-123, RADSSL, RESRAD,
Strawberries Herbaceous IAEA Fruit EA None
and Baes
Vegetables
Leafy Green NCRP-123, RADSSL, RESRAD,
Asparagus IAEA EA None
Vegetable Vegetable and Baes
Root NCRP-123, RADSSL, RESRAD,
Beets Root IAEA EA None
Vegetable and Baes
. Non-Leafy Green NCRP-123, RADSSL, RESRAD,
Broccoli IAEA EA None
Vegetable Vegetable and Baes
Leafy Green NCRP-123, RADSSL, RESRAD,
Cabbage IAEA EA None
Vegetable Vegetable and Baes
Root NCRP-123, RADSSL, RESRAD,
Carrots Root IAEA EA None
Vegetable and Baes
. . Green NCRP-123, RADSSL, RESRAD,
Corn Maize Grain IAEA EA None
Vegetable and Baes
Non-Leafy Green NCRP-123, RADSSL, RESRAD,
Cucumbers IAEA EA None
Vegetable Vegetable and Baes

https://epa-dccs.ornl.gov/dcc _users_guide.html
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Leafy Green NCRP-123, RADSSL, RESRAD,
Lettuce IAEA EA None
Vegetable Vegetable and Baes
. Legume Green NCRP-123, RADSSL, RESRAD,
Lima Beans IAEA EA None
Seed Vegetable and Baes
Non-Leafy Green NCRP-123, RADSSL, RESRAD,
Okra IAEA EA None
Vegetable Vegetable and Baes
. Root NCRP-123, RADSSL, RESRAD,
Onions Root* IAEA EA None
Vegetable and Baes
Legume Green NCRP-123, RADSSL, RESRAD,
Peas IAEA EA None
Seed Vegetable and Baes
Non-Leafy Green NCRP-123, RADSSL, RESRAD,
Peppers IAEA EA None
Vegetable Vegetable and Baes
: Non-Leafy Green NCRP-123, RADSSL, RESRAD,
Pumpkins IAEA EA None
Vegetable Vegetable and Baes
Legume Green NCRP-123, RADSSL, RESRAD,
Snap Beans IAEA EA None
Seed Vegetable and Baes
Non-Leafy Green NCRP-123, RADSSL, RESRAD,
Tomatoes IAEA EA None
Vegetable Vegetable and Baes
5 Root NCRP-123, RADSSL, RESRAD,
White Potatoes Tuber IAEA EA None
Vegetable and Baes
Grains
Rice Rice IAEA None NCRP-123 None RADSSL, RESRAD, and Baes
) Cereal
Cereal Grain - IAEA None NCRP-123 None RADSSL, RESRAD, and Baes
rain

*The IAEA TRS-472 guidance lists onions as both root vegetables and non-leafy vegetables. The environment

agency (EA), however, only lists onions as root vegetables. When the ORNL/TM-2016/328 was originally released,
onion was listed as a non-leafy vegetable. For consistency with EA and due to root vegetable BVs being generally

more protective, the onion BV designation was updated from non-leafy vegetable to root vegetable.

While included in the initial hierarchy analysis, RESRAD and BAES sources do not contribute to the current

output. They are retained in the user guide for informational purposes.
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|‘ Soil to Plant Transfer Factors (Bvwet) J
- L

¥ ¥ v ¥ ¥ ¥ ¥ i2 ¥ ¥ ¥
—_— 8 — ) - . ) 5 —
Produce Cate Apple, Citrus, Berry Strawberry Beet, Carrot, | | White Potato J Asparagus, /7 Broceoli, [ Corn J Lima Bean, | o —— J | i
sery Peach, Pear Onion Cabbage, Cucumber, || Pea, Snap
Lettuce R Bean
g J Peppers, \ J
Pumpkin,
P . Tomato
—_— Leafy
Transfer Factor Non-Leafy ~ _
Woody Tree Shrub Herbaceous Root Tuber Vegetable Maize Grain Legume Seed Cereal Grain Rice
(=l B { I I =] [ 1 1 ]
i
| Primary Source H |AEA } T 1 T l 1 T l
n Ny S y . (Am,Ba,Cd, Ce, 01,
;‘;““S'“g’:f':' (" Am,Ba, cd Ce, | Ei‘;“;ar:ﬁ': { Ag, Am, tm, Ca | (" Am,cd,€e,0, || Cm Co,Cr,cs, Fe, A
N e Y S o b €m, Co, €r, Cs, Fe, || e Cs Fe e | (o o ) | CMeCa, s Fel, | | LK LaMnMa, | | R
Primary Source I3 Mn, Mo, Nz, || N, o, L2, Mn, Mo, Na, | | e e, B, L CoC8 M EP | La, M, Np, P, Ma, Nk, Ni, Np, P, bRl =,
| Am, Cs, Pu, Sr Cs, 51 Am, Cs, Pu, Sr Nb, Np, P, Pb, Pm, | | 112 M N M0,y g e b po, «Na, Nb, M. P, | | pb, Po, P, Ra, 51, SILILDYA e 0P || wan, N, i, P, PE,
lsatopes & N, P, Pb, Pm, Po, Pb, Pu, Rs, Ru, b, Pm, Pa, PL,Ra, | | Pb,Pm,Po, P
’ o, P, Pu, Ra, Rb, Fr, Pu, R, Rb, Ru, Te, Th, U, Zn Po, Rz, Rb, Se, S,
Pu, Rz, Ru, 5r, Te, sr,Te, Th,U,Y, |\ | Ru,sb, 5, Te,Th, | | Fa,Rb, Ru, Sb, 5r,
Ru, St 57, Tc, Te, || 0BRSS T s, sm, 5, Te, Te, o e T T, Th, U, Zn
AT AN e iy S W TR BN B L = DO < 4
- = -\ v = - - = § d
—r [ 7 [ 1 0
Secondary Source H EA } T
| — Fruit . L | | Green | | L Green
I LI_JVegmrme vegetable
* ¥ L]
Ag, Au,Ba, Br, Ca, | (Ag, Am, Au, B3, Br, | [Ag,Au,Ba, Br, Ca, 1 -~
Ce, €, Cm, Co, Cr, | | Ca,Ce,Cl,Cm,Co, | Ce,Cl,Cm,Co,Cr, — (Ag, &m, Au, Ba, Br, | s e N
Er,Eu,Fe,Ga, | In, | | CrEr,EuFe,Ga, | |ErEufeGalin | ¥ @i *_ (AuBaBrCaCe | | CaCe 0l Cm,Cr, | (g Au,Ba,BrCa, |
r—— La, Lu, Mn, Ma, 1,1n, La, Lu, Mn, Ls, Lu,Mn, M, | Au,Br Cs,Er By, || (=000 55| (A Br o, BBy, | | CLEREw,Ga,In, | | Er,Eu,Fe,Gs,lIn, || Cr,ErEuGs,in,
sem:ﬂ:" ree }—. Ma, Nb, Ni, Np, F, Mo, Na, Nb, Ni, Na, No, Ni, Np, P, || G2, In, Lu, i, 5, Se, | | SRS T | | 63, in Lu, Ma, Hi, Pm, Po, | | La, Lu, Ma, Nz, Nb, | | Lu, Ma, Nz, Nb, Ni, [ Rn J[ Am , Pu,Rn
pes . Pb, Pm, Po, Rz, R, | | Np, P, Pb, Pm, Po, | | Pb, Pm, Pa, Ra, Rb, Sm, TV, Zn P hs'v o 5,52, 5m, TL W Ab,S,Se,5m, Tc, | | Ni,F,Pm,Rb Ry, | | F,Rb,S, Se, Sm,TI,
Ru, 5, 5b, Se, Sm, Pu, k3, Rb, Ry, 5, Ru,S, 86,58, 5m, | ——1— \_ Swsm IVl A 7 TV ) | 5,8b, Se, Sm, TV, | | ¥, Y, Zr J
Te, Th, TL U, V, Y, S, Se, 5m, Tc, Th, Te, Th, TLU, W, ¥, | ¥, Zr J -
Zn, T, UV, Y, Zn, 2r Zn,20 ‘T

i
[ reravsore o nerP )

i | | l I | | |
[Fertiary Source 1sotoped—— Rln Rln Rln [ Rln ] [ Rln ] [ nln ] [ Rln ] [ Rln ] [ R]n ]
i
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+  The red text elements are on the from the ‘Common Isotopes’ list on the calculator page.
Please open the flow chart in a new tab to view a larger image. Carbon is missing from this chart. Please see
section 2.5.4 of this user guide for information about how a soil-to-plant transfer factor was derived for Carbon
in the DCC calculator.

2.5.1.3 Irrigation Rate (I.) and Period (F) Derivation

The default irrigation rate used in the produce models is based on the commonly reported requirement of 1 inch
of water per square foot per week. To convert this value to units of L/m? - day used in the calculator, the
following conversions are necessary.

If 1 square foot = 144 square inches, then 1 inch of water/sqft makes 144 cubic inches which is equal to 2.36
L/sqft per week. There are 10.76 square feet per square meter and 7 days per week. The following equation
presents all the conversions to convert the units.

2.36 L/ft2 - week x 10.76 ft2/m?2 x 1 week/7 days = 3.62 L/m? - day (truncated).

The calculator assumes all the water will be coming from irrigation and not rainfall. The average rainfall for the
continental United States is 30 inches per year or 0.762 meters per year. The area of the United States is 8.08E+12
square meters. Using the above conversion process the average daily rainfall is 2.1 L/m? - day. Use the calculator
in site-specific mode to adjust the irrigation rate to match the meteorological conditions at your site.

The default Irrigation period is 0.25. This equates to 3 months of the year or about 91 days. Using seed to harvest
times for 65 fruits and vegetables a range of 70 to 95 days was calculated to be the growing season when
irrigation would occur. An irrigation period of 91 days, or a 0.25 fraction of the year, represents a protective
irrigation rate. The seed to harvest times and watering requirements for specific fruits and vegetables are
presented in the following table.

days to days to harvest

(min)

days to harvest
(max)

watering requirement
Table 2.5.1-D*

harvest (inches)
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Fruit
Banana NA great amount
Blackberry NA evenly moist
Cantaloupe (Melons) 70-100 70 100 1 or more/week
Kiwifruit NA evenly moist
Melons (Honeydew) 70-100 70 100 1 or more/week
Pineapple NA evenly moist
Raspberry NA evenly moist
Strawberry NA evenly moist
Watermelon 65-90 65 90 1-2/week
Vegetables
Artichoke 365 moist soil
Arugula 40 40 40 moist soil
Asparagus 730 linch
Beans 60 60 60 1-1.5/week
Beets 45-65 45 65 1/week
Belgium Endive 21-28 21 28 evenly moist
Broccoli 70-100 70 100 1-2/ week
Brussels Sprouts 85-110 85 110 1 or more/week
Cabbage 80-180 80 180 1-1.5/week
Cardon 28-42 28 42 evenly
Carrots 50-80 50 80 1/week
Cauliflower 55-100 55 100 moist always
Celeriac 90-120 90 120 moist always
Celery 112 112 112 well watered
Chard (Swiss) 55-60 55 60 moist always
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Chayote 120-150 120 150 moist always
Chickpeas (garbanzo beans) 100 100 100 evenly moist
Chicory and Radicchio 85-100 85 100 evenly moist
Chinese cabbage 50-70 50 70 lightly moist
Collards 85-95 85 95 1-1.5/week
corn (sweet) 60-100 60 100 1 or more/week
Cresses quick evenly moist
Cucumbers 55-65 55 65 1/week
Eggplant 100-150 100 150 1/week
Endive and Escarole 85-100 85 100 evenly moist
Fava Beans 85 85 85 do not over water
Florence Fennel 90-115 90 115 moist but not wet
Garlic 120-150 120 150 moist but not wet
Horseradish 140-160 140 160 evenly moist
Jerusalem Artichoke .
(SORCETRE) 120-150 120 150 even watering
Kale 70-80 70 80 well watered
Kohlrabi 48-60 48 60 evenly moist
Leeks 75-120 75 120 evenly moist
Lettuce (Head) 40-50 40 50 regular even water
Lettuce (Leaf) 65-90 65 90 regular even water
Lima Beans 60-80 60 80 1/week
Mizuna 40 40 40 moist but not wet
Mustard Greens 30-40 30 40 moist never dry
New Zealand Spinach 55-65 55 65 evenly moist
Okra 55-65 55 65 1/week
Onions 80-150 80 150 evenly moist
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Parsnips 100-130 100 130 moist but not wet
Peanuts 120-130 120 130 1/week
Peas 55-80 55 80 evenly moist
Peas (Southern) 60-90 60 90 moist never dry
Peppers 60-95 60 95 evenly moist
Potato (Sweet) 100-150 100 150 1/week
Potatoes 75-135 75 135 moist but not wet
Pumpkins 90-120 90 120 1-1.5/week
Radicchio 60-100 60 100 evenly moist
Radish 20-60 20 60 moist but not wet
Rhubarb 730 moist but not wet
Rutabaga 60-90 60 90 moist never dry
Salsify 120-150 120 150 evenly moist
Scorzonera 120-150 120 150 evenly moist
Shallots 100-120 100 120 1/week
Sorrel 60 60 60 evenly moist
Soybeans 45-100 45 100 evenly moist
Spinach 37-53 37 53 evenly moist
Squash (Summer) 50-65 50 65 evenly moist
Squash (Winter) 60-110 60 110 evenly moist
Taro 200 well watered
Tomatillos 65-70 65 70 moist not totally dry
Tomatoes 40-80 40 80 moist but not wet
Turnips 30-60 30 60 1-2/week
Zucchini 40-60 40 60 evenly moist
Average 70 95
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In default mode, the (FW) intake rates from Table 2.5.2-A are used. Similar to produce, there is an option to

select Cooked Weight in site-specific mode. The intake rates for poultry include chicken, turkey, and duck. In
default mode, the parameters used for poultry and eggs are for chicken specifically (i.e., Qp, etc.). If eggs and

poultry are selected in site-specific mode, the user will have the option to switch between chicken, turkey, duck,

and goose, which will change the previously mentioned respective parameters; however, the transfer factor

used will still be meant for chicken or duck, per TRS-472. If the user has a specific transfer factor for turkey or

goose, then user-provided mode should be used.

Intake Rate for Intake Rate for Intake Rate for Intake Rate for
Table 2.5.2-A Farmer Child (g/day) Farmer Adult (g/day) Farmer Child (g/day) Farmer Adult (g/day)
(FW) (Fw) (CPW) (CPW)
Dairy - Cow 1116.4 1438.0 n/a n/a
Beef 64.6 270.1 31.9 133.5
Swine 32.2 151.1 15.9 4.7
Poultry 48.8 17755 24.1 86.7
Egg 25.1 97.3 n/a n/a
Fish 36.1 155.9 22.1 95.6
Shellfish 213 208.9 13.0 128.1
Total 1344.5 2496.8 107 518.6

Site-specific mode will also offer the option to add animal products from Table 2.4.2-B to the output. The tool

has transfer factors for these products; however, the user will need to enter their own intake rate data, as the

tool does not provide any. Again, a local food survey can be conducted, which may utilize much of the

methodology in the Guidance for Conducting Fish and Wildlife Consumption Surveys for surveying animal
product consumption to determine site-specific food intake rates. In addition, the Food Commodity Intake

Database (FCID) may be used to find intake rate data, but the user must convert the data to g/day, as it is

required for use in this tool.

Intake Rate for

Intake Rate for

Intake Rate for

Intake Rate for

Table 2.5.2-B Farmer Child (g/day) Farmer Adult (g/day) Farmer Child (g/day) Farmer Adult (g/day)
(FW) (Fw) (CPW) (CPW)
Sheep n/a n/a n/a n/a
Sheep Milk n/a n/a n/a n/a
Goat n/a n/a n/a n/a
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Goat Milk n/a n/a n/a n/a

2.5.2.2 Animal Transfer Factors (TF)

While included in the initial hierarchy analysis, RESRAD and BAES sources do not contribute to the current

output. They are retained in the user guide for informational purposes. Please see section 2.4.1 for the transfer
factor source hierarchy.

Transfer Factors (TF)J
2

(chicken, duck,
turkey)

duck, turkey,
goose)

¥ 2 ¥ 2  Z— 2 ¥ 12 2 2 3
Animal Product |—»| Beef ) pairyicowy [ sheee |[  mnFsn | Poultry [ Egg (chicken, Swine [ shenisn | [ sheepmitk | [ Goat ][ Goat milk

[Crrimary Source }——{_IAEA |

g, Al, Am, As, Au,
Ba, Br, C, Ca, Cd,

Ag, Al Am, As,
Au, Ba, Br, C, Ca,

PR

BN S Am, Ba, Be, Ca, Ce, Cl. Co, Cr, Cs, Ag, Am, Ba, Ca, Am, Ba, Ca, Cd, | ¢4, ce, 0l cm, /Am‘ Ba, Ca, Cd,
Am, Ba, Ca, Cd, Cl, | | Cd, Ce, Co, Cr, Cs, cd, Co, Cs, Cu, Ce, Co,Cs,Cu, | ( Ag, Am,Ca,cCd,
Ag,Am, Cd, Ce, ) | Cu, Dy, Eu, Fe, Hf, Co, Cr, Cs, Cu, Eu, | (Ba, Ca, Cd, Co, Cr, Ce, Co, Cr, Cs, Fe,
" Co, Cs, Fe,I,La, | | Fe,|,Mn, Mo, Na, Fe, Hg, |, K, Mn, | | Fe, | K, La, Mn, Ce, Co, Cs, Cu,
Primary Source N Co, Cs, I, Mn, Na, Hg, |, K, La, Mg, Fe, Hf, Hg, |, K, Cs, Fe, |, Mn, Na, | | Ba, Cs, Nb, 51, Te, |, Mn, Mo, Na,
Mn, Mo, Na, Nb, P, | | Nb, Ni, P, Pb, Po, Mo, Na, Nb, Nd, | | Mo, Na, Nb, Nd, | | Fe, |, Mn, Nb, P, " i
Isotopes Pb, Pu, Ry, S, 51, | | Mn, Mo, Na, Ni, P, La, Lu, Mg, Mn, | | Ni, P, Pb, Pu, S, Sr, Y,zr Nb, Ni, Np, P, Pb,
Pb, Pu, Ra, Ru, Sb, | | Pu, Ra, Ru,S, Sb, Pm, Po, Pr, Pu, | | P,Pm, Po, Pr, Pu, | | Pu, Ru, Se, Sr, Tc,
Zn Pb, Po, Pu, Ra, Rb, Mo, Na, Np, Pb, Te, Zn Pm, Po, S, Se, S,
s, Te, Th,U,Zn, 2r | | Se,Sr,Te,U,W, | ~—F— Ru, Se, 51, Tc, Te, | | Ru, Se, Sr, Tc, Te, U, zn
g n Ru, Sb, Sc, Se, Sn, O 20 20 0¥z 7 Pu, Ra, Rb, Ru, Te, U, Zn, Zr
e Sr, Tb, Te, Th, Ti, il i Sb, Sc, Se, Sm, S,
\TL.U, v, Y, 20, 20 Te, Th, U,V, V, Zn
Secondary Source EA
Au, Ba, Br, Ca, Cl,
Ag, Au,Br, Ce, Cm, | 0 o, | | G € En Eu Fe,
e Cr, Er, Eu, Ga, In, Ga, In, La, Lu,
Secondary Source - Er, Eu, Ga, In, La, .
Tsot Lu, Ni, Np, Pm, Po, | | 5 S =0 e o Mo, Nb, Ni, Np,
sotopes Rb, S, Se, Sm, Tc, U, Np, Pm, RD, 11 p oy po, Ra, Rb,

T,V Y Sm,Te, T, TV Y | Vsp Se, sm, T,

Th, T, U, V, Y, Zy

Tertiary Source »l NCRP l

Ac, Al, Ar, As, At, Ac, Al, Ar, As, At,

8, Be, Bi, Bk, Cf, 8, Bi, B, Cf, Cu,
Cu, Dy, Es, F, Fm, | | Dy,Es, F, Fm, Fr,
Fr, Gd, G Gd, Ge, Ha, He, Hf,

Pa, Pd, Pr, Pt, Re, Pd, Pr, Pt, Re, Rf,
Rf, Rh R, Sc,Si, | | Rh,Rn,Sc, Si, Sn,

Ta, Tb, Ti, Tm, Xe,

Tertiary Source Hf, He, Ho,I6 K, K, | | He, Ho, I K, K, L,
oy o L, s Md, Mg, N, | | L Md, Mg, N, Nl
sotop Nd, Ne, No, 0,0, | | Ne, No, O, Os, Pa,

Ac, Ar, Be, Bi, Cf,

Quaternary Source RESRAD Cm, F, Gd, Ge, H,
Ho, In, Ir, Kr, N,
Nb, Nd, Np, Pa,
o ) o ) Pd, Pm, Po, Pr, R,
Isotopes Rn, S, Sm, Ta, Te,

W, Xe

The red text elements are on the from the ‘Common Isotopes’ list on the calculator page.

Please open the flow chart in a new tab to view a larger image.

2.5.3 Mass Loading Factor

A mass loading factor (MLF) is the amount, or mass, of soil that adheres to the plant surface. The following table lists
the MLFs used in this tool according to plant type. For more information on how these were derived, please see the
Technical Memorandum: Biota Modeling in EPA's Preliminary Remediation Goal and Dose Compliance Concentration
Calculators for Use in EPA Superfund Risk Assessment: Explanation of Intake Rate Derivation, Transfer Factor
Compilation, and Mass Loading Factor Sources.

Table 2.5.3-A Mass Loading Factor (MLF) Units Reference
Fruit
Apples 1.60E-04 g dry soil / g fresh plant EA (2009),
Berries other than Strawberries 1.66E-04 g dry soil / g fresh plant EA (2009),
Citrus 1.57E-04 g dry soil / g fresh plant EA (2009),
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Peaches 1.50E-04 g dry soil / g fresh plant EA (2009)
Pears 1.60E-04 g dry soil / g fresh plant EA (2009)
Strawberries 8.00E-05 g dry soil / g fresh plant EA (2009)
Vegetables
Asparagus 7.90E-05 g dry soil / g fresh plant EA (2009)
Beets 1.38E-04 g dry soil / g fresh plant EA (2009),
Broccoli 1.01E-03 g dry soil / g fresh plant Hinton (1992), SSG-Appendix G
Cabbage 1.05E-04 g dry soil / g fresh plant EA (2009)
Carrots 9.70E-05 g dry soil / g fresh plant EA (2009),
Corn 1.45E-04 g dry soil / g fresh plant Pinder&McLeod (1989), SSG-Appendix G
Cucumbers 4.00E-05 g dry soil / g fresh plant EA (2009),
Lettuce 1.35E-02 g dry soil / g fresh plant Hinton (1992), SSG-Appendix G
Lima Beans 3.83E-03 g dry soil / g fresh plant Hinton (1992), SSG-Appendix G
Okra 8.00E-05 g dry soil / g fresh plant EA (2009),
Onions 9.70E-05 g dry soil / g fresh plant EA (2009)
Peas 1.78E-04 g dry soil / g fresh plant EA (2009)
Peppers 2.22E-03 g dry soil / g fresh plant EA (2009)
Pumpkins 5.80E-05 g dry soil / g fresh plant EA (2009),
Snap Beans 5.00E-03 g dry soil / g fresh plant Hinton (1992), SSG-Appendix G
Tomatoes 1.77E-03 g dry soil / g fresh plant Hinton (1992), SSG-Appendix G
White Potatoes 2.10E-04 g dry soil / g fresh plant EA (2009),
Grains
Cereal Grains 2.50E-01 g dry soil / g dry plant Hinton (1992)
Rice 2.50E-01 g dry soil / g dry plant Hinton (1992)
Pasture 2.50E-01 g dry soil / g dry plant Hinton (1992)

2.5.4 Soil to Plant Transfer Factor Derivation for Carbon
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The value of 5.5 given in Table D.3 of the RESRAD User's Manual for carbon root uptake was derived from data in Ng et

al. 1968. Table 4 of Ng et al. 1968 presents a carbon composition in typical agricultural soil of 2.00E+04 ppm and a
carbon composition in terrestrial plants of 1.10E+05 ppm in Table 10A. 1.10E+05 divided by 2.00E+004 gives the value of
5.5 reported in RESRAD. This value assumes that all the carbon in the plant is taken up by the roots; however, this is not
the case. Photosynthesis is the primary source of carbon in plants. Carbon may be present in gas form in soils and
volatilize into the plant canopy, where it may be taken up by the plant in some fraction, depending on atmospheric
conditions. It is typically estimated that 2% of plant carbon comes from soil (either directly or by uptake from the sub-
canopy atmosphere). The other 98% of plant carbon comes from the above-canopy atmosphere, which is assumed not
to contain carbon from the contaminated site. Consider that a plant is about 90% water and of the 10% dry matter
about 40% is carbon. That plant would comprise about 4% carbon on a fresh weight basis. A mineral soil is typically
about 2% to 5% organic matter, which corresponds to 0.8% to 2% carbon on a dry mass basis. Thus, taking the ratio of
carbon contents results in a transfer factor of 4%/(0.8% to 2%) = 5.0 to 2.0 g fresh plant/g dry soil. The next step is to
apply the 2% fraction of plant carbon derived from soil. The resulting range of transfer factors is 0.1 to 0.04 (2%*(5.0 to
2.0)). The value of 0.1 is chosen for the calculation of DCCs and is used for all the BV, values. BV, values are derived
for each plant type based on individual moisture content. For comparison purposes, the 5.5 value from RESRAD gives a
transfer factor of 0.11 if the 2% assumption is made.

The above derivation assumes that all the carbon taken up by the plant is radioactive. In situations where radioactive
carbon is mixing with stable carbon, a site-specific transfer factor can be derived using a model called "specific
activity". Essentially, specific activity is the concentration ratio of the radioactive form to the stable form of carbon.
Specific activity assumes that, within a compartment (i.e., soil), the radioactive contaminant mixes with the stable form
both chemically and physically. Plants uptake the element in the same ratio as it exists in the soil compartment,
resulting in the same ratio in the plant as in the soil compartment.

To determine a site-specific soil-to-plant transfer factor, actual site data must be available. Further, the flux rate of the
element must be in a steady-state condition. The environmental compartments must be well defined and the fluxes
between compartments well understood. For further information, refer to the following: AMEC/004041/007 section 5,
ANL/EAD-4 Appendix L, and IAEA TECDOC 1616 page 550.

2.5.5 Caloric Values of Produce and Animal Products

This section presents the caloric values of the produce, and animal products discussed in Section 2.5.1&2. These caloric
values (kcal/g) are then multiplied by the intake rates (g/day) from 2.5.1-A&B to give dailiy caloric intake values
(kcal/day). With this information it will be possible to select the appropraite produce and animal products for site-
specific analysis to ensure a sustainable caloric intake for the receptors chosen. Caloric values for additional produce
and seafood not currently given in the calculator are also presented. The caloric values presented are based on fresh
(raw) weight and the weight after cooking. All of the caloric data was taken from the USDA's FoodData Central search
tool with preference to the "Foundation Foods" and the "Atwater General Factors" energy data for caloric information.

This spreadsheet contains all of the intake rates from Section 2.5.1&2 and the caloric values from the USDA used to
calculate the caloric information presented in Tables 2.5.5-A - 2.5.5-J. This spreadsheet can be used to calculate unique
caloric intakes on a site-specific basis.

Table 2.5.5-A presents the caloric intake of the adult and child farmer for the default produce types.

Calories for

Calories for

Calories for

Calories for

. . USDA USDA USDA
Farmer Child Farmer Adult Farmer Child Farmer Adult USDA Note
Table 2.5.5-A kcal/g kcal/g Note
(kcal/day) (kcal/day) (kcal/day) (kcal/day) — FW e .
(Fw) (Fw) (CPW) (CPW)
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Fruit
red boiled,
Apples 51.27 52.58 22.74 23.32 0.62 . 0.53 i
delicious skinless
Berries other
than 15.49 22.53 na na 0.64 blueberries na
Strawberries
. navel
Citrus 107.12 159.38 na na 0.52 na
orange
Peaches 45.17 47.43 na na 0.46 na
Pears 50.15 37.67 na na 0.63 na
Strawberries 9.90 14.62 na na 0.36 na
Vegetables
Asparagus 2.38 8.02 1.78 6.03 0.20 0.22
Beets 2.58 14.79 1.80 10.34 0.43 0.44
Broccoli 5.77 13.30 3.54 8.16 0.39 0.35
Cabbage 3.41 24.65 1.73 12.49 0.31 green 0.23
Carrots 6.29 11.71 3.12 5.81 0.48 0.35
Corn 27.18 70.61 20.74 53.86 0.86 yellow 0.96 yellow
Cucumbers 2.61 8.78 na na 0.16 na
Lettuce 0.58 6.24 na na 0.17 iceberg na
) mature mature
Lima Beans 74.36 114.58 17.25 26.68 3.38 1.15
seeds seeds
Okra 3.10 10.03 141 4.58 0.33 0.22
Onions 2.85 10.37 2.24 8.18 0.38 yellow 0.44
Peas 16.52 25.60 5.84 9.07 0.81 green 0.42
sweet,
Peppers 1.70 5.50 1.43 4.56 0.23 bell, green 0.28
green
Pumpkins 5.51 16.51 2.90 8.68 0.26 0.20
Snap Beans 11.48 21.80 6.86 13.02 0.40 green 0.35 green
Tomatoes 7.60 16.92 5.20 11.56 0.18 red 0.18 red

https://epa-dccs.ornl.gov/dcc _users_guide.html 43/203



3/25/26, 2:28 PM

DCC User's Guide

White
36.16 97.84 32.94 89.15 0.69 0.92 baked
Potatoes
Total 489.18 811.45 131.5 295.48
Table 2.5.5-B presents the caloric intake of the adult and child resident for the default produce types.
Calories for Calories for Calories for Calories for
Resident Resident Resident Resident USDA USDA USDA
. . USDA Note
Table 2.5.5-B Child Adult Child Adult kcal/g S kcal/g Note
(kcal/day) (kcal/day) (kcal/day) (kcal/day) FW CPW CcPW
(FW) (FW) (CPW) (cPw)
Fruit
red boiled,
Apples 44.64 45.82 19.77 20.30 0.62 . 0.53 .
delicious skinless
Berries other
than 15.49 22.53 na na 0.64 blueberries na
Strawberries
. navel
Citrus 107.12 159.38 na na 0.52 na
orange
Peaches 50.69 53.22 na na 0.46 na
Pears 43.72 32.82 na na 0.63 na
Strawberries 9.90 14.62 na na 0.36 na
Vegetables
Asparagus 2.38 8.02 1.78 6.03 0.20 0.22
Beets 2.58 14.79 1.80 10.34 0.43 0.44
Broccoli 5.15 11.90 3.15 7.28 0.39 0.35
Cabbage 3.66 26.38 1.84 13.36 0.31 green 0.23
Carrots 6.96 13.01 3.47 6.48 0.48 0.35
Corn 19.95 51.77 15.17 39.46 0.86 yellow 0.96 yellow
Cucumbers 3.92 13.17 na na 0.16 na
Lettuce 0.58 6.24 na na 0.17 iceberg na
. mature mature
Lima Beans 74.36 114.58 17.25 26.68 3.38 1.15
seeds seeds
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Okra 3.10 10.03 1.41 4.58 0.33 0.22
Onions 2.24 8.17 1.76 6.47 0.38 yellow 0.44
Peas 18.31 28.35 6.51 10.04 0.81 green 0.42
sweet,
Peppers 1.36 4.39 1.15 3.64 0.23 bell, green 0.28
green
Pumpkins 5.51 16.51 2.90 8.68 0.26 0.20
Snap Beans 11.32 21.52 6.76 12.88 0.40 green 0.35 green
Tomatoes 6.48 14.42 4.43 9.85 0.18 red 0.18 red
White
32.64 88.18 29.72 80.32 0.69 0.92 baked
Potatoes
Total 472.05 779.82 118.85 266.37
Table 2.5.5-C presents the caloric intake of the adult and child farmer and resident for the default grains.
Table Calories for Farmer Calories for Farmer Calories for Resident Calories for Resident USDA USDA
] ] 1 1
Child (kcal/day) Adult (kcal/day) . kcal/g
2.5.5-C Child (kcal/day) (DW) Adult (kcal/day) (DW) Note
(DW) (Dw) DW
) white,
Rice 178.06 355.05 147.19 294.02 3.59
raw
Cereal
. 175.57 309.52 145.27 256.23 3.65 corn
Grain
Total 353.63 644.57 292.46 550.25
Table 2.5.5-D provides the caloric content of more produce.
Table 2.5.5-D USDA kcal/g FW USDA Note FW USDA kcal/g CPW USDA Note CPW
Fruit
Apricot 0.48 na
Avocado 1.6 raw na
Banana 0.89 na
Blackberries 0.43 na
Cantaloupe 0.43 na
Cranberries (fresh) 0.46 na
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Dates 2.77 medjool na
Grapefruit 0.33 white na
Grapes 0.80 green na
Honeydew Melon 0.36 na
Kiwifruit 0.64 na
Lemon 0.29 peeled na
Lime 0.3 na
Mandarin Oranges 0.53 na
Mango 0.6 na
Nectarine 0.43 na
Pineapple 0.60 na
Plums 0.46 na
Pomegranate 0.83 na
Raspberries 0.52 na
Sweet Cherries 0.71 na
Tangerine 0.53 na
Watermelon 0.3 na
Vegetables
Artichoke 0.73 Jerusalem 0.53
Brussels Sprouts 0.43 0.36
Cauliflower 0.25 0.23
Celery 0.17 0.18
Green Onion 0.27 tops na
Leaf Lettuce 0.22 na
Mushrooms 0.44 shiitake 0.56 shiitake
Radishes 0.16 0.17
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Spinach 0.28 mature 0.23

Sweet Potato 0.79 skinless 0.90
Turnips 0.28 0.22

Winter Squash 0.40 acorn 0.34 acorn
Zucchini 0.21 0.15

Table 2.5.5-E provides the caloric content of more grains.

Table 2.5.5-E USDA kcal/g DW USDA Note
Amaranth 371
Barley Grain 3.52 pearled
Buckwheat 3.56
Bulgur 3.42
Flax Grain 3.50 flakes
Khorasan 3.37
Millet 3.76
Oat Grain 2.46 bran
Quinoa 3.68
Rye 3.38
Sorghum 3.29
Spelt 3.38
Wheat 331 soft red winter

Table 2.5.5-F presents the caloric intake for the default animal products.

. Calories for A Calories for
Calories for Calories for
. Farmer . Farmer USDA USDA
Table Farmer Child Farmer Child USDA note USDA note
T (keal/day) Adult (keal/day) Adult kcal/g FW kcal/g —
.5.5- cal/da cal/da
o (kcal/day) o (kcal/day) FW CPW
(Fw) (cPw)
(FW) (CPW)
Dairy -
681.00 877.18 na na 0.61 whole na
Cow
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Beef 156.98 656.34 78.47 328.41 2.43 80/20 raw 2.46 pan-broiled
Swine 73.42 344.51 47.22 221.86 2.28 ground raw 2.97 cooked
ground, pan-
Poultry 64.90 233.42 45.55 163.86 1.33 ground, raw 1.89
browned
Egg 35.89 139.14 na na 1.43 egg whole 1.55 hard-boiled
i . bluefin,
Fish 51.98 224.50 40.66 175.90 1.44 bluefin, raw 1.84
cooked
crustaceans,
. crustaceans, .
Shellfish 18.11 177.57 11.57 114.01 0.85 X 0.99 shrimp,
shrimp, raw
cooked
Total 1082.28 2652.65 224,78 1016.86

Table 2.5.5-G presents the caloric content of sheep and goat products.

Table 2.5.5-G USDA kcal/g FW USDA note FW USDA kcal/g CPW USDA note CPW
Sheep 2.82 lamb, ground, raw 2.83 lamb, ground, broiled
Sheep Milk 1.08 milk, fluid na
Goat 1.09 game meat, goat, raw 1.43 game meat, goat, roasted
Goat Milk 0.69 milk, fluid na

Table 2.5.5-H provides the caloric content of more seafood items.

Calories for Calories for Calories for Calories for
Farmer Farmer Farmer Farmer USDA USDA
) . USDA note USDA note
Table 2.5.5-H Child Adult Child Adult kcal/g o kcal/g o
(kcal/day) (kcal/day) (kcal/day) (kcal/day) FW cPW
(FW) (FW) (CPW) (CPW)
Finfish
. channel,
Catfish 34.30 148.11 23.21 100.38 0.95 ild 1.05 channel
wi
Cod 29.60 127.84 23.21 100.38 0.82 Atlantic, raw 1.05 Atlantic
Flounder/Sole 25.27 109.13 19.01 82.22 0.70 flatfish, raw 0.86 flatfish
Haddock 26.71 115.37 19.89 86.04 0.74 raw 0.90
Halibut 32.85 141.87 24.53 106.12 0.91 raw 1.11
Ocean Perch 28.52 123.16 21.22 91.78 0.79 raw 0.96
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Orange
27.44 118.48 23.21 100.38 0.76 raw 1.05
Roughy
Pollock 33.21 143.43 26.08 112.81 0.92 Atlantic, raw 1.18 Atlantic
Rainbow . .
42.96 185.52 33.15 143.40 1.19 wild, raw 1.50 wild
Trout
. raw, striped .
Rockfish 35.02 151.22 27.40 118.54 0.97 b 1.24 striped bass
ass
sockeye,
Salmon, Red 55.23 238.53 76.25 329.82 1.53 sockeye, raw 3.45
smoked
Salmon, Pink 45.85 197.99 33.81 146.27 1.27 raw 1.53
Swordfish 51.98 224.50 38.01 164.43 1.44 raw 1.72
Tilapia 34.66 149.66 28.29 122.37 0.96 raw 1.28
Tuna 51.98 224.50 40.66 175.90 1.44 bluefin, raw 1.84 bluefin
Shellfish
Blue Crab 18.53 181.74 10.79 106.32 0.87 raw 0.83 moist heat
Clams 18.32 179.65 19.24 189.59 0.86 raw 1.48 moist heat
northern, northern,
Lobster 16.40 160.85 11.57 114.01 0.77 0.89 X
raw moist heat
eastern,
Oysters 10.86 106.54 13.26 130.66 0.51 eastern, raw 1.02 i
moist heat
mixed bay and sea,
Scallops 14.70 144.14 14.43 142.19 0.69 X 1.11
species, raw steamed
crustaceans,
) crustaceans, .
Shrimp 18.11 177.57 12.87 126.82 0.85 . 0.99 shrimp,
shrimp, raw
cooked

Combining the default intake rates in Tables 2.5.1-A&B with the caloric data presented in Tables 2.5.5-A-F, the total
amount of calories consumed with the produce, grains, and animal products are determined for the default adult and

child farmer.

Table 2.5.5-1 presents the total calories per day for the default farmer.

Table 2.5.5-1

Calories for Farmer Child
(kcal/day) (FW)

Calories for Farmer Adult
(kcal/day) (FW)

Calories for Farmer Child
(kcal/day) (CPW)

Calories for Farmer Adult
(kcal/day) (CPW)

Produce

489.18

811.45

ISITRS

295.48
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Grains (DW) 353.63 664.57 353.63 664.57
Animal
1082.28 2652.65 224,78 1016.86
Products
Total 1952.09 4128.67 709.91 1976.90

Combining the default intake rates in Tables 2.5.1-A&B with the caloric data presented in Tables 2.5.5-A-F, the total
amount of calories consumed with the produce and grains are determined for the default adult and child resident.

Table 2.5.5-J presents the total grams and calories per day for the default resident.

Table Calories for Resident Calories for Resident Calories for Resident Child Calories for Resident Adult
2.5.5-J Child (kcal/day) (FW) Adult (kcal/day) (FW) (kcal/day) (CPW) (kcal/day) (CPW)
Produce 472.05 779.82 118.85 266.37
Grains
292.46 550.25 292.46 550.25
(Dw)
Total 764.51 1330.07 411.31 816.62

2.6 DCCs in Context of Superfund Modeling Framework

This DCC calculator focuses on the application of generic and simple site-specific approaches that are part of a larger
framework for calculating concentration levels to comply with dose-based ARARs. Generic DCCs for a 1 mrem standard are

provided by viewing either the tables in the Download Area section of this tool or by running the calculator with "Defaults"

selected for Site Info Type. Part 3 of the Soil Screening Guidance for Radionuclides: Technical Background Document provides

more information about five more detailed soil-to-groundwater models that are part of the same framework.

Generic DCCs are calculated from the same equations presented in the site-specific portion of the calculator, but they are

based on a number of default assumptions chosen to be protective of human health for most site conditions. Generic DCCs,

which should be scaled to the same dose level as the standard being complied (e.g., multiplied by a factor of ten for a 10

mrem/year standard), can be used in place of site-specific DCC levels; however, in general, they are expected to be more

protective than site-specific levels. The site manager should weigh the cost of collecting the data necessary to develop site-

specific DCCs with the potential for deriving a higher DCC that provides an appropriate level of protection.

The framework presented in Part 3 of the Soil Screening Guidance for Radionuclides: Technical Background Document

includes more detailed modeling approaches that take into account more complex site conditions than the generic or simple

site-specific methodology used in the soil-to-groundwater scenario in this calculator. More detailed approaches may be

appropriate when site conditions (e.g., very deep water table, very thick uncontaminated unsaturated zone, soils underlain by

karst or fractured rock aquifers) are different than those assumed in the generic or simple site-specific methodology. Further

information on using more detailed approaches may be found in "Simulating Radionuclide Fate and Transport in the

Unsaturated Zone: Evaluation and Sensitivity Analyses of Select Computer Models". This report provides a detailed technical

analysis of five unsaturated zone fate and transport models for radionuclides.

To avoid unnecessary inconsistency between radiological and chemical risk assessment and radiological dose assessment at

the same site, users should generally use the same model for chemical and radionuclide risk assessment and radionuclide

dose assessment. If there is a reason for using another model, then justification for doing so should be developed. The

justification should include specific supporting data and information in the Administrative Record. The justification would
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normally include the model runs, using both the recommended EPA DCC model and the alternative model. Users are

cautioned that they should have a thorough understanding of both the DCC recommended model and any alternative model
when evaluating whether a different approach is appropriate. When alternative models are used, the user should adjust the
default input parameters to be as close as possible to the DCC inputs, which may be difficult, since models tend to use
different definitions for parameters. Numerous computerized mathematical models have been developed by EPA and other
organizations to predict the fate and transport of radionuclides in the environment; these models include single-media
unsaturated zone models (e.g., groundwater transport) as well as multi-media models. These models have been designed for a
variety of goals, objectives, and applications; as such, no single model may be appropriate for all site-specific conditions.
Generally, even when a different model is used to predict fate and transport of radionuclides through different media, EPA
recommends using the DCC calculators for the remedial program to establish the dose-based concentrations to ensure
consistency with CERCLA, the NCP, and EPA's Superfund guidance for remedial sites. Prior to using another model for dose
assessment at a CERCLA remedial site, EPA regional staff should consult with the Superfund remedial program's National
Radiation Expert (Stuart Walker, at (703) 603-8748 or walker.stuart@epa.gov). For more information on this issue, please see
questions 10 and 16 on pages 12, 17, and 18 of Radiation Risk Assessment At CERCLA Sites: Q&A (EPA 540-R-012-13, May 2014).

2.7 Understanding Dose Output on the DCC Website

The DCC calculator provides an option to select dose output. Selecting dose output requires the calculator to be run in "Site
Specific" mode. The "Soil to Groundwater" medium does not have dose output and will become disabled when dose output is
selected. The dose values presented on this site are radionuclide-specific values for individual contaminants in air, water, soil,
and biota that may warrant further investigation or site cleanup.

2.7.1 General Considerations for the Dose Output

The first step in the dose assessment process is hazard identification, where site data is screened against DCCs to
identify radionuclides of potential concern (ROPCs). The "Dose Characterization" step, in the dose assessment process,
incorporates the outcome of the exposure and toxicity assessment steps to calculate the annual dose identified in the
data screening part of the hazard identification step. Dose is calculated for each land use determined appropriate for
the site. The annual dose sum is presented for each exposure route for all ROPCs and for each ROPC across all exposure
routes. The process used to calculate dose in this calculator follows the traditional method of first calculating a CDI
(Chronic Daily Intake).

The basic equation for calculating total Dose is:

Dosemedia-tot = Z (Dosei,k)
ik
where:

i = it route;

k = k™ isotope;
(Doseroute-tot)k = Y (Dose;)

I
and:

(Doseropc-tot); = ) (Dose)
K

where:
Dose;x = (CDIroute x DCFroute)

where:

CDI = Chronic Daily Intake espressed in {py—cr' p—CI pCl p—CI )

mrem mrem/yr mrem/yr mrem/yr mrem/yr
pCi ' pCi/g ' pCi/cm2’ pCi/L " pCi/m3

DCF = Slope Factor expressed in [
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The secular equilibrium equation for calculating total Dose is:

Dosesg_tot = Y. <Z (Dosei.k)J)

j \ik
where:
i =it route;
k = kth isotope;

(DOSESE—route—tot Z (Z DOSG, Kk >
i

and:

(Dosesg_ropc-—tot)j] = Y. <Z Dose; )
] k

where:
(Dosei,k)j = (CDIsg-route X DCFsE_route X FC)J'

where:

j= jth progeny in the decay chain;
FC = fractional contribution of each progeny;

CDI = Chronic Daily Intake espressed in [pTCI p—CI LO p—CI pCi

mrem mrem/yr mrem/yr mrem/yr mrem/yr
pCi ' pCi/g ' pCi/cm2’ pCi/L ' pCi/m3

DCF = Slope Factor expressed in [

2.7.2 General Considerations for Entering Site Data

There are four calculator output options available to the user.

e DCC Output Option #1: Assumes period of peak dose (with decay and progeny ingrowth) (Peak DCC)
e DCC Output Option #2: Assumes Secular Equilibrium Throughout the Chain (no decay - parent and progeny in

constant equilibrium)
e DCC Output Option #3: Does Not Assume Secular Equilibrium, Provides Results for Progeny Throughout Chain (with
decay where appropriate)

e DCC Output Option #4: Does Not Assume Secular Equilibrium, Selected Isotopes Only (with decay where
appropriate)

The first two include progeny contributions in the dose calculations of the parent. The third and fourth options do not.
However, if the third option is selected, the media concentrations for the progeny are automatically populated with the
concentration entered for the parent. The progeny will have their dose calculated independent of each other. This
autofill feature is not available when isotope chains overlap. The autofill feature is solely for convenience and does not
assume secular equilibrium.

If the data is collected from a site where secular equilibrium is assumed to be present, the user need only enter the
activity of the parent in the calculator, and a representative dose of the parent and all progeny will be presented in the
calculator output. In the case of non-secular equilibrium, the current "state of the chain" may not be known or easily
calculated. For relatively fast decaying isotopes, significant decay or ingrowth of progeny may have occurred since the
sample date. Further, determining future activity of the contaminants may be useful in planning for future release of a

property.

A Decay Chain Activity Projection Tool has been developed where the user can select an isotope, enter a length of time

to allow decay and ingrowth, and enter the beginning activity of the parent. The results of this tool, pictured below, are
the activities of the parent and progeny at the end of the decay and ingrowth of progeny time. These activities can be
entered into the DCC calculator to calculate dose using the third and fourth DCC Output options.
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2.8 Sensitivity/Uncertainties Analysis

Uncertainties exist in any default DCC equation and they can often be resolved by changing an exposure parameter value.

A sensitivity/uncertainty analysis is the quantitative assessment of how changing a single value impacts the DCC calculation.
Sensitivity analyses are generally conducted to determine what changed variable in a DCC equation has the greatest impact.
An evaluation of the uncertainty associated with a DCC calculation can identify a need for site-specific parameters. If the level

of uncertainty is acceptable, then the DCCs can be used accordingly. However, if the resulting uncertainty is not acceptable, the
sensitivity analysis will help to identify those parameters that, if measured on a site-specific basis, would decrease uncertainty

to the greatest extent.
Examples of site-specific variables that can greatly impact a DCC are:

e soil to water partition coefficients,
e biota transfer factors,

e water to air volatilization,

e gamma shielding factors, and

e area correction factors

Examples of site-specific exposure parameters that can greatly impact a DCC are:

e intake rates, and

¢ fraction ingested of contaminated biota

The quantitative assessment of uncertainties in the transport and exposure parameters provides considerable information
about the variability and sensitivity of the calculated default DCCs. These results are important, because point estimates of

these parameters are used to determine the extent of remediation necessary through the Superfund process. The point
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estimates that are provided as guidance by the U.S. Environmental Protection Agency (EPA) are often conservative and can

result in an overestimate of the potential dose or risk. The intent of this section is to raise awareness of the potential cost
savings of developing site-specific values for key parameters. The results can be used to quantify the degree to which the
standard default values overestimate the predicted percentiles of exposure (typically 90-95th percentile values) that they are
intended to estimate and to determine which parameters are responsible for the majority of the variation. Please see Guidance
for Conducting Risk Assessments and Related Risk Activities for the DOE-ORO Environmental Management Program for

additional information.

There are several methods for identifying the most important contributors to uncertainty. Monte Carlo simulation with either
Simple Random Sampling (SRS) or Latin Hypercube Sampling (LHS) is often the most robust method for propagating
uncertainty through either simple or complex models. Please see An Introductory Guide to Uncertainty Analysis in

Environmental and Health Risk Assessment for additional information.

Many of the DCC equations are linear, and changing a parameter has a directly proportional impact on the DCC. For example,
doubling the intake rate in a fin fish ingestion DCC will reduce the DCC by half.

2.9 Advanced Calculator Uses (Postprocessing and Replicating Discontinued DCC
Options)

The DCC calculator results, when exported in a spreadsheet, can be used to create site-specific DCCs that cannot be developed
solely within the calculator. This postprocessing of results can be useful when the calculator doesn't offer the precision
necessary for remedial decision. Additionally, the calculator can be used to replicate the old +D DCCs.

2.9.1 Postprocessing Calculator Results to Incorporate Site-Specific MCNP Factors

Nearly all of the exposure parameters in the DCC equations can be changed by using the site-specific option in the
calculator. Further, many of the isotope-specific values (i.e., slope factors, dose coefficients, partition coefficients, and
transfer factors for plants and animals) can be changed by using the user-provided option in the calculator. While many
options are given for users to select site size and clean soil cover, it may be necessary to derive a "factor" specific to a
particular site using tools like Monte Carlo Nuclear Particle (MCNP). For example, a user may want to use MCNP or
another tool to develop a site-specific Area Correction Factor (ACF) for an unusual situation (e.g., a site that consists of
flat land that is next to a cliff face and both are contaminated). The following is a brief description of how to
postprocess calculator results when including the results for a factor that was developed in another tool such as MCNP.
All variables in the ingestion and inhalation equations can be changed in the calculator itself; the external exposure
route is the most likely to require postprocessing.

The calculator offers the option to export results in a spreadsheet format. Using the spreadsheet, the "factor" supplied
by the calculator can be substituted with a site-specific factor supplied by the user. The procedure is relatively straight
forward, as all the factors are in the denominator of the screening level equations. Simply multiply the screening level
by the ratio of the default factor to the site-specific factor.

This general process does work; but please consider the following, as further steps may be necessary:

o [f adjusting a factor in the external exposure route, the total DCC needs to be recalculated using the inverse sum of

reciprocals.

e Ifadjusting a factor in parentheses, such as a resident outdoor Gamma Shielding Factor (GSF,), then more
postprocessing is required.

e When adjusting a DCC calculated by the secular equilibrium option, factors for all the progeny need to be calculated
and totaled using the inverse sum of reciprocals.

e The Peak DCC results are impossible to post process, because the state of the chain (decay and ingrowth of all
members) cannot be replicated in a spreadsheet. Section 2.2.5 discusses what DCC output options are closest to the
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Peak DCC. In many cases, the parent only with decay or the SE DCCs may be identical to the Peak DCC. Post

processing one of these substitute DCC options can replicate what the Peak DCC would be.

Here is an example of the DCC calculator default results for external (2-D soil volume) exposure for an indoor worker
exposed to soil. The default GSF; is 0.4 and represents the shielding provided by general subfloor materials from
contaminated soil. In the case of a commercial building being constructed on a concrete slab, a site-specific shielding
factor can be generated with MCNP and the site-specific DCC recalculated following the procedure discussed
previously. Suppose a GSF; was determined to be 0.2 with MCNP for Ra-226 without consideration of progeny. Users
should note that post processing for Ra-226 would require these steps for each of the progeny with an external slope
factor.

The original results are below and show a GSF; of 0.4 (cell F5) and a DCC of 345 pCi/g (cell G5).

Default
vl Indoor Worker DCCs for 2-D Direct External Exposure - No progeny (with decay)

3
External Default I:g::)lr Soil
Exposure Soil Volume Volume
DCF Area GSF; DCC
(mreml/yr per Halflife = Correction Solil DL=1
4 Isotope pCi/g) Lambda (years) Factor Volume (pCi/g)
Bl Ra-226 3.18E-02 4 33E-04 1.60E+03 1.00E+00 4.00E-01 @ 3.45E+02

The postprocessed results are below with a GSF; of 0.2 (cell H5), showing the resulting site-specific DCC (cell J5) is twice
as large as the default value above, as expected. The green shaded cells need to be added and programmed by the

user. Below the green cells, the formula for the postprocessing procedure is given.

Default
Pl Indoor Worker DCCs for 2-D Direct External Exposure - No progeny (with decay)
2
Site- -
Total . Specific Default GSFi - e
External Default Indoor Soil Total Removed Site-Specific
Exposure Soil Volume Volume Indoor Soil Volume Soil Volume
DCF Area GSF; DCC DCC DCC
(mrem/yr per Halflife = Correction Soil DL=1 GSF; DL=1 DL=1
4 Isotope pCilg) Lambda | (years) Factor Volume (pCi/lg) Soil Volume (pCilg) (pCilg)
Ml Ra-226 3.18E-02 4.33E-04 1.60E+03 1.00E+00 4.00E-01 | 3.45E+02 2.00E-01 1.38E+02 6.90E+02
6 G5xF5 15/ H5

Please contact your EPA regional risk assessor before post processing DCC calculator results for Superfund sites.

2.9.2 Replicating the Old +D DCCs

Prior to 2017, "+D" designated dose coefficients and subsequently +D DCCs were available as the preferred DCC output
option. This designation indicated that the dose coefficients included the contribution from ingrowth of progeny out to
100 years. Similarly, +E indicated ingrowth out to 1000 years. FGR 12 provided the original table of the +D radionuclide
dose coefficients, and ORNL 2014c with appendix provides the +D dose coefficients previously used in this calculator.

The intention of this designation was to make DCCs protective by including the contributions from their short-lived
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decay products that were, at times, difficult to measure. The +D designation indicated that the parent radionuclide DCC

included the dose or risk contribution from its short-lived progeny. The DCCs presented in sections 2.2.1 and 2.2.2
independently model progeny during migration to groundwater and biota uptake, while the +D DCCs did not. The use
of the +D DCCs was discontinued because of the following reasons that led to imprecision in the +D DCCs.

e The half-life of the parent isotope was used for all the short-lived progeny included in the +D to calculate decay.

e The K, of the parent was used for all the short-lived progeny in the soil-to-water partitioning DCCs to calculate
downgradient water concentrations.

e The biota transfer factors for the parent was used for all the short-lived progeny included in the +D to calculate
nuclide uptake into plants and animals.

The steps to replicate the old +D DCCs are as follows.

e Select the DCC output option described in section 2.2.3 (Does Not Assume Secular Equilibrium, Provides Results for
Progeny Throughout Chain).

e Select Site-Specific and then User-provided on the calculator main page.
e At this point, there are three ways to proceed to calculate +D DCCs.

o The easiest way is to just change the slope factors to the +D dose coefficients found in HEAST and adjust any
exposure parameters. On the results page, the parent isotope DCC will be a +D DCC because +D dose coefficients
were used.

o Alternatively, on the Site-Specific page, every isotope-specific parameter and every exposure parameter can be
changed to match the old +D DCC inputs including: half-life, K, biota transfer factors, gamma shielding factors,
and area correction factors. Make appropriate changes to all isotopes, but specifically do not change the dose
coefficients to +D dose coefficients. The results of this endeavor will be a very close approximation to the old +D
DCCs.

o Finally, if the desire is to determine what a modern version of a +D DCC would be, change nothing for any of the
isotopes.

e Forthe second and third options above, on the results page, the individual isotope DCCs will be presented. The last
step is to combine the appropriate parent and progeny DCCs to make a +D DCC. This is done by taking the inverse
sum of the reciprocals of the individual DCCs. Replication of the +D DCCs for the biota route will be impossible, as
the models have changed. Consult the table below to determine what progeny should be included in the
summation method.

Below is a table of progeny and the terminal radionuclide used in +D and +E slope factors and dose coefficient
development.

Progeny used for Derivation of +D and +E Slope Factors and Dose Coefficients

Principal . .
. . . . Terminal Half-life
Radionuclide Associated decay chain B A
. Radionuclide (years)
(half-life in years)

Cs-137+D (30.2) Ba-137m Ba-137 stable
Cs-137+E (30.2) Ba-137m Ba-137 stable
Pu-239+D (2.41E+04) U-235m U-235 7.04E+08
Pu-239+E (2.41E+04) U-235m U-235 7.04E+08
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Ra-226+D (1.60E+03) Rn-222, Po-218, Pb-214, At-218, Bi-214, Rn-218, Po-214, T|-210 Pb-210 22
Ra-226+E (1.60E+03) Rn-222, Po-218, Pb-214, At-218, Bi-214, Rn-218, Po-214, T|-210 Pb-210 22
Ra-228+D (5.75E+00) Ac-228 Th-228 2
Ra-228+E (5.75E+00) Ac-228 Th-228 2
Rn-222+D (1.05E-02) Po-218 Pb-214 5.10E-05
Rn-222+E (1.05E-02) Po-218 Pb-214 5.10E-05
Sr-90+D (28.8) Y-90 Zr-90 stable
Sr-90+E (28.8) Y-90 Zr-90 stable
Th-232+D (1.41E+10) Ra-228, Ac-228 Th-228 1.91E+00
Th-232+E (L.41E+10) | Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, T|-208 Pb-208 stable
U-235+D (7.04E+08) Th-231 Pa-231 3.3E+04
U-235+E (7.04E+08) Th-231 Pa-231 3.3E+04
U-238+D (4.4TE+09) Th-234, Pa-234m, Pa-234 U-234 2.4E+05
U-238+E (4.47E+09) Th-234, Pa-234m, Pa-234 U-234 2.4E+05

3. Understanding Your Superfund Site

The sections that follow describe how to use the generic download tables. The generic download tables are to be used in the absence
of site-specific exposure data. When site-specific exposure data is available, these sections also provide information developing a
conceptual site model, addressing background radiation, and potential limitations of the DCC models presented in this guidance.

3.1 Using the DCC Tables

The tables in the DCC Download Area provide generic concentrations in the absence of site-specific dose assessments.

Screening concentrations can be used for:

e Prioritizing multiple sites within a facility or exposure units,
e Setting dose-based detection limits for contaminants of potential concern (COPCs),
e Focusing future dose assessment efforts, and

e When appropriate for the site, consider as dose-based cleanup levels.

3.2 Developing a Conceptual Site Model

When using DCCs at a Superfund site, the exposure pathways of concern and site conditions must match those taken into
account by the screening levels. (Note, however, that future uses may not match current uses. Future uses of a site should be
logical conditions that might occur at the site in the future.) Thus, it is necessary to develop a conceptual site model (CSM) to
identify likely contaminant source areas, exposure pathways, and potential receptors. This information can be used to
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determine the applicability of screening levels at the site and the need for additional information. The final CSM diagram

represents linkages among contaminant sources, release mechanisms, exposure pathways, and routes and receptors based on

historical information. It summarizes the understanding of the contamination problem. A separate CSM for ecological

receptors can be useful. Chapter 2 and Attachment A of the Soil Screening Guidance for Radionuclides: Users Guide (U.S. EPA
2000a) contain the steps for developing a CSM. A site-specific CSM may not include all of the land uses presented in this

calculator.

The CSM below presents the land uses, media, and exposure routes quantified in this calculator along with hypothetical source

and release mechanisms.

Concepiual Site Model of Quantified Expeosure Pathways for radionuclide DCCs.
Black lines are direct exposure routes.

Black dashed lines are direct and indirect exposure routes.

Red lines are indirect expesure routes.

PRIMARY PRIMARY SECONDARY SECONDARY EXPOSURE RECEPTOR
SOURCES RELEASE SOURCES RELEASE MEDIA
MECHANISM MECHAMISM
Resuspension : Exposure | Resident | Outdoor | Indoor | Comp. Recreator
L ——{ar | ————> [N Worker | Worker | Worker
Volafilization
Inhalation
Submersion
Infiltration Groundwater! Exposure Resident | Outdoor Indoor | Comp. Recreator
And Surface _:. Worker Worker | Worker
Percolation Water
Ingestion
Inhalation
Immersion
Radionuclide Release | -
Handling > or Soils SwS Exposure | Resident | Outdoor Indoor | Comp. Recreator
Area Spill l—'—l Route Worker Worker | Worker
I
]
i Ingestion
]
i
i Inhalation
I
: External®
i
I
]
i

* Soil 2-D external exposure is provided for all land uses except farmer.

Fish
Game/Fowl

Game/
Animal

** Poultry options are chicken, furkey, goose or duck. Milk options are cow, goat, and sheep.

As a final check, the CSM should answer the following questions:

e Are there potential ecological concerns?

e |sthere potential for land use other than those covered by the DCC levels (i.e., resident and worker)?

e Are there other likely human exposure pathways that were not considered in development of the DCC levels?

e Are there unusual site conditions (e.g., large areas of contamination, high fugitive dust levels, potential for indoor air

contamination)?

e Are all current and potential future land uses presented?

e What media may become contaminated in the future?

e |sthe selected DCC output option appropriate for the equilibrium of the site contaminants?

The DCCs may need to be adjusted to reflect the answers to these questions.
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3.3 Background Radiation

Natural background radiation should be considered prior to applying DCCs as cleanup levels. Background and site-related
levels of radiation will be addressed as they are for other contaminants at CERCLA sites; for further information, see EPA's
guidance "Role of Background in the CERCLA Cleanup Program", April 2002 (OSWER 9285.6-07P). Note that certain ARARs
specifically address how to factor background into cleanup levels. For example, some radiation ARAR levels are established as

increments above background concentrations. In these circumstances, background should be addressed in the manner
prescribed by the ARAR.

3.4 Potential Problems and Limitations

As with any dose-based tool, the potential exists for misapplication. In most cases, this results from not understanding the
intended use of the DCCs. In order to prevent misuse of the DCCs, the following should be avoided:

e Applying DCC levels to a site without adequately developing a conceptual site model that identifies relevant exposure
pathways and exposure scenarios.

e Use of DCC levels as cleanup levels without the consideration of other relevant criteria such as ARARs.
e Use of DCC levels as cleanup levels without verifying numbers with a health physicist/risk assessor.

e Use of outdated DCC levels tables that have been superseded by more recent publications.

e Not considering the effects from the presence of multiple isotopes.

e Not considering the individual model limitations as described in section 4 (e.g., inhalation of tap water only considers C-14
and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-lived progeny).

4. Land Use Descriptions, Equations, and Technical Documentation

The DCCs consider human exposure from contact with contaminated air, soil, water, and biota. The equations and technical
discussion are aimed at developing compliance levels for dose-based ARARs. The DCCs, regardless of land use, are based on
annual dose and differ from PRGs which are based on 26 years for resident, 25 years for workers (except construction worker),
and 40 years for farmer. The following text presents the land use equations and their exposure routes. Table 1 (at the end of the
User's Guide) presents the definitions of the variables and their default values. The default values and exposure models are
consistent with the Regional Screening Levels for Chemical Contaminants at Superfund Sites (RSL) calculator when the same
pathways are addressed (e.g., ingestion and inhalation) and are analogous when pathways are similar (e.g., dermal and
external exposure). This calculator and the RSL both follow the recommendations in the OSWER Directive concerning use of
exposure parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in remedy

evaluation or selection at a CERCLA site should be presented with supporting rationale in Administrative Records.
The DCC equations have evolved over time and are a combination of the following guidance documents:

e Risk Assessment Guidance for Superfund: Volume |, Human Health Evaluation Manual (Part B, Development of Risk-based
Preliminary Remediation Goals) (RAGS Part B).

e U.S. EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities. Washington, DC.
OSWER No. 5305W. EPA530-R-05-006.

e U.S. EPA.2000a. Soil Screening Guidance for Radionuclides: User's Guide. Office of Emergency and Remedial Response and
Office of Radiation and Indoor Air. Washington, DC. OSWER No. 9355.4-16A, EPA/540-R-00-007.

e U.S. EPA. 2000b. Soil Screening Guidance for Radionuclides: Technical Background Document. Office of Emergency and
Remedial Response and Office of Radiation and Indoor Air. Washington, DC. OSWER No. 9355.4-16.

e U.S.EPA2002. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24.
December 2002.
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e U.S. EPA 1994b. Radiation Site Cleanup Regulations: Technical Support Documents for the Development of Radiation

Cleanup Levels for Soil - Review Draft. Office of Radiation and Indoor Air, Washington, DC. EPA 402-R-96-011A. PDF
document. View Appendix C here.

e U.S. EPA. 1994c. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning

Hazardous Wastes. Attachment C. Office of Emergency and Remedial Response. Office of Solid Waste. December 14.

e U.S.EPA. 1996a. Soil Screening Guidance: User's Guide. Office of Emergency and Remedial Response. Washington, DC.
OSWER No. 9355.4-23.

e U.S.EPA. 1996b. Soil Screening Guidance: Technical Background Document. Office of Emergency and Remedial Response.
Washington, DC. OSWER No. 9355.4-17A.

e U.S. EPA. 1998. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities. Office of Solid Waste,
Washington, DC. EPA530-D-98-001A. A secure PDF can be downloaded here.

Report No. 123. National Council on Radiation Protection and Measurements.

Note that if a route of exposure (e.g., ingesting fin fish from the pond in the farmer soil exposure scenario) is considered to be
unreasonable at a site, both currently and in the future, eliminate the route in the site-specific option by entering zero for the
ingestion rate of that route (e.g., replacing default fin fish ingestion rates in farmer soil scenario of 156.6 and 32.8 g/day with
0.0). Also, in site-specific mode, users can choose which produce and animal products to include in the assessment as well as
select an appropriate climate zone and soil type that is reasonable for the given region.

4.1 Resident

This receptor spends most, if not all, of the day at home except for the hours spent away at places like work. The activities for
this receptor involve typical home chores (cooking, cleaning, and laundering) as well as gardening. The resident is assumed to
be exposed to contaminants via the following pathways: incidental ingestion of soil, external radiation from contaminants in
soil, and inhalation of fugitive dust and consumption of home grown produce (100% of fruit and vegetables). Both adults and
children are considered for the resident land use. Because they have different intake rates, age-adjusted intake equations were
developed to account for changes in intake as the receptor ages. In addition to the dose contribution from the media
described in this section (soil, air, tap water, and biota), building materials could be contributing to the overall dose. The BDCC
can be used to calculate dose from contamination inside buildings. The SDCC can be used to calculate dose from
contamination on outside building surfaces.

4.1.1 Resident Soil

Adults and children exhibit different ingestion rates for soil. For example, the child resident is assumed to ingest 200 mg
per day while the adult ingests 100 mg per day. To take into account the different intake rates for children and adults,
age-adjusted intake equations were developed to account for changes in intake as the receptor ages.

Note that the soil ingestion rates are intended to also represent ingestion of indoor dust. According to U.S. EPA 2011,
“The source of the soil in these recommendations could be outdoor soil, indoor containerized soil used to support
growth of indoor plants, or a combination of both outdoor soil and containerized indoor soil. The inhalation and
subsequent swallowing of soil particles is accounted for in these recommended values, therefore, this pathway does
not need to be considered separately.” Further, according to U.S. EPA 1997, “Although the recommendations presented
below are derived from studies which were mostly conducted in the summer, exposure during the winter months when
the ground is frozen or snow covered should not be considered as zero. Exposure during these months, although lower
than in the summer months, would not be zero because some portion of the house dust comes from outdoor soil.”

A number of studies have shown that inadvertent ingestion of soil is common among children 6 years old and younger
(Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). Therefore, the DCC and CDI equations use an age-
adjusted soil ingestion factor that takes into account the difference in daily soil ingestion rates and exposure duration
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for children from 1 to 6 years old and adults. This health-protective approach is chosen to take into account the higher

daily rates of soil ingestion in children as well as the longer duration of exposure that is anticipated for a long-term
resident. For more on this method, see RAGS Part B.

Age-adjusted intake factors are also used for inhalation of particulates resuspended from soil and consumption of
produce. These equations are also presented below. The external exposure route doesn't evaluate adult and child
separately as it is unnecessary. In general, the upper 90th to 95th value is taken for the RME scenario. This is done by
route and not by land use as a whole.

Graphical Representation

—

RESIDENT SOIL

DCC Equations

The resident soil land use DCC equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

mrem
pCi Pt ( yr )

DCCres—sol—ing< g ) = - mrem - . 43,050 mg ) g
°\ pCi fespad) yr 1000 mg

where:

350 days 200 m
(EFres—c (Ty> X IRSres-c ( g) X AAFres—c (0-23)) w

43,050 mg day

yr ) i 350 days 100 m
(EFres—a (Ty) % IRSres-a ( day g) X AAFres-a (0-77))

II:Sres—adj (

where:

EDres-c (6 yr)

AAFres-c(0.23) = (m

) and AAFres_a (0.77) = (EDres—a (20 yr)>

EDreS (26 yr)
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¢ inhalation of particulates resuspended from soil

mrem
|0Ci)= DL( yr )

DCCres sol-i h<7
resmeern ocp (Mrem\ o (6195m3) 1 1000 g
i pCi res-adj yr <m3> kg
PEF( 7
kg

g

where:

350 days 24 hrs 1da 10 m3
. (EFres_c <7yr Y > x ETres_c< oy ) x ( o hrys> xIRAreS_C< a8y ) xAAFres_c(0.23)> +
6,195 m
IFAres-adj | —— | =

yr 3
350 days 24 hrs 1da 20m
<EFres_a <7yr Y > x ETres-a <7day ) X ( o hr’;) » IRAres-a <day ) « AAFres-a (0.77))

EDres a 20 yr
EDres 26 yr

where:

EDres-c (6 yr)

AAFres—c(0.23) = <EDres (26 yr)

) and AAFes-3(0.77) = (

e external exposure to ionizing radiation at infinite soil volume

' DL <mrem>
DCC | t<LO> = yr
res-sol-ex
g mrem/yr 350 days 1yr
DCFext-sv <7pCi/g > X EFres < yr X 365 days X ACFext-sv X

1.752 hrs 1da 16.416 hrs 1da
{(ETres—o < day > <24 hy ) X GSFo—ext—sv> + (ETres—i ( day > X (24 hrys> X GSFi—totaI)]

e consumption of fruits and vegetables - combined soil and biota (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter

9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

pCi\ _ 1
DCCres—sol—produce—ing—tot(?) -

1

Ci
Dccres—sol—produce—ing (%) )
i

n
i=1

where:

n = total number of produce items included

and:
DCC ;
pCi res—produce—ing(%)

Dccres—sol—produce—ing <?> = (Rupv T Res)

where:

_ pCi/ g-fresh-plant) . _ g-dry-soil

Rupv vaet< pCi/ g-dry-soil /' Res = MLFproduce g-fresh-plant
where:
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pCi

DL (m;‘:m>
Dccres—produce—ing <7> =
mrem g
g DCFQ < pCI > X IFres—adj <W> X CFreS—produce(1)

where:
350 days
<EFres_c (Ty> X IRres-c <diay> x AAFres c (0.23)> +

i <>7r> i 350 days g
<EFres—a (T) X IRres-a (Tw) x AAFres-a (0~77)>

where:

EDres-c (6 yr)

AAFres_c (023) = ( EDreS (26 yr)

) and AAFres_5(0.77) = (EDfes-a (20 yr))

EDres (26 yr)

The consumption of produce exposure route typically drives the DCCs lower than all the other routes. It is

recommended that produce-specific transfer factors (Bv,, ;) be used when available for a site. Further, the default

transfer factors (Bv,)

factors (Bv,,)

are also provided. The site-specific option of the calculator can be used to focus on ingestion of individual produce
types. When "Site-Specific" is selected, if the user changes the "Select Isotope Info Type" to "User-provided", then a

specific transfer factor may be changed.

e total

pCi\ _ 1
Dccres—sol—tot (?) - 1 . 1 1 1

+ +
Dccres—sol—ing DCCres—sol-inh  DCCres_sol-ext Dccres—soI—produce—ing—tot

Definitions of the input variables are in Table 1.

CDI Equations

The resident soil land use CDI equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

Gi Ci 43,050 m
S RN R G MBS

where:

350 days 200 m

(EFres—c <7y> x IRSres—c < d g> X AAFres—c (0~23)> +
IFS <43, 050 mg) _ yr ay
o ([ 2222 ) =
- 4 EF 350 days)  1ps 100 MG AAFresa(0.77)
res-a yr res-a day res-a .

where:

EDres—c(6 yr)

EDres (26 yr)

AAFres—c(0.23) = ( EDres (26 yr)

> and AAFres-a(0.77) = <M>

e inhalation of particulates resuspended from soil
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PCi> _ <PCi> 6,195 m? 1 <1000 g)
COLeecorinn [ =) = Cog [ P22 ) X TFA ey x x
res-sol |nh< yr soil g res-adj yr PEF <m3> kg

kg

where:

350 days 24 hrs 1da 10 m3
(EFres—c (Ty> X ETres—c (Tw) x (24 h:;) X IRAres-c ( day ) X AAFres—c (0‘23)> >

350 days 24 hrs 1da 20 m3
<EFres—a (Ty> X ETres-a <TW> X (24 hrys> x IRAres-a <day> X AAFres-a (0-77)>

EDres-a (20 yr)>
EDres (26 yr)

6,195 m3

where:

EDres-c (6 yr)

AAFres—(0.23) = (EDres 26 y1)

) and AAFres_a(0.77) =i (

e external exposure to ionizing radiation at infinite soil volume

Ci 350 days 1yr
Csoil(%) X EFres< yr Y > X (365 ﬁays) X ACFext-sy X

1.752 hrs 1da 16.416 hrs 1da
{(ETres—o ( day ) X (24 hl’ys> X GSFo—ext—sv) i (ETres—i ( day > x <24 hr¥5> X GSFi—totaI)}

Ci
CDI s sol-ext <%> =

e consumption of fruits and vegetables - combined soil and biota (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter

9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

pCi\ & pCi
CDIres-sol—produce—ing—tot< ) - ZCDIres-sol-produce-ing< .
) 5 yr /i

where:
n = total number of produce items included
and:

pei

Ci
yr ) = Csoil <L> % (RUPV W RES) ><IFres—adj <%> = CFres—produce(”

CDIres—soI—produce—ing ( g
where:

pCi/ g-fresh-plant
pCi / g-dry-soil

Rupv = BVWEt( g-fresh-plant

-dry-soil
> 7 Res = MLFproduce < g Y >

and:

350 days
<EFres—c (Ty> X IRres-c (i> X AAFres—c (0-23)> >

day
IFres-adj <*> =
yr
(EFres-a (%ﬁfa)/s) X IRres-a (diay) X AAFres-a (0~77)>

where:

EDres-c (6 yr)

AAFres—(0.23) = <EDres 26 yn)

> and AAFres-3(0.77) = (M)

EDres (26 yl’)

The consumption of produce exposure route typically drives the dose higher than all the other routes. It is

recommended that produce-specific transfer factors (Bv,,..) be used when available for a site. Further, the default

wet)
transfer factors (Bv, ) from IAEA, used in these CDI calculations, are based on a composite of all soil groups. Transfer

factors (Bv,,.,) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a particular site

wet)
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are also provided. The site-specific option of the calculator can be used to focus on ingestion of individual produce

types. When "Site-Specific" is selected, if the user changes the "Select Isotope Info Type" to "User-provided", then a
specific transfer factor may be changed.

Definitions of the input variables are in Table 1.

4.1.2 Resident Soil 2-D External Exposure

This analysis is designed to look at external exposure from contamination of different area sizes. Areas considered are 1
to 1,000,000 square meters. Isotope-specific area correction factors (ACF) were developed for this analysis. In addition,
depths range from 0 cm soil cover to 100 cm soil cover in 10 cm increments while using source thicknesses of ground
plane, 1,5, and 15 cm source volumes as well as infinite source volume. Isotope-specific gamma shielding factors (GSF)
were developed for this analysis. The infinite soil volume equation is the same route used in the standard soil scenario.

Graphical Representation

L ((GAM

U I T e TR e e YT T e (e ey T

DCC Equations

The resident soil 2-D land use DCC equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

‘ DL (mrem)
DCC, | (LC') = i
res-sol-sv
g mrem/yr 350 days 1yr
DCFext-sv ( pCi/g ) x EFres ( yr X 365 days X ACFext-sy X

1.752 hrs 1da 16.416 hrs 1da
|:(ETres—0 ( day ) X (24 hrys) X GSFo—ext—sv) + (ETres—i ( day ) X (24 h:/s) X GSFi—totaI):|
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The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the

infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

DL (mrem)
yr
mrem/yr 350 days 1yr
DCFext_1cm (pT/gy) x EFres< v Y ) x (365 ﬁays> » ACFaxt_1cm ¥

1.752 hrs 1da 16.416 hrs 1da
{<ETF€S—O ( day > X <24 hrys> X GSFo—ext—1cm> w7 <ETres—i < day ) X (24 hryS> > GSFi—totaI)}

Ci
DCCres-sol-1cm <%> =

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

DL <mrem>
yr

mrem/yr 350 days 1yr
DCFext_scm ( Y ) x EFres< Y ) x ( y ) 3 ACF a5 X

Ci
DCCres_sol-5cm <%> =

pCi/g yr 365 days

1.752 hrs 1da 16.416 hrs 1da
{<ETFES—O ( day > X <24 hl’ys> X GSFO—ext—Scm) v <ETres—i < day ) X (24 hryS> X GSFi—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

. DL (mrem)
DCCres_col15 <7pC|> = yr
Coa O mrem/yr 350 days 1yr
- DCFext-15cm < pCi/gy ) X EFres ( yr i > X <365 zays> X ACFext_15¢m ¥

1.752 hrs 1da 16.416 hrs 1da
KETres—o ( day > X <24 hl}ls> X GSFo—ext—15cm> i <ETres—i ( day > X <24 hrys> X GSFi—total>}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

e Direct External Exposure to surface contamination
mrem
pCi > - DL( yr >

cm? mrem/yr 350 days 1yr
DCFext-gp <7pCi/cm2 > X EFres ( yr X 365 days x ACFext-gp X

1.752 hrs 1da 16.416 hrs 1da
{(ETres-o ( day ) X <24 hrys> X GSFO—ext—gp) i (ETres—i ( day ) X <24 hrys> X GSFi—totaI)}

Dccres—sol—gp (
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The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

The resident soil 2-D land use CDI equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

Ci 350 days Tyr
Csoil(pg ) X EFres( yr y ) X <365 zays> x ACFext-sy X

1.752 hrs 1da 16.416 hrs 1da
KETres—o < day ) X (24 hl};) X GSFo—ext—sv> w <ETres—i < day ) X (24 hrys> x GSFi—totaI)}

Ci
CDlres-sol-sv (%) =

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

Ci 350 days 1yr
G (%) 681 (Z572%) (555 g ) *ACPes-am
pCi
CDlres—sol-1cm < )

1.752 hrs 1 day 16.416 hrs 1 day
KETres—o ( day ) X (24 hrs) X GSFo-ext-1cm> i <ETres-i ( day > X (24 hrs) S GSFi—total)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

Ci 350 days 1yr
: (%) () (D)
pCi
CDIres—soI—Scm< g

1.752 hrs 1da 16.416 hrs 1da
{(ETl’eS—O ( day ) x (24 hrys> X GSFO—ext—Scm) i (ETres—i ( day > X <24 hrys> x GSFi—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

Ci 350 days 1yr
Csoil<%> x EFFES( yr g > X <365 zays> X ACFext_15cm X

1.752 hrs 1da 16.416 hrs 1da
[(ETrES—O ( day ) X (24 hrys> X GSFo-ext-15cm> i (ETres—i ( day > X (24 h:;) X GSFi—totaI)]

Ci
CDI es-sol-15cm (%) =

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

o Direct External Exposure to surface contamination
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pCi 350 days 1yr
G Csoil (7cm2> x EFres ( Ve *| 365 days % ACFext-gp X
pPEiy _
CDIres—soI-gp( ) -

cm? 1.752 hrs 1da 16.416 hrs 1da
{(ETres—o ( day ) X (24 hrys> X GSFo—ext—gp) + (ETres—i ( day ) X (24 hrys) X GSFi—totaI)]

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.1.3 Resident Air

Exposure to contaminants in air is presented for the inhalation and submersion exposure routes.

The calculator presents air DCCs and dose with and without decay. In situations where the contaminant in the air is not
being replenished (e.g., an accidental one-time air release from a factory), decay should be used. In situations where
the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil or an operating factory or
landfill cap), the equations without decay should be used. The decay function, found in section 4.10.7, can be
multiplied by the ambient air equations above to acquire ambient air DCCs with decay.

Graphical Representation

1! gIDENT AIR

DCC Equations

The resident ambient air land use DCC equations, presented here, contain the following exposure routes:

e inhalation
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bL (mrem)
Ci r
Dccres—air—inh <%> = mrem Y 6.195 m3
DCFl <ﬁ> X IFAres—adj <yr)

where:

350 days 24 hrs 1da 10m3

3 (EFres—c <Ty> x ETres—c (Tay> % (24 hrys) X [RAves-c ( day ) *AFres-c (0'23)> '
6,195 m _

IFAres-adj Ty ) e

350 days 24 hrs 1da 20m

<EFres—a <Ty> X ETres-a (W) X (24 hrys) X IRAres-a <day> X AAFres-a (0.77))

where:

EDres-c (6 yr)

EDres-a (20 yr)>
EDres (26 yr)

AAFres.c(0.23) = ( “EDres (26 Y1)

> and AAFes_a(0.77) = (

e external exposure to ionizing radiation at infinite soil volume

. DL <mrem>
O (25 ) - yr
res-air-sub | 113 mrem/yr 350 days 1yr 24 hrs 1 day
DCFaup (Tcw ) xEhres (502 ) (g s ) < T (2 ) < (5 ) G5Fa(1.0

e total

Ci 1
Dccres—air—tot<%> = 1 1

+
Dccres—air-inh Dccres-air—sub

Definitions of the input variables are in Table 1.

CDI Equations

The resident ambient air land use CDI equations, presented here, contain the following exposure routes:

¢ inhalation
Ci Ci 6,195 m3

CDI}es- alr—|nh<F§/r ) = Caw(%) X IFA g5, _adj <yr>
where:

350 days 24 hrs 1 da 10 m3

s (EFres—c <Ty> X ETres-c (T‘iy) X (24 hl’yS> X IRAres-c (day) X AAFres-c (0.23)) o
6,195 m

IFAres—adj T = /

350 days 24 hrs 1da 20m

<EFres—a <Ty> ETres-a < day ) ( y) Ares-a < day ) x AAFres-a (0,77))

where:

EDres-a (20 yr)
EDres (26 yr)

EDres—c(6 yr)

and AAFyes-3(0.77) =
EDres (26 yr)> res-a( ) (

AAFres_c(0.23) = (

e external exposure to ionizing radiation at infinite soil volume

pCi\ _ pCi 350 days 1yr 24 hrs 1 day
CDIyes-air-sub <ﬁ) _Cair<m ) EFres( yr X 365 days X ETres Tw X 24 hrs x GSFa(1.0)
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Definitions of the input variables are in Table 1.

4.1.4 Resident Tap Water

This receptor is exposed to radionuclides in water that are delivered into a residence. The source of the contamination,
such as groundwater vs. surface water, is not relevant to the calculations. Ingestion of drinking water is an appropriate
pathway for all radionuclides. Activities such as showering, laundering, and dish washing also contribute to the
inhalation exposure route. The inhalation exposure route is only calculated for C-14, H-3, Rn-219, Rn-220, Rn-222, and
the radon short-lived progeny that remain airborne for a time. If a user selects an isotope that decays into one of the
three radons (i.e., Ac-227, Pu-240, U-238, etc.), the inhalation route will be calculated for the radon and its short-lived
progeny. The resident default air exchange rate is set at 0.18 per hour. When the calculator is operated in site-specific
mode, the user can adjust the air exchange rate, which alters the levels of radon progeny in the air available for
inhalation. Section 4.10.8 presents the details of the radon progeny included in the tap water inhalation route. The
concentration in indoor air is estimated using a volatilization factor applied to the water concentration known as
Andelman's constant (K) (Andelman 1990). This model uses a factor applied to the water concentration to estimate the
average indoor air concentration of the volatile pollutant. External exposure to immersion in tap water and exposure to
produce irrigated with contaminated tap water are also considered.

Graphical Representation

RESIDENT TAPWATER

DCC Equations

The tap water land use DCC equations, presented here, contain the following exposure routes:

e ingestion of tap water
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mrem
pCi)_ DL( yr )

Dccres—wat—ing <7 -
L) bero (mprgn) X TFWies_a) <737 L)

yr
where:
350 days 0.78 L
(EFres—c <7y> X IRWres-—¢ (7) X AAFres—c (0~23)> +
yr day
IFWooe o (ﬂ) -
e\ yr 350 days 251
(EFres_a (T) x IRWres-a <dTy) x AAFres-a (0.77))

where:

EDres-c (6 yr)

EDres-a (20 yr))
EDres (26 yr)

) and AAFres_a(O.77) = < EDreS(ZG yr)

AAFres—¢(0.23) = (

e inhalation (Theinhalation exposure route is only calculated for C-14 and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-lived progeny.
Also, volatilization in the equation comes from household uses of water (e.g., showering, laundering, dish washing). To account for disequilibrium between
radon and its progeny, an Activty Equlibrium Factor (Aeq) based on household air exchange rates is also applied. See section 4.10.8 of the users guide for

additional information.)

mrem
BCl) oL ("5")

Dccres_wat_mh( L mrem 6,195 m3 05L
DCFi< : >><IFAreS_adj 2172 M xK(—)
pCi yr m3

where:

350 days 24 hrs 1da 10 m3
(EFres—c (Ty> x ETres—c <Tw) X (24 hrys> X IRAres-c <day> x AAFres—c (0-23)> +

350 days 24 hrs 1da 20 m3
(EFres_a (Ty> x ETres-a < day ) X ( - hrys> « IRAres-a <day> « AAFres-a (0.77))

EDres-a (20 yr)>
EDres (26 yr)

6,195m3> )

IFAres—adj < yr

where:
EDres-c (6 yr)

m) and AAFres_a(0.77) = (

AAFres_c(0.23) S (

e immersion (The immersion route represents a bath/shower event.)

mrem
pCi> ot < yr >

DCCres-wat-imm <T - e (mrem/yr y 1yr - 235 hrs
imm : res-adj \ =,
pCi/L 8,760 hrs ! yr

where:
350 days 1 events 0.54 hrs
<EFres—c <7y> X EVres—c (7) X ETevent-res—c <7> X AAFres—c (0-23)> +
yr day event
DFA <235 hrs> B
res-ad] -
yr 350 days 1 events 0.71 hrs
(EFres—a (Ty) X EVres-a <d7ay> X ETevent-res-a (W) X AAFres-a (0-77)>

where:

EDres-c(6 yr)

EDres-a (20 yr)>
EDres (26 yr)

) and AAFres_a (077) = < EDres(26 yr)

AAFres(0.23) = (

e consumption of fruits and vegetables - combined water and biota. (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018

chapter 9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce.
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Ci 1
DCcres-wat-produce—ing-tot (pT> =
1
n

i=1 i
pCi

Dccres—wat—produce—ing( L )

I

where:

n = total number of produce items included

and:
DCC i
Ci res—produce—ing(pTC|>
DCC . DY =
res—wat—produce—mg( L > 1 kg L L L
(o355 (1m0 (1) + 1 (i) s (5))
where:

L pCi / g-fresh-plant _ (Mg
L\ Ir<m>xevaet< EElICEAT e x [1-exp Ey x ty, (days)
Irfrup (7= ) =
k kg Ag
Pl = | x| 3=
m?2 day
L g-dry-soil _ (M8
L) _ Ir(mz—day> x Fx MLFyroduce <m) X {1 exp( (d—ay x ty, (days)

Irr.r.55<kg ; kig y 7\78
m?2 day

and:

L A
rep (1) - b (geg) * i 100 () xwer))
s kg Y. kg x Ae
Y\m?2 day

where:

mrem
pCi oL ( yr )

7) - mrem
2 DCFo < pCi > X IFresadj (%) X CFresproduce (1)

Dccres—produce—ing <

where:
. <EFreS-C (%ﬁbﬁ) » IRres—c <diay> « AAFres_c (0.23)> +
(Epres_a (T) x IRres-a (dTy> x AAFres-a (0.77)>
where:

EDres-c (6 yr)

AAFres¢(0.23) = <EDres 26 y)

) and AAFres-a(0.77) = <M>

EDres (26 yr)

The consumption of produce exposure route typically drives the DCCs lower than all the other routes. It is
recommended that produce-specific transfer factors (Bvwet) be used when available for a site. The site-specific option
of the calculator can be used to focus on ingestion of individual produce types. When "Site-Specific" is selected, if the
user changes the "Select Isotope Info Type" to "User-provided", then a specific transfer factor may be changed.

e total
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Ci 1
DCCres-wat-tot (%) = 1 . 1 1 N 1

+
Dccres—wat—ing DCCres-wat-inh  DCCres-wat-imm DCCres—wat—produce—ing—tot

Definitions of the input variables are in Table 1.

CDI Equations

The tap water land use CDI equations, presented here, contain the following exposure routes:

e ingestion of tap water

Ci Ci 737L
CDIres-wat-ing (%) = Cwater<pT> % IFWres_adj (T)

where:
350 days 0.78 L
(EFres—c (7)/) X IRWres-—¢ (7) X AAFres—c (0~23)) +
yr day
FW. o (ﬂ) -
ey 350 days 251
(EFres—a (T) X IRWres-a (Tay> X AAFres-a (0-77)>
where:

EDres-c (6 yr)

EDres-a(20 yr)>
EDres (26 yr)

AAFres—¢(0.23) = < EDres (26 y1)

> and AAFes-3(0.77) = (

e inhalation (Theinhalation exposure route is only calculated for C-14 and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-lived progeny.
Also, volatilization in the equation comes from household uses of water (e.g., showering, laundering, dish washing). To account for disequilibrium between
radon and its progeny, an Activty Equlibrium Factor (Aeq) based on household air exchange rates is also applied. See section 4.10.8 of the users guide for

additional information.)

pCi\ _ pCi 6,195 m3 0.5L
CDI es wat-inh (W) = Cwater(T> X IFAres—adj (yr x K 3

where:

350 days 24 hrs 1da 10 m3
(EFres—c (Ty> X ETres—c < day ) X (24 hl'yS> X IRAres-c (day) X AAFres—c (0-23)> +

350 days 24 hrs 1da 20 m3
<EFres—a <Ty> X ETres-a ( day ) X (24 hrys) X IRAres-a <day> X AAFres-a (0-77)>

EDres-a (20 yr)>
EDres (26 yr)

6,195 m3 _
yr

IFAres—adj <

where:

EDres-c (6 yr)

AAFres_c(0.23) = ( EDres (26 y1)

) and AAFes-3(0.77) = (

e immersion (The immersion route represents a bath/shower event.)

Gi Ci 1vr 235 hrs
CDlres-wat-imm (pT> = Cwater<pT> X (8,767(})[?16) * DFAres-aqj ( yr )

where:
350 days 1 events 0.54 hrs
(EFres—c <7y) X EVres—c <7> X ETevent-res-c <7> X AAFres—c (0~23)) +
yr day event
DFA (235 hrs> _
res-adj \ = v | ~
W 350 days 1 events 0.71 hrs
<EFres—a (Ty> X EVres-a <d7ay) X ETevent-res-a (W) X AAFres-a (0-77)>

where:
EDres—c (6 yr)

EDres-a (20 yr))
EDres (26 yr)

AAFres_c (0.23) = < EDres (26 yr)

) and AAFres_a (0.77) = <
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e consumption of fruits and vegetables - combined water and biota (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018

chapter 9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

pCi\ _ & pCi
CDIres—wat—produce—ing—tot (W) = Z CDIres—wat—produce—ing <W .
i=1 i

where:
n = total number of produce items included

and:

Ci
Cwater (pT> X IFres-adj (y%) X CFres—produce (1)x

1 kg Irr L + Irr L + Irr L
1000g) M\ kg res \ kg dep | kg

pCi\ _
CDIres—wat—produce—ing (W) -

where:

L pCi / g-fresh-plant ~ yar
e LY Ir(mz—day>XFXBV""6t< pCi/g-dry-soil ) 1-exp day i (k)
“P\kg) kg Ag
Plmz) " \Gay
L g-dry-sail A
< L ) i Iy (W) x Fx MLFproduce (m) x {1 -exp (—(d—ay x tp, (days)
Irrres ka) ~

(e (a3

and:
L A
Ly Ir<m> X FxIex T x [1 —exp (-(d—:y> X ty (days))}
Irrdep (@) = y k79 . }‘7E
V\m?2 day
and:

350 days
<EFreS_c (Ty> % IRres-c <diay> « AAFres—c (@aafc@)) +

350 days
<EFres_a <Ty> » IRres-a (d%y) » AAFres-a (@aafa@)>

IFres-adi <ygr> =

where:

EDres-c(6 yr)

AAFres_c (@aafc@) = ( EDres (26 y1)

)and AAFres_a (@aafa@) = (M>

EDres (26 yr)

The consumption of produce exposure route typically drives the dose higher than all the other routes. It is
recommended that produce-specific transfer factors (Bvwet) be used when available for a site. The site-specific option
of the calculator can be used to focus on ingestion of individual produce types. When "Site-Specific" is selected, if the
user changes the "Select Isotope Info Type" to "User-provided", then a specific transfer factor may be changed.

Definitions of the input variables are in Table 1.

4.2 Composite Worker

This long-term receptor, exposed during the work day, is a full time employee working on-site who spends most of their day
conducting maintenance activities outdoors. The composite worker is assumed to be exposed to contaminants via the
following pathways: incidental ingestion of soil, external radiation from contaminants in soil, and inhalation of fugitive dust.
The composite worker combines the most protective exposure assumptions of the outdoor and indoor workers. The only
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difference between the outdoor worker and the composite worker is that the composite worker uses the more protective

exposure frequency of 250 days/year from the indoor worker scenario.
This land use is used to develop industrial default screening levels that are presented in the Download Area.

4.2.1 Composite Worker Soil

The activities for this receptor (e.g., moderate digging, landscaping) typically involve on-site exposures to surface soils.
The composite worker is expected to have an elevated soil ingestion rate (100 mg per day).

Graphical Representation

INGESTION INHALATION
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DCC Equations

The composite worker soil land DCC use equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

mrem
pCi DL( yr )

DCCcom—sol—ing (7> =
mrem 250 days 100 m
’ DCF°( pCi ) ) EFC°”‘( yr . ) XIRS“”"( dayg) ) (1008 mg)

e inhalation of particulates resuspended from soil
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o o ()
DCCcom-sol-inh <7> =

) mrem 250 days 8 hrs 1 day 60 m3 1 1000 g
DCF; ( oCi > x EFcom <7yr ) X ETcom (Tay > X <24 hrs> x IRAcom ( day X 3 X ( kg )
PEF( o

e external exposure to ionizing radiation at infinite soil volume

DL <mrem>
yr

pCiy _
Dcccom-sol—ext <7> -

g mrem/yr 250 days Tyr

DCFertsu (T grer ) % EFcom ( 0 ) x (3gg 0 ) ACFerax
8 hrs 1da 0 hrs 1da
KETcom—o <Tw> X <24 hrys> X GSFo—ext—sv> > (ETcom—i <TW> X <24 hrﬁ) X GSFi—total)}
e total

pCi\ _ 1

Dcccom-sol—tot(?> - 1 1 1

+ +
Dcccom—sol—ing DCCcom-sol-inh  DCCcom-sol-ext

Definitions of the input variables are in Table 1.

CDI Equations

The composite worker soil land use CDI equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

Ci Ci 250 days 100 m
CDIcom-sol-ing <py7r) = Csoil <p?> x EFcom <7yr Y ) X IRScom ( day 9) & (1008 mg)

e inhalation of particulates resuspended from soil

. ~(pCi 250 days 8 hrs 1 day 60 m3 1 1000 g
CDIcom_sou_inh<p—C'> =CS°"(?) g EFW“( yr )< Fleom Cday ) * \2ars ) ¥ RAcom { "y~ ) oer <m3> “\ kg

yr kg

e external exposure to ionizing radiation at infinite soil volume

Ci 250 days 1yr
Csoil (%) x EFcom < yr Y ) X <365 ﬁays> X ACFext-sy X

8 hrs 1da 0 hrs 1da
[(ETcom—o <Tw> X (24 hrys> X GSFo—ext—sv) 5 <ETcom—i <Tw> X (24 hr}ls) X GSFi—totaI)]

Ci
CDIcom-sol-ext (%) =

Definitions of the input variables are in Table 1.

4.2.2 Composite Worker Soil 2-D External Exposure
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This analysis is designed to look at external exposure from contamination of different area sizes. Areas considered are 1
to 1,000,000 square meters. Isotope-specific area correction factor (ACF) were developed for this analysis. In addition,
depths range from 0 cm soil cover to 100 cm soil cover in 10 cm increments while using source thicknesses of ground
plane, 1,5, and 15 cm source volumes as well as infinite source volume. Isotope-specific gamma shielding factors (GSF)
were developed for this analysis. The infinite soil volume equation is the same route used in the standard soil scenario.

Graphical Representation

Sl ‘SOIL 2-D EXTERNAL EXPOSURE

DCC Equations

The composite worker soil 2-D and use DCC equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

. DL (mrem)
DCCcom-sol-sv <7PCI) = y
S0 g mrem/yr 250 days Tyr
DCFext-sv ( pCi/g ) x EFcom ( yr X 365 days x ACFext-sv X

8 hrs 1da 0 hrs 1da
{(ETcom—o (Tay) X (24 hrys) X GSFo-ext—sv) + (ETcom—i (Tay) X (24 hrys) X GSFi—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick
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. DL (mrem)
DCCeom-sol-1 <p—c'> = il
COaSORlCTD mrem/yr 250 days 1yr
- DCFext-1cm (pT/gy> X EFcom ( yr y > X (365 ﬁays) % ACFext-1cm X

8 hrs 1da 0 hrs 1da
{(ETcom—o< day > X <24 hl’ys> X GSFo-ext—1cm> = <ETcom—i < day ) X (24 hr}ls) X GSFi—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick
mrem
pCi> - ot ( yr >

Dcccom—sol—5cm <7
mrem/yr 250 days 1yr
9 DCFext_5cm (pT/gy) » EFcom ( % Y ) x ( 5 ﬁays> ¢ ACF ext_scm X

8 hrs 1da 0 hrs 1da
[(ETcom—o (Tay) X <24 hl’ys> X GSFO-ext—Scm) = (ETcom—i <Tay> X (24 hr}ls) X GSFi—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

DL <mrem>
yr
mrem/yr 250 days 1yr
DCerttsam (Tl ) * Efcom (2200 ) x (3o ) X ACFert5am

8 hrs 1da 0 hrs 1da
[(ETcom-o (Tay) X <24 hrys) X GSFo—ext—15cm> v <ETcom—i <Tay> X (24 hl}ls> X GSFi—total)}

Ci
DCCcom-sol-15cm <L> =

g

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

' DL <mrem>
DCC | <LC'> = yr
com=s0-9P \ cm?2 mrem/yr 250 days Tyr
DCFext-gp <pCTcmy2> x EFcom ( yr y > X <365 ﬁays> x ACFext-gp X

8 hrs 1da 0 hrs 1da
[(Fremo (a7 ) * (zas) < o5oman )+ (Teoms (G5 (2 ) * S5

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.
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CDI Equations
The composite worker soil 2-D land use CDI equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

Ci 250 days 1yr
s Caon (%) EFcom (5% ) ¢ (355 gags) *ACFercsv

CDIcom—soI—sv )T
8 hrs 1da 0 hrs 1da
{(ETcom—o (Tw) X (24 hrys> X GSFo—ext—sv> i <ETcom—i (TW) X (24 hr};) X GSFi—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

Ci 250 days 1yr
I S -
pCi
CDIom-sol-1cm <7> =

g 8 hrs 1da 0 hrs 1da
[(Erom (o7 ) * (3 ) * o)+ (Teoms (a5 ) * (s ) <55

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

Ci 250 days 1yr

: () (BB ) s
pCi\ _

CDIcom—soI—Scm< g > -

8 hrs 1da 0 hrs 1da
{(ETcom—o( day ) X (24 h:/s) X GSFo—ext—Scm) i (ETcom—i ( day ) X <24 hI}/S) X GSFI—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

Ci 250 days 1yr
Gi Csoil (%) x EFcom ( yr y > X <365 ﬁays> X ACFext-15cm X
pCi
CDIcom—soI—15cm< ) =

8 hrs 1da 0 hrs 1da
[(ETcom—o <Tw> X (24 hrys> X GSFo—ext—15cm> & (ETcom—i <TW> X <24 hr};) X GSFi—totaI)}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

o Direct External Exposure to surface contamination
([ pCi 250 days 1yr
o ) Csoil (7cm2> X EFcom ( yr X 365 days X ACFext-gp %

cm? 8 hrs 1da 0 hrs 1da
KETcom—o ( day > X <24 hrys> X GSFo—ext—gp) w (ETcom—i ( day > X <24 hrys> X GSFi-totaI)}

CDIcom—soI—gp (

https://epa-dccs.ornl.gov/dcc _users_guide.html

79/203



3/25/26, 2:28 PM DCC User's Guide
The resulting units for this recommended DCC are in pCi/cm?2. The units are based on area, because the DCF used is the

ground plane for external exposure.
Definitions of the input variables are in Table 1.

4.2.3 Composite Worker Air

Exposure to contaminants in air is presented for the inhalation and submersion exposure routes.

The calculator presents air DCCs and dose with and without decay. In situations where the contaminant in the air is not
being replenished (e.g., an accidental one-time air release from a factory), decay should be used. In situations where
the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil or an operating factory or
landfill cap), the equations without decay should be used. The decay function, found in section 4.10.7, can be
multiplied by the ambient air equations above to acquire ambient air DCCs with decay.

Graphical Representation

tOM OSITE WORKER AIR

|

DCC Equations

The composite worker ambient air DCC land use equations, presented here, contain the following exposure routes:

e inhalation

mrem
pCi)= DL( yr )

DCCeom-air-i (7
com-air-inh { -3 ok mrem\ = 250 days CET 8hrs « 1 day « IRA. M
i\ ~pci com yr com | “Jay 24 hrs om\ day

o external exposure to ionizing radiation
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pL (mrem
DCC (pCi) _ yr
com-air-sub 3] -
m mrem/yr 250 days 1yr 8 hrs 1 day
DCFsub( B2 ) X EFcom( yr | 365 days % ETcom day “\ >ahrs x GSFa(1.0)

e total

Ci 1
DCCcom-air-tot (%) = 1 1

+
Dcccom—air—inh Dcccom—air—sub

Definitions of the input variables are in Table 1.

CDI Equations

The composite worker ambient air land use CDI equations, presented here, contain the following exposure routes:

e inhalation

pCi\ _ pCi 250 days 8 hrs 1 day 60 m3
CDlIcom-air-inh <W> - Cair(m) x EFcom (T X ETcom day X 24 hrs x IRAcom TW

e external exposure to ionizing radiation

pCi\ _ pCi 250 days 1yr 8 hrs 1 day
CDlIcom-air-sub (ﬁ) =Cair <ﬁ> X EFcom ( yr X 365 days X ETcom Tay X 24 hrs x GSF4(1.0)

Definitions of the input variables are in Table 1.

4.3 Outdoor Worker

This long-term receptor, exposed during the work day, is a full time employee working on-site who spends most of their time
conducting maintenance activities outdoors. The EF for outdoor worker is capped at 225 days to account for days of work that
cannot be performed due to inclement weather. The outdoor worker is assumed to be exposed to contaminants via the
following pathways: incidental ingestion of soil, external radiation from contaminants in soil, and inhalation of fugitive dust.
The outdoor worker receives more exposure than the indoor worker under commercial/industrial conditions.

The outdoor worker soil land use is not provided in the Download Area, but DCCs can be created by using the Calculator.

4.3.1 Outdoor Worker Soil

The activities for this receptor (e.g., moderate digging, landscaping) typically involve on-site exposures to surface soils.
The outdoor worker is expected to have an elevated soil ingestion rate (100 mg per day).

Graphical Representation
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DCC Equations

The outdoor worker soil land use DCC equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

. DL (mrem)
DCCout-sol ing(pCI) = i
—0 g mrem 225 days 100 mg g
DCFO( pCi ) x EFO”t( yr *IRSout day )\ 7000 mg

¢ inhalation of particulates resuspended from soil

mrem
pCi)= DL( yr )

I:’Ccout—sol—inh (7
~(mrem 225 days 8 hrs 1 day 60 m3 1 1000 g
DCF; ( oCi ) X EFout (7yr ) X ETout (Tay ) X (24 hrs) xIRAout< day X — X ( kg )
PEF( Lo

9

e external exposure to ionizing radiation at infinite soil volume

mrem
pCi DL( yr )

DCCout-sol-ext <7) =
mrem/yr 225 days 1yr 8 hrs 1da
9 DCFext-sv (pT/gy) x EFout ( yr - ) X (365 )d!ays) X ETout (Tay) X (24 hrys) X ACFext-sv X GSFo-ext-sv
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o total

Ci 1
Dccout—sol—tot<pg ) = 1 1 1
+ +
Dccout—sol—ing DCCout-sol-inh  DCCout-sol-ext

Definitions of the input variables are in Table 1.

CDI Equations

The outdoor worker soil land use CDI equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

Ci Ci 225 days 100 m
CDIout-sol-ing <F;7r> =Csoil<%> = EFOUt( yr Y > & IRSO“t< day g> x (1008 mg)

e inhalation of particulates resuspended from soil

. _(pCi 225 days 8 hrs 1 day 60 m3 1 1000 g
CDIout—soI—inh(pO) =CS°'|< g ) ) EFOUt( yr ) “ETeut “qay ) * (2ahrs ) * RAout | “gay~ ) > bEF <m3> “\ kg
e

yro

e external exposure to ionizing radiation at infinite soil volume

Ci Ci 225 days 1yr 8 hrs 1da
CDIOUt—soI-ext(%) =Ceoi (%) . EFout( " y ) % ( e é’ays> < Bt (dTy) . ( ) hrys) w ACFext_sy X GSFo_ext_sy

Definitions of the input variables are in Table 1.

4.3.2 Outdoor Worker Soil 2-D External Exposure

This analysis is designed to look at external exposure from contamination of different area sizes. Areas considered are 1
to 1,000,000 square meters. Isotope-specific area correction factor (ACF) were developed for this analysis. In addition,
depths range from 0 cm soil cover to 100 cm soil cover in 10 cm increments while using source thicknesses of ground
plane, 1,5, and 15 cm source volumes as well as infinite source volume. Isotope-specific gamma shielding factors (GSF)
were developed for this analysis. The infinite soil volume equation is the same route used in the standard soil scenario.

Graphical Representation
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SOIL 2-D EXTERNAL EXPOSURE

DCC Equations

The outdoor worker soil 2-D land use DCC equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

. DL (mrem)
DCCout-sol SV(LO) = -
out-sol- mrem/yr 225 days Tyr 8 hrs 1da
2 DCFext-sv (7pCi/gy ) X EFout( yr i ) X (365 zays) X ETout( day ) X (24 h:;) X ACFext-sy X GSFo-ext-sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

. DL (mrem)
DCCout-sol 1cm<pCI = il
out=sol- mrem/yr 225 days 1yr 8 hrs 1da
¢ DCFext-1cm (7pCi/gy ) X EFout( yr v ) X <365 Zays) X ETout <7day > X (24 h'ys) X ACFext_1cm X GSFo_ext-1cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick
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pc oL )
DCCOUt—SO|—5Cm( ) =

g mrem/yr 225 days 1yr 8 hrs 1da
E DCFext-5cm (pT/gy> x EFout ( yr v ) X (365 ﬁays> x ETout (Tay) X <24 hl¥5> X ACFext_5cm X GSFo_ext-5cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

. DL <mrem>
DCCouesortsem( . ) = yr
CLLEELe St mrem/yr 225 days 1yr 8 hrs 1da
: DCFext-15cm <7pCi/gy > X EI:0ut< yr v ) X (365 Zays) x ETout <7day > X <24 h:;) X ACFext_15cm X GSFo_ext-15cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

. DL (mrem)
DCCoycey (E) - yr
Out=s0l=gP \ ¢m?2 mrem/yr 225 days 1yr 8 hrs 1 day
DCFext-gp (W) x EFout ( yr ) X (365 days) x ETout (Tay) X <24 hrs) x ACFext-gp % GSFo-ext-gp

The resulting units for this recommended DCC are in pCi/cm?. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

The outdoor worker soil 2-D land use CDI equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

Ci Ci 225 days 1yr 8 hrs 1da
CDlout_sol_sv(%> =Ceui (%) . EFout( v y > x <365 Zays> x ETout (Tay) x <24 hrys> % ACFext_sy X GSFo_ext_sy

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

Ci Ci 225 days 1yr 8 hrs 1da
CDIout—sol-‘lcm <pg > =CsoiI (%) x EFout < yr y ) X (365 gays> X ETout (Tay> X <24 hl¥5> X ACFext—1cm X GSFo—ext—1cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.
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o Direct External Exposure to contamination 5 cm thick

Ci Ci 225 days 1yr 8 hrs 1da
CDIoyt-sol-5cm <%) =Csoil (%) X EI:out< yr - ) X (365 Zi/ays> X ETout( day ) X <24 hl};) X ACFext-5cm X GSFo_ext-5cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

Ci Ci 225 days 1yr 8 hrs 1da
CDIoyt-sol-15cm <%> =Csoil (%) x EFout < yr i > X <365 ﬁays> X ETout <Tay> X (24 hl}/S> X ACFext-15cm X GSFo_ext-15cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

pCi\ _ pCi 225 days 1yr 8 hrs 1 day
CDIout—soI-gp (W) = Csoil (W) x EFout ( yr x 365 days x ETout Tay X 24 hrs x ACFext-gp % GSFo-ext-gp

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.
4.3.3 Outdoor Worker Air

Exposure to contaminants in air is presented for the inhalation and submersion exposure routes.

The calculator presents air DCCs and dose with and without decay. In situations where the contaminant in the air is not
being replenished (e.g., an accidental one-time air release from a factory), decay should be used. In situations where
the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil or an operating factory or
landfill cap), the equations without decay should be used. The decay function, found in section 4.10.7, can be
multiplied by the ambient air equations above to acquire ambient air DCCs with decay.

Graphical Representation
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UTDOOR WORKER AIR

INH
INHALATION

SUBMERSION

DCC Equations

The outdoor worker ambient air land use DCC equations, presented here, contain the following exposure routes:

e inhalation

DL (mrem)
yr

~(mrem 225 days 8 hrs 1 day 60 m3
o )t () e (1) () e (55

Ci
DCCout-air-inh <ET:,) =

e external exposure to ionizing radiation at infinite soil volume

. DL (mrem)
DCCout-air sub(pCI) = =
out-air= m3 mrem/yr 225 days 1yr 8 hrs 1 day
DCFS“b( pCi/m3 ) * EF°”t( yr ) . (365 days) * ET°“t( day ) * (24 hrs) x GSFa(1.0)

e total

) pCGi\ _ 1
DCCout-air-tot (ﬁ) = 1 1

Dccout—air—inh Dccout—air—sub

Definitions of the input variables are in Table 1.
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CDI Equations

The outdoor worker ambient air land use CDI equations, presented here, contain the following exposure routes:

e inhalation

Ci Ci 225 days 8 hrs 1da 60 m3
CDIout—air—inh(Zr ) = Cair(%) X EFout <Ty> X ETout (Tay> X (24 hrys> x IRAout <day>

e external exposure to ionizing radiation at infinite soil volume

pCi\ _ pCi 225 days 1yr 8 hrs 1 day
CDIoyt-air-sub <ﬁ> ‘Cair<ﬁ> X EFout ( yr X 365 days x ETout Tw X 24 hrs x GSF;5(1.0)

Definitions of the input variables are in Table 1.

4.4 Indoor Worker

This receptor spends all of the workday indoors. This worker may, however, be exposed to contaminants through ingestion of
contaminated soils that have been incorporated into indoor dust, external radiation from contaminants in soil, and the
inhalation of contaminants present in indoor air. PRGs and CDIs calculated for this receptor are expected to be protective of
both workers engaged in low intensity activities such as office work and those engaged in more strenuous activity (e.g., factory
or warehouse workers).

4.4.1 Indoor Worker Soil

The indoor worker is expected to have a soil ingestion rate less than the outdor worker (50 mg per day) becuse they
have no direct contact with outdoor soil.

The indoor worker soil land use is not provided in the Download Area, but PRGs can be created by using the Calculator.

Graphical Representation
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DCC Equations

The indoor worker soil land use DCC equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

. DL (mrem)
DCCing-sol ing(pCI> = Yz
ind-sol-
g mrem : 250 days ‘ 50 mg g
DCFO( o )xEF,nd <7yr % IRSing day ) 7000 mg

¢ inhalation of particulates resuspended from soil

o -
I:)Ccind—sol—inh( ) =

. (mrem 250 days 8 hrs 1 day (60 m3 1 1000 g
DCF; ( oCi ) % EFing (7yr ) X ETing (Tay ) X (24 hrs) x IRAjnhg < day X 3 X ( kg
PEF (-

e external exposure to ionizing radiation at infinite soil volume

‘ DL (mrem)
OG- (%) = yf
ind-sol-ex mrem/yr 250 days 1yr 8 hrs 1da
9 DCFext-sv (7’30/9}, ) X EFing ( yr y ) > (365 ﬁays) X ETing (Tay ) X (24 hrys) X ACFext-sv X GSFi_total
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o total

Ci 1
Dccind—so|—t0t(pg ) = 1 1 1
+ +
Dccind—sol—ing DCCing-sol-inh  DCCing-sol-ext

Definitions of the input variables are in Table 1.

CDI Equations

The indoor worker soil land use CDI equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

Ci Ci 250 days 50 m
CDling-sol-ing <F;7r> =Csoil (%) x EFing ( yr y > % IRSjng < dayg> S <1008 mg>

e inhalation of particulates resuspended from soil

. ([ pCi : 250 days : 8 hrs 1 day ‘ 60 m3 1 1000 g
CDIind-sol-inh (pCI) =CS°"( 9 ) e ( yr ) *ETind \“gay ) *\ 2ahrs ) * IRind | “gay~ | - <m3> “\ kg
kg

yro

e external exposure to ionizing radiation at infinite soil volume

Ci Ci 250 days 1yr 8 hrs 1da
CDIind—soI—ext<p?) = Csoil (%) x EFing ( yr Y ) X (365 (}jlays> X ETing (Tay> X <24 hl¥5> X ACFext-sv X GSFi_total

Definitions of the input variables are in Table 1.

4.4.2 Indoor Worker Soil 2-D External Exposure

This analysis is designed to look at external exposure from contamination of different area sizes. Areas considered are 1
to 1,000,000 square meters. Isotope-specific area correction factor (ACF) were developed for this analysis. In addition,
depths range from 0 cm soil cover to 100 cm soil cover in 10 cm increments while using source thicknesses of ground
plane, 1,5, and 15 cm source volumes as well as infinite source volume. Isotope-specific gamma shielding factors (GSF)
were developed for this analysis. The infinite soil volume equation is the same route used in the standard soil scenario.

Graphical Representation
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DCC Equations

The indoor worker soil 2-D land use DCC equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

DL (mrem)
DCCingsor. (pCI>= yr
NTESClasy mrem/yr 250 days 1yr 8 hrs 1da
DCFext-sv (T = /gy ) x EFind( v Y ) x <365 iays) % ETing (Tay ) x (2 2 hrys> » ACFextsv X GSFi_toal

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

. DL (mrem)
DCCing-sol 1cm(pCI = l
axe FE(eli= mrem/yr 250 days 1yr 8 hrs 1da
- DCFext-1cm (7pCi/gy ) X EFjng ( yr o > X (365 zays) ETing (Tay ) X (24 h:/s) X ACFext-1cm X GSFi_total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick
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. DL (mrem)

DCCing-sols <7pC|> = yr
xe el e mrem/yr 250 days 1yr 8 hrs 1da

d DCFext-5¢cm <7pCi/gy ) X EFjng < yr g ) X (365 zays> X ETing (Tay ) X (24 hé) x ACFext_scm X GSFi_total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

. DL (mrem)
DCCing-sol-15 <7pC|> = il
[Txe FEElSUSTEx mrem/yr 250 days 1yr 8 hrs 1da
2 DCFext-15cm ( pCi/gy ) % EFing ( yr 4 > X (365 Z{/ays) % ETing < day > X <24 ht¥s> X ACFext_15cm X GSFi_total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

. DL <mrem>
DCCingoco <LC'> - bl
INd-s0l-gP \ ~m2 mrem/yr 250 days 1yr 8 hrs 1da
DCFext-gp (7pCi/cmy2 ) X EFing ( i y ) x (365 é’ays) X ETing ( S ) x < - hrys> x ACFext-gp % GSFi_total

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

The indoor worker soil 2-D land use CDI equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

Ci Ci 250 days 1yr 8 hrs 1da
CDIind—soI—sv<pg ) =Csoil <%> X EFing < yr U > 2 (365 gays> X ETing < day > X (24 hrys) X ACFext-sv X GSFi_total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

Ci Ci 250 days 1yr 8 hrs 1da
CDIind—soI—1cm<pg > =Csoil (%) x EFing ( yr L ) X (365 Zays> X ETing (Tay> X <24 hrys> X ACFext-1cm % GSFi_total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.
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o Direct External Exposure to contamination 5 cm thick

Ci Ci 250 days 1yr 8 hrs 1da
CDIind-sol-5cm <P?> = Csoil (%) % EFing ( yr i ) X (365 <}jlays> X ETing < day ) X (24 h:;) X ACFext-5cm X GSFi_total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

Ci Ci 250 days 1yr 8 hrs 1da
CDIing-sol-15cm <%> =Csoil (%) x EFing ( yr U ) X <365 ﬁays> % ETing <TW> X <24 hrys> X ACFext-15cm X GSFi_total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

pCi\ _ pCi 250 days 1yr 8 hrs 1 day
CDIind-soI—gp <@> = Csoil (@) x EFing ( yr X 365 days % ETing Tay *\ 22 s x ACFext-gp < GSFi_total

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.
4.4.3 Indoor Worker Air

Exposure to contaminants in air is presented for the inhalation and submersion exposure routes.

The calculator presents air DCCs and dose with and without decay. In situations where the contaminant in the air is not
being replenished (e.g., an accidental one-time air release from a factory), decay should be used. In situations where
the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil or an operating factory or
landfill cap), the equations without decay should be used. The decay function, found in section 4.10.7, can be
multiplied by the ambient air equations above to acquire ambient air DCCs with decay.

Graphical Representation
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DCC Equations

The indoor worker ambient air land use DCC equations, presented here, contain the following exposure routes:

e inhalation

mrem
pCi)= DL( yr )

DCCind-air-inh (73
m ~(mrem 250 days 8 hrs 1 day 60 m3
DCF; ( oCi ) x EFjng (T) x ETing <Tw) X (24 hrs) x IRAjng ( day

o external exposure to ionizing radiation

. DL (mrem)
DCCind-air-sub (LG) = ol
—air= m3 mrem/yr : 250 days 1yr : 8 hrs 1 day
DCFeyp (7pCi/m3 >><EFmd( v * 365 days X ETing Ty )\ 2hrs x GSF4(1.0)

e total

Ci 1
DCCing-air-tot (%) = 1 1

DCCind-air—inh Dccind—air—sub

Definitions of the input variables are in Table 1.
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CDI Equations

The indoor worker ambient air land use CDI equations, presented here, contain the following exposure routes:

e inhalation

Ci Ci 250 days 8 hrs 1da 60 m3
CDIing-air-inh (%) = Cair<ﬁT3) X EFing ( yr d ) X ETing (Tay) X (24 hrys> x IRAjhg (day)

e external exposure to ionizing radiation

pCi\ _ pCi 250 days 1yr 8 hrs 1 day
CDling-air-sub (ﬁ) ‘Cair<ﬁ> A EFind< yr *\ 365 days X ETing day “\ 22 hrs x GSFa(1.0)

Definitions of the input variables are in Table 1.

4.5 Construction Worker

An assessment for the construction worker scenario is described in more detail in the supplemental soil screening guidance
(SSSG; U.S. EPA, 2002b). Examples given in the SSSG show that the time of traffic (T,) is equivalent to EF and time of
construction (T,) is the length of project. The particulate emission factor (PEF) equations used are unique to this scenario. See

Section 4.10 for further information on subchronic PEFs. The PEFs calculated in these scenarios may predict much higher air
concentrations than the standard wind-driven PEFs. Two types of mechanical soil disturbance are addressed: standard vehicle
traffic (unpaved) and other construction activities (wind, grading, dozing, tilling, and excavating). In general, the intake and
contact rates are all greater than the outdoor worker. Exhibit 5-1 in the supplemental soil screening guidance presents the
exposure parameters.

4.5.1 Construction Worker Soil Exposure to Unpaved Road Traffic

This short-term receptor is exposed during the work day to vehicles suspending dust in the air. The activities for this
receptor (e.g., trenching, excavating) typically involve on-site exposures to surface soils. The construction worker is
expected to have an elevated soil ingestion rate (330 mg per day) and is assumed to be exposed to contaminants via the
following pathways: incidental ingestion of soil, external radiation from contaminants in soil, and inhalation of fugitive
dust. The only difference between this construction worker and the one described in section 4.5.4 is that this
construction worker uses a different PEF.

The construction worker soil land use is not provided in the Download Area, but DCCs can be created by using the
Calculator. The construction land use is described in the supplemental soil screening guidance. This land use is limited

to an exposure duration of 1 year and is, thus, subchronic. Other unique aspects of this scenario are that the PEF is
based on mechanical disturbance of the soil. Two types of mechanical soil disturbance are addressed: standard vehicle
traffic and other than standard vehicle traffic (e.g. wind, grading, dozing, tilling, and excavating). In general, the intakes
and contact rates are all greater than the outdoor worker. Exhibit 5-1 in the supplemental soil screening guidance

presents the exposure parameters.

Graphical Representation
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DCC Equations

The construction worker soil land use DCC equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

. DL (mrem)
DCC I-ing (LCI) = s
CcoN-sol-
g mrem 50 wks 5 days 330 mg g
DCFO ( pCl ) X EFcon (EWcon ( yr X DWcon ik X IRScon day X 1000 mg
¢ inhalation of particulates resuspended from soil
. DL (mrem)
DCCcon-sol-inh (LG) = -
—s0- mrem 50 wks 5 days
9 DCF, ( - ) x EFcon (EWcon( - ) x DWeon ( ka )) x
8 hrs 1 day 60 m3 1 1000 g
ETCO"( day ) * (24 hrs) XIRAC°”< day ) x m3\ ( kg )
PEFsc | 1

e external exposure to ionizing radiation at infinite soil volume

mrem
pCi oL ( yr )

DCCcon—soI—ext(*) =
mrem/yr 50 wks 5 days Tyr 8 hrs 1da
9 DCFext-sv ( pCi/gy > x EFcon <EWcon (T) X DWcon ( ka >> X (365 gays> xETcon (Tay) X <24 hI¥S> % ACFext-sv X GSFo-ext-sv
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e total

Ci 1
DCCcon-sol-tot <L) = 1 1 1

9 + +
Dcccon—sol—ing DCCeon-sol-inh  DCCcon-sol-ext

Definitions of the input variables are in Table 1.

CDI Equations

The construction worker soil land use CDI equations, presented here, contain the following exposure routes:

¢ incidental ingestion of soil

. DL (mrem)
DCC i (E) = yr
con-sol-ing
g mrem 50 wks 5 days 330 mg g
DCFo <7pCi > x EFcon <EWcon < yr x DWcon ik % IRScon day X 1000 mg

e inhalation of particulates resuspended from soil

' DL <mrem>
DCCeopcay .nh<F£'> - y
con-sol-i mrem 50 wks 5 days
9 DCF, < o > x EFcon (EWcon ( e ) x DWeon < ka >> x

e external exposure to ionizing radiation at infinite soil volume

pCi

Dcccon-sol—ext( ) =
mrem/yr 50 wks 5 days 1yr 8 hrs 1da
g DCFext—sv( pCi/gy ) x EFcon (EWcon ( yr ) x DWcon ( i )> X (365 zays> xETcon (Tay ) X <24 hr}ls) % ACFext-sv X GSFo-ext-sv

Definitions of the input variables are in Table 1.

4.5.2 Construction Worker Soil Exposure to Unpaved Road Traffic 2-D External Exposure

This analysis is designed to look at external exposure from contamination of different area sizes. Areas considered are 1
to 1,000,000 square meters. Isotope-specific area correction factor (ACF) were developed for this analysis.

Graphical Representation
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WORKER SOIL 2-D EXTERNAL EXPOSURE

DCC Equations

The construction worker soil 2-D land use DCC equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

o (757)
DCCeon-sol-sv <7

> N mrem/yr 50 wks 5 days 1yr 8 hrs 1da
< DCFext—sv( pCi/gy ) % EFcon (EWcon ( yr ) x DWcon ( ka )) X (365 Zays> xETcon (Tay> X (24 hrys> % ACFext-sv X GSFo-ext-sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

mrem
LCi) - o ( yr )

mrem/yr 50 wks 5 days 1yr 8 hrs 1da
9 DCFext-1cm (pTJ) x EFcon (EWcon ( yr ) x DWcon <Tky>> X (Wﬁays) xETcon (Tay> X <247hrys> % ACFext-1cm X GSFo_ext-1cm

Dcccon—sol—1 cm (

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick
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mrem
DCC (pCi) _ yr
con-sol-5¢cm -
mrem/yr 50 wks 5 days 1yr 8 hrs 1da
9 DCFext-scm ( = /gy ) X EFcon <EWcon ( v ) % DWeon <7wky )) X <73 = ﬁays> XETcon (Tay ) x ( o hrys>  ACFext-5cm X GSFo_ext-5cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

5 o (57)
DCCeon-sol-15cm (7) =

mrem/yr 50 wks 5 days 1yr 8 hrs 1da
E DCFext-150m ( pCi/gy ) x EFcon (EWcon ( v ) x ch0n< o )) x <365 zays> xETcon< ) x <24 hrys> x ACFext-150m * GSFo-ext-15cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

pCi

cm2> - mrem/yr 50 wks 5 days 1yr 8 hrs 1 day
DCFext_gp ( pCi/cmZ > X EFcon (EWcon ( yr ) x DWcon ( Wk X 365 days XETcon Tay X 54 hrs xACFext_gp X GSFO_ext_gp

DCCCOn—SOI—gp (

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

The construction worker soil 2-D land use CDI equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

Ci Ci 50 wks 5 days 1yr 8 hrs 1da
Cchon_Sol_s\,<%) =Cyi <%> x EFcon <EWcon ( - ) » DWeon ( ka )) x <365 Zays> x ETcon < = ) x (24 hrys> x ACFext_sy X GSFo_ext_sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
infinite soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

Ci Ci 50 wks 5 days 1yr 8 hrs 1da
CDIcon-sol-1cm (%) =Csoil (%) X EFcon (EWCOH < yr ) x DWcon ( ka )) 2 <365 Zays) x ETcon (Tw) 2% <24 h:;) X ACFext-1cm X GSFo_ext-1cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick
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Ci Ci 50 wks 5 days 1yr 8 hrs 1da
CDIcon-sol-5cm (%) =Csoil (%) x EFcon (EWcon ( yr ) x DWeon ( ka >) x (365 ﬁays) x ETcon (Tw) x <24 hrys) % ACFext-5cm X GSFo_ext-5cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

Ci Ci 50 wks 5 days 1yr 8 hrs 1da
CDIcon—soI—15cm <%> =Csoi| (%) x EFcon (EWcon <T) x DWcon < ka )) X (365 zi/ays> X ETcon <Tay> X <24 h:;) X ACFext-15cm X GSFo_ext-15cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF used is the
15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

pCi\ _ pCi 50 wks 5 days 1yr 8 hrs 1 day
CDIcon-sol-gp (W) =Csoil (Cm—2> X EFcon (EWcon ( yr x DWcon Wk |\ 365 days x ETcon day *| 22 hrs | ACFext-gp X GSFo-ext-gp

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area, because the DCF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.5.3 Construction Worker Air

This short-term receptor is exposed during the work day to heavy vehicles suspending dust in the air. The activities for
this receptor (e.g., trenching, excavating, wind, grading, dozing, and tilling) typically involve on-site exposures to
surface soils. The construction worker is assumed to be exposed to contaminants via the following pathways:
inhalation of ambient air and external radiation from contaminants in ambient air.

The calculator presents air DCCs and dose with and without decay. In situations where the contaminant in the air is not
being replenished (e.g., an accidental one-time air release from a factory), decay should be used. In situations where
the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil or an operating factory or
landfill cap), the equations without decay should be used. The decay function, found in section 4.10.7, can be
multiplied by the ambient air equations above to acquire ambient air DCCs with decay.

Graphical Representation
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DCC Equations

The composite worker ambient air land use DCC equations, presented here, contain the following exposure routes

without half-life decay:

e inhalation

mrem
|oCi)= DL( yr )

Dcccon—air—inh( 3
m mrem 50 wks 5 days 8 hrs 1 day 60 m3
DCF; ( pCi > x EFcon (EWcon ( yr ) x DWcon ( Wk )) x ETcon ( day ) X (24 hrs) x IRAcon ( day

e external exposure to ionizing radiation

mrem
” o (55)

DCCeon-air-sub ( 3) =
m mrem/yr 50 wks 5 days 1yr 8 hrs 1 day
DCFsyp (7pCi/m3 ) x EFcon (EWcon ( T x DWcon k) )X 365 days x ETcon e *\ 52 hrs ) % GSFa(1.0)

e total

Ci 1
DCCcon-air-tot (%) = 1 1

+
DCCcc:m—air—inh I:)Cccon—air—sub

Definitions of the input variables are in Table 1.
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CDI Equations

The composite worker ambient air land use CDI equations, presented here, contain the following exposure routes
without half-life decay:

e inhalation

Ci Ci 50 wks 5 days 8 hrs 1da 60 m3
CDIcon-air-inh (%) = Cair<%> x EFcon (EWcon ( yr ) x DWcon ( ka )) X ETcon (Tay ) X <24 hl}ls) x IRAcon <day >

e external exposure to ionizing radiation

Ci Ci 50 wks 5 days 1yr 8 hrs 1da
CDlon_airsub <fn—3> 46"(%3) x EFcon <EWcon ( o ) % DWeon ( ka )) x <365 gays) x ETcon ( day ) x <24 hrys> % GSF4(1.0)

Definitions of the input variables are in Table 1.

4.5.4 Construction Worker Soil Exposure to Other Construction Activities

This short-term receptor is exposed during the work day to heavy vehicles suspending dust in the air. The activities for
this receptor (e.g., dozing, grading, tilling, dumping, and excavating) typically involve on-site exposures to surface soils.
The construction worker is expected to have an elevated soil ingestion rate (330 mg per day) and is assumed to be
exposed to contaminants via the following pathways: incidental ingestion of soil, external radiation from contaminants
in soil, and inhalation of fugitive dust. The only difference between this construction worker and the one described in
section 4.5.1 is that this construction worker uses a different PEF.

The construction worker soil land use is not provided in the Download Area, but DCCs can be created by using the
Calculator. The construction land use is described in the supplemental soil screening guidance. This land use is limited

to an exposure duration of 1 year and is, thus, subchronic. Other unique aspects of this scenario are that the PEF is
based on mechanical disturbance of the soil. Two types of mechanical soil disturbance are addressed: standard vehicle
traffic and other than standard vehicle traffic (e.g. wind, grading, dozing, tilling, and excavating). In general, the intakes
and contact rates are all greater than the outdoor worker. Exhibit 5-1 in the supplemental soil screening guidance

presents the exposure parameters.

Graphical Representation
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EXTERNAL
EXPOSURE

DCC Equations

The construction worker soil land use DCC equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

mrem
pCi)_ DL( yr )

Dcccon—sol—ingsa (7
mrem 50 wks 5 days 330 mg g
DCFo ( B ) x EFcon (EWcon ( T ) x DWcon ( wk )) x IRScon ( = ) X (1000 il

9

¢ inhalation of particulates resuspended from soil

mrem
pCi) ) bt ( yr )

Dcccon—sol—inhsa (7
~(mrem 50 wks 5 days 8 hrs 1 day 60 m3 1 1000 g
DCF; (7pCI ) X EFcon (EWcon ( o ) x DWcon ( Wk )) X ETcon (Tay > X (724 hrs) x IRAcon < day X 3 < kg >
PEF. <

9

e external exposure to ionizing radiation at infinite soil volume

pCi

Dcccon—sol—extsa( > =
mrem/yr 50 wks 5 days 1yr 8 hrs 1da
b DCFext-sv( pcvgy ) x EFcon (EWcon( v >><DWcon< = )) (365 ﬁays> ETcon< day) (24 hrys) x ACFext-sy X GSFo-ext-sv

e total
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pCGi\ _ 1
DCCcon-sol-totsa ( ) - 1 1 1
9 + +
Dcccon—sol—ingsa DCCeon-sol-inhsa PCCcon-sol-extsa

Definitions of the input variables are in Table 1.

CDI Equations

The construction worker soil land use CDI equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

Ci Ci 50 wks 5 days 330m
CDIcon—soI—ingsa (%) = Csoil <%> X EFcon (EWcon ( yr ) x DWcon < ka >> % IRScon ( day g> X <1008 mg>

e inhalation of particulates resuspended from soil

i (pCi 50 wks 5 days 8 hrs 1 day 60 m3 1 1000 g
CDIcon-sol-inhsa (pG) - ol ( g )  EFcon (Ewcon ( yr )~ DWeon { —yk *ETeon day ) “\24nrs ) * TRAcon day |~ L (m3 “\ kg
PEF | 1o

yro

e external exposure to ionizing radiation at infinite soil volume

Ci Ci 50 wks 5 days 1yr 8 hrs 1da
CDlosol-extsa (%) = Cy (%)  EFcon (EWcon ( v ) % DWeon ( ka )) x < = zays) XETcon (Tay) x (2 - hrys> % ACFext—sy X GSFo_ext-sy

Definitions of the input variables are in Table 1.

4.5.5 Construction Worker Soil Exposure to Other Construction Activities 2-D External
Exposure

This assessment is the same as Unpaved Roads.

4.5.6 Construction Worker Air from Exposure to Other Construction Activities

This assessment is the same as Unpaved Roads.

4.6 Recreator

This receptor spends time outside involved in recreational activities including hunting fowl and land game. The recreator is
assumed to be exposed to contaminants via the following pathways: incidental ingestion of soil, dermal contact with
contaminants in soil, and inhalation of volatiles and fugitive dust. There are no default DCCs for this scenario, only site-specific
from the Calculator.

4.6.1 Recreator Soil

Adults and children exhibit different ingestion rates for soil. For example, the child recreator is assumed to ingest 200
mg per day while the adult ingests 100 mg per day. To take into account the different intake rates for children and
adults, age-adjusted intake equations were developed to account for changes in intake as the receptor ages.

A number of studies have shown that inadvertent ingestion of soil is common among children 6 years old and younger
(Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). Therefore, the DCC and CDI equations use an age-
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adjusted soil ingestion factor that takes into account the difference in daily soil ingestion rates and exposure duration

for children from 1 to 6 years old and adults. This health-protective approach is chosen to take into account the higher
daily rates of soil ingestion in children as well as the longer duration of exposure that is anticipated for a long-term
recreator. For more on this method, see RAGS Part B.

Age-adjusted intake factors are also used for inhalation of particulates resuspended from soil. These equations are also
presented below.

Graphical Representation

e,

INHALATION OF PARTICULATES FROM WIND
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DCC Equations

The recreator soil land use DCC equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

mrem
pCi bt ( yr )

DCCrec-sol-ing (7> =
97 bcro (m;gm) X IFS ec-adj (%) x ( 9 )

1000 mg

where:

days 200 m
mg) (EFrec—c( y?/ ) X IRsrec—c( day 2 ><AAFrec—c) +

) days 100 m
(EFrec—a (T?,/) x IRSrec-a ( day 9) X AAFrec—a)

EDrec-a(yr) )
EDrec(yr)

IFsrec-adj (

where:

EDrec—c (Yr
AAFrec_c ( rec-c(Yr)

EDrec(yr) ) i iz (
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e inhalation of particulates resuspended from soil

pci )
DCCrec-soI-inh( g > =

B mrem m3 1 1000 g
DCFi< o >xIFArec_adj <yr> x <m3> ><( - )
PEF( T
kg

where:
days hrs 1da 10 m3
3 (EFrec—c <TZ) X ETrec-c (@) X (24 hrys) X IRArec-c <day> X AAFrec—c) +
IFArec-adj <> =
yr 3
days hrs 1da 20m
(EFrec—a <T')’/) X ETrec-a (TW) X <24 hrys> X IRArec-a ( day ) ><AAFrec—a)
where

EDrec-c(yr) EDrec-a(yr)
AAFrec—c( EDrec(yr) ) and AAFrec-a( EDrec(yr) )

e external exposure to ionizing radiation at infinite soil volume

mrem
pCi oL ( yr )

Dccrec—sol—ext<7> =
mrem/yr days 1yr hrs 1da
d DCFext-sv (pT/gy> X EFrec (%) X (Wﬁays) X ETrec (dTy) X (24 hrys> X ACFext-sv X GSFo-ext-sv

e consumption of land game - combined soil and biota

Ci
pCi) Dccrec-game-ing (%)

Dccrec—sol—game—ing <7 = kg
. (Qp-game (dle) x fp-game (1) X fs-game (1) X (Rupp + Res)) +
ay
TF — | x
game ( kg )

g
k
<Qs—game (%) X fp—game“))

- pCi/ g-dry-plant - 0.25 g-dry-saoil
Rupp Bvdry( pCi / g-dry-soil ¢ Res = MLFpasture g-dry-plant

The transfer factor for game is the same transfer factor used for beef.

e consumption of fowl - combined soil and biota

Ci
Dccrec—fowl—ing (%)

k
(Qp—f0W| (r%) 2 fp—fowl(1) x fs_towl (1) (Rupp > Res)) +

k
<Qs—f0wl (Ti,) X fp_fow (1 )>

Ci
DCCrec-sol-fowl-ing (%) =

where:

_ pCi/ g-dry-plant - 0.25 g-dry-saoil
Rupp BVdrV( pCi / g-dry-soil ¢ Res = MLFpasture g-dry-plant
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The transfer factor for fowl is the same transfer factor used for poultry.

e total

pCi\ _ 1
DCCrec-sol-tot (7) - 1 1 1 1 1
9 + + + +
Dccrec—sol—ing Dccrec—sol—inh Dccrec—sol—ext Dccrec—sol—ing—game Dccrec—sol—ing—fowl

Definitions of the input variables are in Table 1.

CDI Equations

The recreator soil land use CDI equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

Ci Ci m
Drcsoing (57 ) = G55 ) <1Precaa (57 ) (70 g )

where:
days 200 m
<EFrec—c <7y> x IRSrec-c <7g> X AAFrec—c> +
Fs (mg) yr day
i =) =
SO EF d3YS) . EDrec_a(yr) X IRS OGN e
rec-a 7 rec-a y rec-a day rec-a
where:
EDrec-c(yr) EDrec-a(yr)
AAFrec—c( EDrec(yr) > Al < EDrec(yr)

e inhalation of particulates resuspended from soil

Ci Ci m?3 1 1000
CDI ec-sol-inh <F;7r> = Csoil(%) x IFArec-adj <yr> X <m3> X < kg g)
PEF (| —
kg

where:
days hrs 1 da 10 m3
5 (EFrec—c <TZ> X ETrec—c <dTay) X (24 hrys> x IRArec-c <day> X AAFrec—c) +
FA e ag <m> _
rec-adj
yr 3
days hrs 1da 20 m
<EFrec—a <T')’/> X EDrec-a (Yr) X ETrec-a (TW) X <24 hrys> x IRArec-a ( day > ><AAFrec—a)
where:

EDrec—c(yr) EDrec-a(yr)
AAF“*“( EDrec (yr) ) and AAF'ec‘a< EDrec (yr)

e external exposure to ionizing radiation at infinite soil volume

Ci Ci days 1yr hrs 1 da
CDIrec_sm_ext(%) =csoi,<%> x EFrec <T¥> x <Wﬁays) » EDrec (yr) x ETrec <d—ay> X < o hrys> x ACFext_sy X GSFo-extsy

e consumption of land game - combined soil and biota
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Ci days
csoi,<p ) x EFrec ()%) » IRGFrec <d%y) x CFrec-game (1)x

Ci ki
CDIrec—soI—game-ing(p ) = > (Qp—game (ri/) X fp-game (1) X fs—game (1) x (Rupp + Res)) +

yr
k
<Qs—game <TS}/> X fp—game(1 ))

where:

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp Bvdry< pCi / g-dry-soil 7 Res = MLFpasture g-dry-plant

The transfer factor for game is the same transfer factor used for beef.

e consumption of fowl - combined soil and biota

Ci days
Ceoll (%) X EFrec <T)r/) x IRGFrec <d%y> X CFrec—fowl (1)

k
<Qp—f0W| (%) S fp—fowl(1) x fs_fowl (1) X (Rupp w Res)) +

day
TFfowl (7) 2
E Qs- LR -fowl (1)
s-fowl day p-fowl

Ci
CDIec_sol-fowl-ing (@T) =

_ pCi/ g-dry-plant) . - 0.25 g-dry-soil
Rupp Bvdry(—pCi/g—dry—SOil i Res = MLFpasture “g-dry-plant

The transfer factor for fowl is the same transfer factor used for poultry.

Definitions of the input variables are in Table 1.

4.6.2 Recreator Soil 2-D External Exposure

This analysis is designed to look at external exposure from contamination of different area sizes. Areas considered are 1
to 1,000,000 square meters. Isotope-specific area correction factor (ACF) were developed for this analysis. In addition,
depths range from 0 cm soil cover to 100 cm soil cover in 10 cm increments while using source thicknesses of ground
plane, 1,5, and 15 cm source volumes as well as infinite source volume. Isotope-specific gamma shielding factors (GSF)
were developed for this analysis. The infinite soil volume equation is the same route used in the standard soil scenario.

Graphical Representation
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DCC Equations

The recreator soil 2-D land use DCC equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

pCi oL ("5")
Dccrec—sol—sv (7

) B mrem/yr days 1yr hrs 1da
£ DCFext-sv (pT/gy> X EFrec( y?,/ ) X (Tgays) X ETrec (rw) X (24 h:/s) X ACFext-sv X GSFo-ext-sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the soil
volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

. DL ( mrem)
DCC I-1cm (pCI = 4
rec-sol-
g mrem/yr days 1yr hrs 1 day
DCFext—1cm <7pC|/g ) X EFrec (7yr ) X (7365 days X ETrec 7day X 24 hrs X ACFext_1 cm X GSFo—ext—1cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the 1cm
soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick
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. DL (mrem)
DCC 15 <LQ = i
rec-sol-ocm
g mrem/yr days 1yr hrs 1 day
DCFext-5cm <7pCi/g > x EFrec <7yr > X <7365 days X ETrec —day X 24 hrs X ACFayt_5cm X GSFo_ext-5cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the 5cm
soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

o L )
DCCrec-sol-15cm <7> =

mrem/yr days 1yr hrs 1da
E DCFext-15cm <pT/gy> x EFrec (%) X (m) x ETrec <7> X (24 hrys) x ACFext_15cm X GSFo_ext-15¢cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the
15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

mrem
” o (55

cm2> B mrem/yr days 1yr hrs 1 day
DCFext-gp (W) x EFrec ( yr X m X ETrec d—ay X 24 hrs X ACFext-gp % GSFo-ext-gp

Dccrec—sol-gp <

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area because the SF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

The recreator soil 2-D land use CDI equations, presented here, contain the following exposure routes:

e Direct External Exposure to contamination at infinite depth

Ci Ci days 1yr hrs 1da
CDIrec_So|_SV<%> =csoi,<%> x EFrec <TZ> x <T§ays> » EDrec (Yr) % ETrec (Tay> x (24 hrys> x ACFext-sv X GSFo—extosy

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the soil
volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

Ci Ci days 1yr hrs 1da
CDIrecsol-1cm (%) =Csoil (%) X EFrec <y7|},/) X <Wgays> X EDrec(yr) x ETrec (E) X (24 hrys) X ACFext-1cm X GSFo_ext-1cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the 1cm
soil volume for external exposure.
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o Direct External Exposure to contamination 5 cm thick

Ci Ci days 1yr hrs 1da
CDIrec—soI—Scm <p?> =Csoil (%) X EFrec <T¥> X <Tzﬂlays> X EDrec (yr) x ETrec <Tw> X (24 hrys> X ACFext-Scm X GSFo—ext—Scm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the 5cm
soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

Ci Ci days 1yr hrs 1da
CDliec_sol-15cm <%> =Csoil <%> X EFrec (%) X <T§ays> X EDrec(yr) x ETrec (@) X (24 h:;) X ACFext-15cm X GSFo_ext-15cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass because the SF used is the
15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

pCi\ _ pCi days 1yr hrs 1 day
CDI,,eC_Sm_gp (R) =Csojl <m> x EFrec <7 X m % EDrec (Yr) x ETrec d—ay X 22 hrs X ACFext-gp % GSFo-ext-gp

The resulting units for this recommended DCC are in pCi/cmZ2. The units are based on area because the SF used is the
ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.6.3 Recreator Air

Exposure to contaminants in air is presented for the inhalation and submersion exposure routes.

The calculator presents air DCCs and dose with and without decay. In situations where the contaminant in the air is not
being replenished (e.g., an accidental one-time air release from a factory), decay should be used. In situations where
the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil or an operating factory or

landfill cap), the equations without decay should be used. The decay function, found in section 4.10.7, can be
multiplied by the ambient air equations above to acquire ambient air DCCs with decay.

Graphical Representation
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DCC Equations

The recreator ambient air land use DCC equations, presented here, contain the following exposure routes without half-
life decay:

e inhalation (without half-life decay)

mrem
pCi>= DL( yr )

m3 mrem m3
DCFl ( pCl ) XIFArec adj yr

days hrs 1 da 10 m3
3 (EFrec c( y?,/ ) X ETrec—c (ray) X (24 h:/s) X IRArec-c <day ) ><AAFrec—c) +
IFArec—adj( ) =
yr 3
days hrs 1da 20 m
(EFrec—a (TZ) X ETrec-a (7) X < y) x IRArec-a ( > ><AAFrec—a)

24 hrs day

DCCrec—air—inh (

where:

where:

EDrec—c(yr) EDrec-a (y)
AAFrec—c (m) el Alree (W)

e external exposure to ionizing radiation (without half-life decay)

' DL (mrem)
DCCoc_ni b(LC' = yr
rec-air-su m3 mrem/yr days 1 yr hrs 1 day
OCFsu (s ) B (5r°) * (365 tags) * e () * (23 s ) *65F2010
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e total

Ci 1
Dccrec—air—tot(p ): 1 1

m3 R
Dccrec—air-inh Dccrec-air—sub

Definitions of the input variables are in Table 1.

CDI Equations

The recreator ambient air land use CDI equations, presented here, contain the following exposure routes without half-
life decay:

e inhalation (without half-life decay)

Ci Ci m3
CDlrecair-inh <F;7r> = C;m(%) X IFArec—adj <yr>

where:
days hrs 1da 10m3

3 (EFrec—c (T?/) X ETrec-c (@) X (24 hrys> X IRArec-c < day ) ><AAFrec—c) +
IFArec-adj () =

yr 3

days hrs 1 da 20 m
<EFrec—a (%) X EDrec-a (Yr) x ETrec-a (@) X (24 hl}/s> X IRArec-a <day) X AAFrec—a)

where:

EDrec-c(yr) EDrec-a(yr)
AAFrec—c( EDrec(yr) ) and AAFrec—a( EDrec(yr) >

e external exposure to ionizing radiation (without half-life decay)

Ci Ci days 1yr hrs 1da
CDlec_air-sub (%) =cair<%> x EFrec <T¥> x <Té'ays> » EDrec (yr) x ETrec <d7ay) x <24 hrys> » GSF4(1.0)

Definitions of the input variables are in Table 1.

4.6.4 Recreator Consumption of Fowl and Land Game

These equations represent DCCs and CDIs for direct consumption of fowl and land game. There are no default DCCs for

this scenario, only site-specific.

Graphical Representation
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NSUMPTION OF FOWL AND LAND GAME

INGESTION

DCC Equations

The consumption of fowl and game DCC equations, presented here, contain the following exposure routes:

e consumption of fowl - direct

mrem
pCi Pt ( yr )

DCCrec-fowl-ing (7) =
mrem days
9 DCFO( e ) x EFrec( y?’ ) « IRGFrec (d%y) x CFrec_tow (1)

e consumption of land game - direct

g
Dccrec—game—ing (7 y

) B mrem days
9 DCFo ( pCi ) X EFrec( yZ ) x IRGLrec (diay) X CFrec-game(‘l)

Definitions of the input variables are in Table 1.

CDI Equations

The consumption of fowl and game CDI equations, presented here, contain the following exposure routes:

e consumption of fowl - direct

Ci Ci days
CDlrec—fowl-ing (%) =Ctowl (%) x EFrec ( yIY ) x IRGFrec (d%y) X CFrec_fowl (1)
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e consumption of land game - direct

Ci Ci days
CDIrec-game—ing (%) =Cgame (%) x EFrec ( y?_/ ) x IRGLyrec (diay> x CFrec-game (1)

Definitions of the input variables are in Table 1.

4.6.5 Recreator Surface Water

This receptor is exposed to radionuclides that are present in surface water. Ingestion of water and immersion in water
are appropriate pathways for all radionuclides. Inhalation is not considered due to mixing with outdoor air. There are
no default DCCs for this scenario, only site-specific.

Graphical Representation

INCIDENTAL

.\*}‘_IMMEFESION INGESTION

IMMERSION

DCC Equations

The recreator surface water DCC equations, presented here, contain the following exposure routes:

e ingestion of surface water
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s .
DCCrec—wat—ing( ) =

L mrem L
DCFO ( pCl > X IFWrec—adj <W>

where:

days events hrs 0.12L
(EFrec—c (%) X EVrec—c < day ) X ETevent-rec-c (m) X IRWrec—c (Tw) X AAFrec—c) +

L
IFW, = =
recad (yr) days events hrs 0.11L
(EFrec—a (7yr ) X EVrec-a <7day ) X ETevent-rec-a (r/ent) x IRWrec-a <7day ) X AAFrec—a)

EDrec-c(yr) EDrec-a(yr)
AAF“““( EDrec (yr) > and AAFrec'a( EDrec (yr)

® immersion (The immersion route represents a swimming/wading event.)

DL <mrem>
yr

pCi
DCCrec-wat-imm (7) =
L . mrem/yr Tyr hrs
PCFimm ( pCi/L ) 8 (8, 760 hrs> * DFArec-ac (W
where:
days events hrs
hrs (EFrec—c (T?/) X EVrec-c <d7ay> X ETevent-rec-c <m> X AAFrec—c) +
DFArec-adj <W) = q X .
ays events rs
(EFrec-a (%) X EVrec-a < day ) X ETevent-rec-a (event) X AAFrec—a>
where

EDrec—c (yr)> ( EDrec-a (yr)>
AAFrecc | =———"— d AAFrec-a | ————>-
rec c< EDrec(yr) an rec-a EDrec(yr)

e consumption of land game - combined water and biota .

Ci
pCi) _ Dccrec-game—ing <%>

DCCrec-wat—game—ing (T day L 1 kg
TFgame kg X Qu-game day * fw-game (1) x 1000 g

The transfer factor for game is the same transfer factor used for beef.

e consumption of fowl - combined water and biota

Ci
pCi Dccrec—fowl—ing <%>

Dccrec—wat—fowl—ing (7 =
L da L 1k
TFtowi (TQy) X Qu-fow (TW) % fy-fowl (1) X (ﬁ)

The transfer factor for fowl is the same transfer factor used for poultry.

e total

Ci
DCCrec-wat-tot <%> = 1 7 1 . 1

+ +
Dccrec—wat—ing Dccrec—wat—imm Dccrec—wat—ing—game Dccrec—wat—ing—fowl
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Definitions of the input variables are in Table 1.

CDI Equations

The recreator surface water CDI equations, presented here, contain the following exposure routes:

e ingestion of surface water

Ci Ci L
CDIrec—wat—ing (%) = Cwater<pT> X IFWrec—adj (W)

where:

days events hrs 0.12L
(EFrec—c <T'},/> X EVrec-c ( day ) X ETevent-rec-c <event> X IRWrec-c <TW> X AAFrec—c) +

L
fiticeay <W> ) days events hrs 0.11L
(EFrec-a <7> x EDrec-a (Y1) X EVrec-a (Ty) X ETevent-rec-a (7) x IRWrec-a <TW> X AAFrec—a)

where:

EDrec-c(yr) > < EDrec-a (yr)>
AAFrec-c [ =—=———=—" ) and AAFrec-a | —————
rece ( EDrec (yr) @\ EDrec(y)

event

® immersion (Theimmersion route represents a swimming/wading event.)

Ci Ci 1vr hrs
GDIAp— (%) =IGhater (pT) . ( g760hs ) X DFArec-adj <W>

where:
days events hrs
- (EFrec—c <TZ> X EVrec-c < day ) X ETevent-rec-c <m> ><AAFrec—c) +
DFA(ec_adi (—) =
T EF days\ . ep r) x EV SEE R hrs ) o AAF,
rec-a ? rec-a (yr) rec-a | —j ay event-rec-a | gt rec-a
where:
EDrec-c(yr) EDrec-a(yr)
AlFrecc ( EDrec (yr) and MFrec-a EDrec (yr)

e consumption of game - combined water and biota

Ci Ci da L 1k days
CDIrec-wat-game-ing (%) = Cwater(pT> x TFgame (TQy) X Qw—game (ﬁ) X fw—game(") X (ﬁ) X EFrec <TZ> % EDrec (yr) x IRGLrec (diay> X CFrec—game(1)

The transfer factor for game is the same transfer factor used for beef.

e consumption of fowl - combined water and biota

Ci Ci da L 1k days
CDIrec—w.at—fowI—ing (%) = Cwater<pT> X TFeowl <k79y> X Qu-fowl (@) X fuy-fowl (1) x <ﬁ> x EFrec <T¥> % EDrec (yr) x IRGFrec <diay> % CFrec—fow (1)

The transfer factor for fowl is the same transfer factor used for poultry.

Definitions of the input variables are in Table 1.

4.7 Consumption of Fish
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The fish DCC represents the concentration in the fish that can be consumed. This is unlike the farmer scenario, where the DCC

is calculated for soil or water levels protective of fish consumption. Instead, this DCC is fin fish tissue. Further, the intake rate is
not age-adjusted like the farmer scenario.

Graphical Representation

o | e

CONSUMPTION
OF FISH

DCC Equation

The consumption of fish DCC equation, presented here, contains the following exposure route:

e consumption of fish

(%)
Dccres—fish—ing (7

) B mrem 350 days 54,000 m
g DCFo( o )XEFres( — )XIRFIres—a( e 9) x (1008 mg) X CFres-fisn (1)

Note: the consumption rate for fish is not age-adjusted for this land use. Also, the DCC is calculated for fish tissue rather
than for soil, as used by farmer land uses.

Definitions of the input variables are in Table 1.

CDI Equation

The consumption of fish CDI equation, presented here, contains the following exposure route:

e consumption of fish
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Ci Ci 350 days 54,000 m
CDlres—fish—ing <’;IT) =Cfish (%) x EFres ( yr U ) X EDres (26 yr) x IRFIres-a < day g> X (1008 mg) X CFresfish (1)

Note: the consumption rate for fish is not age-adjusted for this land use. Also, the DCC is calculated for fish tissue rather
than for soil, as used by the farmer land uses.

Definitions of the input variables are in Table 1.

4.8 Farmer

The farmer land use should be considered an extension of the resident land use for the treatment of most media. The major
difference is that the farmer land use evaluates consumption of farm products based on subsistence conditions. Like the
resident, the farmer land use assumes the receptors will be exposed via the consumption of home grown produce (100% of
fruit and vegetables are from the farm). In addition to produce, 100% of consumption of the following are also considered to
be from the farm: beef, dairy, fin fish, shellfish, swine, egg, and poultry. All feed (100%) for farm products is considered to have
been grown on contaminated portions of the site. For these farm products, dose-based DCCs are provided for the farm product
itself (produce, beef, dairy, etc.). Also like the resident, age-adjusted intake equations were developed for all of the
consumption equations to account for changes in intake as the receptor ages.

Section 2.5 discusses the biota modeling in general while section 4.10.9 details additional modeling parameters for animals
and animal products.

4.8.1 Farmer Direct Consumption of Agricultural Products

The biota DCCs represent the concentration in the plant or animal tissue that can be consumed.

Graphical Representation

CONSUMPTION .OF
BEEF & MILK & SWINE
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DCC Equations

The farmer soil land use DCC equations, presented here, contain the following exposure routes:

(] consumption of fruits and vegeta bles (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the Exposure Factors

Handbook were used to derive the intakes for home-grown produce.)

pCiy _
Dccfar—produce—ing—tot(7> -

9
1

n
i=1 i

pCi
DCCfar—produce—ing( g )
i

where:
n = total number of produce items included

and:

DL (mrem)
yr

pCi
Dccfar—produce—ing (7> =
mrem
2 DCFo ( pCi ) X IFfar_adj <ygr) X CFfar-produce (1)
where:
350 days
g (EFfar—c (Ty> X IRfarc (diay) X AAFfar_c (0.1 5)) v
IFtar-adj <W> = s
ays
<EFfar—a (Ty> X IRfar-a (diay> X AAFgar_a (O~85)>
where:

EDsar_c (6 yr)

AAFfar-c(0.15) = ( EDtar (40 yr)

) and AAFg,,.,(0.85) = (M)

EDfar (40 y1)

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced poultry.)

. DL (mrem)
DCCrar-ooutirvi <P£'> - yr
ar-poultry-ing mrem 54,773
9 DCFo ( oG ) X IFPfar_ad) (Tg> X CFtar-poultry (1)

where:
350 days 48.8
<EFfar_C (Ty> * IRPfar_c <?yg> % AAFgarc (0.15)) +

1P <54,773 g) B
far-adj | —o— | =
TNy 350 days 17559
EFfar-a Tyr x IRPfar_5 day % AAFfar_4(0.85)
where:
AAF¢,r_c (0.15) ( B a0y ) 2" AAFrar-a (0.85) o

o consumption of €ggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced eggs.)
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DL <mrem)
DCCy <pC|> _ yr
aEgaaing mrem 30,264
- DCFo < pCi ) X IFEfar_adj <Tg> X CI:far—egg (M

where:

350 days 25.1
(EFfar—c <7ry> X IREfar_c <Tg) % AAFgar (0.1 5)> %
30,264 g) i} y y
350 days 97.3
(EFfar_a <Ty> « IREfar.a (Tyg) » AAFtar_a (0.85))

IFEfar—adj < yr

where:
EDfar—c (6 yr)

EDfar-a (34 yr) >
EDpy (40 y7)

> and AAFg,,_,(0.85) = ( EDpr (40 yr)

AAF1yrc(0.15) = (

(] consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced beef.)

DL (mrem)
DCCrarbect (pCI) _ yr
ar-beef-ing mrem 83,746
e DCFo < pCi ) X IFBtar-adj < yr g) X CFear_peef (1)

where:
350 days 64.6
(EFfar_c (Ty> xIRBfar_c< 9) x AAFgar_ 0. 15))

83,746 g) )
350 days
(EFfar_a (Ty> » IRBfar_ ( pe 9) x AAFgar_a (0. 85))

IFBfar—adj ( yr

where:

AAF¢,,_(0.15) = (M> and AAF¢,,_,(0.85) = <

EDfar-a (34 yr)>
EDrfar (40 yr)

EDtar (40 yr)

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced dairy.)

DL (mrem)
yr

pCi
Dccfar—dalry—lng( ) =
mrem 486,416
¢ DCFo ( pCi ) X IFDfar-adj (Tg> X CFtar—dairy (1)
where:
350 days 1,116.4
(EFfar—c <7ry) X IRDfar_c <Tg> X AAFfar_c (0-15)> +
1D <486,416 g) _ Y Y
far-adj | — o ) =
- 4 EF 350days\ | 1pp 14389 | AAF,..(0.85)
far-a yr far-a day far-a\Y-

where:
AAF¢ar_(0.15) = <M

EDf,r_5 (34 yr)>
EDs4r (40 yr)

> and AAF¢,,_,(0.85) = < ED¢ay (40 yr)

° consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced swine.)
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DL (mrem)
DCCy <pC|> - yr
ar-swine-ing mrem 46,643
= DCFo < pCi ) X IFSWear_adj < yr g) X CFfar_swine (1)

where:
<EFfar_c <$‘:ays> xIstfar_c< ) x AAFgar_c (0. 15)) ¥

46,643 g) -
350 days
<EFfar_a (Ty> x Istfar_a< oy g) AAFtar_4 (0. 85))

IFSWryrag (42757

where:

- (EDfarc(6yr) _ (EDfar-a(34yr)
AAF;,,_(0.15) ( BB o yr) ) 2" AAFrar-a 085 e

. consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin fish.)

mrem
pCi Pt ( yr )

DCCtar—finfish- |ng< ) =
mrem 48,276
< DCFo( B ) X IFFlfar_adj (Tg> X CFearfinfish (1)

where:

350 days 36.1
<EFfar_c (%) xIRFIfar_c< = 9> XAAFfar_c(O.'IS)) ¥
IFFI (48,276 g) _ y Y
far-adj | — o | =
ANy 350 days 155.9.g
Ftara (> ) % IRFlfar-s ( ~ o ) X AAFrara(0:85)
where:
EDfar—c (6 yr)

EDfar_a (34 y1) )
EDsar (40 yr)

> and AAF¢,,_,(0.85) = < EDyoy (40 y1)

AAF¢ar_c(0.15) = <

° consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

mrem
pCI) - ot ( yr )
mrem 63,266
9 DCFo ( o > x IFSFfar_adi <7yr g) X CFfar-shelifish (1)

Dccfar shellfish-| mg(

where:
350 days 213
(EFfar_c (Ty) x IRSFfar._c (Tyg) xAAFfa,_c(o.15)> +

350 days 208.9
(EFtar-a (525 ) xIRSFrora (2 ) % ARFrar-a 055

63,266 g> }

IFSFar-ai (o

where:

EDfar—c (6 yr)

EDfar_o (34 yr)>
EDs4r (40 yr)

> and AAFg,,_,(0.85) = < EDyay (40 y1)

AAF¢r_c(0.15) = (

e consumption of goat
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mrem
" o (55)

) = mrem
E DCFo ( pCi > X IFGOfar_aqj (3) x CFfar-goat (1)

Dccfar -goat-ing (

where:
<EFfar—c <%§ays> x IRGOf,r_¢ (di> x AAFgar_c (0. 15))

g ay
IFGOtar-agi () =
(EFfar a <Ldays> IRGO¢ar_5
— yr .

di> * AAFtar_a (0. 85)>
where:

ED¢,_ (6 yr
AAFfa,_(0.15) = <$W> and AAF,,_,(0.85)
ar

( EDfar_a (34 yr)>

EDs,, (40 yr)

e consumption of goat milk

mrem
pCi oL < yr )

> - mrem
: DCFO( pCi > IFGM¢ar_agj (5) X CFear-goat-milk (1)

DCCt,r- —-goat-milk-ing <

where:

350 days
<EFfar_c (Ty> « IRGMr_c <diy> AAFfar_C(O.'lS)) +

M far-ag <%> ) 350 days
<EFfar—a (Ty> IRGM,r-4 <di> X AAFtar_a (0. 85)>

where:

_ (EDfarc(6y1) EDfar-a (34 yr)
AAF¢,,_(0.15) < EDp (40 Y1) and AAF¢,_5(0.85) EDyay (40 y1)

(] consumption of sheep (There are no widely accepted human intakes for home-produced sheep.)

mrem
s o (5)

) B mrem
2 DCFo < pCi ) x IFS‘Hfar—adj <%> X CFfar—sheep“)

Dccfar -sheep- |ng<

where:
350 days
(EFrarec (22582 xtRSHtgrc () * AAFrarc(015)) +

{FSHiar-ady <Y%) i 350 days
(EFfar_a <Ty> « IRSH¢ara (d%y) x AAFgar (0.85))

where:

EDfar—c (6 yr)

EDtar_o (34 yr)>
EDs4r (40 yr)

) and AAF¢,,_,(0.85) = < EDy., (40 y7)

AAFy_(0.15) = (

e consumption of sheep milk

https://epa-dccs.ornl.gov/dcc _users_guide.html

123/203



3/25/26, 2:28 PM DCC User's Guide

. DL <mrem>
pCi\ _ yr
Dccfar—sheep—milk—ing (@) - mrem g
DCFo ( pCi ) x IFSMfar_adj <W> X CFfar_sheep-milk (1)

where:
350 days
(EFfar—c <Ty) x IRSMfar_c (d%ay) x AAFtar_c (0-15)> v

FoMar-sq <%> ) 350 days
<EFfar—a (Ty> X IRSM¢ar_5 (diay) X AAFfar_a (0-85)>

where:

_ ([ EDfarc(6yr) _ (EDfar-a(34yr)
AAF;,,_(0.15) ( B (40 yr) ) 2" AAFrar-a 0.85) it

Definitions of the input variables are in Table 1.

CDI Equations

The farmer soil land use CDI equations, presented here, contain the following exposure routes:

o consumption of fruits and vegeta bles (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the Exposure Factors
Handbook were used to derive the intakes for home-grown produce.)

pCi\ _ & pCi
CDIfar—produce—ing—tot < > - Z CDIfar—produce—ing < .
yr i=1 yr /i

where:
n = total number of produce items included

and:

Ci Ci
Clear-produce-ing <F;7r> = Cproduce (%) X IFfar-adj <%> X CFfar-produce”)

where:

350 days
(EFfar—c <Ty> X IRfar—c <i> X AAFgar_c (0.1 5)) +

9 day
iz <W> i 350 days g
(EFfar—a <T> X IRfar-a (E) X AAFtar_a (0-85)>

EDfar—c (6 Y1)
EDror (40 Y1)

where:

EDfar-a (34 yr) )

AAFfar-c(0-15) = < EDfar (40 y1)

) and AAFg,,_,(0.85) = <

(] consumption of poultry. (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced poultry.)
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Ci Ci 54,773
CDIfar—pouItry—ing <F;7r> = Cpoultry(%) i IFPfar—adj (Tg> X CFfar—poultry(’l)

where:

350 days 48.8
<EFfar—c (7ry> X IRPgyr_c <Tg> X AAFfar_c (0.1 5)> +
54,7739\ _ y y

TPty g
fer adJ( yr 350 days 1755 g
EFarea (g ) X IRPrar-a (~iga? ) X AAFryro(0.85)

where:

EDfar-c (6 yr)

AAFrar-c(0-15) = ( ED¢ar (40 yr)

) and AAF;,,_,(0.85) = (M)

EDfar (40 Y1)

° consumption of €ggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced eggs.)

Ci Ci 30,264
CDIfar—egg—ing <pyir> = Cegg <%) X IFEfar—adj <Tg> x CFfar—egg (1)

where:

350 days 25.1
(EFfar_C <7ry> % IREgar_c <T9) xAAFfar_c(0.15)> +
30,2649\ _ y y

{Ffar-ad ( yr 350 days 97.3¢g
(EFfar—a <T> X IREfar_a <Tw> X AAFgar_a (0-85)>

where:
EDfa r-c (6 yr)

MFrac015) = (g

> and AAF,,_,(0.85) = <M>

EDfar (40 yr)

° consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced beef.)
pCi\ _ pCi 83,746 g
CDItar_peef-ing (W) = Cpeef <F x IFBfar_adj T % CFfar_peef (1)

where:

350 days 64.6
<EFfar—c <7ry) X IRBfar_c <Tg> X AAFfar—c(0-15)> ar
83,746 g\ _ y y

{FBtar-ady < yr 350 days 2701 g
(EFfar—a <T> X IRBfar_a (Tay> X AAFgar_g (0-85)>

where:

AAFfar-c(0-15) = <M

_ EDfar_5 (34 yr)
EDy, (40 yr)> and AAFg,,_,(0.85) <7

EDsar (40 yr)

e consumption of dairy chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced dairy.)

Ci Ci 486,416
CDIfar-dairy-ing <F;7r> = Cdairy(%) X II:Dfar-adj <Tg) S CFfar-dairy”)

where:

350 days 1,116.4
(EFfar—c (Ty) X IRDfar—c <d7&1yg> x AAFfar_c (0-15)> +

350 days 1,438
<EFfar—a <Ty> X IRDfar-a < day g) X AAFfar_a (0-85)>

EDfar_c (6 y1)
EDror (40 Y1)

486,416
IFDfar-agj <7g> =

yr

where:

AAF¢y_(0.15) = <

) and AAFg,,_,(0.85) = (M)

EDtar (40 yr)
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(] consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced swine.)

Ci Ci 46,643
CDIfar—swine—ing <F;7r> = Cswine <%> X IFSWfar—adj <Tg> % CFtar_swine (1)

where:

350 days 32.2
<EFfar_c <7ry> < IRSWiyr_c <?g) x AAFfar_c (0.15)) ¥
46,6439\ _ y y

IFSWf‘*"adj( yr 350 days 151.1
<EFfa,_al <Ty) « IRSWrar_s ( oy 9) x AAFtar_a (0.85))

where:
EDfa r-c (6 yr)

AAFf,_(0.15) = < EDyay (40 y1)
ar

> and AAFg,,_,(0.85) = <M>

EDsar (40 yr)

o consumption of fin fish chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin fish.)

Ci Ci 48,276
CDItar_finfish-ing <F;7r) = Cinfish <%> % IFFlar_adj <Tg> % CFear_finfish (1)

where:
(EFfar_c <M> « IRFIgyr (f‘ﬁ) xAAFfar_c(O.‘IS)) +
48,276 g yr ay

yr ) i 350 days 155.9
(EFtara (252 ) xIRFIara (Toga ) ¥ ARFra-a 085

IFFIfa r-adj (

where:
EDfar-c (6 yr)

AFfar-c(0.13) = < EDyor (40 Y1)

> and AAF;,,_,(0.85) = <M>

EDtar (40 yr)

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

63,266 g
r

Ci Ci
CDIfar-shellfish-ing <F;7> = Cshellfish (%) X IFSFgar_ad ( ) X CFear—shelifish (1)

where:

350 days 21.3
(EFrarc (522 ) x IRSFrrec (22 ) % AFrrc(0.15)) +

350 days 208.9
(EFfar_a <Ty> « IRSFar_a ( day9>  AAFtar_a (0.85))

63,266
IFSFrar-a (o2 ) =

yr

where:

EDfar_c (6 yr)

AAFgyr_c(0.15) = (EDfar 0y

) and AAF¢,,_,(0.85) = <M>

EDsar(40y1)

e consumption of goat
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Ci Ci
CDIfar—goat—ing (27) Cgoat(pg > X IFGOfaI’—adJ <3> X CFfar—goat('l)

where:

350 days
(EFfar_c (Ty> * IRGOfar.c (di) * AAFfar_c (0. 15))

ay
350 days
(EFfar—a< yr y ) IRGOfar-4

where: <
(T

IFGO¢ar-ad (%) =
di> » AAFgar_4 (0. 85))

EDfar—c (6 yr)

AAFrar-c(0-15) = ( EDsar (40 yr)

> and AAFq,_,(0.85) = (Dfar-a(34Y1) )

EDfar (40 Y1)

e consumption of goat milk

pCi

Gi
CDIfar-goat—miIk—ing <W> Cgoat m|Ik<pg > x IFGM¢, -adj <5]> S CFfar—goat-milk”)

where:

350 days
(EFfar—c <Ty> IRGM¢gr—c <di> X AAFfar_c (0-15)) u

ay
350 days
(EFfar—a< yr y > IRGM¢ar_a

where: <
(T

I':G'\/lfar-adj (%) =
di> x AAFgar_a (0. 85)>

EDfar—c (6 yr)

AAFrar-(0.15) = ( EDfar (40 yr)

) and AAFpy_(0.85) = ( ofar-aB4Yr )

EDfar (40 Y1)

e consumption of sheep
Ci Ci
CDIfar_sheep-ing (%) Csheep <pg ) X IFSHear_agj <)? ) X CFfar-sheep (1)

where:

350 days
(EFrarmc (22522 xtRSHtgrc () * AAFrarc(015)) +

ST <y%) i 350 days
(EFfar_a <Ty> « IRSHfar_a <diay> x AAFtar_a (0.85))

where:
EDfar-c (6 yr)

AAFgyr_c(0.15) = (EDfar(40 )

) and AAF,,_,(0.85) = (M)

ED¢ar (40 y1)

e consumption of sheep milk
Ci Ci
CDIfar—sheep—miIk—ing (%) Csheep m|Ik<pg ) x IFSM¢gr_ adj (3 > X CFfar—sheep—miIk(”

where:

350 days
<EFfar—c (%) IRSM¢ar—c (diy) X AAFgyr_ (0. 15))

oM iar-ag (%> ) 350 days
<EFfar—a < yr y ) IRSMf,ar-a <di> X AAFar_a (0. 85))

where:

_ (EDfarc(6yr) EDfar—a (34 yn)
AAF¢5_c(0.15) <7EDfar(40 T and AAF¢,,_,(0.85) EDpy (40 y1)

Definitions of the input variables are in Table 1.
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4.8.2 Farmer Direct Exposure and Consumption of Agricultural Products - Combined Soil

and Biota

Adults and children exhibit different ingestion rates for soil. For example, the child farmer is assumed to ingest 200 mg
per day while the adult ingests 100 mg per day. To take into account the different intake rates for children and adults,
age-adjusted intake equations were developed to account for changes in intake as the receptor ages.

Note that the soil ingestion rates are intended to also represent ingestion of indoor dust. According to U.S. EPA 2011,
“The source of the soil in these recommendations could be outdoor soil, indoor containerized soil used to support
growth of indoor plants, or a combination of both outdoor soil and containerized indoor soil. The inhalation and
subsequent swallowing of soil particles is accounted for in these recommended values, therefore, this pathway does
not need to be considered separately.” Further, according to U.S. EPA 1997, “Although the recommendations presented
below are derived from studies which were mostly conducted in the summer, exposure during the winter months when
the ground is frozen or snow covered should not be considered as zero. Exposure during these months, although lower
than in the summer months, would not be zero because some portion of the house dust comes from outdoor soil.”

A number of studies have shown that inadvertent ingestion of soil is common among children 6 years old and younger
(Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). Therefore, the DCC and CDI equations use an age-
adjusted soil ingestion factor that takes into account the difference in daily soil ingestion rates and exposure duration
for children from 1 to 6 years old and adults. This health-protective approach is chosen to take into account the higher
daily rates of soil ingestion in children as well as the longer duration of exposure that is anticipated for a long-term
resident. For more on this method, see RAGS Part B.

Age-adjusted intake factors are also used for inhalation of particulates resuspended from soil and consumption of
produce. These equations are also presented below.

Graphical Representation

—
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DCC Equations

The farmer combined soil and biota land use DCC equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

DL (mrem)
yr

pCiy _
DCCrar—sol- |ng< g > - bCF. (MremY  ee (40,250 mg g
o\ Tpai ) X far-adi yr {1000 mg
where:
350 days 200 m
(EFfar—c <7ry> X IRSgar_¢ <Tg> X AAFfar_c (0-15)> +
- (40,250 mg y y
far-adj | — v ) =
- 4 EF 350days) | 1ps 100mMg\ | paF;.._. (0.85
far-a yr far-a day far-a (0.85)

where:

EDfar—c (6 yr)

EDfar_o (34 yr))
EDrar (40 yr)

AAFf,_(0.15) = ( EDyay (40 y1)
ar

> and AAFg,,_5(0.85) = <

e inhalation of particulates resuspended from soil

o L)
DCCfar-sol- |nh< > =

mrem 6,475 m3 1 1000 g
DCFi < pCI ) X IFAfar—adj < yr > X m3 < kg )
PEF| 1o

where:

350 days 24 hrs 1da 10 m3
<EFfar_C <Ty> X ETtarc <Tay> x <24 hrys> * IRA¢ar_c < = ) x AAFy (0.15)) +

350 days 24 hrs 20m?3
(EFfar—a <Ty> ETfar-a < day > ( ) % IRAfar-a (day) X AAFgar_a (0-85)>

EDfar-a (34 y1)
EDs,, (40 yr)

6,475 m3> )

IFAfar-adj ( yr

where:

EDfar—c (6 yr)

MAFro-c(015) = ( EDyor (40 Y1)

) and AAFg,,_5(0.85) = (

e external exposure to ionizing radiation at infinite soil volume

mrem
pCI) - o ( yr )
g mrem/yr 350 days 1yr
DCFext-sv <7pCi/g ) x EFgae < yr X 365 days X ACFext-sv X

12.168 hrs 1da 10.008 hrs 1da
(e (257)« (L)« s I . (38 650

Dccfar—sol ext (

o consumption of fruits and vegeta bles (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the Exposure Factors

Handbook were used to derive the intakes for home-grown produce.)
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pCi\ _ 1
DCCfar—sol—produce—ing—tot (?) -
!11 .
= Ci
DCCfar—soI—produce—ing (%) .
1
where:
n = total number of produce items included
and:
DCC i
pCi far—produce—ing(%)
Dccfar-sol—produce—ing (7) =
g (Rupv w Res)
where:
_ pCi/ g-fresh-plant) . _ g-dry-soil
Rupv BVWGt( pCi/g-dry-soil /' Res =MLFproduce g-fresh-plant
where:
pCi\ _ 1
Dccfar—produce—ing—tot(?) -
.”1 !
= Ci
Dccfar—produce—ing <%)|
where:

n = total number of produce items included

and:

o ()
Dccfar—produce—ing <7> =
mrem
¢ DCFo < pCi ) x IFfar—adj <y%> S CFfar—produce(1)

where:

350 days
<EFfar—c (Ty> % IRfar—¢ (%) X AAFgar_ (0-15)> i

(9) =
IFtar_adj <yr> 350 days g
(EFfar—a (T) % IRfar_a (@) X AAFgar_5 (0-85)>

where:

EDfar—c (6 yr)

AAFgarc(0.15) = (EDf 40 yr)
ar

) and AAF¢,,._,(0.85) = (M)

EDsar (40 yr)

The consumption of produce exposure route typically drives the DCCs lower than all the other routes. It is
recommended that produce-specific transfer factors (Bv,,,) be used when available for a site. Further, the default
transfer factors (Bv,,.,) from IAEA used in these DCC calculations are based on a composite of all soil groups. Transfer

factors (Bv,,.,) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a particular site

Wet)
are also provided. The site-specific option of the calculator can be used to focus on ingestion of individual produce
types. When "Site-specific" is selected, if the user changes the "Select Isotope Info Type" to "User-provided", then a

specific transfer factor may be changed.
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e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced poultry.)
Ci
Gi Dccfar—poultry—ing (L)
pLiy _ 9
Dccfar—sol—poultry—ing (E) - 0.2 kg
d (Qp-poultry (Tay> X fp—poultry(” S fs—poultry“) %S (Rupp + Res)) +
TFpouItry <kigy> X B
(Qs—poultry <Tyg> S 1:p—poultry('I ))

where:

- pCi/ g-dry-plant\ - 0.25 g-dry-soil
Rupp BVdW( pCi / g-dry-soil i Res =MLFpasture g-dry-plant

e consumption of eggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced eggs.)

pCi
pCi> _ Dccfar-egg-ing (?)

Dccfar-sol—egg—ing <7 0.2 kg
<Qp-poultry( day > ><fp-poultry(‘l) st-poultry(1)>< (Rupp + Res)> +

9
0.022 kg
<Qs—poultry (W) X fp—poultry“))

_ pCi/ g-dry-plant . : 0.25 g-dry-soil
Rupp Bde(m + Res = MUFpasture | =g =gy —plant -

o consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced beef.)
pCi
DCCfar—beef—ing <7>

Ci
DCCfar—sol—beef—ing (%) = 11.77 kg :
d Qp-beef " day % fp-beef (1) X fs_peef (1) % (Rupp + Res) | +
a
TFpeef <TQy> X

0.5 k
(Qs—beef ( dayg> S fp—beef('I ))

where:

_ pCi/ g-dry-plant _ 0.25 g-dry-soil
Rupp = BVqry (m i Res = MLFpasture “g-dry-plant

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced dairy.)
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Ci
pCi Dccfar-dairy-ing (%)
DCCfar-soI-dairy-ing( ) =

9 day 1.03 kg\™"
TFaairy <L—mi|k> () (L—milk) X

20.3 k
(Qp—dairy <Tyg) X fp—dairy(ll) X fs—dairy(1) X (Rupp w Res)) +

0.4 ki
(Qs—dairy (?ﬁ) X fp—dairy(”)

where:

_ pCi/ g-dry-plant\ _ 0.25 g-dry-sail
Rupp BVdrV( pCi / g-dry-soil + Res = MLFpasture g-dry-plant

(] consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced swine.)

Ci
Ci Dccfar—swine—ing <L>
DCCs leswine-i RENpS ¢
ar-sol-swine-ing | g 4.7 kg
d Qp-swine “day % fo-swine (1) X fs_swine (1) X (Rupp + Res) | +
a
TFswine (TJ) 2%

0.37 k
(Qs—swine (Tﬁ) X fp—swine(1)>

where:

_ pCi/ g-dry-plant _ 0.25 g-dry-saoil
Rupp BVdrV( pCi / g-dry-soil i Res = MLFpasture g-dry-plant

(] consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin fish.)

Ci L
pCi Dccfar—ﬁnfish—ing <L> x Ky <k7>
- 9 9
Dccfar—sol—finfish—ing( g ) - L
BCF <@>

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

Ci L
DCCtar-shelifish-ing (%) x Ky <@>

Ci
Dccfar—sol—shellfish—ing (%) - L
BCF <—>
kg
¢ total
Ci 1
DCCfar—soI-tot(%) = 1 T 1 7 3 -

+

+ + + + +
Dccfar—sol—ing1Dccfar—sol—inh Dccfir—sol—ext Dccfar—sol—p{oduce—ing—tot Dcchlr—sol—egg—ing Dccfar'l—sol—poultry—ing

+ + + +
Dccfar—sol-finfish-ing Dccfar-sol—shellfish—ing Dccfar—sol-beef-ing Dccfar-sol-dairy-ing Dccfar-sol—swine—ing

https://epa-dccs.ornl.gov/dcc _users_guide.html 132/203


https://epa-dccs.ornl.gov/documents/EFH_2011.pdf
https://epa-dccs.ornl.gov/documents/efh_chapter_11_update_2018.pdf
https://epa-dccs.ornl.gov/documents/EFH_2011.pdf
https://epa-dccs.ornl.gov/documents/EFH_2011.pdf

3/25/26, 2:28 PM DCC User's Guide

The following consumption routes are provided in site-specific mode only and require the user to enter their own data,
as the tool only provides a transfer factor.

e consumption of goat

Ci
pCi) _ Dccfar—goat—ing <%>

Dccfar-sol—goat-ing (7 1.27 kg
d (Qp-goat <d7ay> % fp-goat (1) X fs-goat (1) x (Rupp + Res)) i
ay>
TF -2 x
goat < kg

g
0.23 k
<Qs—goat (Tyg> X fp—goat“))

where:

_ pCi/ g-dry-plant : 0.25 g-dry-soil
Rupp BVdW( pCi / g-dry-soil ¢ Res = MLFpasture g-dry-plant

e consumption of goat milk

Ci
Dccfar—goat—milk—ing (%)

day 1.03 kg =t
TFgoat-milk (L—milk) X Pm (L—milk) *

1.59 k
<Qp-goat—milk <Tyg> X fp-goat-milk“) X fs—goat—milk“) X (RUPP W Res)) e

0.29 k
<Qs—goat—milk < g> % fp_goat-milk (1 )>

Ci
DCC, r-sol-goat-milk-ing (%) =

day
where:

_ pCi/ g-dry-plant\ _ 0.25 g-dry-soil
Rupe = BVary (G rgaty s ) Res = MbFasare (02 G 200"

e consumption of sheep

Ci
Ci Dccfar-sheep—ing <L>
DCC ngl 2= ) = :
far-sol-sheep-ing g 1.75 kg
Qp—sheep Tay Xfp-sheep“)st—sheep“) 2 (RUPP * Res) *

da
TFsheep <TQy> X
Q 0.32 kg ¢ 1
s-sheep day X Tp-sheep (1)

where:

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp BWwCﬁﬂEZEiﬁf 7 Res = MUFpasture | =g~y —plant

e consumption of sheep milk
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pCi g

DCCfarcnl R <7> =
far-sol-sheep-milk-ing g - ( day 1.03 kg _1X
sheep-milk \ | —milk )~ F™ \ L-milk

Ci
Dccfar-sheep—milk-ing <L>
3 k

3.15k
<Qp—sheep—milk <Tyg> X fp—sheep—milk“) X fs—sheep—milk“) x (RUPP + Res)) +

0.57 k
(Qs—sheep—milk <Tyg> X 1rp—sheep—milk”))

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp = BVary (P gyl ) Pes = MFasure (g~ gy ot
Definitions of the input variables are in Table 1.

CDI Equations

The farmer combined soil and biota land use CDI equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

mrem
pCi oL ( yr )

Dccfar—so|—ing <?> = oc mrem IS . 40,250 mg 52 g
o pCi far-adj yr 1000 mg

where:

350 days 200 m
<EFfar—c <7ry> X IRSfarc <Tg> X AAFgar_¢(0.1 5)) v
40,250 mg) _ Y y
350 days 100 mg
(EFfar_a (T) x IRsfar_a< Gy ) x AAFfar_ (0.85)>

Istar—adj < yr

where:

_ (EDfarc(6yr) _ ([ EDrar-a(34yr)
AAF¢4_(0.15) ( EDyr (40 y1) and AAF¢,,_,(0.85) EDror (40 yr)

¢ inhalation of particulates resuspended from soil

Ci Ci 6,475 m3 1 1000
CDItar_sol-inh (%) = Csoil <%> % IFAfar_adj < yr ) X <m3> X < kg g)
PEF | —
kg

where:
350 days 24 hrs 1da 10 m3
. <EFfar_c <Ty> x ETtar-c <W> X (24 hrys> x IRAf3r—c <day> xAAFfar_c(O.‘lS)) +
A (6,475 m3\ _
far—adj v -
yr 3
350 days 24 hrs 1da 20m
(EFfar—a <Ty> X ETtar-a <Tw> X <24 hrys> X IRAfar_a (day) X AAFgar_a (0-85)>
where:

- EDfar-c (6 Y1) - EDfar-a (34 Y1)
AAFfar—c (01 5) ( EDfar(40 yr) and AAFfar—a (085) EDfar(4O yr)

e external exposure to ionizing radiation at infinite soil volume
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Ci 350 days 1yr
() e (E92) (L) e

12.168 hrs 1da 10.008 hrs 1da
(e (287 38 ) (s (525)« (150 )

Ci
CDIfar-sol-ext <%> =

° consumption of fruits and vegeta bles (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the Exposure Factors

Handbook were used to derive the intakes for home-grown produce.)

pCi\ _ & pCi
CDIfar-sol—produce—ing-tot (W) - ZCDIfar-sol—produce—ing (W )
i=1 i

where:
n = total number of produce items included

and:

Ci Ci
CDIfar—soI—produce—ing (p ) = Csoil (%) X (Rupv & Res) X IFfar—adj (%) x CFfar—produce“)

yro
where:
) pCi/ g-fresh-plant) . _ _g-dry-soil_
Rupv BVwet< pCi / g-dry—soil 7 Res MLFproduce g-fresh-plant
and:

350 days
<EFfar-c <Ty> X IRfar-c (%) ><AAFfar—c(O-‘IS)> +

350 days
(EFfar—a <Ty> X IRfar-a (diay> X AAFgar_a (0~85)>

EDfar—c (6 yr)
EDs,r (40 yr)

IFfar-adi (%) =

where:

AAF¢ar_c(0.15) = (

) and AAFg,,_,(0.85) = <M>

EDs,r (40 yr)

where:
pCi\ _ & pCi
CDIfar—produce—ing—tot<7r> - ZCDIfar—produce—ing <7 .
y i=1 yr /i
where:

n = total number of produce items included

and:

Ci Ci
CDIfar-produce-ing (@7) = Cproduce (%) X IFfar-adj <%> X CFfar-produce”)
where:

350 days
(EFfar—c <Ty) X IRfar—¢ <diay> x AAFgy (0.1 5)) w7
g
a(2)
amed\yr 350 days g

EFfar-a Tyr X IRfar-a day X AAFrar_4(0.85)

where:

EDfar—c (6 yr)

Afrar-< 01501 = < EDtar (40 yr)

) and AAFg,,_,(0.85) = <M)

EDtar (40 yr)
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The consumption of produce exposure route typically drives the dose higher than all the other routes. It is

recommended that produce-specific transfer factors (Bv,,..) be used when available for a site. Further, the default

Wet)

transfer factors (Bv,,..) from IAEA used in these DCC calculations are based on a composite of all soil groups. Transfer

Wet)

factors (Bv,,) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a particular site
are also provided. The site-specific option of the calculator can be used to focus on ingestion of individual produce
types. When "Site-specific" is selected, if the user changes the "Select Isotope Info Type" to "User-provided", then a

specific transfer factor may be changed.

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced poultry.)

Gi 54,773 da
Csoil <%> x IFPfar—adj <Tg> X CFfar—pouItry”) X TFpouItry (kigy> x
Ci 0.2 k
CDIfar—sol-poultry-ing (P > = <Qp—poultry <?yg> x fo_pouttry (1) % fs_pouttry (1) x (Rupp * Res)) +

yr
0.022 k
(Qs-poultry <Tyg> S 1:p—poultry('])>

where:

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
R = Var (P iy o )R =M (P2 G T

and:

350 days 48.8
<EFfa,_c <7ry> % IRPfar_c (%) ><AAFfar_c(0.15)> +
54,7739 _ y y

e < yr 350 days 175.5g
<EFfar_a (T) x IRPfar_a< - ) X AAFtar (0.85)>

where:

EDsar_c (6 yr)

AAFrar-c(013) = ( ED¢ar (40 yr)

) and AAF¢,,_,(0.85) = (w)

EDpy (40 yr)

e consumption of eggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced eggs.)

Ci 30,264 da
Csoil <%> X IFEfar-aqj (Tg> X CFrar-egg (1) X TFegg <|Tgy> x

Ci 0.2 ki
Clear—sol—egg—ing (%) = (Qp—poultry (?ﬁ) X fp—poultry“) X fs—poultry“) x (RUPP W Res)> i

0.022 k
(Qs-poultry <Tyg> X fp-poultry(1 ))

where:

pCi / g—dry—plant> .

_ _ 0.25 g-dry-sail
Rupp = BVdry< pCi/ g—dry-soil )’ Res = MLFpasture <7)

g-dry-plant

and:

350 days 25.1
(EFfar_C (7ry> x IREfay_¢ <?g> x AAFfar_c (0.15)) +
30,2649\ _ y y

=z ( yr 350 days 97.3 ¢
<EFfar—a (T) xIREfar o (W) X AAFfar_a (0-85)>

where:

EDfar—c (6 yr)

AAF¢,_(0.15) = (EDfar 0y

) and AAF¢,_,(0.85) = (EDfar—a (34 yr))

EDs,r (40 yr)
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° consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced beef.)

Ci 83,746 da
Csoil <%> X II:Bfar—adj <Tg> X CFear_peef (1) X TFpeef (TJ) X
Ci 11.77 k
CDIfar—soI—beef—ing (p ) = <Qp—beef (Tﬁ) ><fp—beef('l) % fs_peef (1) % (RUPP & Res)) +

yr
0.5 k
<Qs—beef (Tﬁ) X fp—beef(”)

where:

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp Bvd"y( pCi / g-dry-soil ¢ Res = MLFpasture g-dry-plant

and:

350 days 64.6
(EFfar_C <7ry> % IRByar_c (T‘?’) ><AAFfa,._C(0.15)> +
83,746 g\ _ y Y

IFBfaMdj( yr 350 days 270.1g
<EFfar_a (T) xIRBfar_a< o )xAAFfar_a(0.85)>

where:
EDfa r-c (6 yr)

AAF,_(0.15) = <EDf e
ar

> and AAFg,,_,(0.85) = <M>

EDs,r (40 yr)

° consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced dairy.)

pCi 486,416 g day 1.03 kg™’
Csoil <?> X IFDfar—adj <T X CFfar—dairy“) X TFdairy Lomilk /= Pm L-mik %

paiy _ 20.3 k
CDIfar_sol—dairy—ing (W) = (Qp_dairy <Tyg> X fp_dairy(‘l) X fs—dairy“) X (Rupp + Res)> +

0.4 k
(Qs—dairy < dayg> 2 fp—dairy“))
where:

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp Bde(m 7 Res = MUFpasture | =5 gy —plant

and:

350 days 1,116.4
<EFfar—c <Ty> X IRDsar-c <d73yg> X AAFfar_ (0'15)) u

350 days 1,438
<EFfar—a <Ty> X IRDfar_a < day g) X AAFfar_ (0-85)>

EDfar-c (6 yr)
EDs,, (40 yr)

486,416 g> )

I':Dfar-adj ( yr

where:

AAF¢y_(0.15) = (

) and AAF¢,,_,(0.85) = (M)

EDs,, (40 yr)

(] consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced swine.)
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Ci 46,643 da
Csoil <p?> S IFSWfar—adj <7g> X CFear_swine (1) X TFswine <kigy> X

yr
Ci 4.7 k
CDIfar—soI—swine—ing (%) = (Qp-swine (Tyg) X fp—swine(” % fs_swine (1) % (Rupp + Res)) +
0.37 k
(Qs—swine <Tyg> x fp-swine (1 ))

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp Bvdry( pCi / g-dry-soil ¢ Res = MLFpasture g-dry-plant

46,643
IFSWtar-adj <79> =

350 days 32.2
(EFfar_C <Ty> * IRSWir_c (Tyg) XAAFfar_C(O.15)> 4
151.1g
a

350 days 1
<EFfar—a (Ty> xIRSWrar_a < day

EDsar_c (6 yr)
EDsar (40 yr)

) X AAFtar_a (0-85)>
where:

AAF¢ar_c(0.15) = (

) and AAF¢,,_,(0.85) = (M)

EDs,r (40 yr)

. consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin fish.)

Ci L
Ceoi x BCF( —
Ci S°"< > (k ) 48,276
F;r ) = 2 2 x IFFIar_agj ( yr g) X CFfar_finfish (1)

CDIg, r-sol-finfish-ing (

where:

350 days 36.1
<EFfar_c (Ty> » IRFlfar_c (ﬁ) ><AAFfar_c(0.15)> +

350 days 155.9
(EFfar_a (Ty> x IRFlfar._ ( = 9) x AAFgar_ (O.85)>

EDfar—c (6 yr)
EDfar (40 yr)

48,276 g> _

II:FIfar—adj ( yr

where:

AAF¢,,_c(0.15) = (

) and AAF¢,,_,(0.85) = <M>

EDsar (40 yr)

° consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

pCi L
Ceoill — ) x BCF | —
Ci S°"< > (k > 63,266
£ ) = g g X IFSFfar-adj < yr g) x CFear-shelifish (1)

yr T
“(m)

350 days 21.3
(EFfar—c (Ty) % IRSFfar_¢ <Tyg> x AAFf,r_ (0.1 5)) i

350 days 208.9
<EFfar_a (Ty> < IRSFiar_a (Tyg> x AAFfar_a (0.85))

CDlf, r-sol-shellfish-ing (
where:

63,266 g\ _
yr

IFS Ffar—adj (

where:

EDfar_c (6 yr)

AAFgyr_c(0.15) = <EDfar T

> and AAF,,_, (0.85) = (M)

ED¢,, (40 yr)

The following consumption routes are provided in site-specific mode only and require the user to enter their own data,
as the tool only provides a transfer factor.

e consumption of goat
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pCi g day
CSO"( g > x IFGOrar-agj <y ) X CFtar_goat (1) X TFgoat <E> X

Ci 1.27 k
CDIfar—soI—goat—ing (L) = (Qp—goat (Tyg> X fp—goat“) X fs—goat“) X (Rupp + Res)) +

yr
0.23 k
<Qs—goat (Tﬁ) X fp—goat“))

where:

_ pCi / g-dry-plant 0.25 g-dry-soil
Fupp = BVary (B ciyosoll )+ Res = MLFpasure (202G 00000

and:

350 days
(EFfar—c (Ty) X IRGO¢,r_ (di) X AAFfar_c (0. 15))

ay
350 days
<EFfar—a< yr y ) IRGO¢ar-4

where: <
-

IFGofar-adj <%> =
di> X AAFar_a (0. 85))

EDsar_c (6 yr)

A far-c(0.13) = ( ED¢ar (40 yr)

) and AAF,,,_, (0.85) = (L far-a(34 yr))

EDfar (40 Y1)

e consumption of goat milk

Ci da 1.03 ki
Csoil (%) x IFGM¢ar_aq; (%) % CFfar_goat-milk (1) X TFgoat-milk (L_im):”() X Pm < L= m|IE>

pCiY 159 k
CDlfar-sol-goat-milk-ing (W) - (Qp—goat—milk (Tﬁ) % fp_goat-milk (1) % fs_goat-milk (1) < (Rupp + Res)) +

0.29 k
(Qs-goat-milk <Tyg> X fp-goat—milk(‘I ))
where:

- pCi/ g-dry-plant - 0.25 g-dry-soil
Rupp Bvdry( pCi / g-dry-soil i Res = MLFpasture g-dry-plant

and:

350 days
(EFfar—c (Ty> xIRGM¢r_¢ (diay> X AAFar_c (0-15)> W

1O e <%> ) 350 days
(EFfar_a< v y > IRGMiyr_a < >xAAFfar A (0. 85))

where:

EDfay_ (6 Y1) EDf,_, (34 Y1)
AAFi,,_(0.15) = (ED::(*ZO;’”) and AAF;,,_,(0.85) ( ESi;ra e y{ )

e consumption of sheep
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Ci da
Csoil (%) X IFSH¢ar-ad; (%) X CFrar-sheep (1) X TFsheep ( kgy>

Ci 1.75 ki
CDIfar—soI—sheep—ing <L> = (Qp—sheep (Tﬁ) S fp—sheep(1) S fs—sheep (1) (RUPP + Res)> +

yr
0.32 ki
(Qs—sheep <Tyg> 2 fp—sheep ( ))

_ pCi/ g-dry-plant . _ 0.25 g-dry-sail
Fupp = BVary (B ciymsoll )+ Fes = MLFpasure (27500000

and:

(EFfar_C <$‘rjays>  IRSHizrc <diay> XAAFfar_C(O.15)> +
ey <3%> i 350 days g

(EFfar_a <T> * IRSHeara <d7y> x AAFrara (0.85))
where:

EDsar_c (6 yr)

A far-c(0.13) = ( ED¢ar (40 yr)

) and AAFg,,_,(0.85) = (M)

EDtar (40 yr)

e consumption of sheep milk

Ci da 1.03 kg\~
Csoil <%> % IFSM¢ar_adj (%) % CFfar_sheep-milk (1) X TFsheep-milk <L—7m):H<> X Pm < L_m"E)

paiy _ 315k
CDIfar-sol-sheep-milk-ing <7> - (Qp—sheep—milk (Tyg) % fo-sheep-milk (1) % fs_sheep-milk (1) x (Rupp + ReS)) +
0.57 k
(Qs—sheep—milk <Tyg> X fp-sheep—milk(‘I )>

where:

- pCi/ g-dry-plant - 0.25 g-dry-soil
Rupp Bvdry( pCi / g-dry-soil i Res = MLFpasture g-dry-plant

and:

350 days
(EFfar_c (%) IRSMyr_c (dgy> x AAFgar_c (0. 15))

5 Mar-2q <W) i 350 days
(EFfaH,( " i ) IRSM¢y a( )XAAFfar_a(O 85))

where:

EDfar—c (6 yr)

MFr<015) = (s

) and AAF,,_, (0.85) (EDfaf'a (34 yr))

EDg¢,, (40 yr)

Definitions of the input variables are in Table 1.

4.8.3 Farmer Direct Exposure and Consumption of Agricultural Products - Combined
Water and Biota

This receptor is exposed to radionuclides in water that are delivered into a farm. The source of the contamination, such
as groundwater vs. surface water, is not relevant to the calculations. Ingestion of drinking water is an appropriate
pathway for all radionuclides. Activities such as showering, laundering, and dish washing also contribute to the
inhalation exposure route. The inhalation exposure route is only calculated for C-14, H-3, Rn-219, Rn-220, Rn-222, and
the radon short-lived progeny that remain airborne for a time. If a user selects an isotope that decays into one of the
three radons (i.e., Ac-227, Pu-240, U-238, etc.), the inhalation route will be calculated for the radon and its short-lived
progeny. The resident farmer default air exchange rate is set at 0.18 per hour. When the calculator is operated in site-
specific mode, the user can adjust the air exchange rate, which alters the levels of radon progeny in the air available for
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inhalation. Section 4.10.8 presents the details of the radon progeny included in the tap water inhalation route. External

exposure to immersion in tap water and exposure to produce irrigated with contaminated tap water are also

considered.

Graphical Representation

¥ AV
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DCC Equations

The farmer combined water and biota land use DCC equations, presented here, contain the following exposure routes:

e ingestion of tap water

. DL (mrem)
pCi\ _ yr
DCCfar-wat-ing (T) - mrem 785 L
DCFO( o )xIwaar_adj (T)

where:

350 days 0.78 L
<EFfar—c (Ty) X IRWyr_c (Tay) X AAFgar_c (0.1 5)) W

IFW (785 L) =
far-adj | —— | =
amedyr 350 days 251
EFtar-a | =5y ) ¥ IRWrara ( Gy ) * AAFrar-a (0.85)

where:

EDfar_c (6 yr)) (EDf . (34yr))
AAF¢,_(0.15) = [ === 2 1) and AAF¢,,_,(0.85) = | —arma =/

far-c( ! (EDfar(40 yr) far-a ) EDfar (40 yr)

e immersion (The immersion route represents a bath/shower event.)
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DL (mrem)
pCI) _ yr

DCCfar-wat- 'mm< L . (mrem/yr 1yr SR 240 hrs
imm F far-adj
pCi/L 8,760 hrs ! yr

where:
350 days 1 events 0.54 hrs
(EFfar—c <7ry> X EViar—c <T> X ETevent-far-c (m) X AAFfar_c (0.1 5)) +
S <240 hrs) B Y y
far-adj\ — v | ~
i 350 days 1 events 0.71 hrs
<EFfar—a (Ty> % EVfar_a (W) X ETevent-far-a <m) X AAFga 5 (0-85)>

where:

AAFgyr_(0.15) = (LW(G .

: EDf,r_5 (34 yr)
EDyy (40 yr)) and AAF¢,,_;(0.85) <7

EDr, (40 yr)

e inhalation (Theinhalation exposure route is only calculated for C-14 and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-lived progeny.
Also, volatilization in the equation comes from household uses of water (e.g., showering, laundering, dish washing). To account for disequilibrium between

radon and its progeny, an Activty Equlibrium Factor (Aeq) based on household air exchange rates is also applied. See section 4.10.8 of the users guide for

additional information.)

mrem
pCI)= DL( yr )

DCCrar-wat- |nh( L mrem 6,475 m3 05L
DCF; (7) $IFAfar-adj | =y | *K (7>
pCi yr m3

where:

350 days 24 hrs 1da 10 m3
6,475 m3 <EFfar'C <Ty> *Elfar-c <TW> ) (24 hryS> S ( day ) *Aftar (0'15)> '

IFAfar—adj (l =

i 3
350 days 24 hrs 20m
<EFfar—a <T) ETfar- a< day > < > Atar-a ( day ) X AAFgar_a (0-85)>
where:
_ (EDfarc(6yr) _ (EDfar-a(34yr)
AAF¢4_(0.15) ( EDrr (40 y1) and AAF¢,,_,(0.85) ED;, (40 y1)

° consumption of fruits and vegeta bles (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the Exposure Factors

Handbook were used to derive the intakes for home-grown produce.)
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pCi\ _ 1
Dccfar—wat-produce-ing—tot <T> -
1

n
i=1 i

pCi
Dccfar—wat—produce—ing( L )
i

where:

n = total number of produce items included

and:
DCC i
Ci far-produce-ing (pTO)

DCC i PH -

far—wat—produce-mg( L ) 1 kg I L I L I L

— ) + — ) + —
<1ooo g> x < irup (kg) (Mres <k9> Takp <k9>>

where:

L pCi / g-fresh-plant _ (M8
L\ Ir<m> xevaet< EElCE I 1-exp Ty x ty, (days)
Irrrup ka) "

*(me)* (a3)

L g-dry-soil _ (s
] Ir<m> x Fx MLFyroduce <m> X {1 exp( (d—ay x ty, (days)
Irfres | 7— | =
k p(X9), (Re
m?2 day
and:

L A
o (L) _ Ir (W) X FxIex T x [1 —exp <-<d—:y> X ty (days))]
dep \ kg Y. kg x Ae
V\m?2 day

where:
Ci 1
Dccfar—produce—ing—tot(%) =
.”1 !
= Ci
Dccfar—produce—ing (%)
i
where:

n = total number of produce items included

and:

s o (55)
Dccfar—produce—ing <?> = mrem 9
DCFo < pCi ) S IFfar—adj (W) S CFfar—produce(1)

where:
350 days g
(e ) )
far-adj \ | =
e \yr 350 days g
EFfar-a T % IRfar_a TW x AAFtar_5(0.85)
where:

EDsar_c (6 yr)

AAF¢y_(0.15) = (EDf o
ar

) and AAF¢,,._,(0.85) = (M)

EDfar (40 y1)
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The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended that
produce-specific transfer factors (Bv,, ) be used when available for a site. Further, the default transfer factors (Bv
from IAEA, used in these DCC calculations, are based on a composite of all soil groups. Transfer factors (Bv,,) for sand,
loam, clay, organic, coral sand, and other soil types that may be more suited to a particular site are also provided. The
site-specific option of the calculator can be used to focus on ingestion of individual produce types. When "Site-Specific"
is selected, if the user changes the "Select Isotope Info Type" to "User-provided", then a specific transfer factor may be
changed.

Wet)

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced poultry.)

pCi
pCi _ Dccfar—poultry—ing (F)

DCCfar-wat- I day 0.4L 1kg
TFpou|try E ><QW-poultry Tay ><fw—pou|try(1)>< 1000 g

poultry—ing< L

° consumption of €ggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced eggs.)

Ci
pCi Dccfar—egg—ing (%)
Dccfar—wat—egg—ing< ) =

L day 04L 1kg
TFegg <@> X Qw—poultry <TW> X fw—poultry“) X (W)

° consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced beef.)

Ci
pCi Dccfar—beef—ing (%)
Dccfar—wat—beef—ing( ) =

L da 53L 1k
TFpeef (kigy> % Quopeef (Tay> % fyw-peef (1) x (ﬁ)

L

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced dairy.)

Ci
DCCfar—dairy—ing (Pg )

da 1.03kg\ ™ 922L 1k
TFdairy (L—im{m) *Pm (L—miIE> X Qu-dairy (Tw) e <1ooogg>

Ci
DCCfar-wat-dairy-ing <pT> =

L] consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced swine.)

Ci
pCi Dccfar—swine—ing (%)

Dccfar—wat—swine—ing <T> = day 4L Tkg
TFswine @ X Qw-swine TW X fw-swine (1) % m
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. consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin fish.)

Ci
pCi) ~ Dccfar—ﬁnfish—ing (%)

DCCfar-wat-finfish-ing<T - scr( L 1 kg
kg/) “\ 1000 g

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

Ci
Gi DCCfar—sheIIfish—ing <L>
pCi\ _ 9
Dccfar—wat—shellfish—ing <T> - L 1 kg
S <@> . (1000 g)

e total

pCi\ _ 1
DCCfar—wat—tot(T) - 1 1 1 1 1 1

+ + + + + +
Dccfar—wat—ing 1Dccfar—wat—inh Dccfa{—wat—imm Dccfar—watjlproduce—ing—tot Dccffr—wat—egg—ing Dccfati—wat—poultry—ing

+ + + +
Dccfar-wat-finfish-ing Dccfar-wat-shellfish-ing Dccfar-wat-beef-ing Dccfar-wat-dairy-ing Dccfar-wat-swine-ing

The following consumption routes are provided in site-specific mode only and require the user to enter their own data,
as the tool only provides a transfer factor.

e consumption of goat

Ci
pCi Dccfar—goat—ing (%)

DCCrar-wat-goat-ing (T> ) day 381L Tkg
TFgoat E ><Qw-goat diay ><fw—goat(1)>< m

e consumption of goat milk

Ci
Ci DCcfar—goat-milk—ing(p >
Py _ 9
Dccfar-wat-goat—milk-ing< L > - =

da 1.03 kg\ ™"’ 8.75 L 1k
TFgoat-milk (Tn’ilk) X Pm ( L—miIE) X Qw-goat-milk <7day ) X fw-goat-milk (1) X (100()99)

e consumption of sheep

Ci
Gi Dccfar-sheep—ing (p >
DCC; _(pCiy _ 9
ar-wat-sheep-ing { day 5.25 kg 1 kg
TFsheep kg )" Qu-sheep “day )* fw-sheep (1) 7550 g

e consumption of sheep milk
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Ci
Dccfar—sheep—milk—ing (%)

da 1.03 kg™’ 10.4 L 1k
TFsheep—miIk (Tﬂilk) X Pm <7L—mi|8> X Qw—sheep—milk < day > x fw—sheep—milk“) X ('IOOOgg>

Ci
DCCfar-wat-sheep-milk-ing <pT> =

Definitions of the input variables are in Table 1.

CDI Equations

The farmer combined water and biota land use CDI equations, presented here, contain the following exposure routes:

e ingestion of tap water
Ci Ci 785 L
CDlfar-wat-ing <‘;7> = Cwater<pT> X IFWear_agj <T)
where:

350 days 0.78 L
(EFfar-c <Ty> X IRWgyr_c (TW) ><'A"A‘Ffar—c(o-15)> +

785 L> )
350 days 251
(EFfar_a <Ty> X IRWiar_a <dTy> x AAFgr_ (0.85))

I':Wfar—adj <7

where:

AAFgsr_c(0.15) = <M> and AAF¢,,_,(0.85) = <

EDfar-a (34 yr)>
EDs,r (40 yr)

EDsar (40 yr)

e immersion (The immersion route represents a bath/shower event.)

Ci Ci 1yr 240 hrs
CDIfar-wat-imm (pT) = Cwater<pT> X (WC{I‘WS) X DFAfar—adj < yr )

where:
350 days 1 events 0.54 hrs
(EFfar—c <7ry> X EVfar—c <T> X ETevent-far-c (W) X AAFtar_c (0.1 5)> +
S (240 hrs) _ y y
far-adj \ — v~ | ~
yr 350 days 1 events 0.71 hrs
<EFfar-a (Ty> X EViar-a (W) X ETevent-far-a <m) X AAFfar_a (0-85)>

where:

AAFgyr_(0.15) = (M> and AAFg,,_,(0.85) = (

EDfar-a (34 yr)>
EDs,, (40 yr)

EDr, (40 yr)

e inhalation (Theinhalation exposure route is only calculated for C-14 and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-lived progeny.
Also, volatilization in the equation comes from household uses of water (e.g., showering, laundering, dish washing). To account for disequilibrium between
radon and its progeny, an Activty Equlibrium Factor (Aeq) based on household air exchange rates is also applied. See section 4.10.8 of the users guide for

additional information.)
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pCi\ _ pCi 6,195 m3 0.5L
CDI es wat-inh (W) = Cwater<T> X IFAres—adj (yr x K o

where:
350 days 24 hrs 1da 10 m3
(EFres—c (Ty> X ETres—c < day ) X (24 hl’yS> X IRAres-c < day ) X AAFres—c (0-23)> +

350 days 24 hrs 1da 20 m3
<EFres—a (Ty> X ETres-a (Tw) X (24 hrys) X IRAres-a <day> X AAFres-a (0-77)>

EDres-a (20 yr)>
EDres (26 yr)

6,195 m3
IFAres-ad; <> =

yr

where:

EDres-c (6 yr)

AAFres(0.23) = <EDres (26 yr)

> and AAFes-3(0.77) = (

(] consumption of fruits and vegeta bles (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the Exposure Factors

Handbook were used to derive the intakes for home-grown produce.)

pCi\ & pCi
CDIfar-wat-produce—ing-tot (W) - ZCDIfar—wat—produce—ing <W .
i=1 i

where:
n = total number of produce items included

and:

Ci
Cwater (pT> X IFfar_adj (%) X CFear-produce (1)%

1 kg Irr L + Irr L + Irr L
1000g) < \""vP \ kg res \ kg dep | kg

Ci
CDIfar—wat—produce—ing (%) =

where:

L pCi / g-fresh-plant ~ yar
L\ _ Ir(mz—day>XFXBV""et< pGi/g-dry=soil ) |1 P "\ day Xty (days)
Irrrup | 7= ) =
kg p( K3\, (2s
m?2 day
L g-dry-soil Mg
L ) _ Ir (W) x F x MLFproduce (m) x {1 -exp (—(d—ay x tp, (days)

Irrres <@ R kig b ?\75
m?2 day

and:

L A
traep (1) = e (Gzmgay) < i 1o (- ) < 0a))
dep \ kg Y. kg x Ae
V\m?2 day

and:

IFtar_adj (%) =

350 days
<EFfar—c (Ty> X IRfar—c (d%’iy) X AAFfar_c (@aafC@)> +

350 days
<EFfar_a <Ty> * IRear_a ((}%y) x AAFtar_a (@aafa@)>

where:
- ( EDfarc(6y1) - (EDrar-a(34y1)
AAFar (@aafc@) ( EDpy (40 y) and AAF,,_, (@aafa@) EDs4r (40 yr)
where:
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pCi pCi

n
CDI¢, - . <—> =) CDIy " (—)
far-produce-ing-tot yr ; far-produce-ing yr /i

where:
n = total number of produce items included
and:

Ci Ci
Clear—produce—ing <I;7r> = Cproduce <%> x IFgar_adj <%> X CFfar—produce“)

where:

IFfar-adj (%) =

where:

350 days
(EFfar—c <Ty> X IRfar—c <diay> X AAFfar_c (0~15)> +

350 days
(EFfar—a <Ty) % IRfar-a <diay> X AAFgar_a (0~85)>

EDfar_c (6 y1)

Afrar-< 018012 < EDtar (40 yr)

) and AAFg,,_,(0.85) = <M)

EDtar (40 yr)

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended that

produce-specific transfer factors (Bv,,...) be used when available for a site. Further, the default transfer factors (Bv

Wet) Wet)

from IAEA, used in these DCC calculations, are based on a composite of all soil groups. Transfer factors (Bv,,) for sand,
loam, clay, organic, coral sand, and other soil types that may be more suited to a particular site are also provided. The
site-specific option of the calculator can be used to focus on ingestion of individual produce types. When "Site-Specific"
is selected, if the user changes the "Select Isotope Info Type" to "User-provided", then a specific transfer factor may be
changed.

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced poultry.)

Ci Ci 54,773 da 04L 1k
CDIfar—wat—pouItry—ing (%) = Cwater <pT> X IFPfar—adj (Tg> X CFfar—poultry”) X TFpouItry <k79y> X Qw—poultry <Taly> X fw—poultry(” X <100()gg>

where:

350 days 48.8
(EFfar—c <Ty> x IRPgar_c <?yg> x AAFg,r (0.1 5)) i

350 days 175.5
(EFfar—a <Ty> x IRPfar_a < day g) x AAF¢5r_a (0.85))

EDfar-c (6 yr) _ (EDfar-a(34yr)
EDy, (40 yr) ) 3G AAFfar-a (0-85) EDy, (40 yr)

54,773 g> _

Iprar-adj < yr

where:

AAFgy_(0.15) = (

e consumption of eggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced eggs.)
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Ci Ci 30,264 da 04L 1k
CDIfar—wat—egg—ing (py7r> = Cwater (PT) x IFEfar—adj <Tg> X CFfar—egg (1M x TFegg <T;> X Qw—poultry <TW> % fw—poultry“) X <100099>

where:

350 days 25.1
<EFfar—c (Ty> X IREfar—¢ (Tﬁ) X AAFgar¢ (0.1 5)> v

30,264 g) )
350 days 97.3
(EFfar_al (Ty> x IREgar_s <Ty9> x AAFgr_ (0.85))

IFEfar—adj ( yr

where:

EDfay (6 yr EDfy_ (34 yr
AAFi_(0.15) = <Efozfr(7§1(O;'r))> and AAFq,,_,(0.85) = (%W)

° consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced beef.)

Ci Ci 83,746 da 53 L 1k
CDIfar—wat—beef—ing (%) = Cwater <PT> X I':Bfar—adj <Tg> X CFfar-beef (1) X TFpeef (TJ) X Qu-beef <TW> X fu-beef (1) X (100()99)

where:

350 days 64.6
<EFfar—c (Ty> X IRBrar_c <?yg> X AAFgar_c (0.1 5)) +

83,746 g) _
350 days 270.1
<EFfar—a <Ty> X IRBfar_a (Tyg> X AAFfar_a (0-85))

IFBfar—adj ( yr

where:

EDfar—c (6 yr)

AAFf,_(0.15) = ( EDyoy (40 y1)
ar

> and AAFg,,_,(0.85) = <M>

EDsar (40 yr)

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced dairy.)

Ci 486,416
Cwater <pT> X IFDfar_adj <Tg> X CFfar—dairy(‘l)><

Ci

far-vat-cairy-ng <F§7> ) da 1.03 kg™ 92L 1k
TFdairy | 7— Yo ) x Pm ._ ; J % Qu-dairy | F=o | % fw-dairy (1) X Lol
L-milk L-milk day 1000 g

350 days 1,116.4
<EFfar—c (Ty> X IRDfyr-c (diayg> X AAFfar_c (0.1 5)> &

350 days 1,438
(EFfar_a (Ty) « IRDjar_s < — 9) x AAFfar_s (0.85))

where:

486,416 g) }

II:Dfar—adj < yr

where:
AAFfa,_c(0.15) = <7EDfar_c (6 yr)

EDfar_5 (34 yr))
EDs4r (40 yr)

) and AAFg,,_,(0.85) = < ED¢ay (40 yr)

° consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced swine.)
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Ci Ci 46,643 da 11.41L 1k
Clear—wat—swine—ing (@7) = Cwater(pT> X IFSV\/far—adj (Tg> % CFfar_swine (1) X TFswine (kigy> X Qu-swine (Tay> X fw-swine (1) % <ﬁ

where:

350 days 32.2
<EFfa,_c (Ty> x IRSWiar—c (?yg) x AAFgyr_c (0.15)) +

350 days 151.1
(EFfar_a (Ty)  IRSWfar_a < e 9) x AAFgar_a (0.85))

EDfar—c (6 yr)
EDfar (40 yr)

46,643
IFSWear_adj (7g> =

yr

where:

AAF¢,r_(0.15) = (

> and AAF¢,,_,(0.85) = (M)

EDfar (40 yr)

o consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin fish.)

Ci Ci L 1k 48,276
CDIfar—Wat—finfish—ing (%) = Cwater(pT> x BCF (@) X <ﬁ> X IFFIfar—adj (Tg) % CFear_finfish (1)

where:

350 days 36.1
(EFfa,_c (Ty> w IRFlgyy. (Tﬁ) % AAFgar (0.15)> +

48,276 g) )
350 days 155.9
(EFfar_a <Ty> » IRFlfay_ < — 9) x AAFfar_a (0.85)>

IFFIfar—adj ( yr

where:

EDsar_c (6 yr)

AAFgyr_(0.15) = (EDf e
ar

) and AAFq,,_,(0.85) = (w)

EDg¢,, (40 yr)

° consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

Ci Ci L 1k 63,266
CDIfar—wat—sheIIfish—ing <F;7r> = Cwater<pT> BCF <@> X (ﬁ) X IFSFfar—adj <Tg> x CFfar_shelifish (1)

where:

350 days 213
<EFfar_C (Ty> % IRSFar_c (Tﬁ) x AAFgar_c (0.15)) +

350 days 208.9
(EFfar_a (Ty> ¥ IRSFiara ( doy 9> x AAFtar_a (0.85))

EDfar-c (6 yr)
EDs,, (40 yr)

63,266 g) )

IFSFfar-adj < yr

where:

AAF1yrc(0.15) = (

) and AAF¢,,_,(0.85) = (M)

EDs,, (40 yr)

The following consumption routes are provided in site-specific mode only and require the user to enter their own data,
as the tool only provides a transfer factor.

e consumption of goat

Ci Ci da 3.81L 1k
CDIfar-wat-goat-ing (%) = Cwater <pT> x IFGOfar—aq; <%> % CFear_goat (1) X TFgoat <k79y) % Qu-goat <Tw> x fw-goat (1) x (ﬁ)

where:

350 days
(EFfa,_c (Ty>  IRGOfar.¢ (d%y) x AAFfar_c (0.15)) 4

9) _
IFGOfar—adj <*> -
w <EFfar_a (%‘:ays) « IRGOq,_, (d%y) « AAFe, (0.85))

where:

EDfar_c (6 yr)

AAF¢,_(0.15) = <EDfar(4o )

) and AAF¢,,_,(0.85) = (M)

EDs,, (40 yr)
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e consumption of goat milk

Gi
Cwater<p|_ ) x IFGM¢j— -adj <g> X CFfar—goat—miIk(”><
pCi\ _ yr
Clear—wat—goat milk-ing -

yr da 1.03 kg\ ™ 8.75 L 1k
TFgoat-milk <L—7m):|k> X Pm (L-milE) X Qw-goat-milk (Tay > X fw-goat-milk (1) X (100()99)

350 days
9 <EFfar—c (Ty> x IRGM¢;r_c (d%y) ><A'M:far—c(o~15)> W

IFGMfar-adj (W) B 350 days
(EFfar—a ( yr ) IRGM¢,r_a ( ) X AAFfar_a (0. 85)>

where:

where:

EDfar-c (6 Y1)

EDfar-a (34 Y1) >
EDsar (40 yr)

AAFgyr_c(0.15) = < EDo (40 Y1)
ar

) and AAFg,,_,(0.85) (

e consumption of sheep

Ci Ci da 5.25 k 1k
CDIfar—wat—sheep—ing (%) = Cwater <pT) X IFSHfar—adj (%) X CFfar—sheep(‘l) X TFsheep (TQy) X Qw—sheep <Tyg> S fw—sheep“) ('IOOOgg>

where:

350 days
g <EFfar—c (Ty> xIRSH¢ar—c (d%ay) X AAFgar_c (0~15)> v
IFSHfar-aqj ()W) ) 350 days g
(EFfa,_a (T) « IRSHiar_s (dTy) x AAFfara (0.85)>

where:

AAFfar-c(0.15) = (M

_ EDf5r_ (34 yr)
EDy, (40 yr)) and AAF¢,,_,(0.85) <7

EDs,r (40 yr)

e consumption of sheep milk

Ci
Cwater (pT> x IFSM¢ar_adj <%> % CFfar_sheep-milk (1)x

pCi
Clear—wat—sheep—milk—ing (7> =
e (9 ) o (103ka T MEEL MUPY LR
sheep-milk \ TZmilk Pm L-milk w-sheep-milk day w-sheep-milk 1000 g

where:

350 days
9 (EFfar—c (Ty> IRSM¢ar—c <d9y> X AAFfar_c (0. 15))

IFSMtar-ad (W) B 350 days
(EFfar—a ( yr > IRSMar_a ( ) x AAFfar_5 (0. 85))

where:

EDfar—c (6 yr)

EDfar_5 (34 yr) )
EDsar (40 yr)

AAFgar(0.15) = < EDy,, (40 yr)
ar (

) and AAF¢,,_,(0.85) (

Definitions of the input variables are in Table 1.

4.8.4 Farmer Consumption of Agricultural Products - Combined Soil, Water, and Biota

For these farm products, dose-based DCCs are provided for both soil and water that may contribute contaminants to
the products. The results are presented in an interactive graphic that shows the contribution from both sources. See
section 4.10.6 for details. Also like the resident, age-adjusted intake equations were developed for all of the

ingestion/consumption equations to account for changes in intake as the receptor ages.

Graphical Representation
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CONSUMPTION OF
BEEF & MILK & SWINE

DCC Equations

Results of combined soil, water, and biota exposure are presented in an interactive graph. See Section 4.10.6 for details.
The combined soil and tap water land use DCC equations, presented here, contains the following exposure routes:

° consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the Exposure Factors

Handbook were used to derive the intakes for home-grown produce.)

y-INTERCEPT =

Ci 1
Dccfar—soil—produce—ing—tot (%) =
n 1 .
i G
pCi
Dccfar—soil—produce—ing (F) .
1
and:
X-INTERCEPT =
pCi\ _ 1
Dccfar—wat—produce—ing—tot (T) -
n 1
i=1

Ci
Dccfar—wat—produce—ing (pT> .
i

where:

n = total number of produce items included

where:
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Ci
DCCfar—produce—ing—tot (%) =

1

n
i=1 Ci
Dccfar—produce—ing (pg )
i

where:

n = total number of produce items included

and:
s ()
Dccfar—produce—ing (?) = e 9
DCFo ( pCi ) X IFfar-adj (W) X CFfar-produce (1)
where:
350 days
(EFfar—c (Ty> X IRfar—c (diay) X AAFgar_c (0-15)> W
(9) =
IFtar_adj <yr) 350 days @
(EFfar—a (T) % IRfar_a (Tw) x AAFgar_5 (0-85)>
where:

EDfar—c (6 Y1)

AAF¢,_(0.15) = (EDfar(4o 7

) and AAF,,_,(0.85) = <M)

EDt,r (40 yr)

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced poultry.)

y-INTERCEPT =
pCi

pCi\ _ DCCfar—pouItry—ing(?)
Dccfar—soil—poultry—ing ~ - kg

0.2
’ day> <Qp'pou't"y (W) % fo-poutry (1) % fs_pouttry (1) % (Rupp + Res)> +

TFpouttry <E 0.022 kg
(Qs—poultry (W) % fp—poultry“))

and:

x-INTERCEPT =

Ci
Ci Dccfar-poultry-ing <L>
DCC . P9I o 9
far-wat-poultry-ing L day 04 L 1 kg
TFpouItry <G> X Qw-poultry <Tw> X fw-poultry(1) W (1000 g>
and:
0.4L
Qw—poultry < day ) * fyy-swine (1)
SLOPE =
0.2 ki 0.022 ki
<Qp‘p°“'”y< dayg> * fp-pouttry (1) fs_pouttry (1) x (Rupp + Res)) ’ (QS-pOultry< day g) Xfp‘p"“'"ym)
where

- pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp Bqu,(m 7 Res MLFpasture W

° consumption of €ggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced eggs.)
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y-INTERCEPT =
Ci
o)
0.2 kg
day> <QP-P°u'trv<dTy) X Fp-pouttry (1) % Fs-pouttry (1) x (Rupp + Res)> .

kg 0.022 ki
(Qs—poultry (Tyg) S fp—poultry('I ))

Ci
Dccfar—soil—egg—ing (%) =

and:

Xx-INTERCEPT =

Ci
Ci Dccfar—egg—ing <L>
DCCt o (27 = 9
ar-wat-egg-ing { | day 0.4L 1 kg
TFegg kg X Qw-poultry “day % Fu-poultry (1) X 1000 g
and:
0.4L
Qw—poultry (Tay) x fw—poultry“)
SLOPE =
0.2 k 0.022 k
(Qp—poultry <?yg) X fp—poultry(']) X fs—poultry“) X (Rupp + Res)) & <Qs—pou|try <Tyg> X fp—poultry(1)>
where

pCi/ g-dry-plant

Rupp = Bvdry< pCi / g-dry-soil

0.25 g-dry-soil
> i Res = MLFpasture <#)

g-dry-plant

° consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced beef.)

y-INTERCEPT =
pCi

pCi Dccfar—beef—ing (79 >
Dccfar—soil—beef—ing( g ) = TT77kg
day) . (Qp-beef < Gy ) % Fo-beef (1) % fs_beef (1) % (Rupp + Res)> +

TFpeef <7
k 0.5 k
J (Qs—beef ( dayg> X fp—beef(I )>

and:
Xx-INTERCEPT =

Ci
DCCr, r-beef-ing (L>

g
da 53 L 1k
TFpeef (kigy> % Quopeef <Tw> % fy-peef (1) x (100()99)

Ci
Dccfar—wat—beef-ing <pT> =

and:
53L
Qw-beef <TW> % fy-peef (1)
SLOPE = 11.77 kg 0.5 kg
<Qp—beef (W) X fp—beef“) X fs—beef“) X (Rupp + Res)> o (Qs—beef <d7ay> X fp—beef(1 )>
where:

Ci/ g-dry-plant
Rupp = BVdry<p g-dry-p >

0.25 g-dry-soil
pCi/ g-dry-soil ) i tes = MtFpasture <#>

g-dry-plant

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were used

to derive the intakes for home-produced dairy.)

https://epa-dccs.ornl.gov/dcc _users_guide.html 154/203


https://epa-dccs.ornl.gov/documents/EFH_2011.pdf
https://epa-dccs.ornl.gov/documents/efh_chapter_11_update_2018.pdf
https://epa-dccs.ornl.gov/documents/EFH_2011.pdf
https://epa-dccs.ornl.gov/documents/efh_chapter_11_update_2018.pdf

3/25/26, 2:28 PM DCC User's Guide
y-INTERCEPT =

Ci
Dccfar—dairy—ing (%)

day 1.03 kg =t
TFaairy <L—mi|k) X Pm (L—milk) X

20.3 k
(Qp—dairy (Tﬁ) ><fp—dairy(’l) X fs—dairy“) X (Rupp i Res)) u

0.4 ki
(Qs—dairy < dayg> X fp—dairy“))

Ci
Dccfar—soil—dairy—ing <%> =

and:
X-INTERCEPT =

Ci
Dccfar—dairy—ing (%)

d4a 1.03kg\" 2L 1k

Ci
DCCtar-wat-dairy-ing (pT> =

and:
92L
Qw—dairy (TW) S fw—dairy“)
SLOPE = 20.3 kg 0.4 kg
(Qp—dairy <d7ay> S fp—dairy“) X fs—dairy(” X (Rupp w Res)) + <Qs—dairy (Tay) X fp—dairy“ ))
where

pCi / g-dry-plant

Rupp = Bvdry( pCi / g-dry-soil

0.25 g-dry-soil
) 7 Res = MLFpasture <#>

g-dry-plant

o consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors Handbook were

used to derive the intakes for home-produced swine.)

y-INTERCEPT =

Ci
pCi Dccfar—swine—ing <L>
- 9
Dccfar—soil—swine—ing <?) - 4.7 kg
day (Qp—swine <d7ay> ><1:p—swine(‘l) X fs_swine (1) X (RUPP + Re5)> +
TFswine <@> Qe 0.37 kg o
s-swine 7day X Tp-swine (1)
and:
X-INTERCEPT =
Ci
pCi Dccfar—swine—ing (p >
- 9
Dccfar—wat—swine—ing <T> - day 1.4 L 1 kg
TFswine <E) % Qu-swine (Tay> % fuwswine (1) % <1000 g>
and:
114L
Qw-swine (T) % fuw-swine (1)
SLOPE = 47 kg s 0.37 kg
<Qp—swine (Tay> X fp—swine (1) x fs_swine (1) x (Rupp + Res)> + <Qs—swine (W) X fp—swine(1)>
where:

_ pCi/ g-dry-plant) . _ 0.25 g-dry-soil
Rupp BVdry(m 7 Res = MUFpasture | =g~y —plant

° consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin fish.)
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y-INTERCEPT =

pCi

L
* K (@)

Ci
Dccfar—finﬁsh—ing (pg >
L

(1)

Dccfar—soil—ﬁnﬁsh—ing (?) =

and:
x-INTERCEPT =

Ci
pCi Dccfar—finfish—ing (p >

Dccfar—wat—finfish—ing (T) = BCr (L) ) ( 1 kgg )

kg 1000 g

and:

(i)
SLOPE = —3:9%

° consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

DCC User's Guide

y-INTERCEPT =

Ci L
pC| Dccfal’—shellfish—ing <p?) X Kd <@>
DCCfar-soil-shellfish-ing (—) =

9

and:

Xx-INTERCEPT =

L
BCF <@>

Dccfar—wat—shellfish—ing <T

L 1 kg
BCF(@) * (1000 9

and:

(i)
sLope = —

Ci
pCi) _ DCCtar-shellfish-ing (%)

)

The following consumption routes are provided in site-specific mode only and require the user to enter their own data,

as the tool only provides a transfer factor.

e consumption of goat
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y-INTERCEPT =

Ci
Ci Dccfar—goat—ing <L>
DCCf i i L = g
ar-soil-goat-ing g 1.27 kg
day Qp-goat T day x fp-goat (1) X fs-goat (1) x (Rupp + Res) | +
s (33

0.23 k
(Qs—goat (Tyg) X fp—goat('I ))

and:

Xx-INTERCEPT =

Ci
Dccfa r-goat-ing (%)

DCCrar-wat-goat-ing <pTCI> ) day 381L 1kg
Thgont (o)  Quegoat (S ) * Furgoae( x (1005
and:
<LopE Qw-goat (%) % fw-goat (1)
i <Qp—goat <%> X fp-goat (1) x fs_goat (1) X (Rupp + Res)) + <Qs—goat (%) X fp—goat(1)>
where

: pCi/ g-dry-plant : 0.25 g-dry-soil
Rupp BVdrv(m # Res = MUFpasture | =g~ qry —plant -

e consumption of goat milk

y-INTERCEPT =

pCi

Dccfar—soiI—goat—milk—ing (F) =

Ci
Dccfar—goat—milk—ing (%)
day 1.03 kg\™"
TFgoat-milk (L— milk) X Pm (L— milk) *

1.59 ki
<Qp—goat-milk <Tyg> S fp—goat-milk“) X fs—goat—milk“) X (RUPP W Res)) u

0.29 k
(Qs—goat—milk (Tﬁ) X fp—goat—milk('I ))

and:
Xx-INTERCEPT =

Ci
Dccfar—goat—milk—ing <%)

da 1.03kg\ ™" 8.75L 1k
TFgoat—miIk (L—imyllk> X Pm (L— m”E) 2 Qw—goat—milk ( day ) 2 fw—goat—milk(1) X (1000gg>

pCiy _
Dccfar—wat—goat—milk—ing (T) -

and:
8.75L
Qw—goat—milk (W) 2 fw—goat—milk (M
SLOPE =
1.59 k 0.29 ki
(Qp—goat—milk (Tﬁ) X fp—goat—milk(” %S fs—goat—milk“) X (RuPP + Re5)> w <Qs—goat—milk <Tyg> X fp—goat—milk“ ))
where:

- pCi/ g-dry-plant _ 0.25 g-dry-saoil
Rupp Bvdry( pCi / g—dry-soil + Res = MLFpasture g-dry-plant

e consumption of sheep

https://epa-dccs.ornl.gov/dcc _users_guide.html 157/203



3/25/26, 2:28 PM DCC User's Guide
y-INTERCEPT =

Ci
Gi Dccfar—sheep—ing (L>
pLiy _ 9
Dccfar—soil—sheep—ing (?) - 1.75 kg
day <Qp—sheep <d7ay> X fp—sheep“) X fs—sheep“) x (RUPP w Res)) +
TF. ——
Sheep< kg > 0.32kg) :
Qs-sheep day X fp-sheep (1)
and:
x-INTERCEPT =
Ci

Gi Dccfar—sheep—ing <L)
Dccfar—wat—sheep—ing <L = e

L TE day «Q 5.25 kg o f (1) x 1 kg

sheep kg w-sheep 7day w-sheep 1000 g
and:
5.25 k
Qw—sheep <Tyg> X fW—sheep“)
SLOPE =
1.75 k 0.32 k
(Qp—sheep (Tyg> S fp—sheep(‘l) X fs—sheep“) X (RUPP i Res)> i <Qs—sheep <Tyg> S fp—Sheep (1)>

where

_ pCi/ g-dry-plant . _ 0.25 g-dry-soil
Rupp BVdrv(m +Res = MUFpasture | =g ~qry —plant

e consumption of sheep milk
y-INTERCEPT =

Ci
Dccfar—soiI—sheep—milk—ing <p?> =

Ci
Dccfar—sheep—milk—ing (%)
1.03 kg

day =
TFsheep-milk (L—milk) X Pm (L—milk) X

3.15k
<Qp-sheep—mi|k (Tyg> S 1:p—sheep-milk“) X fs—sheep—milk“) X (RUPP v Res)) u

0.57 ki
(Qs—sheep—milk (Tﬁ) S fp—sheep—milk('I ))

and:

x-INTERCEPT =
pCi

DCCfar—sheep—miIk—ing (?)

da 1.03kg\ ™" 104 L 1k
TFsheep—miIk (L—im):lk> X Pm < L-miIE) X Qw—sheep—milk < day ) x fw—sheep—milk(1) X (100()99)

pCi _
Dccfar—wat—sheep—miIk—ing <T> -

and:
104 L
Qw-sheep-milk <Tw> S fw—sheep—milk(’l)
SLOPE =
3.15 kg 0.57 kg
Qp—sheep—milk Tay ><fp—sheep—milk(’l)><fs—sheep—milk(1)>< (Rupp v Res) v Qs—sheep—milk Tay ><fp—sheep—milk(’l)
where:

- pCi/ g-dry-plant _ 0.25 g-dry-soil
Rupp Bvdry( pCi / g—dry-soil i Res = MLFpasture g-dry-plant

Definitions of the input variables are in Table 1.
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4.8.5 Farmer Air

Exposure to contaminants in air is presented for the inhalation and submersion exposure routes.

The calculator presents air DCCs and dose with and without decay. In situations where the contaminant in the air is not
being replenished (e.g., an accidental one-time air release from a factory), decay should be used. In situations where
the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil or an operating factory or
landfill cap), the equations without decay should be used. The decay function, found in section 4.10.7, can be
multiplied by the ambient air equations above to acquire ambient air DCCs with decay.

Graphical Representation

'i 4
u i
— == -. < ; -
'P'dm"-"_‘.rr.‘ " -

\ A
N
#

.8
SUBMERSION

Ik

INHALATION
=

o

DCC Equations

The resident ambient air land use DCC equations, presented here, contain the following exposure routes without half-
life decay:

e inhalation
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mrem
pCI> oL < yr )

m3 mrem 6,475 m3
DCFl ( pCl > X IFAfar—adJ T

DCCfar—air—inh(

where:

350 days 24 hrs 1 da 10 m3
<EFfa,_c (Ty> x ETtar-c <d7ay> x <24 hrys> ><IRAfar_c< day > ><AAFfar_c(0.’IS)> +

20 m3
) Afar-a (day) X AAFgar_a (0-85)>

6,475 m3
IFAfar-adj ( =

yr
350 days 24 hrs
(EFfar—a< yr i ) X ETfar—a< day > <

EDfar-a (34 yr)
EDs,r (40 yr)

where:

AAFpyc(0.15) = (M

EDp., (40 yr)) and AAF¢,,_,(0.85) = (

o external exposure to ionizing radiation

oci oL ()
DCCtar-air- sub( ) =

mrem/yr 350 days 1yr 24 hrs 1 day
DCFgp <W> xEFfar< i >>< (365 GEE x ETfar ) *\ 52 Fre x GSF5(1.0)

e total

Ci 1
DCCtar-air-tot ( ’:n3 ) = 1 1

+
Dccfar—air—inh Dccfar—air—sub

Definitions of the input variables are in Table 1.

CDI Equations
The resident ambient air land use CDI equations, presented here, contain the following exposure routes without half-
life decay:
e inhalation
Ci Ci 6,475 m3
CDItar-air-inh <F;r ) = Ca|r<f,)n ) X IFAfar-adj <yr>
where:
350 days 24 hrs 1 da 10 m3
s (EFfar—c <Ty) X ETtar—c (Tay) ® (24 hrys> X IRAfar—c (day) X AAFgar_c (0-15)> v
6,475 m
IFAfar-adj Tyr = s
350 days 24 hrs 1da 20 m
(EFfar—a <Ty> X ETtar-a (Tw) ® (24 hrys> X IRAf,r-a <day> X AAFfar_a (0-85))
where:
_ (EDfarc(6yr) _ (EDfar-a(34yr)
AAFsr_ (0.15) ( EDee (40 y1) and AAF¢,,_ (0.85) EDo (40 y1)

e external exposure to ionizing radiation
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pCi\ _ pCi 350 days 1yr 24 hrs 1 day
CDIfar_air_sub(ﬁ) -cair(ﬁ) XEFfar( yr * (365 days ) ETfar “Gay )\ 2ahrs x GSF4(1.0)

Definitions of the input variables are in Table 1.

4.9 Soil to Groundwater

The soil-to-groundwater scenario was developed to identify concentrations in soil that have the potential to contaminate
groundwater above dose-based DCCs or MCLs. Migration of contaminants from soil to groundwater can be envisioned as a
two-stage process: (1) release of contaminant from soil to soil leachate and (2) transport of the contaminant through the
underlying soil and aquifer to a receptor well. The soil-to-groundwater scenario considers both of these fate and transport
mechanisms. First, the acceptable groundwater concentration is multiplied by a dilution factor to obtain a target leachate
concentration. For example, if the dilution factor is 10 and the MCL is 0.05 mg/L, the target soil leachate concentration would
be 0.5 mg/L. The partition equation (presented in the Soil Screening Guidance for Radionuclides documents) is then used to
calculate the total soil concentration corresponding to this soil leachate concentration.

These equations are used to calculate screening levels in soil (SSLs) that are protective of groundwater. SSLs are either back-
calculated from protective dose-based ground water concentrations or based on MCLs. The SSLs were designed for use during
the early stages of a site evaluation, when information about subsurface conditions may be limited. Because of this constraint,
the equations used are based on conservative, simplifying assumptions about the release and transport of contaminants in
the subsurface.

Graphical Representation

GROUNDWATER

IRRIGATION AND
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VADOSE ZONE

\4
WATER TABLE

LEACHING
SATURATED ZONE

Equations
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The user has the option to choose from two calculation methods. The first method employs the default partitioning equation

for migration to groundwater. The dilution factor defaults to 20 for a 0.5-acre source. If all the parameters needed to calculate a
dilution factor are available, then use Method 2 (mass-limit equation for migration to groundwater).

Method 1. Partitioning Equation for Migration to Groundwater

ew 0.3 Lwater
pCi\ _ pCi kg L Lsoil
SSL(g >—Cwater<T>X<1ooog X Kd @ + W
p(——=

L

where:
Cwater <pTC'> MCL <ch|> « DAF

or:

Cwater <%> = PRG <ch|) « DAF

Method 2. Mass-Limit Equation for Migration to Groundwater

Ci 0.18 m
Cwater (pL > ><I< - ) « ED(70 yr)

Ci
SSL(p )
15Kk 1,
. pb< > g)xds(m)x< 0009)

L kg

where:

Cwater (pLC'> MCL (‘f') « DAF

or:
Cuwater <£> PRG <pC|> x DAF
L L
Then calculate the dilution factor using this equation.

o)<
Dilution Attenuation Factor (DAF) = 1 +

()

where:

—L(m)><I<

K(%) xi(%) x da(m)

0.18 m
yr

> 0.5
d(m)= <0.0112><L (m)) + da(m)x |1-exp

Definitions of the input variables are in Table 1.

4.9.1 Conservative and Simplifying Assumptions for the Soil to Ground Water Scenario

The SSL scenario was designed for use during the early stages of a site evaluation when information about subsurface
conditions may be limited. Because of this constraint, methods 1 and 2 are based on conservative, simplifying
assumptions about the release and transport of contaminants in the subsurface. These assumptions include:
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e The source is infinite (i.e., steady-state concentrations will be maintained in ground water over the exposure period

of interest).
e Contaminants are uniformly distributed throughout the zone of contamination.

e Soil contamination extends from the surface to the water table (i.e., adsorption sites are filled in the unsaturated
zone beneath the area of contamination).

e There is no contaminant loss due to biological degradation or volatilization in the unsaturated zone.
e Equilibrium soil/water partitioning is instantaneous and linear in the contaminated soil.

e The receptor well is at the edge of the source (i.e., there is no dilution from recharge downgradient of the site) and is
screened within the plume.

e The aquiferis unconsolidated and unconfined (surficial).
e Aquifer properties are homogeneous and isotropic.
e Chelating or complexing agents are not present.

e There is no facilitated transport (e.g., colloidal transport) of inorganic contaminants in the aquifer.

SSLs developed using this methodology can be viewed as evolving dose-based levels that can be refined as more site
information becomes available. The early use of the methodology at a site will help focus further subsurface
investigations on areas of true concern with respect to ground water quality and will provide information on soil
characteristics, aquifer characteristics, and radionuclide properties that can be built upon as a site evaluation
progresses.

4.10 Supporting Equations and Parameter Discussion

There are five parts of the above land use equations that require further explanation. The first is the explanation of the
inhalation variable: the particulate emission factor (PEF). The second is the use of the radionuclide decay constant (A). The
third is the explanation of the area correction factor (ACF). The fourth is the explanation of the outdoor soil gamma shielding
factor (GCF ). The fifth is explanation of the groundwater transport portion of the equations involving the soil-to-water
partition coefficient (K).

4.10.1 Particulate Emission Factor (PEF) and Volatilization Factor (VF)

Inhalation of isotopes adsorbed to respirable particles (PM10) was assessed using a default PEF equal to 1.36 x 10°
m3/kg. This equation relates the contaminant concentration in soil with the concentration of respirable particles in the
air due to fugitive dust emissions from contaminated soils. The generic PEF was derived using default values that
correspond to a receptor point concentration of approximately 0.76 ug/m3. The relationship is derived by Cowherd
(1985) for a rapid assessment procedure applicable to a typical hazardous waste site, where the surface contamination
provides a relatively continuous and constant potential for emission over an extended period of time (e.g., years). This
represents an annual average emission rate based on wind erosion that should be compared with chronic health
criteria; it is not appropriate for evaluating the potential for more acute exposures. Definitions of the input variables are
in Table 1.

With the exception of a few radionuclides, the PEF does not appear to significantly affect most DCCs. The equation
forms the basis for deriving a generic PEF for the inhalation pathway. For more details regarding specific parameters
used in the PEF model, refer to Soil Screening Guidance for Radionuclides: Technical Background Document. The use of
alternate values on a specific site should be justified and presented in an Administrative Record, if considered in
CERCLA remedy selection.
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9
Q <m2—5> " (3,600 S)
3 Cwind <k79>
PEF( Mair ) = g

kgSOil (Um <m>)3
0.036 x (1 - V) x 2 x F(X)

where:

9
Q <m2—5> [(In(A (acre)) - B)z]
= [ ANMTES/ A s
Cuind ( ] ) e
m3

and:

if x <2, F(x)=1.91207-0.0278085 +0.48113x% - 1.09871x> +0.335341x*

ifx >2, F(x)=0.18 (8x3+12x) e

where:

R

Note: the generic PEF evaluates wind-borne emissions and does not consider dust emissions from traffic or other

forms of mechanical disturbance that could lead to greater emissions than assumed here.

EPA derived a default volatilization factor (VF) value of 17 m3/kg for tritium. The VF replaces the PEF in the DCC
equations when tritium is being addressed. This VF value is based on a steady-state model that assumes, on average,
tritium in soil pore water and tritium in air (as tritiated water vapor) will be distributed in the environment in proportion
to the average water content in soil and air. EPA assumes a mean atmospheric humidity of 6 grams of water per cubic
meter of air (g/m3) nationwide (Etnier 1980) and an average soil moisture content of 10% (i.e., 100 grams of water per
kilogram of soil). Given these assumptions, EPA calculates the VF term for tritium as:

VFH-3 =100 g H20/kg soil / 6 g H20/m3 air
=17 m3 air/kg soil
=17 m3/kg

EPA believes that this value is appropriate for the average case, both outdoors and indoors; however, site managers can
derive a site-specific VF term for tritium that may be more appropriate for a specific site, considering local atmospheric
humidity and soil moisture content.

4.10.2 Standard Unpaved Road Vehicle Traffic Particulate Emission Factor (PEF,_)

The equation to calculate the subchronic particulate emission factor (PEF,.) is significantly different from the resident
and non-resident PEF equations. The PEF_focuses exclusively on emissions from truck traffic on unpaved roads, which
typically contribute the majority of dust emissions during construction. This equation requires parameter estimates
such as the number of days with at least 0.01 inches of rainfall, the mean vehicle weight, and the sum of fleet vehicle
distance traveled during construction.

The number of days with at least 0.01 inches of rainfall can be estimated using Exhibit 5-2 in the supplemental soil
screening guidance. Mean vehicle weight (W) can be estimated by assuming the numbers and weights of different types
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of vehicles. For example, assuming that the daily unpaved road traffic consists of 20 two-ton cars and 10 twenty-ton

trucks, the mean vehicle weight would be:

DCC User's Guide

W =[(20 cars x 2 tons/car) + (10 trucks x 20 tons/truck)]/30 vehicles = 8 tons

The sum of the fleet vehicle kilometers traveled during construction () VKT) can be estimated based on the size of the

area of surface soil contamination, assuming the configuration of the unpaved road and the amount of vehicle traffic on

the road. For example, if the area of surface soil contamination is 0.5 acres (or 2,024 m?) and one assumes that this area

is configured as a square with the unpaved road segment dividing the square evenly, the road length would be equal to

the square root of 2,024 m? (45 m or 0.045 km). Assuming that each vehicle travels the length of the road once per day,
5 days per wee, for a total of 6 months, the total fleet vehicle kilometers traveled would be:

> VKT =30 vehicles x 0.045 km/day x (52 weeks/year / 2) x 5 days/week = 175.5 km

- <ng s) 1

cSr ( ) " Fp(0.18584)

x T (7,200,000 s) x Ag (mz)

3
PEFg [ mair | =
Kdsoil ) | 2.6 i x <W t°”5)> (M

yr

)_ (days)
YT/ 4 281.9 x L VKT (km)

where:

)
Q (mz—s = Axexp {(In(As(acre)) - B)Z}

Cer (Lg) C
m3
2
Ag (m?) = L (ft) x W (20 ft) x 0.092903 o

+ number of trucks x

tons
number of cars x
car tri

(Mdry>°3 (365 days)
yr

tons
uck

W (tons) = :
( ) total vehicles

ZVKT(km) = total vehicles x distance (%) x EWcon <%\:]k> x DWcon <7 days>

T¢ (7,200,000 s) = EDcon (1 year) x EFcon <%‘:ays> x ETcon (

wk

8 hrs » 3,600 s
day hr

Fp(0.18584) = 0.1852 + 5.3537 . -9.6318
tc (8,400 hl’S) tc (8,400 hI’S)

)

tc (8,400 hrs) = EDcon (1 year) x EWeon <Soy‘r"’k> x (7 days) x

wk

4.10.3 Other Construction Activities Particulate Emission Factor (PEF')

Other than emissions from unpaved road traffic, the construction worker may also be exposed to particulate matter

24 hr
day

emissions (PEF', ) from wind erosion; excavation soil dumping, dozing, grading, and tilling; or similar operations. These

operations may occur separately or concurrently, and the duration of each operation may be different. For these
reasons, the total unit mass emitted from each operation is calculated separately, and the sum is normalized over the
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entire area of contamination and over the entire time during which construction activities take place. Equation E-26 in

the supplemental soil screening guidance was used.
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4.10.4 Area Correction Factor

The RAGS/HHEM Part B model assumes that an individual is exposed to a source geometry that is effectively an infinite
slab. The concept of an infinite slab means that the thickness of the contaminated zone and its aerial extent are so large
that it behaves as if it were infinite in its physical dimensions. In practice, soil contaminated to a depth greater than
about 15 cm and with an aerial extent greater than about 1,000 m2 will create a radiation field comparable to that of an
infinite slab (U.S. EPA. 2000a).

To accommodate the fact that in most residential settings the assumption of an infinite slab source will result in overly
protective DCCs, an adjustment for source area is considered to be an important modification to the RAGS/HHEM Part B
model. Thus, an area correction factor (ACF) has been added to the calculation of recommended DCCs. For the 2-D
exposure models addressing finite areas, the ACF is made variable by isotope and area for site-specific analysis. In
addition, ACFs are now available for all alternate soil analysis source depths (ground plane, 1 cm, 5 cm, and 15 cm
source volumes as well as infinite source volume). This calculator allows the user to select from 19 different soil area
sizes. If the default mode is selected, the ACF from the most protective area size is selected. If site-specific mode is
selected, the user must select the source area. For further information on the derivation of the isotope-specific/area-
specific ACF values for 2-D areas, see the Center for Radiation Protection Knowledge ACF report and appendix

containing +D and +E values. For the calculation of area correction factors, a standard soil density of 1.6 g/cm3 has been
used. For a description of other EPA default ACF values that predate this guidance, follow the link here.

4.10.5 Gamma Shielding Factor

DCCs in this guidance are calculated without any shielding between the receptor and the source (soil). In this case, a
default soil gamma shielding factor for outdoor exposure to ionizing radiation (GSF ) is established at 1.0 (0%
shielding). It is common to have some shielding (soil cover) over contaminated soil. For site-specific mode, the user
must select a soil cover depth. Due to shielding, covering the contaminated area with soil will produce lower dose and
risk coefficients than are stated in the Federal Guidance Report (FGR) 12 and 13. Therefore, gamma shielding factors are
needed to apply the published EPA dose values to the buried contamination scenarios. Outdoor gamma shielding
factors (GSF,) are derived by modeling various thicknesses of clean soil covering ground soil contamination. The
gamma shielding factor is defined as the ratio of the contamination dose compared to the unshielded surface source in
soil. The MCNP output was used to derive kerma values one meter above the soil surface for various scenarios ranging
from 0 cm soil cover to 100 cm soil cover in 10 cm increments while using source thicknesses of ground plane, 1, 5, and
15 cm source volumes as well as infinite source volume. Radioisotopes published in ICRP 107 were considered, along
with decay chains of several radioisotopes. The Center for Radiation Protection Knowledge has provided GSF values

here and an_appendix containing +D and +E values. Additional source depth-specific gamma soil shielding factors (GSF)

are now given for cover depths of 2 to 10 meters. The values are presented in this appendix.

o Adefault gamma shielding factor for indoor exposure to ionizing radiation (GSF;) is established at 0.4 (60%
shielding).

e GSF,depends on soil cover depth and is shown in equation images as GSF GSF GSF GSF

&GSF

0-ext-sv? o-ext-1cm? o-ext-5cm? o-ext-

15cm? o-ext-gp*

e Intheresident, farmer, and indoor worker soil external exposure equations, GSF . is applied to account for the
gamma sheilding provided by clean soil cover and the building subfloor. GSF;_, ., = GSF; x GSF; this is the product
of the gamma shielding provided by the soil cover under the building (GSF,) and the subfloor of the building (GSF;).

This accounts for all the gamma shielding during the exposure time of a resident while indoors.
o Adefault gamma shielding factor for exposure to ionizing radiation in air (GSF,) is established at 1 (0% shielding).

e For the calculation of gamma shielding factors, a standard soil density of 1.6 g/cm3 has been used.
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Understanding GSF_; GSF,; GSF

GS5F; 0= GSF; X GSFy

GSF;= “Indoor Exposure” Factor

=04

- GSFg

Gamma Shielding Factor | Recipient Exposure Location | Shielding from Subfloor | Shielding from Soil Cover
GSFi Inside v 4

GSFo Qutside kv 4

GSFb Inside v

GSFi-total Inside v v

Figure provided by Lyndsey Nguyen of U.5. EPA Environmental ResponseTeam-LasVegas

4.10.6 Using the Combined Biota, Soil, and Water Interactive Graph

When multiple media are contributing to the overall site dose, it may be more practical to remediate one medium

versus another. In the case of the agriculture scenario, water and soil may both contribute to the dose from ingesting
produce, dairy, beef, swine, poultry, eggs, fin fish, and shellfish. Sheep, sheep milk, goat, and goat milk will be available
for selection in site-specific mode, provided the user is able to supply intake rate data for children and adults. The
graph shows the DCCs for soil and water to achieve the target dose or target hazard index for the exposure route of

concern.

The biota from both soil and water DCC results are listed last on the results page. The interactive graph is available for

ingestion of produce, ingestion of dairy, and ingestion of beef DCCs and may be accessed by clicking on any highlighted
blue DCC value (see the image below).
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Default
Farmer DCCs for Contaminated Soil and Water - No progeny (with decay)

Clicking on a blue highlighted biota cell for either soil or water DCC will take the user to the Farmer DCC Graphical
Results page, where the interactive graph is displayed.

The x-intercept (coordinate x,0) shows where the water DCC = DL and soil concentration must equal 0. The y-intercept
(coordinate 0,y) shows where the soil DCC = DL and the water concentration must equal 0. Any point between (x,0) and
(0,y) shows a separate DCC for water and soil that will meet the DL. Hovering the mouse over the graph will display
moving lines that follow the mouse based on the x-coordinate (water DCC). Click anywhere on the graph to stop the
lines from moving and to display the soil and water DCCs associated with that specific x-coordinate.
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Am-241

Ingestion of Vegetables Dose Limit=1
Water DCC (x-intercept) = 6.2%e-1 pCi/L
Soil DCC (y-intercept) = 2.27e+0 pCifg
Slope =-3.607668444

6 QL0 BEXA e

—
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Soil DCC pCifg
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Water DCC pCi/L

The scale of the graph has been programmed with upper bounds of 1.0E+6 pCifg and 1.0E+6 pCi/L and lower bounds of 1.0E-10 pCi/g and 1.0E-10 pCi/L
solely for presentation purposes to avoid scaling issues.

The scale of the graph has been programmed with upper bounds of 1.0E+6 pCi/g and 1.0E+6 pCi/L and lower bounds of
1.0E-10 pCi/g and 1.0E-10 pCi/L solely for presentation purposes to avoid scaling issues.

4.10.7 Radionuclide Decay Constant (A)&Half-Life Decay Function

4.10.7.1 Radionuclide Decay Constant (2)

The decay constant term (M), which is based on the half-life of the isotope, is used for some media in nearly all
land uses. A = 0.693/half-life in years (where 0.693=In(2)). The term (1 - e’M) takes into account the number of
half-lives that will occur within the exposure duration to calculate an appropriate value. For the secular
equilibrium DCC output option, decay is not used. In most cases, site-specific analytical data should be used to
establish the actual degree of equilibrium between each parent radionuclide and its decay products in each
media sampled. In the absence of empirical data, however, the secular equilibrium DCCs will provide a
protective screening value. Definitions of the input variables are in Table 1.
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4.10.7.2 Half-Life Decay Function

In situations where the contaminant in the soil or air is not being replenished, the equations with decay should
be used. An air situation that would require decay includes an accidental one-time air release from a factory. A
soil situation that would require decay is a one-time dump at a landfill. In situations where the contaminant in
the soil or air has a continual source (e.g., indoor radon from radium in the soil an operating factory or landfill
cap, or uranium mining), the equations without decay should be used.

e The following decay function should be multiplied by CDI equations when applicable:

1
Al —
(1-exp <yr>Xt(yr))
CDlyecay =

1
t(yr) x A (W)

e The following decay function should be multiplied by DCC equations when applicable:

t(yr) xA (%)
DCCdecay = (1 ) exp_)\ (%) xt(yr))

4.10.8 Air Exchange Rates and Activity Equilibrium Factor (A)

When the DCC Calculator is run in site-specifc mode, the air exchange rate for tap water inhalation can be changed from
the default setting. Changing the air exchange rate impacts the activity equilibrium factor (A,,). The A, is defined as
the ratio of progeny to parent activity concentrations at a given air exchange rate. For a straight decay chain, at zero air
exchanges, the A, is equal to one and decreases as the air exchange rate increases.The A is utilized in the tap water
inhalation DCC and CDI equations to calculate dose for peak and secular equilibrium output options. The initial DCCs,
before P is applied, assume that the radon decay chain members are in equilibrium with each other without any air
exchanges present. Therefore, the g modifies the initial doses for inhalation by accounting for the disequilibrium
between radon and its progeny due to decay and air exchanges that are present. A default value of 0.18 air exchanges
per hour was selected for the resident land use from the "Update for Chapter 19 of the Exposure Factors Handbook"
(U.S. EPA, 2018) for resident (Table 19-25) using the tenth percentile values. This means that 90% of structures would
have a higher air exchange rate and thus a lower level of progeny, which would result in a lower dose. A more detailed
explanation of the Aeq derivation is presented in ORNL 2020.

The image below shows how the tap water inhalation route is calculated using the P in place of the isotope's
fractional contribution (FC).

Water inhalation DCC for parent isotope:

Ci 1
Dccwat—inh—tot<pT> = . 1
i=1 Ci
Dccwat—inh (pT)
Aeq

i
where:

n = total number of short-lived progeny;

Aeq = activity equilibrium factor of short-lived progeny.
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4.10.9 Modeling Parameters for Animals and Animal Products

Pasture Mass Loading Factor (MLF ,,q¢re)

The plant mass loading factor is defined as the ratio of the mass of soil on vegetation per mass of dry vegetation
(Hinton, 1992). The mass loading factor is strictly the amount of soil that is resuspended and then remains on
the plant which differs from incidental ingestion of soil by an animal.

Transfer Factor (TF)

The ratio of contaminant concentration in animal tissue (mg contaminant/kg tissue, wet weight) to daily intake
(mg contaminant/day) is defined as the biotransfer factor (TF). It is a measure of how much of what the animal

ingests is actually transferred to tissue. The TF (day/kg) is multiplied by a species-specific fodder ingestion rate
(kg/day) and by the contaminant concentration in food (Rupp + Res) to obtain an estimate of the concentration
in meat (mg contaminant/kg tissue). TFs are radionuclide- and species-specific.

Fodder Intake Rate (Qp)

Animal fodder intake rates are sometimes reported as wet weight and sometimes as dry weight. Since the soil to
plant transfer factors (BV) for plants are reported on a dry weight basis, daily food intake rates should also be in
dry weight.

Soil Intake Rate (Q,)

Soil ingestion by animals can be a significant exposure route. Animals may ingestion soil incidentally during
grazing, grooming activities, or deliberately in search of minerals.

Water Intake Rate (Q,,)

Animal water ingestion rates vary by species, dry matter intake, body size, productivity, and environmental
condition.

Fraction of Time Animal is On-Site (fp)

This parameter accounts for the period of time which an animal is likely to be exposed to contaminants on the
site. For livestock, this is the time on pasture. In some geographic regions, animals are only on pasture for a
portion of the year. Site-specific values are desirable as grazing practices vary considerably with geographic
region.

Fraction of Animal's Food from Site when On-Site (f,)

Supplemental feeding of livestock on pasture is a common management practice, therefore, a parameter to
account for the fraction of an animal's daily food ingestion that comes from a site has been included in the
exposure model.

Fraction of Animal's Water from Site when On-Site (f,,)

The fraction of an animal's daily water intake that is obtained from water at a site. Generally, animals are
assumed to obtain 100% of their water from the site unless site conditions or management practices are known
to influence access to site-related water.

5. Recommended Default Exposure Parameters

Table 1 presents definitions of equation variables and their default values. The DCC default values and exposure models are
consistent with the Preliminary Remediation Goals at Superfund Sites (PRG) calculator. Both the DCC and PRG calculator default
values are consistent with the Regional Screening Levels for Chemical Contaminants at Superfund Sites (RSL) calculator when the
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same pathways are addressed (e.g., ingestion and inhalation) and are analogous when pathways are similar (e.g., dermal and external

exposure). This calculator, the PRG, and the RSL all follow the recommendations in the OSWER Directive concerning use of exposure
parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in remedy evaluation or selection

on a CERCLA site should be presented with supporting rationale in Administrative Records.

Table 1. Recommended Default Exposure Parameters

Dose Coefficients
Symbol ¥ Definition (units)_ Default Reference
Dose Conversion Factor - external exposure .
DCF o 15¢m ) ) Isotope-specific ORNL 2014c
(mrem/year per pCi/g) - 15cm Soil Volume Depth
Dose Conversion Factor - external exposure .
DCFit-1cm . . Isotope-specific ORNL 2014c¢
(mrem/year per pCi/g) - 1cm Soil Volume Depth
Dose Conversion Factor - external exposure .
Mg ) ) Isotope-specific ORNL 2014c
(mrem/year per pCi/g) - 5cm Soil Volume Depth
Dose Conversion Factor - external exposure
DCFeyt.gp (mrem/year per pCi/cm?) - Ground Plane Soil Isotope-specific ORNL 2014c
Volume Depth
Dose Conversion Factor - external exposure "
DEREe- . . K Isotope-specific ORNL 2014c
(mrem/year per pCi/g) - Infinite Soil Volume Depth
DCF; Dose Conversion Factor - inhalation (mrem/pCi) Isotope-specific ORNL 2014c
Dose Conversion Factor - immersion (mrem/yr per -
DCF; . Isotope-specific ORNL 2014c
mm pCI/L)
Oral Dose Conversion Factor - population -
DCF, . Isotope-specific ORNL 2014c
(mrem/pCi)
Oral Dose Conversion Factor - adult only .
DCF,, ) Isotope-specific ORNL 2014c
(mrem/pCi)
Dose Conversion Factor - submersion (mrem/yr per .
DCF . Isotope-specific ORNL 2014c¢
pCi/m3).
Dose and Decay Constant Variables
Symbol ¥ Definition (units)_ Default Reference
1 mrem/year is not a standard. A unit value was chosen for
DL Dose Limit (mrem/year) 1 the default value so the DCCs can be multiplied by the ARAR
determining the dose limit at that site.
teom Time - composite worker (year) 1 based on annual dose
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teon Time - construction worker (year) 1 based on annual dose
tear Time - farmer (year) 1 based on annual dose
tind Time - indoor worker (year) 1 based on annual dose
tout Time - outdoor worker (year) 1 based on annual dose
toc Time - recreator (year) 1 based on annual dose
tres Time - resident (year) 1 based on annual dose
A decay constant = 0.693/half-life (year?) Isotope-specific Dev.elopec? for EPA's "I.Dreliminary Remediati-on Goals for
where 0.693 = [n(2) Radionuclide Contaminants at Superfund Sites" (NCRP 1996)
Miscellaneous Variables
Symbol ¥ Definition (units)_ Default. Reference
AAFg, o Farmer Age Adjustment Factor - adult (unitless) 0.85 Developed for this calculator
AAF;, . Farmer Age Adjustment Factor - child (unitless) 0.15 Developed for this calculator
AAF ., Recreator Age Adjustment Factor - adult (unitless) site-specific Developed for this calculator
AAF o Recreator Age Adjustment Factor - child (unitless) site-specific Developed for this calculator
AAF . . Resident Age Adjustment Factor - adult (unitless) 0.77 Developed for this calculator
AAF oo Resident Age Adjustment Factor - child (unitless) 0.23 Developed for this calculator
ACF i 15cm Area Correction Factor - 15cm (unitless) Isotope-specific ORNL 2014a
ACF ext-1cm Area Correction Factor - 1cm (unitless) Isotope-specific ORNL 2014a
ACF o t-5cm Area Correction Factor - 5cm (unitless) Isotope-specific ORNL 2014a
ACF oyigp Area Correction Factor - ground plane (unitless) Isotope-specific ORNL 2014a
ACF o Area Correction Factor - soil volume (unitless) Isotope-specific ORNL 2014a
CFearbeef Beef Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFfar_dairy Dairy Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
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CFiaregg Egg Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFear-fin-fish Fish Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFiar-goat Goat Contaminated Fraction - Farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFfar-goat-milk Goat Milk Contaminated Fraction - Farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
P ementiony Poultry Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
Pl Produce Contaminated Fraction - farmer (unitless) 1 U.S. EPA 2011, U.S. EPA 2005
PFrectiems Sheep Contaminated Fraction - Farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFfar,Sheep,milk She.ep Milk Contaminated Fraction - Farmer 1 Developed for Radionuclide Soil Screening calculator
(unitless)
CFe, -shellfish Fish Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFir-swine Swine Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
O s etz Produce Contaminated Fraction - resident (unitless) i U.S. EPA 2011, U.S. EPA 2005
GSF, Gamma Shielding Factor - Air (unitless) 1 Developed for Radionuclide Soil Screening calculator
GSF it-15¢m Gamma Shielding Factor - 15cm (unitless) Isotope-specific ORNL 2014b
GSFeit-1cm Gamma Shielding Factor - 1cm (unitless) Isotope-specific ORNL 2014b
GSF-5cm Gamma Shielding Factor - 5cm (unitless) Isotope-specific ORNL 2014b
GSFext-gp Gamma Shielding Factor - ground plane (unitless) Isotope-specific ORNL 2014b
GSFoy.sv Gamma Shielding Factor - soil volume (unitless) Isotope-specific ORNL 2014b
GSF; Gamma Shielding Factor - Indoor (unitless) 0.4 U.S. EPA 2000a. (pg. 2-22). U.S. EPA 2000b. (pg. 2-18)
K Andelman Volatilization Factor (L/m?3) 0.5 U.S. EPA 1991b (pg. 20)
Pm Density of milk (kg/L) 1.03 EFH 2011 Chapter 15

Tissue Transfer Factors and Animal Ingestion Rates of Fodder, Water, and Soil
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https://books.google.com/books?hl=en&lr=&id=6U3MBQAAQBAJ&oi=fnd&pg=PP1&dq=handbook+of+ecotoxicology+second+edition&ots=lUxZdyPp9_&sig=EbGLi6WHFY6RRZC13iyVitiP4P0#v=onepage&q=handbook%20of%20ecotoxicology%20second%20edition&f=false
https://books.google.com/books?hl=en&lr=&id=6U3MBQAAQBAJ&oi=fnd&pg=PP1&dq=handbook+of+ecotoxicology+second+edition&ots=lUxZdyPp9_&sig=EbGLi6WHFY6RRZC13iyVitiP4P0#v=onepage&q=handbook%20of%20ecotoxicology%20second%20edition&f=false
https://books.google.com/books?hl=en&lr=&id=6U3MBQAAQBAJ&oi=fnd&pg=PP1&dq=handbook+of+ecotoxicology+second+edition&ots=lUxZdyPp9_&sig=EbGLi6WHFY6RRZC13iyVitiP4P0#v=onepage&q=handbook%20of%20ecotoxicology%20second%20edition&f=false
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Inhalation and Ingestion
Symbol ¥ Definition (units) Default Reference
Farmer Tap Water Immersion Factor - age-adjusted
DFA. . 240 U.S. EPA 1991a (pg. 15)
far-adj (hOUI’)
DEA Recreator Surface Water Immersion Factor - age- Site-Specific U.S. EPA 1991a (pg. 15)
et adjusted (hour) P - PE:
Resident Tap Water Immersion Factor - age-adjusted
DFA es dj (hou) 235 U.S. EPA 1991a (pg. 15)
IFAfar_adj Farmer Inhalation Fraction - age-adjusted (m3/year) 6475 Calculated using the age-adjusted intake factors equation.
Recreator Inhalation Fraction - age-adjusted . . . . . X
IFA o adi Site-Specific Calculated using the age-adjusted intake factors equation.
rec-adj (m3/year)
Resident Inhalation Fraction - age-adjusted . . . X
IFA o< agi 6195 Calculated using the age-adjusted intake factors equation.
res-adj (m3/year)
Recreator Soil Ingestion Fraction - age-adjusted
IFS . 2 e Site-Specific Calculated using the age-adjusted intake factors equation.
reeed | (mg/year)
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Resident Soil Ingestion Fraction - age-adjusted . . . .
IFS os.adi 43,050 Calculated using the age-adjusted intake factors equation.
el (mgjyean)
Recreator Surface Water Ingestion Fraction - age- . . . . . .
IFW ocadi . Site-Specific Calculated using the age-adjusted intake factors equation.
) adjusted (L/year)
Resident Tap Water Ingestion Fraction - age-
IFW es_adi ) P & & 737 Calculated using the age-adjusted intake factors equation.
) adjusted (L/year)
o Composite Worker Soil Inhalation Rate (m3/day; €0 U.S. EPA 1997 (pg. 5-11)
.S. a (pg. 5-
com based on a rate of 2.5m3/hr for 24hr) Pe
Construction Worker Soil Inhalation Rate (m3/day;
IRA o, 60 U.S. EPA 1997a (pg. 5-11)
based on a rate of 2.5m?3/hr for 24hr)
IRA, ., Farmer Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA, . Farmer Inhalation Rate - child (m3/day) 10 U.S. EPA1997a (pg. 5-11)
Indoor Worker Soil Inhalation Rate (m3/day; based
IRA; 4 60 U.S. EPA 1997a (pg. 5-11)
on a rate of 2.5m3/hr for 24hr)
- Outdoor Worker Soil Inhalation Rate (m3/day; based . U.S. EPA 1997a (pg. 5-11)
Cut on a rate of 2.5m3/hr for 24hr) - Pe:
IRAoc.a Recreator Soil Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA o Recreator Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
IRA ¢ Resident Soil Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA s Resident Soil Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
IRS .om Composite Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRSon Construction Worker Soil Ingestion Rate (mg/day) 330 U.S. EPA 1991a (pg. 15)
IRS;, ., Farmer Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRSt, - aj Farmer Soil Ingestion Rate - age-adjusted (mg/day) 115 Calculated using the age-adjusted intake factors equation.
IRS, Farmer Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS; 4 Indoor Worker Soil Ingestion Rate (mg/day) 50 U.S. EPA 2001 (pg. 4-3)
IRS ¢ Outdoor Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRS oo Recreator Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
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IRS . Recreator Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS .5 Resident Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRS o ¢ Resident Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
[ Recreator Surface Water Ingestion Rate - adult B Time weighted average was calculated based on the upper
rec-a (L/hour) ’ percentile from Table 3.7 of EFH 2019.
Recreator Surface Water Ingestion Rate - child . .
IRW 0.12 Child upper percentile from Table 3.5 of EFH 2011
(L/hour)
U.S. EPA2011a, Tables 3-15 and 3-33; weighted average of
IRW s 5 Resident Tap Water Ingestion Rate - adult (L/day) 25 90th percentile consumer-only ingestion of drinking water
(birth to < 6 years)
U.S. EPA2011a, Tables 3-15 and 3-33; weighted average of
IRW Resident Tap Water Ingestion Rate - child (L/day) 0.78 90th percentile consumer-only ingestion of drinking water
(birth to < 6 years)
Resident Biota Consumption
Symbol ™ Definition (units)_ Default Reference
IFAP o adj Resident Apple Ingestion Fraction - age-adjusted (g) 25,712 Calculated using the age-adjusted intake factors equation
Resident Asparagus Ingestion Fraction - age-
IFAS . adi ) parag & e 11,764 Calculated using the age-adjusted intake factors equation
! adjusted (g)
IFBE o g Resident Berry Ingestion Fraction - age-adjusted (g) 11,434 Calculated using the age-adjusted intake factors equation
Resident Broccoli Ingestion Fraction - age-adjusted . . . .
IFBR ¢ aqj © 9,282 Calculated using the age-adjusted intake factors equation
14
IFBT s aqj Resident Beet Ingestion Fraction - age-adjusted (g) 9,753 Calculated using the age-adjusted intake factors equation
Resident Cabbage Ingestion Fraction - age-adjusted
IFCB/es.aq) (@ Bellng ekl 23,884 Calculated using the age-adjusted intake factors equation
&
Resident Cereal Grain Ingestion Fraction - age- . . . .
IFCG es_agi . 22,122 Calculated using the age-adjusted intake factors equation
! adjusted (g)
IFClies-adj Resident Citrus Ingestion Fraction - age-adjusted (g) 99,184 Calculated using the age-adjusted intake factors equation
IFCO s adj Resident Corn Ingestion Fraction - age-adjusted (g) 18,091 Calculated using the age-adjusted intake factors equation
IFCR e aq) Resident Carrot Ingestion Fraction - age-adjusted (g) 8,470 Calculated using the age-adjusted intake factors equation
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Resident Cucumber Ingestion Fraction - age- . . . .
IFCU s adi . 24,152 Calculated using the age-adjusted intake factors equation
) adjusted (g)
Resident Lettuce Ingestion Fraction - age-adjusted . . ) .
AL e 10,164 Calculated using the age-adjusted intake factors equation
(8)
Resident Lima Bean Ingestion Fraction - age- . . . .
IFLl o i . 10,907 Calculated using the age-adjusted intake factors equation
! adjusted (g)
IFOK s aqij Resident Okra Ingestion Fraction - age-adjusted (g) 8,949 Calculated using the age-adjusted intake factors equation
IFON ¢ agj Resident Onion Ingestion Fraction - age-adjusted (g) 6,269 Calculated using the age-adjusted intake factors equation
IFPCes.ag) Resident Peach Ingestion Fraction - age-adjusted (g) 40,052 Calculated using the age-adjusted intake factors equation
TAP E e Resident Pea Ingestion Fraction - age-adjusted (g) 11,251 Calculated using the age-adjusted intake factors equation
Resident Pepper Ingestion Fraction - age-adjusted . . . .
AP s 5,622 Calculated using the age-adjusted intake factors equation
(8)
IFPR es adj Resident Pear Ingestion Fraction - age-adjusted (g) 19,627 Calculated using the age-adjusted intake factors equation
Resident Potato Ingestion Fraction - age-adjusted . . . .
TR s @ 38,249 Calculated using the age-adjusted intake factors equation
Resident Pumpkin Ingestion Fraction - age-adjusted
IFPU eq.agj © 4 2 B 18,819 Calculated using the age-adjusted intake factors equation
g
IFRl, s aqj Resident Rice Ingestion Fraction - age-adjusted (g) 25,372 Calculated using the age-adjusted intake factors equation
Resident Snap Bean Ingestion Fraction - age-
IFSN s adi . P 2 2 16,777 Calculated using the age-adjusted intake factors equation
! adjusted (g)
Resident Strawberry Ingestion Fraction - age- . . . .
IFST es_adi . 13,155 Calculated using the age-adjusted intake factors equation
) adjusted (g)
Resident Tomato Ingestion Fraction - age-adjusted . . . .
IFTO 5. adj (@ 24,484 Calculated using the age-adjusted intake factors equation
g
I ST tion Rate - adult (g/day) 139 U.S.EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
esiden e Consumption Rate - adu a :
res-a pp P g/day. (Table 9-5)
. . . U.S.EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRAP . Resident Apple Consumption Rate - child (g/day) 72
(Table 9-5)
G Resident Asparagus Consumption Rate - adult o U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-a (g/day) ’ (Table 9-5)
19 Resident Asparagus Consumption Rate - child ne U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
s (g/day) ’ (Table 9-5)
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X X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBE . , Resident Berry Consumption Rate - adult (g/day) 85
(Table 9-5)
RBE Resident Bermy C tion Rate - child (g/day] 4 U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
esident Berry Consumption Rate - chi a 6
res-c y p g/day (Table 9-5)
. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBR ., Resident Broccoli Consumption Rate - adult (g/day) 30.5
(Table 9-5)
; ) ; ) U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBR 5. Resident Broccoli Consumption Rate - child (g/day) 132
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBT o Resident Beet Consumption Rate - adult (g/day) 34.4
(Table 9-5)
T Resident Beet C tion Rat hild (g/day) - U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
esident Beet Consumption Rate - ¢ a
res-c : tmpe el (Table 9-5)
: X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCB, . , Resident Cabbage Consumption Rate - adult (g/day) 85.1
(Table 9-5)
. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCB o Resident Cabbage Consumption Rate - child (g/day) 11.8
(Table 9-5)
IRCC Resident Cereal Grain Consumption Rate - adult i U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-a (g/day) ’ (Table 9-5)
IRCG Resident Cereal Grain Consumption Rate - child e U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-c (g/day) ’ (Table 9-5)
) ; ; U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCl o , Resident Citrus Consumption Rate - adult (g/day) 306.5
(Table 9-5)
E . i : U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCl s Resident Citrus Consumption Rate - child (g/day) 206
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCO, ¢, Resident Corn Consumption Rate - adult (g/day) 60.2
(Table 9-5)
X X i U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCO, . Resident Corn Consumption Rate - child (g/day) 23.2
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCR s, Resident Carrot Consumption Rate - adult (g/day) 27.1
(Table 9-5)
X X i U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCR . . Resident Carrot Consumption Rate - child (g/day) 14.5
(Table 9-5)
S Resident Cucumber Consumption Rate - adult o U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-a (g/day) ’ (Table 9-5)
Tl Resident Cucumber Consumption Rate - child G U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-c (g/day) ’ (Table 9-5)
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IRFl oo Resident Fish Ingestion Rate (mg/day) 54,000 U.S. EPA 1991a (page 15)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRLE ¢ , Resident Lettuce Consumption Rate - adult (g/day) 36.7
(Table 9-5)
) ) ; U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRLE, o Resident Lettuce Consumption Rate - child (g/day) 34
(Table 9-5)
- Resident Lima Bean Consumption Rate - adult o U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-a (g/day) ’ (Table 9-5)
. Resident Lima Bean Consumption Rate - child 5 U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-c (g/day) (Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IROK . . Resident Okra Consumption Rate - adult (g/day) 30.4
(Table 9-5)
. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IROK . Resident Okra Consumption Rate - child (g/day) 2.4
(Table 9-5)
) i ; U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRON 5 Resident Onion Consumption Rate - adult (g/day) 21.5
(Table 9-5)
. . . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRON ¢ Resident Onion Consumption Rate - child (g/day) 5.9
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPC, ., Resident Peach Consumption Rate - adult (g/day) 115.7
(Table 9-5)
. . X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPC . Resident Peach Consumption Rate - child (g/day) 110.2
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPE . , Resident Pea Consumption Rate - adult (g/day) 35
(Table 9-5)
X . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPE . Resident Pea Consumption Rate - child (g/day) 22.6
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPP o, Resident Pepper Consumption Rate - adult (g/day) 19.1
(Table 9-5)
. Resident p c o e ) 5o U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
esident Pepper Consumption Rate - chi a c
res-c PP P g/day (Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPR ., Resident Pear Consumption Rate - adult (g/day) 52.1
(Table 9-5)
. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPR . Resident Pear Consumption Rate - child (g/day) 69.4
(Table 9-5)
X . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPT s, Resident Potato Consumption Rate - adult (g/day) 127.8 (Table 9.5)
able 9-
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. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPT o Resident Potato Consumption Rate - child (g/day) 473
(Table 9-5)
RPU Resident Pumokin € o e | s U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
esident Pumpkin Consumption Rate - adu a :
res-a P P g/day (Table 9-5)
. . . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPU o Resident Pumpkin Consumption Rate - child (g/day) 21.2
(Table 9-5)
) i ) U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRRI o, Resident Rice Consumption Rate - adult (g/day) 81.9
(Table 9-5)
. . . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRRI o6 Resident Rice Consumption Rate - child (g/day) 41
(Table 9-5)
e Resident Snap Bean Consumption Rate - adult ™ U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
resa (g/day) ‘ (Table 9-5)
- Resident Snap Bean Consumption Rate - child g U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res=c (g/day) ’ (Table 9-5)
IreT Resident Strawberry Consumption Rate - adult P U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-a (g/day) ’ (Table 9-5)
e Resident Strawberry Consumption Rate - child 3 U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
res-c (g/day) ’ (Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRTO ¢ 5 Resident Tomato Consumption Rate - adult (g/day) 80.1
(Table 9-5)
) ; ) U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRTO, ¢ Resident Tomato Consumption Rate - child (g/day) 36
(Table 9-5)
Farmer Biota Consumption
Symbol ¥ Definition (units)_ Default Reference
IFAPg, - adj Farmer Apple Ingestion Fraction - age-adjusted (g) 29,570 Calculated using the age-adjusted intake factors equation
Farmer Asparagus Ingestion Fraction - age-adjusted . . . .
IFAS(, - adj @ 12,554 Calculated using the age-adjusted intake factors equation
IFBEg, . oq) Farmer Berry Ingestion Fraction - age-adjusted (g) 11,743 Calculated using the age-adjusted intake factors equation
Farmer Beef Ingestion Fraction - age-adjusted
IFBg, _adi & ge-ad) 83,746 Calculated using the age-adjusted intake factors equation
! (g/year)
Farmer Broccoli Ingestion Fraction - age-adjusted X X . .
IFBRfp-adj @ 10,922 Calculated using the age-adjusted intake factors equation
IFBTtar-aq) Farmer Beet Ingestion Fraction - age-adjusted (g) 10,549 Calculated using the age-adjusted intake factors equation
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Farmer Cabbage Ingestion Fraction - age-adjusted
IFCB, . agj @ S ok 24,229 Calculated using the age-adjusted intake factors equation
Farmer Cereal Grain Ingestion Fraction - age-
IFCGt,agi . & & 217,753 Calculated using the a ge-adjusted intake factors equation
) adjusted (g)
IFCleyy.aj Farmer Citrus Ingestion Fraction - age-adjusted (g) 101,999 Calculated using the age-adjusted intake factors equation
IFCOfr-aq Farmer Corn Ingestion Fraction - age-adjusted (g) 26,084 Calculated using the age-adjusted intake factors equation
IFCRe g Farmer Carrot Ingestion Fraction - age-adjusted (g) 7,947 Calculated using the age-adjusted intake factors equation
Farmer Cucumber Ingestion Fraction - age-adjusted
IFCUf,aqj (© & ) 17,189 Calculated using the age-adjusted intake factors equation
g
Farmer Dairy Ingestion Fraction - age-adjusted
IFD,. _ .. y'ng ge-ad) 486,416 Calculated using the age-adjusted intake factors equation
] (g/year)
Farmer Egg Ingestion Fraction - age-adjusted
IFE¢,, agi se e el 30,265 Calculated using the age-adjusted intake factors equation
forad (g/year)
Farmer Fish Ingestion Fraction - age-adjusted
IFFle, o gi & S 48,276 Calculated using the age-adjusted intake factors equation
far-adj (g/year)
Farmer Goat Milk Ingestion Fraction - age-adjusted
IFGM¢,, g (g/year) & S site-specifc Calculated using the age-adjusted intake factors equation
g/year
Farmer Goat Ingestion Fraction - age-adjusted
IFGOs,,. . 4 2 BT site-specifc Calculated using the age-adjusted intake factors equation
far-adj (g/year)
IFLEfsr-ag) Farmer Lettuce Ingestion Fraction - age-adjusted (g) 11,097 Calculated using the age-adjusted intake factors equation
Farmer Lima Bean Ingestion Fraction - age-adjusted
IFLlr-agj & sead 11,240 Calculated using the age-adjusted intake factors equation
()
IFOKfar-adj Farmer Okra Ingestion Fraction - age-adjusted (g) 9,538 Calculated using the age-adjusted intake factors equation
IFONg, - odj Farmer Onion Ingestion Fraction - age-adjusted (g) 8,516 Calculated using the age-adjusted intake factors equation
IFPCor-aqj Farmer Peach Ingestion Fraction - age-adjusted (g) 35,828 Calculated using the age-adjusted intake factors equation
IFPE¢, . oq) Farmer Pea Ingestion Fraction - age-adjusted (g) 10,427 Calculated using the age-adjusted intake factors equation
Farmer Poultry Ingestion Fraction - age-adjusted
IFPg - adi S E 54,773 Calculated using the age-adjusted intake factors equation
arad (g/year)
IFPPg, - agj Farmer Pepper Ingestion Fraction - age-adjusted (g) 7,499 Calculated using the age-adjusted intake factors equation
IFPRg, g Farmer Pear Ingestion Fraction - age-adjusted (g) 21,970 Calculated using the age-adjusted intake factors equation
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IFPT e adj Farmer Potato Ingestion Fraction - age-adjusted (g) 44,937 Calculated using the age-adjusted intake factors equation
Farmer Pumpkin Ingestion Fraction - age-adjusted
IFPUf, g © 2 2 Bt 20,004 Calculated using the age-adjusted intake factors equation
g
IFRI . adj Farmer Rice Ingestion Fraction - age-adjusted (g) 32,027 Calculated using the age-adjusted intake factors equation
Farmer Shellfish Ingestion Fraction - age-adjusted . . . .
IFSFtar.adj @ 63,266 Calculated using the age-adjusted intake factors equation
g
Farmer Sheep Ingestion Fraction - age-adjusted . . ) . . .
IFSHe, .4 site-specifc Calculated using the age-adjusted intake factors equation
far-adj (g/year)
Farmer Sheep Milk Ingestion Fraction - age-adjusted
IFSMe, g (e/year) P & S site-specifc Calculated using the age-adjusted intake factors equation
g/year
Farmer Snap Bean Ingestion Fraction - age-adjusted . . . .
IFSN{ar-aqj @ 17,721 Calculated using the age-adjusted intake factors equation
g
Farmer Strawberry Ingestion Fraction - age-adjusted
IFST e adj © yine B 13,522 Calculated using the age-adjusted intake factors equation
g
Farmer Swine Ingestion Fraction - age-adjusted . . . .
IFSWe,, _ogi 46,643 Calculated using the age-adjusted intake factors equation
far-adj (g/year)
IFTOf, - aqj Farmer Tomato Ingestion Fraction - age-adjusted (g) 30,181 Calculated using the age-adjusted intake factors equation
T = e — dult (g/day) o U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
armer e Consumption Rate - adu a 5
far-a PP P S (Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRAP, Farmer Apple Consumption Rate - child (g/day) 82.7
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRAS;, . Farmer Asparagus Consumption Rate - adult (g/day) 40.1
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRAS, . Farmer Asparagus Consumption Rate - child (g/day) 11.9
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBE¢,., Farmer Berry Consumption Rate - adult (g/day) B2
(Table 9-5)
T : e tion Rate - child (g/day) 242 U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
armer Berry Consumption Rate - chi a ;
far-c y P g/day (Table 9-5)
IRBg,, Farmer Beef Ingestion Rate - adult (g/day) 270.1 U.S. EPA 2011 (Table 13-33)U.S. EPA 2018 (Table 11-5)
IRB.c Farmer Beef Ingestion Rate - child (g/day) 64.6 U.S. EPA 2011 (Table 13-33)U.S. EPA 2018 (Table 11-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBRy,,, Farmer Broccoli Consumption Rate - adult (g/day) 341 (Table 9-5)
able 9-
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. X . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBRg,. Farmer Broccoli Consumption Rate - child (g/day) 14.8
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBT¢,,, Farmer Beet Consumption Rate - adult (g/day) 34.4
(Table 9-5)
X . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRBT,,. Farmer Beet Consumption Rate - child (g/day) 6
(Table 9-5)
R = el . - dult (g/day) T U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
armer Cabbage Consumption Rate - adu a .
far-a g P g/day. (Table 9-5)
. X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCB,. Farmer Cabbage Consumption Rate - child (g/day) 11
(Table 9-5)
o Farmer Cereal Grain Consumption Rate - adult o U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
e (g/day) ’ (Table 9-5)
IRCG Farmer Cereal Grain Consumption Rate - child i U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
fore (g/day) ' (Table 9-5)
X X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRClg,,., Farmer Citrus Consumption Rate - adult (g/day) 306.5
(Table 9-5)
: X . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCl, Farmer Citrus Consumption Rate - child (g/day) 206
(Table 9-5)
X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCO¢, .5 Farmer Corn Consumption Rate - adult (g/day) 82.1
(Table 9-5)
i . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCOy,,. Farmer Corn Consumption Rate - child (g/day) 31.6
(Table 9-5)
X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCR¢,, Farmer Carrot Consumption Rate - adult (g/day) 24.4
(Table 9-5)
5 . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCRy, Farmer Carrot Consumption Rate - child (g/day) 13.1
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCUg, Farmer Cucumber Consumption Rate - adult (g/day) 54.9
(Table 9-5)
. X U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRCUg, . Farmer Cucumber Consumption Rate - child (g/day) 16.3
(Table 9-5)
IRDg,,, Farmer Dairy Ingestion Rate - adult (g/day) 1,438.0 U.S. EPA 2011 (Table 13-25)U.S. EPA 2018 (Table 11-3)
IRDg, . Farmer Dairy Ingestion Rate - child (g/day) 1,116.4 U.S. EPA 2011 (Table 13-25)U.S. EPA 2018 (Table 11-3)
IRE, ., Farmer Egg Ingestion Rate - adult (g/day) 97.3 U.S. EPA 2011 (Table 13-40)U.S. EPA 2018 (Table 11-7)
IRE,. Farmer Egg Ingestion Rate - child (g/day) 25.1 U.S. EPA 2011 (Table 13-40)U.S. EPA 2018 (Table 11-7)
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IRFl¢,.., Farmer Fin Fish Ingestion Rate - adult (g/day) 155.9 U.S. EPA 2011 (Tables 10-7 and 13-20)
IRFle,,. Farmer Fin Fish Ingestion Rate - child (g/day) 36.1 U.S. EPA 2011 (Tables 10-7 and 13-20)
IRGM,_, Farmer Goat Milk Ingestion Rate - adult (g/day) site-specifc site-specifc
IRGM¢, . Farmer Goat Milk Ingestion Rate - child (g/day) site-specifc site-specifc
IRGO, Farmer Goat Ingestion Rate - adult (g/day) site-specifc site-specifc
IRGOq, . Farmer Goat Ingestion Rate - child (g/day) site-specifc site-specifc
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRLEg,, . Farmer Lettuce Consumption Rate - adult (g/day) 36.7
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRLE¢,,.. Farmer Lettuce Consumption Rate - child (g/day) 3.4
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRLlg,, ., Farmer Lima Bean Consumption Rate - adult (g/day) | 33.9
(Table 9-5)
. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRLIg,. Farmer Lima Bean Consumption Rate - child (g/day) 22
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IROK¢, ., Farmer Okra Consumption Rate - adult (g/day) 30.4
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IROK, Farmer Okra Consumption Rate - child (g/day) 9.4
arc (Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRONg, ., Farmer Onion Consumption Rate - adult (g/day) 27.3
(Table 9-5)
. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRONg, Farmer Onion Consumption Rate - child (g/day) 7.5
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPC¢,, 5 Farmer Peach Consumption Rate - adult (g/day) 103.1
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPCq,. Farmer Peach Consumption Rate - child (g/day) 98.2
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPE¢, ., Farmer Pea Consumption Rate - adult (g/day) 31.6
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPE,, . Farmer Pea Consumption Rate - child (g/day) 20.4
(Table 9-5)
IRP¢, o Farmer Poultry Ingestion Rate - adult (g/day) 175.5 U.S. EPA 2011 (Table 13-52)U.S. EPA 2018 (Table 11-5)
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IRPg,,c Farmer Poultry Ingestion Rate - child (g/day) 48.8 U.S. EPA 2011 (Table 13-52)U.S. EPA 2018 (Table 11-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPP,, . Farmer Pepper Consumption Rate - adult (g/day) 23.9
(Table 9-5)
e = 5 c tion Rate - child (g/day) - U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
armer Pepper Consumption Rate - chi a J
far-c PP P A (Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPR¢,, Farmer Pear Consumption Rate - adult (g/day) 59.8
(Table 9-5)
. ) U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPRg, . Farmer Pear Consumption Rate - child (g/day) 79.6
(Table 9-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPT,, Farmer Potato Consumption Rate - adult (g/day) 141.8
(Table 9-5)
: . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPT,, Farmer Potato Consumption Rate - child (g/day) 52.4
(Table 9-5)
R = 5 Kin C — dult (g/day) . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
armer Pumpkin Consumption Rate - adu a .
far-a p p g/day. (Table 9-5)
. . ; U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRPU¢, Farmer Pumpkin Consumption Rate - child (g/day) 21.2
(Table 9-5)
. . Rice C tion Rat dult (g/day) e U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
armer Rice Consumption Rate - adu a J
far-a P g/aday. (Table 9-5)
. . . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRRIg, . Farmer Rice Consumption Rate - child (g/day) 49.6
(Table 9-5)
IRSF¢, o Farmer Shellfish Ingestion Rate - adult (g/day) 208.9 U.S. EPA 2011 (Table 10-9)
IRSF¢,.c Farmer Shellfish Ingestion Rate - child (g/day) 21.3 U.S. EPA 2011 (Table 10-9)
IRSH, ., Farmer Sheep Ingestion Rate - adult (g/day) site-specifc site-specifc
IRSH¢, . Farmer Sheep Ingestion Rate - child (g/day) site-specifc site-specifc
IRSM¢, 5 Farmer Sheep Milk Ingestion Rate - adult (g/day) site-specifc site-specifc
IRSM¢, . Farmer Sheep Milk Ingestion Rate - child (g/day) site-specifc site-specifc
. = 5 B © tion Rate - adult (g/day) s U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
armer Snap Bean Consumption Rate - adu a ;
far-a p P g/day (Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRSN¢,, Farmer Snap Bean Consumption Rate - child (g/day) 28.7 (Table 9-5)
able 9-
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IRST Farmer Strawberry Consumption Rate - adult O U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
e (g/day) : (Table 9-5)
e Farmer Strawberry Consumption Rate - child 75 U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
(e (g/day) : (Table 9-5)
IRSW,, ., Farmer Swine Ingestion Rate - adult (g/day) 151.1 U.S. EPA 2011 (Table 13-51)U.S. EPA 2018 (Table 11-5)
IRSWe, Farmer Swine Ingestion Rate - child (g/day) 32.2 U.S. EPA 2011 (Table 13-51)U.S. EPA 2018 (Table 11-5)
. U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRTO, ., Farmer Tomato Consumption Rate - adult (g/day) 94
(Table 9-5)
. . U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA 2018
IRTOg,,. Farmer Tomato Consumption Rate - child (g/day) 422
(Table 9-5)
Exposure Frequency, Exposure Duration, and Exposure Time Variables
Symbol ¥ Definition (units)_ Default Reference
Construction Worker Exposure Frequenc
DWeon P auency 5 U.S. EPA 2002b Exhibit 5-1
(days/week)
ED¢,, Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table 6-3)
EDt,rg Farmer Exposure Duration - adult (years) 34 U.S. EPA 1994a
EDg,,.c Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table 6-3)
ED,oc Recreator Exposure Duration (years) Site-Specific Site-Specific
ED/eca Recreator Exposure Duration - adult (years) Site-Specific Site-Specific
EDocc Recreator Exposure Duration - child (years) Site-Specific Site-Specific
. . U.S. EPA 2011a, Table 16-108; 90th percentile or current
ED, o Resident Exposure Duration (years) 26 ) .
residence time.
ED,es.a Resident Exposure Duration - adult (years) 20 ED, e (26 years) - ED, . (6 years)
ED (q Resident Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages 6 and 15
EF om Composite Worker Exposure Frequency (days/year) 250 U.S. EPA 1991a (pg. 15)
Construction Worker Exposure Frequency -
EFon 250 U.S. EPA 2002b Exhibit 5-1
(days/year)
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EF., Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)
EFtra Farmer Exposure Frequency - adult (days/year) 350 U.S. EPA 1991a (pg. 15)
EFec Farmer Exposure Frequency - child (days/year) 350 U.S. EPA 1991a (pg. 15)

EFing Indoor Worker Exposure Frequency (days/year) 250 U.S. EPA 1991a (pg. 15)

EF ot Outdoor Worker Exposure Frequency (days/year) 225 U.S. EPA 1991a (pg. 15)

EF o Recreator Exposure Frequency (days/year) Site-Specific Site-Specific
EF eca Recreator Exposure Frequency - adult (days/year) Site-Specific Site-Specific
EF ecc Recreator Exposure Frequency- child (days/year) Site-Specific Site-Specific
EF s Resident Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)

EF esa Resident Exposure Frequency - adult (days/year) 350 U.S. EPA 1991a (pg. 15)
EF es.c Resident Exposure Frequency - child (days/year) 350 U.S. EPA 1991a (pg. 15)
ET i Composite Worker Exposure Time (hours/day) 0 Zero Hours per 24 hour Day
ET om0 Composite Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
ETcon Construction Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
ETevent-far-a Farmer Water Exposure Time - adult (hours/event) 0.71 U.S.EPA 1997a
EV ayemitine Farmer Water Exposure Time - child (hours/event) 0.54 U.S. EPA 1997a
Resident Tap Water Exposure Time - adult
ET pentres.a 0.71 U.S.EPA1997a
(hours/event)
- Resident Tap Water Exposure Time - child 5 U SR e
event-res-c (hours/event) ’ -
Els Farmer Exposure Time - adult (hours/day) 24 24 Hours per 24 hour Day
U.S. EPA 2011 (Tables 16-20 and 16-24 total of time in
T Farmer Soil Exposure Time - away (hours/day) 1.83 vehicles, near vehicles and outdoors other than near
residence 25th%)
ETerc Farmer Exposure Time - child (hours/day) 24 24 Hours per 24 hour Day
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ETe i Farmer Indoor Soil Exposure Time (hours/day) 10.008 24 hours/day - (ET, + ETy,)
ETero Farmer Outdoor Soil Exposure Time (hours/day) 12.167 U.S. EPA 2011 (Table 16-20 95%))
ET, g Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
ET, ¢ Outdoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
ET,.. Recreator Exposure Time (hours/day) Site-Specific Site-Specific
ET eca Recreator Exposure Time - adult (hours/day) Site-Specific Site-Specific
ET ecc Recreator Exposure Time - child (hours/day) Site-Specific Site-Specific
ET esn Resident Exposure Time - adult (hours/day) 24 24 Hours per 24 hour Day
ET esc Resident Exposure Time - child (hours/day) 24 24 Hours per 24 hour Day
ET oo Resident Indoor Soil Exposure Time (hours/day) 16.416 U.S. EPA 2011 (Table 16-16 50th%)
ET s Resident Outdoor Soil Exposure Time (hours/day) 1.75 U.S. EPA 2011 (Table 16-20 50th%))
Number of farmer tap water bathing events per day .
EViyra 1 U.S. EPA 2004 Exhibit 3-2
- adult (events/day)
Number of farmer tap water bathing events per day o
EVfarc . 1 U.S. EPA 2004 Exhibit 3-2
- child (events/day)
Number of recreator surface water bathing events X . X .
EVieca Site-Specific Site-Specific
per day - adult (events/day)
- Number of recreator surface water bathing events STl S
ite-Specific ite-Specific
recc per day - child (events/day) P P
Number of resident tap water bathing events per -
EV ec s 1 U.S. EPA 2004 Exhibit 3-2
day - adult (events/day)
Number of resident tap water bathing events per .
EV,esc . 1 U.S. EPA 2004 Exhibit 3-2
day - child (events/day)
Construction Worker Exposure Frequenc
EW_on P 9 ¥ 50 U.S. EPA 2002b Exhibit 5-1
co (weeks/year)
Soil to Groundwater SSL Factor Variables
Symbol ¥ Definition (units)_ Default Reference
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Wind Particulate Emission Factor Variables

§ymb01 .

PEF and region-
LA U.S. EPA 2002b Exhibit D-2

Dispersion constant (unitless)

specific

. . 0.5 (range 0.5 to o
Areal extent of the site or contamination (acres) 500) U.S. EPA 2002b Exhibit D-2

. . . PEF and region- o
Dispersion constant (unitless) . U.S. EPA 2002b Exhibit D-2
specific

PEF and region-
specific

Function Dependent on 0.886 x (U,/U,) (unitless) 0.194 U.S. EPA. 1996, Appendix D Table 2
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1.36 x 10°(region-
PEF,, Particulate Emission Factor - Minneapolis (m3/kg) ific) (reg U.S. EPA 2002b Exhibit D-2
specific
Inverse of the Mean Concentration at the Center of a 93.77 (region- -
Q/Cing o U.S. EPA 2002b Exhibit D-2
0.5-Acre-Square Source (g/m2-s per kg/m3) specific)
Un, Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
Equivalent Threshold Value of Wind Speed at 7Tm .
U, 11.32 U.S. EPA. 1996, Appendix D Table 2
(m/s)
\Y Fraction of Vegetative Cover (unitless) 0.5 U.S. EPA. 2002b Equation 4-5
Mechanical Particulate Emission Factor Variables from Standard Unpaved Road Vehicle Traffic
Symbol ¥ Definition (units)_ Default Reference
A Dispersion constant (unitless) 12.9351 U.S. EPA 2002b Equation 5-6
. (Ag=Lgx Wg x .
Ag Surface area of contaminated road segment (m?) U.S. EPA 2002b Equation 5-5
0.092903m? /ft2)
Areal extent of site surface soil contamination 0.5 (range 0.5 to 500 .
A U.S. EPA 2002b Equation 5-6
(acres) )
B Dispersion constant (unitless) 5.7383 U.S. EPA 2002b Equation 5-6
C Dispersion constant (unitless) 71.7711 U.S. EPA 2002b Equation 5-6
Fp Dispersion correction factor (unitless) 0.185 U.S. EPA 2002b Equation 5-5
Lp Length of road segment (ft) Site-specific U.S. EPA 2002b Equation 5-5
Number of days with at least 0.01 inches of . . .
p L Site-specific U.S. EPA 2002b Exhibit 5-2
precipitation (days/year)
PEF. Particulate Emission Factor - subchronic (m3/kg) (site-specific) U.S. EPA 2002b Equation 5-5
Inverse of the ratio of the 1-h geometric mean
concentration to the emission flux along a straight 23.02 (for 0.5 acre .
Q/C,, . . . . U.S. EPA 2002b Equation 5-5
road segment bisecting a square site (g/m?2-s per site)
kg/m?)
T, Total time over which construction occurs (s) site-specific U.S. EPA 2002b Equation 5-5
(number of cars x
tons/car + number
W Mean vehicle weight (tons) of trucks x U.S. EPA 2002b Equation 5-5
tons/truck) / total
vehicles)
Wy Width of road segment (ft) 20 U.S. EPA 2002b Equation E-18
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Y VKT = total
vehicles x distance
Sum of fleet vehicle kilometers traveled during the (km/day) x .
VKT ) U.S. EPA 2002b Equation 5-5
exposure duration (km) frequency
(weeks/year) x
(days/year)
Mechanical Particulate Emission Factor Variables from Other Construction Activities
Symbol ¥ Definition (units)_ Default Reference
0.35 PM,, particle size multiplier (unitless) 0.35 U.S. EPA 2002b Equation E-21
0.60 PM,, scaling factor (unitless) 0.60 U.S. EPA 2002b Equation E-23
0.75 PM,, scaling factor (unitless) 0.75 U.S. EPA 2002b Equation E-22
A Dispersion constant (unitless) 2.4538 U.S. EPA 2002b Equation E-15
Acdoz Areal extent of dozing (acres) Site-specific Necessary to solve VKT, in U.S. EPA 2002b Equation E-22
Necessary to solve Y VKT, in U.S. EPA 2002b Equation E-
N— Areal extent of grading (acres) Site-specific 23 y 2VKTgrace i
Al Areal extent of tilling (acres) Site-specific U.S. EPA 2002b Equation E-24
Acxcay Areal extent of excavation (m?) (range 0.5 to 500) U.S. EPA 2002b Equation E-21
Areal extent of site surface soil contamination .
A (range 0.5 to 500) U.S. EPA 2002b Equation E-15
(acres)
Agur Areal extent of site surface soil contamination (m?) (range 0.5 to 500) U.S. EPA 2002b Equation E-20
B Dispersion constant (unitless) 17.5660 U.S. EPA 2002b Equation E-15
By Dozer blade length (m) Site-specific U.S. EPA 2002b Page E-28
Bg Grader blade length (m) Site-specific U.S. EPA 2002b Page E-28
C Dispersion constant (unitless) 189.0426 U.S. EPA 2002b Equation E-15
deycay Average depth of excavation (m) Site-specific U.S. EPA 2002b Equation E-21
ED Exposure duration (years) Site-specific U.S. EPA 2002b Equation E-20
F(x) Function Dependent on 0.886 x (U,/U ) (unitless) 0.194 U.S. EPA. 1996, Appendix D Table 2
Fp Dispersion correction factor (unitless) Site-specific U.S. EPA 2002b Equation E-16
Total time-averaged PM,, unit emission flux for
J; (g/m?-s) construction activities other than traffic on unpaved Site-specific U.S. EPA 2002b Equation E-25
roads
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Myoz Unit mass emitted from dozing operations (g) site-specific U.S. EPA 2002b Equation E-22
Mexcay Unit mass emitted from excavation soil dumping (g) site-specific U.S. EPA 2002b Equation E-21
Mgrade Unit mass emitted from grading operations (g) site-specific U.S. EPA 2002b Equation E-23

. . . 7.9 (mean value for .
M doz Gravimetric soil moisture content (%) U.S. EPA 2002b Equation E-22
overburden)
12 (mean value for
M -excav Gravimetric soil moisture content (%) municipal landfill U.S. EPA 2002b Equation E-21
cover)
MPC ind Unit mass emitted from wind erosion (g) site-specific U.S. EPA 2002b Equation E-20

My Unit mass emitted from tilling operations (g) site-specific U.S. EPA 2002b Equation E-24
N doz Number of times site is dozed (unitless) Site-specific U.S. EPA 2002b Equation E-22

Na-dump Number of times soil is dumped (unitless) 2 U.S. EPA 2002b Equation E-21
Np-grade Number of times site is graded (unitless) Site-specific U.S. EPA 2002b Equation E-23

Nttt Number of times soil is tilled (unitless) 2 U.S. EPA 2002b Equation E-24

PEF'SC Particulate Emission Factor - subchronic (m3/kg) (site-specific) U.S. EPA 2002b Equation E-26
Inverse of the ratio of the 1-h. geometric mean air

Q/C, concentration and the emission flux at the center of Site-specific U.S. EPA 2002b Equation E-15

the square emission source (g/m?2-s per kg/m?3)

Sdoz Soil silt content (%) 6.9 U.S. EPA 2002b Equation E-22

11.4 (mean value
Sdoz Average dozing speed (kph) ( U.S. EPA 2002b Equation E-22
for graders)
S A di d (kph) 11.4 (mean value U.S. EPA 2002b Equation E-23
verage grading spee iSH uation E-
grade geg gsp p for graders) g
Stil Soil silt content (%) 18 U.S. EPA 2002b Equation E-24
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
Equivalent Threshold Value of Wind Speed at 7Tm .

U, 11.32 U.S. EPA. 1996, Appendix D Table 2
(m/s)

\ Fraction of Vegetative Cover (unitless) 0 U.S. EPA 2002b Equation E-20

Peoil In situ soil density (includes water) (Mg/m3) 1.68 U.S. EPA 2002b Equation E-21

Y VKT 4o, Sum of dozing kilometers traveled (km) Site-specific U.S. EPA 2002b Equation E-22
2VKTgrage Sum of grading kilometers traveled (km) U.S. EPA 2002b Equation E-23
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