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ABSTRACT

This technical memorandum (TM) presents an overview of the Risk Assessment Information System
(RAIS), a collection of web-based tools designed to assist with the environmental risk assessment process.
The objective of the RAIS is to be a single resource for the risk assessment process, providing guidance
when planning and performing the steps: data assessment, exposure assessment, toxicity assessment, and
risk characterization.

The RAIS evolved as a result of the initial remediation efforts at various United States (U.S.) Department
of Energy (DOE) facilities. The goal was to increase the efficiency and transparency of the human health
and ecological assessments being performed by DOE’s Office of Environmental Management, Oak Ridge
Operations (ORO) office by providing a repository for toxicity information, physicochemical data, risk
assessment procedures, standardized risk calculation methods, and web-based tools. Since the initial launch
in 1996, the RAIS has expanded its user base outside of the federal government and now has users from
over 100 countries, universities, states, and local governments. What sets the RAIS apart from other risk
assessment sites are the publicly available, searchable toxicity and physicochemical databases and the wide
range of chemical and radionuclide risk calculation tools.

The purpose of this TM is to present the RAIS tools in order of the website menus and explain how they fit
in the risk assessment process. In addition, this TM describes differences between the chemical and
radionuclide tools of the RAIS. Screening level equations, chronic daily intake equations, and default
exposure factors used in the chemical and radionuclide calculators are included in the appendices of this
TM. This TM is not intended to be a detailed guide to risk assessment or the RAIS tools. The tools on the
RAIS can be used to comply with procedures from multiple agencies, including but not limited to DOE,
U.S. Environmental Protection Agency (EPA), U.S. Department of Defense (DoD), and many state
governments. Further information on the RAIS tools can be found in the user guides and tutorials available
on the webpage.
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1. INTRODUCTION

The Risk Assessment Information System (RAIS) is a collection of web-based tools designed to assist
with the steps of an environmental risk assessment. The RAIS was designed to streamline all risk
assessment processes, from toxicity data curation to risk calculation, in a transparent format. Taking
advantage of searchable and executable databases, menu-driven queries, data downloads, and dynamic
calculators, the RAIS offers essential tools that are used in the risk assessment process from project
scoping to implementation. The RAIS tools are available at https://rais.ornl.gov/. The RAIS is sponsored
by the United States (U.S.) Department of Energy (DOE), Office of Environmental Management, Oak
Ridge Operations (ORO) Office through a joint collaboration between United Cleanup Oak Ridge LLC
(UCOR) and Oak Ridge National Laboratory (ORNL).

The main RAIS tools either calculate screening levels, called preliminary remediation goals (PRGs), or
risk. Many of the other tools provide details on the inputs into these PRG and risk calculations. The term
“risk” or “risk assessment” is used throughout this technical memorandum (TM) to describe both excess
lifetime cancer risk (ELCR) probability and the noncancer hazard index calculations.

1.1 HISTORY

The RAIS was developed to assist with remediation efforts at various DOE sites involved with The
Manhattan Project legacy waste by standardizing toxicity values, exposure equations, and essentially the
entire risk assessment process. The goal was to increase the efficiency and transparency of the ecological
and human health risk assessment projects being performed by DOE’s Office of Environmental
Management, ORO Office by providing a repository for information, established procedures, and
standardized risk calculation methods and tools. The RAIS website was activated in 1996.

Prior to the RAIS, there was a lot of duplication in terms of curating toxicity values, physicochemical
parameters, toxicity profiles, exposure parameters, and risk models. It was also common for risk
assessments performed by different entities to have inconsistencies. Risk assessments were often multiple
volumes of paper, because no central repository of common parameters could be cited. In addition,
without the benefits of a single integrated system, each risk assessor was responsible for the maintenance
of all databases needed for the risk assessment process. DOE's implementation of the RAIS and its
associated guidance has streamlined the risk assessment process and eliminated the need for costly
duplication of effort and printing.

Over time, the RAIS user base has expanded outside of the federal government and now has users from
over 100 countries, 45 state governments, and many university programs. The RAIS also expanded to
contain tools (or links to tools) developed by the RAIS team for the U.S. Environmental Protection
Agency (EPA), Alaska, and Delaware. Additions to the RAIS continue to benefit all risk information
users (e.g., DOE, EPA, U.S. Department of Defense [DoD], etc.).

1.2 PURPOSE
1.2.1 Purpose of this technical memorandum
The purpose of this TM is to:

Present the risk assessment process and how the RAIS tools assist in each step,
Identify all tools currently available on the RAIS and at linked sites,

Provide brief instructions on how to access specific data and tools on the RAIS, and
Provide a reference for those citing the RAIS and its applicability for use on their sites.
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This TM is not intended to be a comprehensive resource for risk assessment methods. The tools on the
RAIS can be used to comply with procedures from multiple agencies, including but not limited to DOE,
U.S. Environmental Protection Agency (EPA), U.S. Department of Defense (DoD), and many state
governments.

1.2.2  Purpose of RAIS

The objective of the RAIS is to provide a service-oriented environmental risk assessment expert system
that is under configuration control. The RAIS offers tools and guidance for performing risk assessments
based on general procedures applicable to many agencies or methods. The purpose of this on-line menu-
driven system is to provide risk tools and information to an unlimited audience in a timely and efficient
manner, enable consistent and high-quality risk calculations, eliminate the tedious collection of up-to-date
toxicity values and other parameters necessary for conducting risk activities, automate the exposure
assessment, and provide the means for site comparisons. RAIS tool inputs can also be modified by the
user to accommodate site-specific needs. These modifications include changing exposure parameters,
toxicity values, physicochemical properties, mutagenic status, volatility status, and modeling parameters.

Use of the RAIS will reduce the cost of assessment activities and provide a platform for standardizing
basic environmental cleanup decision processes for hazardous and radioactive waste sites. The RAIS
provides links to other innovative risk assessment tools developed by the RAIS team in support of the
EPA Superfund program to provide all the publicly available risk assessment tools in one place.

Drawing upon its history of assisting the DOE with the aftermath of the Manhattan Project, the RAIS
webpage contains two high levels of organization: Chemical Tools and Radionuclide Tools. Chemical
tools address over 2,400 chemicals, including common chemicals such as trichloroethylene (TCE),
benzene, and formaldehyde as well as inorganic metals such as lead, arsenic, and chromium. The tools
and information offered for chemicals are further discussed in Section 3. Radionuclide tools address
metals that undergo nuclear decay and emit ionizing radiation. For example, the isotopes of uranium, U-
235, U-236, and U-238, are three of the over 1,200 radionuclides on the RAIS. The tools and information
offered for radionuclides are further discussed in Section 4.

1.3 CONFIGURATION CONTROL

The RAIS is reviewed on a consistent basis to ensure the information is current. Changes to the system
are based on routine updates, sponsor/user request, and regulatory changes.

Updates to the RAIS are tracked and recorded in a project management system. When a change is
deemed necessary to correct an error, comply with new guidance, update chemical or radiological
parameters, or add new modules, the task is added to the project management system, and RAIS team
members are assigned. The changes are first made on an internal (development) version of the RAIS,
where they are subjected to a Quality Assurance (QA) process by the RAIS team that checks for function
and accuracy. If the changes to the internal version are approved, the modified files are moved into
production and are publicly visible to all RAIS users. The QA process is repeated on the production site
to ensure function and accuracy.

Changes to toxicity values, physicochemical parameters, ecological screening benchmarks, and other
screening values primarily occur during the semiannual updates in May and November. Users can view
the What’s New page to see a log of updates made each month as far back as February 1996
(https://rais.ornl.gov/home/whatnew.html). The information on the “What’s New” page is also distributed
via e-mail to users who sign up as members of the RAIS User’s Group (https://rais.ornl.gov/cgi-
bin/tools/rais_user_signup). A key benefit of this feature is to inform users of updates that may impact
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ongoing risk assessments (e.g., revised toxicity values). It is recommended that the “What’s New” page
be checked prior to finalizing risk results and again before remedial action decisions are finalized.

The RAIS chemical and radionuclide PRG calculator results are checked frequently for accuracy and
stability. Every default land use and media combination in these calculators are programmed to run
nightly. The results are compared against a standard set of verified results stored in the database. An
email is generated with the results of these comparisons and sent to the RAIS Team. If the nightly run
does not match the standard set for a calculator, the discrepancy is flagged for attention in the email.

In addition to QA checks for accuracy and function, the RAIS servers and file systems are monitored.
Service disruption notices that may be due to power outages, hardware failures, or software maintenance
issues are automatically sent to the RAIS team. Planned service disruptions are posted on the RAIS
website in advance of any outage. Any unplanned event is addressed immediately to ensure a great
customer experience.

1.4 USER SUPPORT

All questions and suggestions from RAIS users are welcomed. General questions may be submitted
through the RAIS contact feature at the bottom of each page. The Contact/Staff Listing page presents the
contact information for the RAIS team including the area of expertise for each staff member
(https://rais.ornl.gov/tools/people.php). The tutorials, glossary, user guides, and frequently asked question
pages often contain the answers users are looking for. They are described in detail in the following text.

1.4.1 Tutorials

The RAIS has two online training platforms: “RAIS Main Tutorial” and “What is Risk Assessment?”.
The “RAIS Main Tutorial” is a detailed guide that covers all RAIS tools in the order that they are
currently found on the RAIS (https://rais.ornl.gov/tutorials/tutorial.html). The “What is Risk
Assessment?” tutorial provides a basic introduction to risk assessment as a concept and goes through the
four main steps of a typical risk assessment (https://rais.ornl.gov/tutorials/whatisra.html).

1.4.2 Document Search

The RAIS includes a Document Search tool that allows users to search for risk assessment guidance,
chemical or radionuclide-specific information, results from previous investigations, and more
(https://rais.ornl.gov/tools/doc_search.php). A list of documents that contain RAIS PRG and risk
calculation equation and model sources is included in Appendix I.

1.4.3 Guidance
The RAIS includes 3 types of guidance:
e ORO Regulatory Guidance — TM: provides a repository for procedures and technical memoranda

developed for risk assessments conducted on the Oak Ridge Reservation (ORR)
(https://rais.ornl.gov/guidance/tm.html);

e EPA Regulatory Guidance:

— EPA Human Health Risk Assessment Guidance: provides a comprehensive list of EPA guidance
for human health risk assessment (https://rais.ornl.gov/guidance/epa_hh.html),
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— EPA Ecological Risk Assessment Guidance: provides a comprehensive list of EPA guidance for
ecological risk assessment (https://rais.ornl.gov/guidance/epa_eco.html), and

— EPA Regional Supplemental Risk Assessment Guidance: provides regional-specific documents or
links to the individual EPA regions (https://rais.ornl.gov/guidance/epa_reg.html); and

e State Guidance: provides links to health and environmental agencies from different states and
territories (https://rais.ornl.gov/guidance/state.html).

1.4.4 Glossary

The RAIS webpage includes a glossary of environmental restoration terms with definitions from DOE-
ORO staff and affiliates and other sources (https://rais.ornl.gov/home/glossary.html).

1.4.5 Training

The RAIS team has developed one- to -five-day risk assessment courses that can be modified to fit client
needs and performed at the client locale (https://rais.ornl.gov/home/training.html). Additionally, training
courses are held biannually, if possible, at ORNL. These classes provide hands-on use of the RAIS with
education and supervision by the RAIS developers. The purpose of the training is to educate users on
every aspect of the RAIS. The course clarifies sources of the databases, identifies many ways to apply the
tools, provides users with an opportunity to voice concerns, educates beginners on the methods of risk
assessment, and clarifies RAIS methods for advanced risk professionals. EPA tools developed by the
RALIS team are also covered in these classes.

2. OVERVIEW OF RISK ASSESSMENT PROCESS

2.1 RISK ASSESSMENT BACKGROUND

The methods outlined in this document are consistent with parts A through F of the EPA’s Risk
Assessment Guidance for Superfund (RAGS) Volume I: Human Health Evaluation Manual (EPA 1989,
1991a, 1991b, 2001, 2004, and 2009). Under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), RAGS serves as the primary regulatory guidance document
for all risk assessments and their application to risk management in the Superfund program. While the
RAIS was built to support the RAGS process, the tools can also be used for other EPA programs, other
federal agencies, and state agencies as-is or by altering values and parameters in site-specific mode.

Environmental risk assessments can be utilized to:

Aid in making decisions, such as the need for and the extent of remediation necessary at a given site,
Develop criteria for handling chemical and/or radionuclide-contaminated materials,

Estimate the likelihood of adverse effects as a result of exposure to contaminants, and

Evaluate the effectiveness of various treatment technologies for hazardous/radioactive waste.

In this document, risk assessment is defined as the process to evaluate potential adverse health effects
resulting from exposure to chemicals and radionuclides under a given set of circumstances. The following
sections describes the four steps of a typical environmental risk assessment.
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2.2 DATA ASSESSMENT

The risk assessment process begins with data compilation and evaluation of health problems that may be
caused by the potential contaminants; this is sometimes called the hazard assessment. The objective of the
data assessment step is to verify that the data are appropriate for use and are considered to be representative
of current conditions. During this step, all available data are compiled, sorted by environmental medium,
and evaluated relative to established criteria.

In the data assessment step, screens are used to determine contaminants of potential concern (COPCs).
Typically, the maximum detected concentration of each analyte reported by a laboratory is compared to
various screening levels. If the analyte concentration is above the screening level(s) for the applicable media
and land use, the analyte is determined to be a COPC, and it is carried through the next step of the risk
assessment process. Screens can be performed against risk-based PRGs, applicable or relevant and
appropriate requirements (ARARs), background values, etc.

e Preliminary Remediation Goals (PRGS)

A PRG is the average concentration of a chemical and/or radionuclide in an exposure area that will
yield the specified target risk or hazard quotient in an individual who is exposed at random within the
exposure area (EPA, 2022). PRGs can be thought of as “backward risk calculations”, as the process
starts with a target risk to calculate an acceptable media concentration.

The PRGs presented on the RAIS were developed following general EPA guidance on using toxicity
values and exposure information to derive risk-based PRGs that are protective of human health. The
toxicity values used in the PRG calculations are discussed in Section 3.1 for chemicals and in Section
4.1 for radionuclides. The risk-based PRGs are applicable to all sites and, if used to guide early clean-
up decisions, will result in residual risks from direct contact with a contaminated medium that satisfy
the general acceptable ELCR range of 1E-04 to 1E-06 (10 to 10°) and a hazard index (HI) of 1 or
less.

The Chemical PRG Calculator (https://rais.ornl.gov/cgi-bin/prg/PRG search?select=chem) and
Radionuclide PRG Calculator (https://rais.ornl.gov/cgi-bin/prg/PRG _search?select=rad) are discussed
in Sections 3.2 and 4.2, respectively.

e Applicable or Relevant and Appropriate Requirements (ARARs)

Data should also be screened against promulgated standards such as ARARs
(https://rais.ornl.gov/tools/arar_search.php). ARARs often include EPA’s Office of Water (OW)
maximum contaminant levels (MCLs) for drinking water as well as other water quality criteria
(WQC). Many States also promulgate ARARSs that should be considered if they are more stringent
than federal requirements. The RAIS ARAR search tool includes those established regulatory limits
for surface water and groundwater.

The chemical (https://rais.ornl.gov/cgi-bin/prg/PRG_search?select=chem) and radionuclide
(https://rais.ornl.gov/tools/arar_search.php) ARAR search tools are discussed in Sections 3.4 and 4.4,
respectively.
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e Background Values

Along with risk-based PRG and ARAR screens, data is sometimes screened against appropriate
background values in order to account for naturally occurring or anthropogenic levels of chemicals
unrelated to the contamination.

The chemical and radionuclide background search tools are discussed in Sections 3.8 and 4.7,
respectively.

¢ Ecological Benchmarks

Risk assessments of many contaminated areas require that data be screened to identify those
chemicals and/or radionuclides that may pose an ecological hazard. This screening assessment
involves a comparison of the reported contaminant with toxicological benchmarks derived from
laboratory or field data for a particular species or group of organisms. If an analyte concentration or
the estimated exposure level is lower than the lowest calculated benchmark, then the analyte is
unlikely to present an ecological risk. However, if the analyte concentration or the reported detection
limit exceeds a benchmark, then further analysis is needed to determine what, if any, hazard is posed
by that analyte for ecological receptors. The more the analyte concentration exceeds the benchmark
value, the more likely that the contaminant poses an ecological risk. Screening ecological
benchmarks, therefore, provide a quick way to determine priority contaminants at a particular waste
site.

The RAIS offers two versions of the ecological benchmark tool: one for chemicals
(https://rais.ornl.gov/tools/eco_search.php?select=chem) and one for radionuclides
(https://rais.ornl.gov/tools/eco_search.php?select=rad). More information can be found in the RAIS
Ecological Benchmark User Guide (https://rais.ornl.gov/tools/eco_guide.html).

Ecological benchmarks for chemicals and radionuclides are further discussed in Sections 3.5 and 4.5,
respectively.

2.3 EXPOSURE ASSESSMENT

The objective of the exposure assessment step is to estimate the type and magnitude of COPC exposures
that are present at or migrating from a site/facility. This step starts with characterizing the exposure setting,
which involves defining the physical environment and identifying potential land use scenarios and media
that may be impacted. After the exposure setting has been characterized, the appropriate exposure pathways
are identified, and exposure is quantified for each route (i.e., ingestion, inhalation, dermal, external
exposure, and consumption of produce).

2.3.1 Land Use Scenarios

Prior to beginning risk calculations, the RAIS PRG and risk calculator user guides can be used to help
identify which land use scenarios and exposure pathways would be appropriate for a project by considering
the default exposure factors of each land use scenario (e.g., exposure frequency, duration, and time).
Additionally, the default exposure factors can often be replaced with site-specific values when calculating
PRGs or performing risk characterization.

The land use scenarios considered in the chemical and radionuclide RAIS calculators are presented in
Figures 1 and 2, respectively. The land use and media combinations available in the PRG calculators are
the same as those available in the risk calculators.
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For sites with an unknown future use (unrestricted future use), acceptable residential land use
concentrations are typically used. If residential concentrations cannot be met, land use restrictions are
typically deeded.

2.3.1.1 Resident

This receptor spends most, if not all, of the day at home. The media assessed for this receptor are soil, tap
water, and air. The activities for this receptor involve typical home making chores (cooking, cleaning,
showering, and laundering) as well as outdoor activities like gardening. For the soil pathway, it is
assumed that there is an unlimited potential for surface erosion and the production of airborne particulates
and vapor emissions. Adults and children may exhibit different exposure rates for some parameters. For
example, the child resident is assumed to ingest 200 milligrams of soil per day (mg/day) while the adult
ingests 100 mg/day. To account for changes in soil intake as the receptor ages, PRG calculations and risk
characterization based on carcinogenic risk due to incidental ingestion of soil are calculated using age-
adjusted ingestion factors. Additionally, the PRGs and/or risk results based on systemic toxicity (i.e.,
hazard) are calculated separately for the child and the adult.

Because most radionuclides are not volatile, exposure to vapors emitted from tap water are only
considered for tritium and radon. Tritium is considered because it may exist as either hydrogen gas in
water or replace one of the hydrogens found in the water molecule. Radon is considered because
groundwater that is in contact with rock or soil containing radium will pick up radon and release it to the
atmosphere when the water is used in a residence.

Refer to Figures 1 and 2 for residential exposure pathways for chemicals and radionuclides, respectively.
2.3.1.2 Composite Worker

This is a long-term receptor exposed during the workday who is a full-time employee working on-site and
spends most of the workday conducting maintenance activities outdoors. The media assessed for this
receptor are soil and air. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposure to surface soils. The composite worker is expected to have an elevated soil
ingestion rate (100 mg/day). The composite worker combines the most protective exposure assumptions
of the outdoor and indoor workers. The only 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. Refer to Figures 1 and 2 for applicable exposure pathways for chemicals and
radionuclides, respectively, for this land use.

2.3.1.3 Outdoor Worker

This is a long-term receptor exposed during the workday who is a full-time employee working on-site and
spends most of the workday conducting maintenance activities outdoors. The media assessed for this
receptor are soil and air. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposure to surface soils. The outdoor worker is expected to have an elevated soil
ingestion rate (100 mg/day). The outdoor worker receives more exposure than the indoor worker under
commercial/industrial conditions. Refer to Figures 1 and 2 for applicable exposure pathways for
chemicals and radionuclides, respectively, for this land use.
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Figure 1. Conceptual site model of quantified exposure pathways for RAIS chemical PRG and risk calculators.
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Figure 2. Conceptual site model of quantified exposure pathways for RAIS radionuclide PRG and Risk calculators.




2.3.1.4 Indoor Worker

This receptor spends most, if not all, of the workday indoors. Thus, an indoor worker has no direct dermal
contact with outdoor soils. This worker may, however, be exposed to contaminants through ingestion of
contaminated soils that have been incorporated into indoor dust and inhalation of volatiles and
particulates from outside soils. PRGs 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). The indoor worker is expected to drink water at the facility,
which could be sourced from contaminated groundwater or surface water. Refer to Figures 1 and 2 for
applicable exposure pathways for chemicals and radionuclides, respectively, for this land use.

2.3.1.5 Construction Worker

The construction worker land use scenario has two different options for soil: exposure to unpaved road
traffic and exposure to other construction activities. These two scenarios differ in their calculations of
particulate emission factor (PEF) and volatilization factor (VF) values. Both scenarios address two types
of mechanical soil disruption: standard vehicle traffic and activities other than vehicle traffic (i.e., dozing,
grading, tilling, dumping). Because the exposure durations are limited to one year, the PRGs and/or risk
results are calculated using subchronic reference doses for all exposure routes. The construction worker is
expected to have a soil ingestion rate of 330 mg/day, higher than the worker land use scenarios presented
in Sections 2.3.1.2 - 2.3.1.4. Refer to Figures 1 and 2 for applicable exposure pathways for chemicals and
radionuclides, respectively, for this land use.

2.3.1.6 Excavation Worker

For the excavation worker land use scenario, individuals are assumed to be exposed to contaminated soil
infrequently and for only a short period of time. The excavation worker is expected to have a soil
ingestion rate of 330 mg/day, higher than the worker land use scenarios presented in Sections 2.3.1.2 -
2.3.1.4. Due to the nature of this scenario, exposure frequency is assumed to be only one month in length
and, because excavation is assumed to be a rare occurrence, the exposure duration for any one worker is
assumed to be for only one year. The calculations in the RAIS assume that there is an unlimited potential
for soil erosion and production of particulate and vapor emissions. Because the exposure durations are
limited, the PRGs and/or risk results are calculated using subchronic reference doses for all exposure
routes. Refer to Figures 1 and 2 for applicable exposure pathways for chemicals and radionuclides,
respectively, for this land use.

2.3.1.7 Recreator

Under the recreator land use scenario, individuals are assumed to be exposed to contaminated media
while playing, hiking, etc. This land use can also include what is often described as a "trespasser" or "site
visitor" scenario in some risk assessments. For the soil and sediment pathways, it is assumed that there is
an unlimited potential for surface erosion and the production of particulates and vapor emissions. Since
the rate of incidental ingestion of soil and sediment in relation to body weight varies significantly between
children and adults, PRG calculations and risk characterization based on carcinogenic risk due to
incidental ingestion of soil are calculated using an age-adjusted ingestion factor. For the same reason, the
PRGs and/or risk results based on systemic toxicity (i.e., hazard) are calculated separately for the child
and the adult. Refer to Figures 1 and 2 for applicable exposure pathways for chemicals and
radionuclides, respectively, for this land use.
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2.3.1.8 Farmer

The farmer land use scenario considers a receptor that raises and consumes various farm products
(produce, milk, and beef). PRGs for protective concentrations in soil and water can be back-calculated
from farm product direct consumption PRGs. The calculators can generate separate PRGs or risk outputs
for the pathways presented in Figures 1 and 2. Like the resident land use scenario, age-adjusted intake
equations are factored into the consumption model, particularly because rate of milk consumption tends to
vary with age and body weight.

Presently, the radionuclide PRG and risk calculators assess swine, poultry, egg, and fish in addition to the
beef, milk, and produce assessed by the chemical PRG and risk calculators.

2.3.2 Chronic Daily Intake (CDI)

The chronic daily intake (CDI) represents the amount of an individual contaminant taken in by the receptor
on a chronic, daily basis via a specific exposure pathway (e.g., ingestion of groundwater from a well down-
gradient of a spill). The CDI, combined with a toxicity value, can give the ELCR or the HI of COPC
exposure. The RAIS offers the ability to calculate PRGs, HI, and ELCR based on subchronic daily (SDI)
intakes as well.

2.4 TOXICITY ASSESSMENT

The toxicity assessment portion of the risk assessment consists of two steps: hazard identification and
dose-response assessment. Hazard identification determines whether exposure to a chemical can increase
the incidence of a particular adverse health effect and the likelihood of occurrence in humans. Dose-
response assessment presents the relationship between the magnitude of exposure and adverse effects. For
example, the length of time (magnitude of exposure) a person stays in the sun without protection is
directly related to the severity of sunburn (adverse health effect) that person will receive. These two steps
are used to produce toxicity values. The toxicity values are compiled from multiple sources.

During the toxicity assessment, toxicity values for each COPC are identified for the risk and hazard
equations. The most common types of toxicity values are discussed below. Chemical toxicity and
parameter tools are further discussed in Section 3.1, and radionuclide toxicity and parameter tools are
further discussed in Section 4.1.

2.4.1 Cancer/Carcinogenic Toxicity Values

Slope factors and unit risks are the toxicity data most commonly used to evaluate potential human
carcinogenic risks. They are used in risk assessments to estimate an upper-bound lifetime probability of
an individual developing cancer as a result of exposure to a particular level of a potential carcinogen.
Both are accompanied by a weight-of-evidence classification to indicate the strength of the evidence that
the agent is a human carcinogen.

An oral slope factor (OSF) represents an upper bound, approximating a 95 percent (%) confidence limit,
on the increased cancer risk from a lifetime oral exposure to an agent. The use of the “upper bound”
means that the “true risk” is likely to be lower than the risk estimate derived through the slope factor
model (EPA, 1989). The inhalation unit risk (IUR) is defined as the upper-bound ELCR estimated to
result from continuous exposure to an agent at a concentration of 1 microgram per cubic meter (ug/m®) in
air.
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2.4.2 Noncancer/Noncarcinogenic Toxicity Values

An oral reference dose (RfD) is defined as “an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily exposure level for the human population, including sensitive subpopulations, that is
likely to be without an appreciable risk of deleterious effects during a lifetime” (EPA, 1989). Similary, an
inhalation reference concentration (RfC) is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a continuous inhalation exposure to the human population, including sensitive
subpopulations, that is likely to be without an appreciable risk of deleterious effects during a lifetime.
Various types of RfDs and RfCs are available depending on the length of exposure being evaluated
(acute, chronic, or subchronic).

2.5 RISK CHARACTERIZATION

Risk characterization is the last step of the risk assessment process. Risk characterization incorporates the
outcomes of the previous risk assessment steps and calculates the ELCR and HI resulting from potential
exposure to chemicals and/or radionuclides via the applicable pathways and routes of exposure for a site.

All the COPCs have their ELCR and HI calculated using the CDIs from the exposure assessment and
appropriate toxicity values from the toxicity assessment. Any ELCR that exceeds 1E-06 or HI exceeding
1 is of concern. Land use scenarios exceeding either of these benchmarks are land use scenarios of
concern (LOCs). Risk characterization results for routes exceeding these criteria over all chemicals within
a LOC are exposure routes of concern (ROCs). COPCs within a land use scenario of concern exceeding
either of these benchmarks are contaminants of concern (COCs) for the LOC. ROCs are reviewed to
determine media of concern (MOCs).

Risk characterization consists of the following steps:

Quantify ELCR and HI for each COPC by exposure route for each land use/media combination;
Quantify Total ELCR and HI for each COPC across all exposure routes;

Quantify Total ELCR and HI for each exposure route across all COPCs;

Quantify Total ELCR and HI across all exposure routes for each COPC for each land use/media
combination;

Identify LOCs, MOCs, ROCs, and COCs;

Assess and present uncertainties;

Consider site-specific human studies, if available; and

Summarize and present baseline risk assessment characterization results.

All steps can be done using the RAIS risk calculators after selecting the appropriate land use and media
combination and inputting the contaminant concentrations. Risk characterization can be understood as
“forward risk calculations”, since the risk or hazard resulting from potential exposure to chemicals and/or
radionuclides will be calculated from known concentrations and the applicable pathways and exposure
routes. PRG determinations are backwards-calculated (extrapolated from a set risk or hazard standard
back to a “safe” or “acceptable” residual concentration level for a specific medium).

The risk calculator determines the individual risk from each of the contaminants within each pathway and
sums the risks from the different contaminants within each pathway and across all pathways in order to
determine total risk and hazard values for each pathway and each scenario.

The Chemical Risk Calculator (https://rais.ornl.gov/cgi-bin/prg/RISK search?select=chem) and
Radionuclide Risk Calculator (https://rais.ornl.gov/cgi-bin/prg/RISK search?select=rad) are discussed in
Sections 3.2 and 4.2, respectively.
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2.5.1 Cancer

Risk for carcinogens is “estimated as the incremental probability of an individual developing cancer over
a lifetime as a result of exposure to the potential carcinogen” or ELCR (EPA, 1989). Figure 3 presents
the linearity of increasing ELCR as concentration and CDI increases.
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Figure 3. Low concentration vs. intake and ELCR for benzene, composite worker.

ELCR is calculated using the linear cancer risk equation shown below (EPA, 1989):
Linear Low Dose Cancer Risk Equation
Oral Risk = Intake X SF [la]

Inhlation Risk = Intake X IUR[1D]

SF
GIABS [ 1 C]

Dermal Risk = Intake X

External Risk = Intake X SF [1d]
Where:

e Risk = aunitless probability of an individual developing cancer;
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e Intake = daily intake (DI) (units vary per exposure route, sec Appendices C and H);

e SF = slope factor (units vary per exposure route, see Appendices C and H);

e JUR = inhalation unit risk expressed as (ug/m?)!; and

e GIABS = Fraction of contaminant absorbed in gastrointestinal tract, which is chemical-specific and
unitless.

2.5.1.1 One-Hit Rule

The one-hit rule is an alternate calculation method that is utilized in instances of high exposure to
chemicals and/or radionuclides (resulting in estimated risks that exceed 0.01) (EPA, 2020a and 2023).
Figure 4 shows the impact of the one-hit rule on the ELCR, as concentrations and CDI increase. The net
effect of the one-hit rule is that the probability of getting cancer cannot exceed 100%.

1.E+01 1.E+01
1.E+00 1.E+00
1.E-01 1.E-01
= 1.E-02 1.E-02
1]
By
2
[2
B 1.E-03 1E03 Y
E o
<)
-
[y
=
= 1.E-04 1.E-04
1.E-05 1.E-05
1.E-06 1.E-06
1.E-07 1.E-07
1.E+00 1E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1E+08 1E+09 1.E+10 1.E+11 1.E+12 1.E+13
Concentration (mg/kg)
—— CDI cancer (mg/kg-day) ELCR

Figure 4. One-hit rule concentration vs. intake and ELCR composite worker, benzene.

The one-hit equation (shown in equation [2]) is consistent with the linear low-dose model for cancer risk
(shown in equations [1a, 1b, and 1c]) (EPA, 1989):

One-Hit Equation for High Carcinogenic Risk Levels

Risk = 1 — exp(—Intake X TV) [2],
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Where:

Risk = aunitless probability of an individual developing cancer;
exp the exponential;

Intake DI as described in Section 2.5.1; and

TV toxicity value as described in Section 2.5.1.

2.5.2 Noncancer

The potential for non-carcinogenic effects to occur is evaluated by comparing an exposure level over a
specific time period against an RfD derived for a similar exposure period.

Figure 5 presents a graph of a noncancer CDI and hazard quotient (HQ) calculation by increasing
concentration. Also presented is the RfD, showing that any CDI below the RfD is not expected to show
an adverse effect, and any CDI above the RfD is likely to show an adverse effect.
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Figure 5. Concentration vs. intake and HQ for benzene, composite worker, noncancer.

The noncancer HQ is calculated using the equations shown below (EPA, 1989):

, _ Intake
Oral Hazard Quotient = RFD [3a]
Inhalation Hazard Quotient = h;_:;ge [3b]
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Intake

Dermal Hazard Quotient = 77D % GIADS [3c]
Where:
e Intake = can be CDI or SDI for the toxicant, expressed in milligrams per kilogram-day (mg/kg-day)
for oral exposure or milligrams per cubic meter (mg/m?) for inhalation;
e RfD = oral reference dose for the toxicant, expressed in mg/kg-day;
e RfC = inhalation reference concentration for the toxicant, expressed in mg/m?; and
e GIABS = fraction of contaminant absorbed in gastrointestinal tract, which is chemical-specific and

unitless.

3. CHEMICAL TOOLS

The RAIS chemical tools provide information that can be used in all the steps of a risk assessment. Tools
include screening level and risk calculators, database look up tools, and transport models. The sections
below are presented in the order that they are currently found on the RAIS.

Note that when searching by chemical name, organic compounds and some inorganic chemicals often
have synonyms. For example, 2-butanone is also called methyl ethyl ketone, methyl acetone, 2-
oxybutane, or simply MEK, depending on the chemical application. If the chemical of interest is not seen
in the pick list, an internet search for synonyms should be conducted.

3.1 CHEMICAL TOXICITY AND PARAMETERS
The RAIS has four tools for obtaining chemical toxicity information:

Chemical Toxicity Values
Chemical Toxicity Metadata
Chemical-Specific Parameters
Chemical Data Profiles

The tools listed above are described in further detail below.
3.1.1 Chemical Toxicity Values

The Chemical Toxicity Values tool (https://rais.ornl.gov/cgi-bin/tools/TOX search?select=chemtox)
searches for human health toxicological values for multiple chemicals simultaneously. After selecting
chemicals of interest and the desired toxicity values, the RAIS will generate table(s) of toxicity values,
chosen according to slight modifications of the EPA Office of Solid Waste and Emergency Response
(OSWER) Directive 9285.7-53 recommended hierarchy of toxicity values, as shown in Table 1 (EPA,
2003b). The slight modifications include archived, draft, and addendum values from various sources.

Results can be downloaded in .xlsx format. Chronic, subchronic, and acute toxicity values are available.
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Table 1. EPA Recommended Human Health Toxicity Value Hierarchy

Hierarchy Level Toxicity Value
Tier 1 EPA’s Integrated Risk Information System (IRIS)
Tier 2 EPA’s Provisional Peer Reviewed Toxicity Values (PPRTVs)
Tier 3 Other Toxicity Values:
e EPA’s Office of Pesticide Programs (OPP) Human Health Benchmarks for
Pesticides (HHBPs),
e Agency for Toxic Substances and Disease Registry (ATSDR) Minimal Risk
Levels (MRLs),
o EPA Office of Water (OW),
e PPRTV Appendix Screening Values, and
e EPA’s Health Effects Assessment Summary Tables (HEAST).

3.1.2 Chemical Toxicity Metadata

The Chemical Toxicity Metadata tool (https://rais.ornl.gov/cgi-bin/tools/TOX search?select=chemmeta)
displays toxicity values as well as supporting information, such as target organs, cancer classification,
tumor types, confidence levels, uncertainty factors, and other study details. Similar to the Chemical
Toxicity Values tool, select chemicals of interest and the desired information. Results can be downloaded
in .xIsx format. Chronic and subchronic toxicity metadata are available.

3.1.3 Chemical Data Profiles

The Chemical Data Profiles tool (https://rais.ornl.gov/tools/profile.php) is used to obtain a wide range of
information on a specific chemical. The display includes a brief summary of the chemical, all toxicity
values available in the database, and all chemical-specific parameters (ex., VF). The unique aspect of the
RAIS Chemical Data Profiles tool is that data is displayed from a variety of federal, state, and other
sources. While the Chemical Toxicity Values and Chemical Toxicity Metadata tools provide toxicity
values based on the EPA OSWER Directive 9285.7-53 hierarchy only (EPA, 2003b), the Chemical Data
Profiles tool shows all available toxicity values and parameters. The toxicity values and physicochemical
properties that are used in the PRG and risk calculations are highlighted. Toxicity metadata is also
available in this tool.

3.1.4 Chemical Parameters

The Chemical-Specific Parameters tool (https://rais.ornl.gov/cgi-bin/tools/TOX search?select=chemspef)
searches for chemical-specific parameters for multiple chemicals simultaneously. After selecting
chemicals of interest and the desired parameters, the RAIS will generate a table containing the values,
chosen according to the EPA hierarchy (see Section 2.4.2 of the RAIS Chemical PRG Calculator User
Guide for more information here: https://rais.ornl.gov/tools/rais_chemical_prg_guide.html). Results can
be downloaded in .xlsx format. Over 40 parameters are available, including melting point, density, vapor
pressure, water solubility, and Henry’s Law constants. The major sources used to populate the database of
chemical-specific parameters are listed below:

1. The Physical Properties Database (PHY SPROP) developed by Syracuse Research Corporation
(SRCO). https://www.srcinc.com/services/engineering-operational-and-environmental-
services/scientific-databases.html.

2. The Estimation Programs Interface (EPI Suite™) developed by the U.S. Environmental Protection
Agency's Office of Pollution Prevention and Toxics and SRC. https://www.epa.gov/tsca-screening-
tools/epi-suitetm-estimation-program-interface.
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10.

11.

12.

13.

CRC Handbook of Chemistry and PhysicsExit. (Various Editions). https://hbcp.chemnetbase.com/.

Perry's Chemical Engineers' Handbook (Various Editions). McGraw-Hill. Online version
available here: https://www.accessengineeringlibrary.com/browse/perrys-chemical-engineers-
handbook-eighth-edition. Green, Don W.; Perry, Robert H. (2008).

Lange's Handbook of Chemistry (Various Editions). Speight, James G. (2005). McGraw-Hill.
https://www.accessengineeringlibrary.com/content/book/9781259586095.

Yaws' Handbook of Thermodynamic and Physical Properties of Chemical Compounds. Knovel, 2003.

EPA Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (SSL)
and Appendix A-C. https://rais.ornl.gov/documents/SSG_nonrad_supplemental.pdf.

Summary of Physical/Chemical and Environmental Parameters for PFAS: Subject to Interim Special
Order by Consent No. 20-086-CWP/AP/GW/HW/DW/SW, paragraph 37(J)(3). Environmental
Studies Report E21-0037. 3M, 2021. https://rais.ornl.gov/documents/3M.pdf.

U.S. EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. OSWER 9285.7-02EP.
July 2004. https://rais.ornl.gov/node/118631.

U.S. EPA 2015 Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from
Subsurface Vapor Sources to Indoor Air. OSWER Publication 9200.2-154.
https://www.epa.gov/vaporintrusion/technical-guide-assessing-and-mitigating-vapor-intrusion-
pathway-subsurface-vapor.

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. http://www-pub.iaca.org/MTCD/publications/PDF/trs472 web.pdf.

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. http://ncrponline.org/publications/reports/ncrp-reports-123/.

BAES. A Review and Analysis of Parameters for Assessing Transport of Environmentally Released
Radionuclides through Agriculture. C. F. Baes III, R. D. Sharp, A. L. Sjoreen, R.W. Shor. Oak Ridge
National Laboratory 1984. https://www.nrc.gov/docs/ML1015/ML101590306.pdf.

3.2 CHEMICAL PRG CALCULATOR

Chemical preliminary remediation goals (PRGs) (https://rais.ornl.gov/cgi-
bin/prg/PRG_search?select=chem) are calculated by selecting the applicable chemical(s) together with

the applicable media, land use, and exposure route combination. If “site-specific” is selected as the PRG
type, the following page will show the equations and exposure parameters used for deriving the PRGs,
and some of the parameter values may be changed as necessary. If “default” is selected as the PRG type,
the RAIS will proceed directly to the results page. Multiple chemicals can be selected. Results can be
downloaded in .xIsx or .pdf formats. Additionally, the session inputs for the PRG calculator can be saved
for future use and recalled by the PRG calculator.
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The derivation of the selected PRG and the applicable equations and exposure parameters can be
reviewed in more detail using the RAIS Chemical PRG Calculator User Guide
(https://rais.ornl.gov/tools/rais_chemical prg_guide.html). Tables of recommended default exposure
parameters for the RAIS Chemical PRG Calculator can be found in Appendix A. Equations specific to
the Chemical PRG Calculator are listed in Appendix B, while supporting equations applicable to multiple
scenarios are listed in Appendix J.

3.3 CHEMICAL RISK CALCULATOR

Chemical risks (https://rais.ornl.gov/cgi-bin/prg/RISK search?select=chem) are calculated by selecting
COPCs from the chemical list together with the applicable media, land use, and exposure route
combination.

On the following page, enter the known COPC concentrations for each media. This page also shows the
equations and exposure parameters used for deriving the PRGs, and some of the parameter values may be
changed as necessary. Results can be downloaded in .xIsx or .pdf formats. Additionally, the session inputs
for the risk calculator can be saved for future use and recalled by the risk calculator.

The equations and exposure parameters used for the calculations are explained in greater detail in the
RAIS Chemical Risk Calculator User Guide, available here:

https://rais.ornl.gov/tools/rais_chemical_risk guide.html. Tables of recommended default exposure
parameters for the RAIS Chemical Risk Calculator can be found in Appendix C. Equations specific to
the Chemical Risk Calculator are listed in Appendix D, while supporting equations applicable to multiple
scenarios are listed in Appendix J.

3.4 CHEMICAL REGULATORY LIMITS (ARAR SEARCH)

The regulatory limits for groundwater and surface water contained in the RAIS database comprise
chemical-specific values based on potential applicable or relevant and appropriate requirements
(ARARS). These values should be used in conjunction with risk-based PRGs to ensure that the PRGs for a
site meet the residual risk requirements for protection of human health and the environment in the
National Oil and Hazardous Substance Pollution Contingency Plan (NCP). In some cases, the ARAR
values presented in the RAIS may be To-Be-Considered (TBC) Guidance, because these values are
superseded by site-specific State requirements.

To use the Chemical ARAR Search tool (https://rais.ornl.gov/tools/arar_search.php), first select a
regulatory limit source (currently the options are “Federal” or 13 different states). On the following page,
select the chemicals of interest and applicable regulatory limits for the selected source. Results can be
downloaded in .xIsx format.

The Federal ARAR options are listed in Table 2.
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Table 2. Established Regulatory Limits for Surface Water and Groundwater — Federal Source

Primary Drinking Water Standards

Federal Water Quality Criteria

Primary Drinking Water MCLs

Human Health WQC for Aquatic Organisms and Drinking Water

Primary Drinking Water MCLGs

Human Health WQC for Aquatic Organisms Only

Maximum Residual Detergent Levels

Federal Freshwater WQC — Maximum

Proposed Primary Drinking Water MCLs

Federal Freshwater WQC — Continuous

Proposed Drinking Water MCLGs

Federal Saltwater WQC — Maximum

Secondary Drinking Water SMCLs

Federal Saltwater WQC — Continuous
Organoleptic Effect Criteria
Federal WQC Source

Notes: MCL = maximum contaminant level; MCLG = maximum contaminant level goal; SMCL = secondary
maximum contaminant level; WQC = water quality criteria

The state-specific ARARs available on the RAIS are listed in Table 3.
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Table 3. Established Regulatory Limits for Surface Water and Groundwater — U.S. States

State

Available Criteria

California

Primary Drinking Water Standards
Water Quality Control Standards

Georgia

Primary Drinking Water Standards
Water Quality Control Standards
Hazardous Site Response Type 1 Standards

Illinois

Primary Drinking Water Standards

State Groundwater Standards

Water Quality Standards

Lake Michigan Basin Water Quality Standard
General Use Derived Water Quality Criteria

Lake Michigan Basin Derived Water Quality Criteria

Kentucky

Primary Drinking Water Standards
Secondary Drinking Water Standards
State Water Quality Criteria

New Jersey

Primary Drinking Water Standards
Secondary Drinking Water Standards

New Mexico

Primary Drinking Water Standards
Standards for Interstate and Intrastate Waters
Standards for Groundwater of 10,000 mg/L TDS Concentration or Less

Nevada Primary Drinking Water Standards
Water Quality Standards

New York State WQ Standards — Aquatic (Acute)
State WQ Standards — Aquatic (Chronic)
State WQ Standards — Aesthetics
State WQ Standards — Health (Fish Consumption)
State WQ Standards — Health (Water Source)
State WQ Standards — Wildlife

Ohio Primary Drinking Water Standards

Secondary Drinking Water Standards

Ohio Statewide Water Quality Criteria

Lake Erie Standards

Ohio River Water Quality Criteria

Lake Erie Drainage Basin Water Quality Criteria
Ohio River Drainage Basin Water Quality Criteria

South Carolina

Primary Drinking Water Standards
State Groundwater Standards
Water Quality Standards

Tennessee Primary Drinking Water Standards
Water Quality Criteria (WQC)

Washington Primary Drinking Water Standards
State Groundwater Standards
Water Quality Standards

Wisconsin Primary Drinking Water Standards

Water Quality Standards
State Groundwater Standards

Notes: mg/L = milligrams per liter; TDS = total dissolved solids; WQ = water quality
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3.5 CHEMICAL ECOLOGICAL BENCHMARKS

The Ecological Benchmark Tool for Chemicals (https://rais.ornl.gov/tools/eco_search.php?select=chem)
presents benchmarks for air, surface water, sediment, surface soil, and biota applicable to a range of
aquatic organisms, soil invertebrates, mammals, and terrestrial plants. Benchmarks are from 29 sources
including national, state, and international agencies. Many of the benchmarks were originally derived
from the Environmental Sciences Division of ORNL or compiled as part of the Spatial Analysis and
Decision Assistance (SADA) Project (https://www.sadaproject.net/). To find ecological benchmarks,
select the benchmark source(s), media, and chemical(s) of interest. The RAIS displays separate tables for
each selected media with a list of all available ecological benchmark values for the selected chemical(s)
of interest plus references and footnotes. Results can be downloaded in .xIsx format.

3.6 ADULT LEAD MODEL

The RAIS includes two methods to assess risks associated with industrial worker exposures to lead in
soil: the Adult Lead Model (ALM) PRG Calculator and the ALM Risk Calculator. For both, the
methodology focuses on estimating fetal blood lead concentrations in women exposed to lead-
contaminated soils. This approach also provides tools for evaluating risks of elevated blood lead
concentrations among exposed adults.

Based on the Technical Review Workgroup’s (TRW) analysis of the data collected in the completed
NHANES I1I survey (1999-2004), updated ranges for the baseline adult blood lead concentration (PbB)
and geometric standard deviation PbB (GSDi) adult parameters in the ALM have been included in the
spreadsheets (EPA, 2003a). However, recent scientific evidence has demonstrated adverse health effects
at blood lead concentrations below 10 microliters per deciliter (ug/dL) (down to 5 ug/dL and possibly
below). The EPA Office of Superfund Remediation and Technology Innovation (OSRTI) is developing a
new soil lead policy to address this new information. Until that soil lead policy is finalized, regional risk
assessors and managers should consult with the TRW's Lead Committee before applying these updated
values for risk assessment.

3.6.1 Lead Industrial Worker Soil PRG Calculator

Use this tool (https://rais.ornl.gov/cgi-bin/lead model/prg_model) to calculate a PRG for an industrial
worker exposed to lead-contaminated soils. The ALM PRG calculator displays the default exposure
parameters used in the calculations, which can be changed if evaluating a site-specific scenario. The Lead
Industrial Worker Soil PRG Equation is shown below (equation [4a]) along with the associated
parameters in Table 4.

Lead Industrial Worker Soil PRG Equation

PRGo = [( Tafamtase )‘PbBo]X[ o [4a]

(GSD; )XR fetal BKSFXIRSXAFS'DXEFS'D
maternal
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Table 4. Parameters for Lead Industrial Worker Soil PRG Equation

Parameter | Description Value | Units

PRGsoit Industrial Worker PRG in Soil for no more than 5% 1050 | mg/kg, ng/g, or ppm
probability that fetal PbB exceeds target PbB

ATs,p Averaging time (same for soil and dust)) 365 days/year

EFs b Exposure frequency (same for soil and dust) 219 days/year

IRg Soil ingestion rate (including soil-derived indoor dust) | 0.05 g/day

AFs,p Absorption fraction (same for soil and dust) 0.12 unitless

BKSF Biokinetic Slope Factor 0.4 ug/dL per pg/day

GSD; Geometric Standard Deviation PbB 1.8 unitless

PbBy Baseline PbB 0.6 ug/dL

Rfetamaternat | Fetal/Maternal PbB ratio 0.9 unitless

PbBrewar, 005 | Target PbB in fetus; value of 5 is used because it is the | 5 ug/dL
midpoint of the recommended range of 2 to 8 pug/dL

Notes: g/day = grams per day; pg/day = microliters per day; pg/dL = microliters per deciliter; pg/g =
micrograms per gram; mg/kg = milligrams per kilogram; ppm = parts per million

3.6.2 Lead Industrial Worker Soil Risk Calculator

The ALM Risk Calculator (https://rais.ornl.gov/cgi-bin/lead _model/risk_model) calculates the probability
(risk) of the fetal blood lead concentration exceeding target blood levels by determining the fetal blood
lead level concentration from the user-provided soil lead concentration. The ALM Risk Calculator
displays the default exposure parameters used in the calculations, which can be changed if evaluating a
site-specific scenario. Results can be downloaded in .xIsx or .pdf formats. The two equations (equations
[4b] and [4c¢]) used for the risk calculations are shown below along with their associated parameters in
Table S.

Probability (Risk) of Fetal Blood Lead Level Exceeding Lead Blood Target Level Equation
Probability of PbBfetq; > PbB (%) = 1 — CDF oy _normai-daist (X, 4, ) [4b]

Where:

° x=PbBt[%;

* U= In (PbBadult X R fetal ),

maternal
e o0 = In(GSD;); and

PbSXBKSFXIRsXAFs pXEFs
ATsp

o PbBadult = [ ] + PbBO

Fetal Blood Lead Level Concentration Equation

PbByetai005 = [(P”SXBKSFX:;ZZAF&DXEFS'D) + PbBo] X [(Gsz)ﬁﬁ“) X R jetar |[4c]

maternal

23



https://rais.ornl.gov/cgi-bin/lead_model/risk_model

Table 5. Parameters for Lead Industrial Worker Soil Risk Equations

Parameter | Description Value Units
PbS Soil Lead Concentration Site-Specific | ug/g, or ppm
ATs.p Averaging time (same for soil and dust)) 365 days/year
EFs, b Exposure frequency (same for soil and dust) 219 days/year
IRs Soil ingestion rate (including soil-derived indoor dust) | 0.05 g/day
AFs p Absorption fraction (same for soil and dust) 0.12 unitless
BKSF Biokinetic Slope Factor 0.4 ug/dL per pg/day
GSD; Geometric Standard Deviation PbB 1.8 unitless
Rietalmaternal | Fetal/Maternal PbB ratio 0.9 unitless
PbBo Baseline PbB 0.6 ug/dL
PbBaguit PbB of adult worker, geometric mean 2.1 ug/dL
PbBrewal, 095 | 95" percentile PbB among fetuses of adult workers 5 ug/dL
PbB; Target PbB level of concern; value of 5 is used 5 ug/dL
because it is the midpoint of the recommended range
of 2 to 8 ug/dL

Notes: g/day = grams per day; pg/day = microliters per day; ug/dL = microliters per deciliter; ug/g =
micrograms per gram

3.7 MEDIA TRANSPORT TOOLS

The RAIS offers tools that model the migration of chemicals from soil to groundwater, resuspension of
particulates into air, and volatilization of chemicals from soil into air.

3.7.1 Chemical Groundwater Transport Calculator

The Chemical Groundwater Transport Calculator (https://rais.ornl.gov/cgi-
bin/prg/groundwater_transport?select=chem) recreates the migration pathway of contaminants from soil
to groundwater by calculating the expected groundwater concentration from user-provided soil
concentrations. The user can adjust parameters prior to exporting the results.

3.7.2 Chemical PEF Transport Calculator

There are multiple PEFs that can be calculated based on the exposure scenario at hand. The PEF
Transport Calculator (https://rais.ornl.gov/cgi-bin/prg/air_transport pef) guides the user through the
calculation of the following PEFs:

PEF Wind-Driven (PEF)

Subchronic PEF Mechanically Driven — Unpaved Road Traffic (PEFs)

Subchronic PEF Mechanically Driven — Other Construction Activities (PEF’s)

Mechanical Particulate Emission Factor for Off-site Receptors (Standard Vehicle Traffic) (PEF )

Mechanical Particulate Emission Factor for Off-site Receptors (Other Construction Activities)
(PEF’ofr)

3.7.3  VF Transport Calculator

VF is an inhalation variable that has different methods of calculation. VFs are chemical-specific unlike
the PEFs that are scenario-specific. The VF Transport Calculator (https://rais.ornl.gov/cgi-
bin/prg/air_transport_vf) guides the user through the calculation of the following:
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Infinite Source Chronic Volatilization Factor (VFyjim)

Mass-limit Chronic Volatilization Factor (VFnim)

Unlimited Source Subchronic Volatilization Factor for Construction Worker (VFuiim-sc)
Mass-limit Subchronic Volatilization Factor for Construction Worker (VFmiim-sc)

This calculator is only available for non-radionuclides.
3.8 CHEMICAL BACKGROUND VALUES
The RAIS offers two approaches to background screening: generic and site-specific.

The Generic Background Values tool (https://rais.ornl.gov/tools/bg_search.php) contains generic soil
background values for selected non-radionuclide chemicals. These values can be applied to any area
across the U.S. Users can compare these values against local background data or supplement an existing
background value dataset. Results can be downloaded in .xlsx format.

The RAIS offers three site-specific background options: Oak Ridge, Portsmouth, and Paducah.

e The Oak Ridge Background Values (https://rais.ornl.gov/tools/orr_background.html)are from a
Background Soil Characterization Project done at ORR in 1993 (DOE, 1993a, 1993b, 1993c, 2003).
The purpose of the project was to evaluate the potential human health concerns from naturally
occurring background constituents.

e The Portsmouth Background Values (https://rais.ornl.gov/tools/ports_background.html) are from a
Soil Background Report for the Portsmouth Gaseous Diffusion Plant, which sought to develop a
comprehensive soil dataset using surface and subsurface soil samples (DOE, 2015). The Portsmouth
background dataset on the RAIS also includes background concentrations for groundwater.

e The Paducah Background Values (https://rais.ornl.gov/documents/DOE_Paducah-June-2023.pdf) are
from Methods for Conducting Risk Assessments and Risk Evaluations at the Paducah Gaseous
Diffusion Plant, Volume 1, Human Health, which sought to establish provisional background values
for groundwater and soil (DOE, 2023). These values were developed by considering agreements
reached between the DOE and the regulatory agencies during comment resolution meetings, in the
Federal Facility Agreement, and at technical meetings. The Paducah background concentrations are
available for soil (surface and subsurface) and groundwater (filtered and unfiltered).

4. RADIONUCLIDE TOOLS

In many cases, the radionuclide tools mirror and function just as the chemical tools on the RAIS. This
design promotes consistency and ease of use. The sections below are presented in the order that they are
currently found on the RAIS.

Some of the radionuclide tool picklists contain isotopes with designations of +D, +E, m, and n. The +D
and +E designations mean that the first 100 and 1000 years of progeny ingrowth are included in the slope
factors, respectively (e.g., U-238, U-238+D, and U-238+E). The +D and +E radionuclide use is now
discouraged, as the parent half-life, biota uptake factors, and soil-to-water partition coefficients are de
facto used for the progeny, which is not accurate. Metastable forms of the isotopes are designated by the
letters “m”, “n”, etc. After decay, a nucleus may be in an excited state (metastable state) and emit a
specific decay. When the half-life is long enough, unique toxicity values are derived for the metastable

state, as is the case with Tc-99 and Tc-99m.

25


https://rais.ornl.gov/tools/bg_search.php
https://rais.ornl.gov/tools/orr_background.html
https://rais.ornl.gov/tools/ports_background.html
https://rais.ornl.gov/documents/DOE_Paducah-June-2023.pdf

4.1 RADIONUCLIDE TOXICITY AND PARAMETERS

The radionuclide toxicity value and parameter tools contain isotopes capable of carcinogenesis (i.e., SFs).
If it is necessary to consider the noncancer effects (e.g., RfD) of the radionuclide metals, as is often the case
with uranium, the Chemical Toxicity Value search tool should also be used. For example, the radionuclide
tools contain ingestion, inhalation, and external exposure SFs for each uranium isotope (e.g., U-234, U-
235, and U-238); however, the chemical tools would contain the RfD for "Uranium (Soluble Salts)".

The RAIS maintains separate tables of the historic dose conversion factors (dose coefficients), whereas the
SFs (risk coefficients) are always replaced with the latest values. Historic dose conversion factors are
provided, as many regulatory values were promulgated based on their values.

RAIS radionuclide toxicity and parameter tools include:

e Radionuclide Risk Slope Factors

e Radionuclide Dose Conversion Factors for:
— International Commission on Radiological Protection (ICRP) 107
— ICRP 30
— ICRP 60

e Radionuclide Parameters
The tools listed above are described in further detail below.
4.1.1 Radionuclide Risk Slope Factors

For a given radionuclide, Slope Factors (SFs) represent the ELCR equivalent per unit intake (i.e.,
ingestion or inhalation) or external exposure of that radionuclide (EPA, 2020b). These SFs are used to
convert a radionuclide concentration in soil, air, water, or foodstuffs to a radiation ELCR. The primary
use of SFs, also called risk coefficients, is to compute the ELCR resulting from site-related exposures.
This is accomplished by multiplying the route-specific SF by the CDI of each radionuclide of potential
concern for each route of exposure.

Ingestion and inhalation slope factors are central estimates in a linear model of the age-averaged, lifetime
attributable radiation cancer incidence (fatal and nonfatal cancer) risk per unit of activity inhaled or
ingested, expressed as risk/picocurie (pCi) (EPA, 2020a). External exposure SFs are central estimates of
lifetime attributable radiation cancer incidence risk for each year of exposure to external radiation from
photon-emitting radionuclides distributed uniformly in a thick layer of soil, expressed as risk/year per
pCi/gram soil. External exposure SF units can also be risk/year per pCi/square centimeters (cm?) of soil.
When combined with site-specific media concentration data and appropriate exposure assumptions, SFs
can be used to estimate lifetime cancer risks to members of the general population due to radionuclide
exposures.

It should be noted that a SF for dermal contact is not included in the radionuclide SF tool; they are not
available, and EPA has concluded that dermal exposure is generally not an important route of exposure
for radionuclides (EPA, 1989). The only additional chemical-specific parameter for radionuclides is
radioactive half-life (TR). This value assists in determining the importance of radioactive decay and
daughter(s) in the risk evaluation.

The SFs presented on the RAIS (https://rais.ornl.gov/cgi-bin/tools/TOX search?select=radslopes) are
updated values from Federal Guidance Report (FGR) 13 supplement (EPA, 1999) using the International
Commission on Radiological Protection (ICRP) 107 decay data (ICRP, 2008). The derivation and values
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are found in “Calculations of Slope Factors and Dose Coefficients” (ORNL, 2014). Results can be
downloaded in .xIsx format.

4.1.2 Radionuclide Dose Conversion Factors

Radionuclide dose conversion factors, also known as dose coefficients, are used alongside SFs for
radionuclide calculations. The dose conversion factors from the ICRP 107 (https://rais.ornl.gov/cgi-
bin/tools/TOX_search?select=rad107) are updated values from FGR 13 supplement (EPA, 1999) using
ICRP 107 decay data (ICRP, 2008). The derivation and values are in “Calculations of Slope Factors and
Dose Coefficients” (ORNL, 2014). The dose conversion factors from ICRP 30 (https://rais.ornl.gov/cgi-
bin/tools/TOX search?select=rad30) can be found in FGR 11 (EPA, 1988), and the dose conversion
factors from ICRP 60 (https://rais.ornl.gov/cgi-bin/tools/TOX search?select=rad60) can be found in FGR
12 (EPA, 1993). Results from all three tools can be downloaded in .xlsx format.

4.1.3 Radionuclide Parameters

The Radionuclide Parameters tool searches for radionuclide-specific parameters for multiple
radionuclides. After selecting radionuclides of interest and the desired parameters, the RAIS will generate
a table containing the values, chosen according to the hierarchy explained in Section 2.3.2 of the RAIS
Radionuclide PRG Calculator User Guide (https://rais.ornl.gov/tools/rais_rad prg_guide.html). Results
can be downloaded in .xlsx format.

4.2 RADIONUCLIDE PRG CALCULATOR

Radionuclide PRGs (https://rais.ornl.gov/cgi-bin/prg/PRG_search?select=rad) are calculated by selecting
the applicable radionuclide(s) together with the applicable media, land use, and exposure route
combination. If “site-specific” is selected as the PRG type, the following page will show the equations
and exposure parameters used for deriving the PRGs, and some of the parameter values may be changed
as necessary. If “default” is selected as the PRG type, the RAIS will proceed directly to the results page.
Multiple radionuclides can be selected with this tool. Results can be downloaded in .xIsx or .pdf formats.
Additionally, the session inputs for the PRG calculator can be saved for future use and recalled by the
PRG calculator.

The derivation of the selected PRG(s) and the applicable equations and exposure parameters can be
reviewed in more detail using the RAIS Radionuclide PRG Calculator User Guide available here:
https://rais.ornl.gov/tools/rais_rad_prg_guide.html.

Tables of recommended default exposure parameters for the RAIS Radionuclide PRG Calculator can be
found in Appendix E. Equations specific to the Radionuclide PRG Calculator are listed in Appendix F,
while supporting equations applicable to multiple scenarios are listed in Appendix J.

4.3 RADIONUCLIDE RISK CALCULATOR

Radionuclide risks (https://rais.ornl.gov/cgi-bin/prg/RISK search?select=rad) are calculated by selecting
the COPCs from the radionuclide list together with the applicable media, land use, and exposure route
combination.

On the following page, enter the known COPC concentrations for each media. The page also shows the
equations and exposure parameters used for deriving the PRGs, and some of the parameter values may be
changed as necessary. Results can be downloaded in .xlIsx or .pdf formats. Additionally, the session inputs
for the risk calculator can be saved for future use and recalled by the risk calculator.
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The user can explore the equations and exposure parameters used for the calculations in the RAIS
Radionuclide Risk Calculator User Guide available here:
https://rais.ornl.gov/tools/rais_rad_risk guide.html.

Tables of recommended default exposure parameters for the RAIS Radionuclide Risk Calculator can be
found in Appendix G. Equations specific to the Radionuclide Risk Calculator are listed in Appendix H,
while supporting equations applicable to multiple scenarios are listed in Appendix J.

4.4 RADIONUCLIDE REGULATORY LIMITS (ARAR SEARCH)

Refer to Section 3.4 for a detailed discussion on the RAIS Chemical ARAR search tool, since the
radionuclide tool works similarly. Few radionuclides are listed in ARARs, with the notable exceptions
being tritium, radium, and uranium.

4.5 RADIONUCLIDE ECOLOGICAL BENCHMARKS

The Ecological Benchmark Tool for Radionuclides (https://rais.ornl.gov/tools/eco_search.php?select=rad)
presents benchmarks from two sources: Los Alamos National Laboratory ECORISK Database — Release
4.1 and the Texas Commission on Environmental Quality (TCEQ) (recommended for use by U.S. EPA
Region 6). Select a source(s), one or more of the three media options (sediment, soil, and surface water),
and the radionuclide(s) of interest. The RAIS displays separate tables for each selected media with a list
of all available ecological benchmark values for the selected radionuclide(s) of interest plus references
and footnotes. Results can be downloaded in .xIsx format.

4.6 RADIONUCLIDE MEDIA TRANSPORT TOOLS

Refer to Sections 3.7.1 and 3.7.2 for a detailed discussion of the Chemical Groundwater Transport
Calculator and PEF Transport Calculator, since the radionuclide tools work similarly. There is no VF
transport calculator for radionuclides, as most radionuclides are metals. The RAIS team has developed a
separate radon vapor intrusion screening level (RVISL) calculator for the EPA (https://epa-
visl.ornl.gov/radionuclides/).

4.7 RADIONUCLIDE BACKGROUND VALUES

The radionuclide background value search tool takes the user to the same pages as the chemical tools.
Refer to Section 3.8 for a detailed discussion on the background value search tools.

5. OTHER TOOLS AVAILABLE ON THE RAIS

The RAIS Team has produced a suite of calculators for the EPA, Alaska, and Delaware using the RAIS
platform.

5.1 EPA TOOLS
The EPA tools consist of chemical and radionuclide calculators, toxicity value databases, and a

radionuclide decay calculator. Below is a table that summarizes the existing EPA online calculators for
assessing risks from chemicals and radionuclides at Superfund sites, with a link provided for each tool.
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Table 6. EPA Calculators for the Protection of Human Health Used in the Superfund Program

Media Addressed Chemical Risk | Radiological Risk | Radiological Dose

Soil, Water, Air, Biota, Soil to RSL PRG DCC

Groundwater == — =

Inside B.ullchngs (Dust, Air, Fixed WTC* BPRG BDCC
Contamination) - -
Outside .Bul.ldmgs (Dust, Air, Fixed SPRG SDCC
Contamination) - -
Vapor Intrusion (Air, Soil Gas, VISL RVISL RVISL
Groundwater — = DYoL

Notes: *The WTC item is a document available at: https://epa-
visl.ornl.gov/radionuclides/copc_benchmark.pdf ; BPRG = building preliminary remediation goal; DCC
= dose compliance concentrations; PRG = preliminary remediation goal; RSL = regional screening
level; RVISL = radon vapor intrusion screening level; SDCC = dose compliance concentrations for
radionuclides on outdoor surfaces; SPRG = preliminary remediation goals for radionuclides on outdoor
surfaces; WTC = World Trade Center

Other EPA tools hosted on the RAIS include:

e The Office of Emergency Management Regional Removal Management Level (RML) Calculator
(http://www.epa.gov/risk/regional-removal-management-levels-chemicals-rmls);

o The EPA’s Health Effects Assessment Summary Table (HEAST) (https://epa-heast.ornl.gov/);

e A duplicate of the Provisional Peer-reviewed Toxicity Values (PPRTVs)
(https://hhpprtv.ornl.gov/); and

e A radionuclide decay chain (https://epa-prgs.ornl.gov/cgi-bin/radionuclides/chain.pl) tool that can
predict the state of a radionuclide decay chain at any time in the future using a novel Bateman
equation solver.

5.2 ALASKA TOOLS

The RAIS Team produces two tools for the state of Alaska. The Cleanup Levels Calculator
(https://csites.ornl.gov/cgi-bin/cl_search) is similar to the RAIS Chemical PRG calculator described in
Section 3.2, with the following notable exceptions: three precipitation zones are available for soil media
and chemicals can be selected based on categories (e.g., metals, VOCs, PFAS, etc.). The Cumulative Risk
Calculator (https://csites.ornl.gov/cgi-bin/risk_search) is similar to the RAIS Chemical Risk calculator
described in Section 3.3. This calculator also provides the three precipitation zones.

5.3 DELAWARE TOOLS

The RAIS Team produces the Delaware Risk Assessment Calculator (DERAC)
(https://derac.ornl.gov/cgi-bin/derac_search) for the state of Delaware Department of Natural Resources
and Environmental Control. The DERAC is similar to the RAIS Chemical Risk calculator described in
Section 3.3 with the addition of a trespasser land use scenario.
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https://hhpprtv.ornl.gov/
https://epa-prgs.ornl.gov/cgi-bin/radionuclides/chain.pl
https://csites.ornl.gov/cgi-bin/cl_search
https://csites.ornl.gov/cgi-bin/risk_search
https://derac.ornl.gov/cgi-bin/derac_search

6. CONCLUSION

The overall objective of the RAIS is to be a single source for environmental risk assessment, with assistance
and guidance for planning and completing all steps of the risk assessment process through a variety of tools,
searchable databases that cover a wide range of sources, and detailed user guides. While originally
developed for the DOE ORR, the tools can be tailored for site-specific needs to benefit a broader scope of
national and international users.

The RAIS provides essential tools for performing basic risk assessment activities, such as calculating
preliminary remediation goals, locating toxicity values and profiles, accessing Federal and State guidelines,
calculating human health risk models, and locating ecological benchmarks. The RAIS also provides the
latest EPA risk guidance and directs the user to specific EPA and State guidance necessary for performing
risk assessment activities within the CERCLA process that benefit all risk information users.

Implementation of the RAIS and its associated guidance streamlines the risk assessment process, avoids
costly duplication of effort, provides risk tools and information in a timely and efficient manner, and enables
consistent and high-quality risk analyses.
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APPENDIX A. TABLES OF VARIABLES USED IN CHEMICAL PRG EQUATIONS

Table A-1: Toxicity Values

Symbol | Definition (units) Default Reference

RfD, Chronic Oral Reference Dose (mg/kg-day) Contaminant- EPA Superfund

specific hierarchy

RfC Chronic Inhalation Reference Concentration Contaminant- EPA Superfund

(mg/m>) specific hierarchy

CSF, Chronic Oral Slope Factor (mg/kg-day)™! Contaminant- EPA Superfund

specific hierarchy

IUR Chronic Inhalation Unit Risk (pg/m?)’! Contaminant- EPA Superfund

specific hierarchy
Table A-2. Miscellaneous Variables

Symbol | Definition (units) Default Reference

TR Target risk (unitless) 1x10° Determined in this

calculator

THQ Target hazard quotient (unitless) 1 Determined in this

calculator

LT Lifetime (years) 70 U.S. EPA 2014

(Attachment 1)

K Andelman Volatilization Factor (L/m?) 0.5 U.S. EPA 1991b

(pg. 20)
Ky Permeability constant (cm/hr) Chemical-
specific
t* Time to reach steady-state (hours) Chemical- U.S. EPA 2004
specific (Page 3-4)
Tevent Lag time per event (hours/event) Chemical- U.S. EPA 2004
specific (Page 3-4)

B Dimensionless ratio of the permeability coefficient of a Chemical- U.S. EPA 2004
compound through the stratum corneum relative to its specific (Page 3-4)
permeability coefficient across the viable epidermis
(unitless)

FA Fraction absorbed water (unitless) Chemical- U.S. EPA 2004

specific (Page 3-4)

ABS4 Fraction of contaminant absorbed dermally from soil Chemical- U.S. EPA 2004
(unitless) specific (Exhibit 3-4)

GIABS | Fraction of contaminant absorbed in gastrointestinal tract Chemical- U.S. EPA 2004
(unitless); Note: if the GIABS is >50% then it is set to 100% | specific (Exhibit 4-1)
for the calculation of dermal toxicity values.

H' Dimensionless Henry's Law Constant Contaminant- Hierarchy

specific selection in
Section 2.4.2

AHyp Enthalpy of vaporization at the normal boiling point Contaminant- Hierarchy

(cal/mol) specific selection in
Section 2.4.2

AHy gw Enthalpy of vaporization at temperature of groundwater Contaminant- Determined in this
(cal/mol) specific calculator

Ty Groundwater Temperatures (Kelvin) Site-specific Site-specific
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Table A-2. Miscellaneous Variables

Symbol | Definition (units) Default Reference
Te Critical Temperatures (Kelvin) Contaminant- Hierarchy
specific selection in
Section 2.4.2
Tp Normal Boiling Point (Kelvin) Contaminant- Hierarchy
specific selection in
Section 2.4.2
n If (Ty/Te < 0.57) n=0.3 U.S. EPA VISL
If (Tw/Tc > 0.71) n=0.41 2014
If (0.57 < Tp/Tc < 0.71) n=(0.74x
Tw/T - 0.116)
Table A-3. Resident Soil Land Use Equation Variables
Symbol | Definition (units) Default Reference
PRGies-so- | Resident Child Soil Noncarcinogenic Contaminant-specific Determined in this calculator
ingne Ingestion (mg/kg) Child, Adult and Age-
adjusted Specific
PRGies-so- | Resident Child Soil Noncarcinogenic Contaminant-specific Determined in this calculator
dernc Dermal (mg/kg) Child, Adult and Age-
adjusted Specific
PRGressol- | Resident Child Soil Noncarcinogenic Contaminant-specific Determined in this calculator
inhn Inhalation (mg/kg) Child, Adult and Age-
adjusted Specific
PRGressol- | Resident Child Soil Noncarcinogenic Contaminant-specific Determined in this calculator
totne Total (mg/kg) Child, Adult and Age-
adjusted Specific
PRGressol- | Resident Adult Soil Noncarcinogenic Contaminant-specific Determined in this calculator
ingna Ingestion (mg/kg) Child, Adult and Age-
adjusted Specific
PRGies-so- | Resident Adult Soil Noncarcinogenic Contaminant-specific Determined in this calculator
derna Dermal (mg/kg) Child, Adult and Age-
adjusted Specific
PRGies-so- | Resident Adult Soil Noncarcinogenic Contaminant-specific Determined in this calculator
inhna Inhalation (mg/kg) Child, Adult and Age-
adjusted Specific
PRGres-so- | Resident Adult Soil Noncarcinogenic Contaminant-specific Determined in this calculator
totna Total (mg/kg) Child, Adult and Age-
adjusted Specific
PRGresso- | Resident Age-adjusted Soil Contaminant-specific Determined in this calculator
ingnad Noncarcinogenic Ingestion (mg/kg) Child, Adult and Age-
adjusted Specific
PRGresso- | Resident Age-adjusted Soil Contaminant-specific Determined in this calculator
dernadj Noncarcinogenic Dermal (mg/kg) Child, Adult and Age-
adjusted Specific
PRGresso- | Resident Age-adjusted Soil Contaminant-specific Determined in this calculator
inhnadj Noncarcinogenic Inhalation (mg/kg) Child, Adult and Age-
adjusted Specific
PRGresso- | Resident Age-adjusted Soil Contaminant-specific Determined in this calculator

totnadj

Noncarcinogenic Total (mg/kg)

Child, Adult and Age-
adjusted Specific
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Table A-3. Resident Soil Land Use Equation Variables

Symbol | Definition (units) Default Reference
PRGresso- | Resident Soil Carcinogenic Ingestion Contaminant-specific Determined in this calculator
| inge (mg/kg)
PRGresso- | Resident Soil Carcinogenic Dermal Contaminant-specific Determined in this calculator
derc (mg/kg)
PRGressol- | Resident Soil Carcinogenic Inhalation | Contaminant-specific Determined in this calculator
inhc (mg/ kg)
PRGresso- | Resident Soil Carcinogenic Total Contaminant-specific Determined in this calculator
tote (mg/kg)
PRGressol- | Resident Soil Mutagenic Ingestion Mutagen-specific Determined in this calculator
| ingmu (mg/ kg)
PRGressol- | Resident Soil Mutagenic Dermal Mutagen-specific Determined in this calculator
dermu (mg/ kg)
PRGressol- | Resident Soil Mutagenic Inhalation Mutagen-specific Determined in this calculator
inhmu (mg/ kg)
PRGresso- | Resident Soil Mutagenic Total (mg/kg) | Mutagen-specific Determined in this calculator
totmu
PRGres-so- | Resident Soil Carcinogenic Vinyl Vinyl Chloride -specific | Determined in this calculator
ingve Chloride Ingestion (mg/kg)
PRGres-so- | Resident Soil Carcinogenic Vinyl Vinyl Chloride-specific | Determined in this calculator
derve Chloride Dermal (mg/kg)
PRGres-so- | Resident Soil Carcinogenic Vinyl Vinyl Chloride-specific | Determined in this calculator
inhve Chloride Inhalation (mg/kg)
PRGres-so- | Resident Soil Carcinogenic Vinyl Vinyl Chloride-specific | Determined in this calculator
totve Chloride Total (mg/kg)
PRGressol- | Resident Soil Carcinogenic and Trichloroethylene - Determined in this calculator
ingte Mutagenic Trichloroethylene Ingestion | specific
(mg/kg)
PRGressol- | Resident Soil Carcinogenic Trichloroethylene - Determined in this calculator
dertce Trichloroethylene Dermal (mg/kg) specific
PRGressol- | Resident Soil Carcinogenic Trichloroethylene - Determined in this calculator
inhtce Trichloroethylene Inhalation (mg/kg) specific
PRGressol- | Resident Soil Carcinogenic Trichloroethylene - Determined in this calculator
tottce Trichloroethylene Total specific
BWres-a Body Weight - adult (kg) 80 U.S. EPA 2014 (Attachment 1)
BWhres-c Body Weight - child (kg) 15 U.S. EPA 2014 (Attachment 1)
BWo.» Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014 (Attachment 1)
BWy6 Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014 (Attachment 1)
BWe.16 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014 (Attachment 1)
BWi 626 Body Weight - 16-26 Years (kg) 80 U.S. EPA 2014 (Attachment 1)
EDyes Exposure Duration - adult + child 26 U.S. EPA 2014 (Attachment 1)
(years)
EDies-a Exposure Duration - adult (years) 20 U.S. EPA 2014 (Attachment 1)
EDyes-c Exposure Duration - child (years) 6 U.S. EPA 2014 (Attachment 1)
EDy-» Exposure Duration - 0-2 Years (years) |2 U.S. EPA 2014 (Attachment 1)
EDs Exposure Duration - 2-6 Years (years) |4 U.S. EPA 2014 (Attachment 1)
EDes.16 Exposure Duration - 6-16 Years (years) | 10 U.S. EPA 2014 (Attachment 1)
EDi6-26 Exposure Duration - 16-26 Years 10 U.S. EPA 2014 (Attachment 1)
(years)
EFes Exposure Frequency - adult + child 350 U.S. EPA 2014 (Attachment 1)

(days/year)
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Table A-3. Resident Soil Land Use Equation Variables

Symbol | Definition (units) Default Reference
EFresa Exposure Frequency - adult (days/year) | 350 U.S. EPA 2014 (Attachment 1)
EFresc Exposure Frequency - child (days/year) | 350 U.S. EPA 2014 (Attachment 1)
EFo. Exposure Frequency - 0-2 Years 350 U.S. EPA 2014 (Attachment 1)
(days/year)
EF2.6 Exposure Frequency - 2-6 Years 350 U.S. EPA 2014 (Attachment 1)
(days/year)
EFs.16 Exposure Frequency - 6-16 Years 350 U.S. EPA 2014 (Attachment 1)
(days/year)
EFi6.26 Exposure Frequency - 16-26 Years 350 U.S. EPA 2014 (Attachment 1)
(days/year)
ETres-a Resident Exposure Time - adult 24 The whole day
(hours/day)
ETres-c Resident Exposure Time - child 24 The whole day
(hours/day)
ETres Resident Exposure Time (hours/day) 24 The whole day
ETo- Exposure Time - age segment 0-2 24 The whole day
(hours/day)
ETss Exposure Time - age segment 2-6 24 The whole day
(hours/day)
ETs.16 Exposure Time - age segment 6-16 24 The whole day
(hours/day)
ETi626 Exposure Time - age segment 16-26 24 The whole day
(hours/day)
IR Sres-c Ingestion Rate - Child (mg/day) 200 U.S. EPA 2014 (Attachment 1)
IR Ses-a Ingestion Rate - Adult (mg/day) 100 U.S. EPA 2014 (Attachment 1)
IR So-2 Ingestion Rate - 0-2 years (mg/day) 200 U.S. EPA 2014 (Attachment 1)
IRS».6 Ingestion Rate - 2-6 years (mg/day) 200 U.S. EPA 2014 (Attachment 1)
IR S¢.16 Ingestion Rate - 6-16 years (mg/day) 100 U.S. EPA 2014 (Attachment 1)
IR S16-26 Ingestion Rate - 16-26 years (mg/day) | 100 U.S. EPA 2014 (Attachment 1)
IFSres-adi Ingestion Rate - Age-adjusted (mg/kg) |36,750 Calculated using the age-
adjusted intake factors equation
IFSMiesaqj | Mutagenic Ingestion Rate - Age- 166,833 Calculated using the mutagenic
adjusted (mg/kg) age-adjusted intake factors
equation
AFres-c Adherence factor-child (mg/cm?) 0.2 U.S. EPA 2014 (Attachment 1)
AFresa Adherence factor-adult (mg/cm?) 0.07 U.S. EPA 2014 (Attachment 1)
AFo., Adherence factor 0-2 years (mg/cm?) 0.2 U.S. EPA 2014 (Attachment 1)
AF2.6 Adherence factor 2-6 years (mg/cm?) 0.2 U.S. EPA 2014 (Attachment 1)
AFs.16 Adherence factor 6-16 years (mg/cm?) | 0.07 U.S. EPA 2014 (Attachment 1)
AF 626 Adherence factor 16-26 years (mg/cm?) | 0.07 U.S. EPA 2014 (Attachment 1)
DFSres-adj Dermal contact factor- age-adjusted 103,390 Calculated using the age-
(mg/kg) adjusted intake factors equation
DFSMies-aqj | Mutagenic dermal contact factor- age- | 428,260 Calculated using the mutagenic
adjusted (mg/kg) age-adjusted intake factors
equation
SAres-c Surface area - child (cm?) 2373 U.S. EPA 2014 (Attachment 1)
SAres-a Surface area - adult (cm?) 6032 U.S. EPA 2014 (Attachment 1)
SAo-2 Surface area 0-2 years (cm?) 2373 U.S. EPA 2014 (Attachment 1)
SAze Surface area 2-6 years (cm?) 2373 U.S. EPA 2014 (Attachment 1)
SAc-16 Surface area 6-16 years (cm?) 6032 U.S. EPA 2014 (Attachment 1)
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Table A-3. Resident Soil Land Use Equation Variables

Symbol | Definition (units) Default Reference
SAies-26 Surface area 16-26 (¢cm?) 6032 U.S. EPA 2014 (Attachment 1)
AT Averaging time (days/year) 365x LT U.S. EPA 2014 (Attachment 1)
ATresc Averaging time — child (days/year) 365 X EDyesc U.S. EPA 2014 (Attachment 1)
ATresa Averaging time - adult (days/year) 365 X EDyes U.S. EPA 2014 (Attachment 1)
Table A-4. Composite Worker Soil Land Use Equation Variables
Symbol Definition (units) Default Reference
PRGeom-sol- | Composite Worker Soil Noncarcinogenic Contaminant- Determined in this
| ingn Ingestion (mg/kg) specific calculator
PRGeom-sol- | Composite Worker Soil Noncarcinogenic Contaminant- Determined in this
dern Dermal (mg/kg) specific calculator
PRGeom-sol- | Composite Worker Soil Noncarcinogenic Contaminant- Determined in this
inhn Inhalation (mg/kg) specific calculator
PRGeom-so- | Composite Worker Soil Noncarcinogenic Total | Contaminant- Determined in this
totn (mg/kg) specific calculator
PRGeomsol- | Composite Worker Soil Carcinogenic Ingestion | Contaminant- Determined in this
inge (mg/kg) specific calculator
PRGeom-so- | Composite Worker Soil Carcinogenic Dermal Contaminant- Determined in this
derc (mg/kg) specific calculator
PRGeom-so- | Composite Worker Soil Carcinogenic Inhalation | Contaminant- Determined in this
inhe (mg/kg) specific calculator
PRGeom-so- | Composite Worker Soil Carcinogenic Total Contaminant- Determined in this
tote (mg/kg) specific calculator
BWeom Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDcom Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFcom Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETcom Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
IRScom Ingestion Rate (mg/day) 100 U.S. EPA 2014
(Attachment 1)
AFcom Adherence factor (mg/cm?) 0.12 U.S. EPA 2014
(Attachment 1)
SAcom Surface area (cm?) 3527 U.S. EPA 2014
(Attachment 1)
ATcom Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATcom-a Averaging time (days/year) 365 x EDcom U.S. EPA 2014
(Attachment 1)
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Table A-S. Outdoor Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGout-sol- Outdoor Worker Soil Noncarcinogenic Contaminant- Determined in this
ingn Ingestion (mg/kg) specific calculator
PRGout-sol- Outdoor Worker Soil Noncarcinogenic Dermal | Contaminant- Determined in this
dern (mg/kg) specific calculator
PRGout-sol- Outdoor Worker Soil Noncarcinogenic Contaminant- Determined in this
inhn Inhalation (mg/kg) specific calculator
PRGout-sol- Outdoor Worker Soil Noncarcinogenic Total Contaminant- Determined in this
totn (mg/kg) specific calculator
PRGout-sol- Outdoor Worker Soil Carcinogenic Ingestion Contaminant- Determined in this
| inge (mg/kg) specific calculator
PRGout-sol- Outdoor Worker Soil Carcinogenic Dermal Contaminant- Determined in this
derc (mg/kg) specific calculator
PRGout-sol- Outdoor Worker Soil Carcinogenic Inhalation Contaminant- Determined in this
inhe (mg/kg) specific calculator
PRGout-sol- Outdoor Worker Soil Carcinogenic Total Contaminant- Determined in this
tote (mg/kg) specific calculator
BWout Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDout Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFou Exposure Frequency (days/year) 225 U.S. EPA 2014
(Attachment 1)
ETout Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
IRSout Ingestion Rate (mg/day) 100 U.S. EPA 2014
(Attachment 1)
AFout Adherence factor (mg/cm?) 0.12 U.S. EPA 2014
(Attachment 1)
SAout Surface area (cm?) 3527 U.S. EPA 2014
(Attachment 1)
ATout Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATouta Averaging time (days/year) 365 x EDout U.S. EPA 2014

(Attachment 1)
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Table A-6. Indoor Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGind-sol- Indoor Worker Soil Noncarcinogenic Ingestion | Contaminant- Determined in this
ingn (mg/kg) specific calculator
PRGind-sol- Indoor Worker Soil Noncarcinogenic Contaminant- Determined in this
inhn Inhalation (mg/kg) specific calculator
PRGind-sol- Indoor Worker Soil Noncarcinogenic Total Contaminant- Determined in this
totn (mg/kg) specific calculator
PRGind-sol- Indoor Worker Soil Carcinogenic Ingestion Contaminant- Determined in this
| inge (mg/kg) specific calculator
PRGing-sol- Indoor Worker Soil Carcinogenic Inhalation Contaminant- Determined in this
inhe (mg/kg) specific calculator
PRGing-sol- Indoor Worker Soil Carcinogenic Total Contaminant- Determined in this
totc (mg/kg) specific calculator
BWing Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDind Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFing Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETing Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
IRSing Soil Ingestion Rate (mg/day) 50 U.S. EPA 2014
(Attachment 1)
ATinda Averaging time (days/year) 365 x EDjng U.S. EPA 2014
(Attachment 1)
ATing Averaging time (days/year) 365x LT U.S. EPA 2014

(Attachment 1)
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Table A-7. Construction Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference

PRGeconsol- | Construction Worker Soil Contaminant- Determined in this calculator

ingn Noncarcinogenic Ingestion (mg/kg) specific

PRGeonsol- | Construction Worker Soil Contaminant- Determined in this calculator

dern Noncarcinogenic Dermal (mg/kg) specific

PRGeconsol- | Construction Worker Soil Contaminant- Determined in this calculator

inhn Noncarcinogenic Inhalation (mg/kg) specific

PRGeconsol- | Construction Worker Soil Contaminant- Determined in this calculator

totn Noncarcinogenic Total (mg/kg) specific

PRGcon-sol- | Construction Worker Soil Carcinogenic Contaminant- Determined in this calculator

| inge Ingestion (mg/kg) specific

PRGcon-sol- | Construction Worker Soil Carcinogenic Contaminant- Determined in this calculator

derc Dermal (mg/kg) specific

PRGcon-sol- | Construction Worker Soil Carcinogenic Contaminant- Determined in this calculator

inhe Inhalation (mg/kg) specific

PRGcon-sol- | Construction Worker Soil Carcinogenic Contaminant- Determined in this calculator

totc Total (mg/kg) specific

BWcon Body Weight (kg) 80 U.S. EPA 2014 (Attachment 1)

EDcon Exposure Duration (years) 1 U.S. EPA 2014 (Attachment 1)

EWeon Exposure (weeks/year) 50 Based on 50 weeks per year
(reasonable work season)

DWeon Exposure (days/week) 5 Based on 5 days per week for 50
weeks

EFcon Exposure Frequency (days/year) EW x DW Based on 5 days per week for 50
weeks

ETcon Exposure Time (hours/day) 8 U.S. EPA 2014 (Attachment 1)

IRScon Ingestion Rate (mg/day) 330 U.S. EPA 2002 (Exhibit 1-2)

AFcon Adherence factor (mg/cm?) 0.3 U.S. EPA 2002 (Exhibit 1-2)

SAcon Surface area (cm?) 3527 U.S. EPA 2014 (Attachment 1)

ATcon Averaging time (days/year) 365x LT U.S. EPA 2014 (Attachment 1)

ATcona Averaging time (days/year) 365 x EDcon U.S. EPA 2014 (Attachment 1)
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Table A-8. Excavation Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGexesol- | Excavation Worker Soil Noncarcinogenic Contaminant- Determined in this calculator
ingn Ingestion (mg/kg) specific
PRGexesol- | Excavation Worker Soil Noncarcinogenic Contaminant- Determined in this calculator
dern Dermal (mg/kg) specific
PRGexcesol- | Excavation Worker Soil Noncarcinogenic Contaminant- Determined in this calculator
inhn Inhalation (mg/kg) specific
PRGexcesol- | Excavation Worker Soil Noncarcinogenic Contaminant- Determined in this calculator
totn Total (mg/kg) specific
PRGexesol- | Excavation Worker Soil Carcinogenic Contaminant- Determined in this calculator
| inge Ingestion (mg/kg) specific
PRGexe-sol- | Excavation Worker Soil Carcinogenic Dermal | Contaminant- Determined in this calculator
derc (mg/kg) specific
PRGexesol- | Excavation Worker Soil Carcinogenic Contaminant- Determined in this calculator
inhe Inhalation (mg/kg) specific
PRGexe-sol- | Excavation Worker Soil Carcinogenic Total Contaminant- Determined in this calculator
totc (mg/kg) specific
BWexc Body Weight (kg) 80 U.S. EPA 2011, Table 8-1
EDexc Exposure Duration (years) 1 U.S. EPA 1991a (pg. 15)
EFexc Exposure Frequency (days/year) 20 Based on 5 days per week for
4 weeks
ETexc Exposure Time (hours/day) 8 U.S. EPA 2014 (Attachment
1)
IR Sexc Ingestion Rate (mg/day) 330 U.S. EPA 2002 (Exhibit 1-2)
AFexc Adherence factor (mg/cm?) 0.3 U.S. EPA 2002 (Exhibit 1-2)
SAcxe Surface area (cm?) 3527 U.S. EPA 2014 (Attachment
1)
ATexc Averaging time (days/year) 365x LT U.S. EPA 2014 (Attachment
1)
ATexca Averaging time (days/year) 365 X EDexc U.S. EPA 2014 (Attachment
D
Table A-9. Recreator Soil/Sediment Land Use Equation Variables
Symbol Definition (units) Default Reference
PRGrec-sol- Recreator Child Soil Contaminant-specific Child, Determined in this
ingne Noncarcinogenic Ingestion (mg/kg) | Adult and Age-adjusted calculator
Specific
PRGrecosol- Recreator Child Soil Contaminant-specific Child, Determined in this
dernc Noncarcinogenic Dermal (mg/kg) Adult and Age-adjusted calculator
Specific
PRGrec-sol- Recreator Child Soil Contaminant-specific Child, Determined in this
inhn Noncarcinogenic Inhalation Adult and Age-adjusted calculator
(mg/kg) Specific
PRGrec-sol- Recreator Child Soil Contaminant-specific Child, Determined in this

totnc

Noncarcinogenic Total (mg/kg)

Adult and Age-adjusted
Specific

calculator
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Table A-9. Recreator Soil/Sediment Land Use Equation Variables

Ingestion (mg/kg)

Symbol Definition (units) Default Reference
PRGrec-sol- Recreator Adult Soil Contaminant-specific Child, Determined in this
ingna Noncarcinogenic Ingestion (mg/kg) | Adult and Age-adjusted calculator
Specific
PRGiec-sol- Recreator Adult Soil Contaminant-specific Child, Determined in this
derna Noncarcinogenic Dermal (mg/kg) Adult and Age-adjusted calculator
Specific
PRGrec-sol- Recreator Adult Soil Contaminant-specific Child, Determined in this
inhna Noncarcinogenic Inhalation Adult and Age-adjusted calculator
(mg/kg) Specific
PRGrecosol- Recreator Adult Soil Contaminant-specific Child, Determined in this
ot Noncarcinogenic Total (mg/kg) Adult and Age-adjusted calculator
Specific
PRGrec-sol- Recreator Age-adjusted Soil Contaminant-specific Child, Determined in this
ingnadi Noncarcinogenic Ingestion (mg/kg) | Adult and Age-adjusted calculator
Specific
PRGrec-sol- Recreator Age-adjusted Soil Contaminant-specific Child, Determined in this
dernad; Noncarcinogenic Dermal (mg/kg) Adult and Age-adjusted calculator
Specific
PRGrec-sol- Recreator Age-adjusted Soil Contaminant-specific Child, Determined in this
inhnadj Noncarcinogenic Inhalation Adult and Age-adjusted calculator
(mg/kg) Specific
PRGrec-sol- Recreator Age-adjusted Soil Contaminant-specific Child, Determined in this
totnad] Noncarcinogenic Total (mg/kg) Adult and Age-adjusted calculator
Specific
PRGrec-sol- Recreator Soil Carcinogenic Contaminant-specific Determined in this
inge Ingestion (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic Contaminant-specific Determined in this
dere Dermal (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic Contaminant-specific Determined in this
inhe Inhalation (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic Total | Contaminant-specific Determined in this
totc (mg/kg) calculator
PRGrec-sol- Recreator Soil Mutagenic Ingestion | Mutagen-specific Determined in this
ingmu (mg/kg) calculator
PRGrec-sol- Recreator Soil Mutagenic Dermal Mutagen-specific Determined in this
dermu (mg/kg) calculator
PRGrec-sol- Recreator Soil Mutagenic Mutagen-specific Determined in this
inhmu Inhalation (mg/kg) calculator
PRGrec-sol- Recreator Soil Mutagenic Total Mutagen-specific Determined in this
totmu (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic Vinyl | Vinyl Chloride -specific Determined in this
| ingve Chloride Ingestion (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic Vinyl | Vinyl Chloride-specific Determined in this
derve Chloride Dermal (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic Vinyl | Vinyl Chloride-specific Determined in this
inhve Chloride Inhalation (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic Vinyl | Vinyl Chloride-specific Determined in this
totve Chloride Total (mg/kg) calculator
PRGrec-sol- Recreator Soil Carcinogenic and Trichloroethylene-specific Determined in this
ingtce Mutagenic Trichloroethylene calculator
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Table A-9. Recreator Soil/Sediment Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGrec-sol- Recreator Soil Carcinogenic and Trichloroethylene-specific Determined in this
dertce Mutagenic Trichloroethylene calculator
Dermal (mg/kg)
PRGrec-sol- Recreator Soil Carcinogenic and Trichloroethylene-specific Determined in this
inhtce Mutagenic Trichloroethylene calculator
Inhalation (mg/kg)
PRGrecosol- Recreator Soil Carcinogenic and Trichloroethylene-specific Determined in this
tottce Mutagenic Trichloroethylene Total calculator
(mg/kg)
BWrecaa Body Weight - adult (kg) 80 U.S. EPA 2014
(Attachment 1)
BWiecc Body Weight - child (kg) 15 U.S. EPA 2014
(Attachment 1)
BW. Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWa Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWe.16 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
BWi6.26 Body Weight - 16-26 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
EDyec Exposure Duration - adult + child 26 U.S. EPA 2014
(years) (Attachment 1)
EDrec-a Exposure Duration - adult (years) 20 U.S. EPA 2014
(Attachment 1)
EDrec-c Exposure Duration - child (years) 6 U.S. EPA 2014
(Attachment 1)
EDy.» Exposure Duration - 0-2 Years 2 U.S. EPA 2014
(years) (Attachment 1)
EDy¢ Exposure Duration - 2-6 Years 4 U.S. EPA 2014
(years) (Attachment 1)
EDs-16 Exposure Duration - 6-16 Years 10 U.S. EPA 2014
(years) (Attachment 1)
EDj6.26 Exposure Duration - 16-26 Years 10 U.S. EPA 2014
(years) (Attachment 1)
EFrec Exposure Frequency - adult + child | 75 Reasonable Estimate
(days/year)
EFrcca Exposure Frequency - adult 75 Reasonable Estimate
(days/year)
EFrecc Exposure Frequency - child 75 Reasonable Estimate
(days/year)
EFo. Exposure Frequency - 0-2 Years 75 Reasonable Estimate
(days/year)
EF, Exposure Frequency - 2-6 Years 75 Reasonable Estimate
(days/year)
EFs.16 Exposure Frequency - 6-16 Years 75 Reasonable Estimate
(days/year)
EFi6.26 Exposure Frequency - 16-26 Years | 75 Reasonable Estimate
(days/year)
ETrec Exposure Time (hours/day) 1 Reasonable Estimate
ETrecc Exposure time - child (hours/day) 1 Reasonable Estimate
ETreca Exposure time - adult (hours/day) 1 Reasonable Estimate
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Table A-9. Recreator Soil/Sediment Land Use Equation Variables

Symbol Definition (units) Default Reference
ETo-2 Exposure time 0-2 years 1 Reasonable Estimate
(hours/day)
ETss Exposure time 2-6 years 1 Reasonable Estimate
(hours/day)
ETe.16 Exposure time 6-16 years 1 Reasonable Estimate
(hours/day)
ETi626 Exposure time 16-26 years 1 Reasonable Estimate
(hours/day)
IR Srec-c Ingestion Rate - Child (mg/day) 200 U.S. EPA 2014
(Attachment 1)
IRSrec-a Ingestion Rate - Adult (mg/day) 100 U.S. EPA 2014
(Attachment 1)
IRSo-2 Ingestion Rate - 0-2 years (mg/day) | 200 U.S. EPA 2014
(Attachment 1)
IRS,6 Ingestion Rate - 2-6 years (mg/day) | 200 U.S. EPA 2014
(Attachment 1)
IRS¢.16 Ingestion Rate - 6-16 years 100 U.S. EPA 2014
(mg/day) (Attachment 1)
IRS16-26 Ingestion Rate - 16-26 years 100 U.S. EPA 2014
(mg/day) (Attachment 1)
IFSrec-adj Ingestion Rate - Age-adjusted 7,875 Calculated using the age-
(mg/kg) adjusted intake factors
equation
IFSMiecagy | Mutagenic Ingestion Rate - Age- 35,750 Calculated using the
adjusted (mg/kg) mutagenic age-adjusted
intake factors equation
AFrecc Adherence factor-child (mg/cm?) 0.2 U.S. EPA 2002 (Exhibit 1-
2)
AFrec-a Adherence factor-adult (mg/cm?) 0.07 U.S. EPA 2014
(Attachment 1)
AFo.» Adherence factor 0-2 years 0.2 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AF2. Adherence factor 2-6 years 0.2 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AFs.16 Adherence factor 6-16 years 0.07 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AF16.6 Adherence factor 16-26 years 0.07 U.S. EPA 2014
(mg/cm?) (Attachment 1)
DFSrec-adj Dermal contact factor- age- 22,155 Calculated using the age-
adjusted (mg/kg) adjusted intake factors
equation
DFSMrecadj | Mutagenic dermal contact factor- 91,770 Calculated using the age-
age-adjusted (mg/kg) adjusted intake factors
equation
SArec-c Surface area - child (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SArec-a Surface area - adult (cm?) 6032 U.S. EPA 2014
(Attachment 1)
SAop-2 Surface area 0-2 years (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SAze Surface area 2-6 years (cm?) 2373 U.S. EPA 2014

(Attachment 1)
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Table A-9. Recreator Soil/Sediment Land Use Equation Variables

Symbol Definition (units) Default Reference
SAs.16 Surface area 6-16 years (cm?) 6032 U.S. EPA 2014
(Attachment 1)
SAis26 Surface area 16-26 (cm?) 6032 U.S. EPA 2014
(Attachment 1)
ATrec Averaging time (days/year) 365 x LT U.S. EPA 2014
(Attachment 1)
ATrec-c Averaging time - child (days/year) | 365 X EDrec-c U.S. EPA 2014
(Attachment 1)
ATreca Averaging time - adult (days/year) | 365 X EDrec-a U.S. EPA 2014
(Attachment 1)
Table A-10. Recreator Surface Water Land Use Equation Variables
Symbol Definition (units) Default Reference
PRGiec-wat- | Recreator Child Surface Water Contaminant-specific Determined in this calculator
ingne Noncarcinogenic Ingestion (pg/L) | Child, Adult and Age-
adjusted Specific
PRGiec-wat- | Recreator Child Surface Water Contaminant-specific Determined in this calculator
dernc Noncarcinogenic Dermal (ug/L) | Child, Adult and Age-
adjusted Specific
PRGrecwat- | Recreator Child Surface Water Contaminant-specific Determined in this calculator
totnc Noncarcinogenic Total (ng/L) Child, Adult and Age-
adjusted Specific
PRGrecwat- | Recreator Adult Surface Water Contaminant-specific Determined in this calculator
ingna Noncarcinogenic Ingestion (pg/L) | Child, Adult and Age-
adjusted Specific
PRGiec-wat- | Recreator Adult Surface Water Contaminant-specific Determined in this calculator
derna Noncarcinogenic Dermal (pg/L) | Child, Adult and Age-
adjusted Specific
PRGiec-wat- | Recreator Adult Surface Water Contaminant-specific Determined in this calculator
totna Noncarcinogenic Total (ug/L) Child, Adult and Age-
adjusted Specific
PRGrecwa- | Recreator Age-adjusted Surface Contaminant-specific Determined in this calculator
ingnadj Water Noncarcinogenic Ingestion | Child, Adult and Age-
(ng/L) adjusted Specific
PRGrecwat- | Recreator Age-adjusted Surface Contaminant-specific Determined in this calculator
dernadj Water Noncarcinogenic Dermal | Child, Adult and Age-
(ng/L) adjusted Specific
PRGrecwat- | Recreator Age-adjusted Surface Contaminant-specific Determined in this calculator
totnad; Water Noncarcinogenic Total Child, Adult and Age-
(ng/L) adjusted Specific
PRGiec-wat- | Recreator Surface Water Contaminant-specific Determined in this calculator
ingc Carcinogenic Ingestion (ng/L)
PRGrecwat- | Recreator Surface Water Contaminant-specific Determined in this calculator
dere Carcinogenic Dermal (ng/L)
PRGiec-wat- | Recreator Surface Water Contaminant-specific Determined in this calculator

totc

Carcinogenic Total (ng/L)
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Table A-10. Recreator Surface Water Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGiec-wat- | Recreator Surface Water Mutagen-specific Determined in this calculator
ingmu Mutagenic Ingestion (pg/L)
PRGrec-wa- | Recreator Surface Water Mutagen-specific Determined in this calculator
dermu Mutagenic Dermal (pg/L)
PRGiec-wat- | Recreator Surface Water Mutagen-specific Determined in this calculator
totmu Mutagenic Total (ug/L)
PRGrecwat- | Recreator Surface Water Vinyl Chloride-specific Determined in this calculator
ingve Carcinogenic Vinyl Chloride
Ingestion (ng/L)
PRGrecwa- | Recreator Surface Water Vinyl Chloride-specific Determined in this calculator
derve Carcinogenic Vinyl Chloride
Dermal (pg/L)
PRGrecwat- | Recreator Surface Water Vinyl Chloride-specific Determined in this calculator
fotve Carcinogenic Vinyl Chloride
Total (ug/L)
PRGiec-wat- | Recreator Surface Water Trichloroethylene-specific Determined in this calculator
ingtce Carcinogenic and Mutagenic
Trichloroethylene Ingestion
(ng/L)
PRGiec-wat- | Recreator Surface Water Trichloroethylene-specific Determined in this calculator
dertce Carcinogenic and Mutagenic
Trichloroethylene Dermal (ng/L)
PRGiec-wat- | Recreator Surface Water Trichloroethylene-specific Determined in this calculator
tottce Carcinogenic and Mutagenic
Trichloroethylene Total (ng/L)
BWieca Body Weight - adult (kg) 80 U.S. EPA 2014 (Attachment 1)
BWiecc Body Weight - child (kg) 15 U.S. EPA 2014 (Attachment 1)
BWy. Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014 (Attachment 1)
BWay¢ Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014 (Attachment 1)
BWs.16 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014 (Attachment 1)
BWis.26 Body Weight - 16-26 Years (kg) | 80 U.S. EPA 2014 (Attachment 1)
EDieca Exposure Duration - adult (years) | 20 U.S. EPA 2014 (Attachment 1)
EDrec-c Exposure Duration - child (years) | 6 U.S. EPA 2014 (Attachment 1)
EDq.» Exposure Duration - 0-2 Years 2 U.S. EPA 2014 (Attachment 1)
(years)
ED»s6 Exposure Duration - 2-6 Years 4 U.S. EPA 2014 (Attachment 1)
(years)
EDe.16 Exposure Duration - 6-16 Years 10 U.S. EPA 2014 (Attachment 1)
(years)
EDis6-26 Exposure Duration - 16-26 Years | 10 U.S. EPA 2014 (Attachment 1)
(years)
EFrec-a Exposure Frequency - adult 45 Region 4 Bulletin
(days/year)
EFrecc Exposure Frequency - child 45 Region 4 Bulletin
(days/year)
EFo.» Exposure Frequency - 0-2 Years | 45 Region 4 Bulletin

(days/year)
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Table A-10. Recreator Surface Water Land Use Equation Variables

Symbol Definition (units) Default Reference
EF, Exposure Frequency - 2-6 Years |45 Region 4 Bulletin
(days/year)
EFe.16 Exposure Frequency - 6-16 Years | 45 Region 4 Bulletin
(days/year)
EF16.26 Exposure Frequency - 16-26 45 Region 4 Bulletin
Years (days/year)
ETeventrece | Exposure Time - child 1 Reasonable Estimate
(hours/event)
ETevent-rec-a | Exposure Time - adult 1 Reasonable Estimate
(hours/event)
ETeventreco- | Exposure Time (hours/event) 1 Reasonable Estimate
2)
ETeventrec2- | Exposure Time (hours/event) 1 Reasonable Estimate
6)
ETeventrecs- | Exposure Time (hours/event) 1 Reasonable Estimate
16)
ETevent Exposure Time (hours/event) 1 Reasonable Estimate
rec(16-26)
EViece Events - child (events/day) 1 Reasonable Estimate
EVieca Events - adult (events/day) 1 Reasonable Estimate
EVo. Events (events/day) 1 Reasonable Estimate
EVas6 Events (events/day) 1 Reasonable Estimate
EVe.16 Events (events/day) 1 Reasonable Estimate
EVieas Events (events/day) 1 Reasonable Estimate
IRWieeee Ingestion Rate - Child (L/hour) 0.12 Table 3.5 in EFH 2011
IRWiecaa Ingestion Rate - Adult (L/hour) 0.11 Time weighted average was
calculated based on the upper
percentile from Table 3.7 of
EFH 2019
IRW., Ingestion Rate - 0-2 years 0.12 Table 3.5 in EFH 2011
(L/hour)
IRWa. Ingestion Rate - 2-6 years 0.12 Table 3.5 in EFH 2011
(L/hour)
IRWs.is Ingestion Rate - 6-16 years 0.124 Time weighted average was
(L/hour) calculated based on the upper
percentile from Table 3.7 of
EFH 2019
IRWi6.26 Ingestion Rate - 16-26 years 0.0985 Time weighted average was
(L/hour) calculated based on the upper
percentile from Table 3.7 of
EFH 2019
TFWiec-adj Ingestion Rate - Age-adjusted 34 Calculated using the age-
(L/kg) adjusted intake factors equation
IFWMicc.aqj | Mutagenic Ingestion Rate - Age- | 14 Calculated using the mutagenic
adjusted (L/kg) age-adjusted intake factors
equation
SArec-c Surface area - child (cm?) 6365 U.S. EPA 2014 (Attachment 1)
SArec-a Surface area - adult (cm?) 19,652 U.S. EPA 2014 (Attachment 1)
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Table A-10. Recreator Surface Water Land Use Equation Variables

Symbol Definition (units) Default Reference
SAp- Surface area 0-2 years (cm?) 6365 U.S. EPA 2014 (Attachment 1)
SAszs Surface area 2-6 years (cm?) 6365 U.S. EPA 2014 (Attachment 1)
SAc-16 Surface area 6-16 years (cm?) 19,652 U.S. EPA 2014 (Attachment 1)
SAis-26 Surface area 16-26 (cm?) 19,652 U.S. EPA 2014 (Attachment 1)
DFWiec.aqj | Dermal contact factor- age- 335,655 Calculated using the age-
adjusted (cm?-event/kg) adjusted intake factors equation
DFWM;e... | Mutagenic dermal contact factor- | 1,053,210 Calculated using the mutagenic
adj age-adjusted (cm’event/kg) age-adjusted intake factors
equation
ATrecc Averaging time (days/year) 365 X EDrec-c U.S. EPA 2014 (Attachment 1)
ATreca Averaging time (days/year) 365 X EDrec-a U.S. EPA 2014 (Attachment 1)
Table A-11. Resident Tap Water Land Use Equation Variables
Symbol Definition (units) Default Reference
PRGres-wat-ingne Resident Child Tap Water Contaminant-specific Determined in this
(Groundwater) Noncarcinogenic Child, Adult and Age- calculator

Ingestion (pg/L)

adjusted Specific

PRGres-wal—demc

Resident Child Tap Water
(Groundwater) Noncarcinogenic Dermal

(ng/l)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

PRGres-wal—inhn

Resident Child Tap Water
(Groundwater) Noncarcinogenic
Inhalation (ug/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

PRGres-wal—totnc

Resident Child Tap Water
(Groundwater) Noncarcinogenic Total

(ng/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

PRGres-wat-ingna

Resident Adult Tap Water
(Groundwater) Noncarcinogenic
Ingestion (ug/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

P RGres-wat-dema

Resident Adult Tap Water
(Groundwater) Noncarcinogenic Dermal

(ng/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

P RGres-wat-inhna

Resident Adult Tap Water
(Groundwater) Noncarcinogenic
Inhalation (ug/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

PRGres-wal—totna

Resident Adult Tap Water
(Groundwater) Noncarcinogenic Total

(ng/l)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

PRGres-wat—ingnadj

Resident Age-adjusted Tap Water
(Groundwater) Noncarcinogenic
Ingestion (ug/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

P RGres-wat-dernadj

Resident Age-adjusted Tap Water
(Groundwater) Noncarcinogenic Dermal

(ng/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

P RGres-wat-inhnadj

Resident Age-adjusted Tap Water
(Groundwater) Noncarcinogenic
Inhalation (ug/L)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator
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Table A-11. Resident Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGres-wat- Resident Age-adjusted Tap Water Contaminant-specific Determined in this
totnad; (Groundwater) Noncarcinogenic Total Child, Adult and Age- calculator

(ng/L) adjusted Specific

PRGres-wat-inge Recreator Tap Water (Groundwater) Contaminant-specific Determined in this

Carcinogenic Ingestion (ug/L) calculator
PRGres-wat-derc Resident Tap Water (Groundwater) Contaminant-specific Determined in this
Carcinogenic Dermal (ug/L) calculator

PRGires-wat-inhe Resident Tap Water (Groundwater) Contaminant-specific Determined in this

Carcinogenic Inhalation (ug/L) calculator
PRGres-wat-totc Resident Tap Water (Groundwater) Contaminant-specific Determined in this
Carcinogenic Total (ng/L) calculator
PRGres-wat-ingmu Resident Tap Water (Groundwater) Mutagen-specific Determined in this
Mutagenic Ingestion (ug/L) calculator
PRGres-wat- Resident Tap Water (Groundwater) Mutagen-specific Determined in this
dermu Mutagenic Dermal (pg/L) calculator
PRGres-wat-inhmu Resident Tap Water (Groundwater) Mutagen-specific Determined in this
Mutagenic Inhalation (pg/L) calculator
PRGres-wat-totmu Resident Tap Water (Groundwater) Mutagen-specific Determined in this
Mutagenic Total (ug/L) calculator
PRGres-wat-ingve Resident Tap Water (Groundwater) Vinyl Chloride-specific Determined in this
Carcinogenic Vinyl Chloride Ingestion calculator

(ng/l)

PRGres-wal—dervc

Resident Tap Water (Groundwater)
Carcinogenic Vinyl Chloride Dermal

(ng/L)

Vinyl Chloride-specific

Determined in this
calculator

PRGres-wal—inhvc

Resident Tap Water (Groundwater)
Carcinogenic Vinyl Chloride Inhalation

(ng/L)

Vinyl Chloride-specific

Determined in this
calculator

P RGres-wat-totvc

Resident Tap Water (Groundwater)
Carcinogenic Vinyl Chloride Total

(ng/L)

Vinyl Chloride-specific

Determined in this
calculator

PRGres-wat-ingtee Resident Tap Water (Groundwater) Trichloroethylene- Determined in this
Carcinogenic and Mutagenic specific calculator
Trichloroethylene Ingestion (ug/L)
PRGres-wat-dertce Resident Tap Water (Groundwater) Trichloroethylene- Determined in this
Carcinogenic and Mutagenic specific calculator
Trichloroethylene Dermal (ug/L)
BWiesa Body Weight - adult (kg) 80 U.S. EPA 2014
(Attachment 1)
BWies-c Body Weight - child (kg) 15 U.S. EPA 2014
(Attachment 1)
BW. Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWa Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWe.16 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
BWi6-26 Body Weight - 16-26 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
EDyes Exposure Duration - adult + child (years) | 26 U.S. EPA 2014

(Attachment 1)
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Table A-11. Resident Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
EDyes-a Exposure Duration - adult (years) 20 U.S. EPA 2014
(Attachment 1)
EDyes-c Exposure Duration - child (years) 6 U.S. EPA 2014
(Attachment 1)
EDo.» Exposure Duration - 0-2 Years (years) 2 U.S. EPA 2014
(Attachment 1)
EDs Exposure Duration - 2-6 Years (years) 4 U.S. EPA 2014
(Attachment 1)
ED¢.16 Exposure Duration - 6-16 Years (years) 10 U.S. EPA 2014
(Attachment 1)
EDj6.26 Exposure Duration - 16-26 Years (years) | 10 U.S. EPA 2014
(Attachment 1)
EF;es Exposure Frequency - adult + child 350 U.S. EPA 2014
(days/year) (Attachment 1)
EFres-a Exposure Frequency - adult (days/year) 350 U.S. EPA 2014
(Attachment 1)
EFres-c Exposure Frequency - child (days/year) 350 U.S. EPA 2014
(Attachment 1)
EFo.» Exposure Frequency - 0-2 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
EF2.6 Exposure Frequency - 2-6 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
EF¢.16 Exposure Frequency - 6-16 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
EF16.26 Exposure Frequency - 16-26 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
ETres Exposure Time (hours/day) 24 The whole day
ETeventresc Exposure Time - child (hours/event) 0.54 U.S. EPA 2014
(Attachment 1)
ETevent-res-a Exposure Time - adult (hours/event) 0.71 U.S. EPA 2014
(Attachment 1)
ETeventres (0-2) Exposure Time (hours/event) 0.54 U.S. EPA 2014
(Attachment 1)
ETeventeres (2-6) Exposure Time (hours/event) 0.54 U.S. EPA 2014
(Attachment 1)
ETeventeres (6-16) Exposure Time (hours/event) 0.71 U.S. EPA 2014
(Attachment 1)
ETeventeres (16-26) Exposure Time (hours/event) 0.71 U.S. EPA 2014
(Attachment 1)
EVies-c Events - child (events/day) 1 U.S. EPA 2004 Exhibit
3-2
EViesa Events - adult (events/day) 1 U.S. EPA 2004 Exhibit
3-2
EVo. Events (events/day) 1 U.S. EPA 2004 Exhibit
3-2
EVas Events (events/day) 1 U.S. EPA 2004 Exhibit
3-2
EVe.16 Events (events/day) 1 U.S. EPA 2004 Exhibit

3-2
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Table A-11. Resident Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
EVisas Events (events/day) 1 U.S. EPA 2004 Exhibit
3-2
IRWiesc Ingestion Rate - Child (L/day) 0.78 U.S. EPA 2014
(Attachment 1)
IRWiesa Ingestion Rate - Adult (L/day) 2.5 U.S. EPA 2014
(Attachment 1)
IRWo., Ingestion Rate - 0-2 years (L/day) 0.78 U.S. EPA 2014
(Attachment 1)
IRW.¢ Ingestion Rate - 2-6 years (L/day) 0.78 U.S. EPA 2014
(Attachment 1)
IRWs.16 Ingestion Rate - 6-16 years (L/day) 2.5 U.S. EPA 2014
(Attachment 1)
IRWi6.26 Ingestion Rate - 16-26 years (L/day) 2.5 U.S. EPA 2014
(Attachment 1)
IFWies-adj Ingestion Rate - Age-adjusted (L/kg) 327.95 Calculated using the
age-adjusted intake
factors equation
TFWMes-adj Mutagenic Ingestion Rate - Age-adjusted | 1019.9 Calculated using the
(L/kg) mutagenic age-
adjusted intake factors
equation
SAres-c Surface area - child (cm?) 6365 U.S. EPA 2014
(Attachment 1)
SAresa Surface area - adult (cm?) 19,652 U.S. EPA 2014
(Attachment 1)
SAo-2 Surface area 0-2 years (cm?) 6365 U.S. EPA 2014
(Attachment 1)
SAz¢ Surface area 2-6 years (cm?) 6365 U.S. EPA 2014
(Attachment 1)
SAs.16 Surface area 6-16 years (cm?) 19,652 U.S. EPA 2014
(Attachment 1)
SAie-26 Surface area 16-26 (cm?) 19,652 U.S. EPA 2014
(Attachment 1)
DF W es-adj Dermal contact factor- age-adjusted 2,610,650 Calculated using the
(L/kg) age-adjusted intake
factors equation
DF WM es.adi Mutagenic dermal contact factor- age- 8,191,633 Calculated using the
adjusted (L/kg) mutagenic age-
adjusted intake factors
equation
AT Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATresc Averaging time (days/year) 365 X EDyes-c U.S. EPA 2014
(Attachment 1)
ATres-a Averaging time (days/year) 365 X EDres-a U.S. EPA 2014

(Attachment 1)
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Table A-12. Indoor Worker Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGind-wat-ingn Indoor Worker Tap Water Air Contaminant-specific Determined in this
Noncarcinogenic Ingestion (pg/m?) calculator
PRGind-wat-dern Indoor Worker Tap Water Contaminant-specific Determined in this
Noncarcinogenic Dermal (pg/m?®) calculator
PRGing-wat-inhn Indoor Worker Tap Water Contaminant-specific Determined in this
Noncarcinogenic Inhalation (png/m?) calculator
PRGind-wat-totn Indoor Worker Tap Water Contaminant-specific Determined in this
Noncarcinogenic Total (ug/m?) calculator
PRGind-wat-inge Indoor Worker Tap Water Air Contaminant-specific Determined in this
Carcinogenic Ingestion (ug/m?®) calculator
PRGind-wat-derc Indoor Worker Tap Water Carcinogenic Contaminant-specific Determined in this
Dermal (ug/m?) calculator
PRGing-wat-inhc Indoor Worker Tap Water Carcinogenic Contaminant-specific Determined in this
Inhalation (pg/m®) calculator
PRGind-wat-totc Indoor Worker Tap Water Carcinogenic Contaminant-specific Determined in this
Total (ug/m?) calculator
BWing Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDing Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFind Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETing Exposure Time (hours/event) 8 U.S. EPA 2014
(Attachment 1)
ETevent-iw Exposure Time Shower (hours/event) 0.71 U.S. EPA 2014
(Attachment 1)
EVind Events (events/day) 1 U.S. EPA 2004
Exhibit 3-2
IRWing Ingestion Rate (L/day) 1.25 U.S. EPA 2014 (FAQ
13)
SAind Surface area (cm?) 19,652 U.S. EPA 2014
(Attachment 1)
ATing Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATinda Averaging time (days/year) 365 x EDjng U.S. EPA 2014

(Attachment 1)
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Table A-13. Resident Air Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGres-air-inhn Resident Air Noncarcinogenic (ng/m?®) | Contaminant-specific Determined in this
calculator
PRGeres-air-inhe Resident Air Carcinogenic (ug/m®) Contaminant-specific Determined in this
calculator
PRGres-air-inhmu Resident Air Mutagenic (ng/m?) Mutagen-specific Determined in this
calculator
PRGres-air-inhve Resident Air Carcinogenic Vinyl Vinyl Chloride-specific Determined in this
Chloride (ng/m?) calculator
PR Gires-air-inhtce Resident Air Carcinogenic and Trichloroethylene-specific | Determined in this
Mutagenic Trichloroethylene (ng/m?) calculator
EDyes Exposure Duration (years) 26 U.S. EPA 2014
(Attachment 1)
EDy.» Exposure Duration 0-2 years (years) 2 U.S. EPA 2014
(Attachment 1)
EDs Exposure Duration 2-6 years (years) 4 U.S. EPA 2014
(Attachment 1)
EDs-16 Exposure Duration 6-16 years (years) | 10 U.S. EPA 2014
(Attachment 1)
EDis-26 Exposure Duration 16-26 years (years) | 10 U.S. EPA 2014
(Attachment 1)
EF;es Exposure Frequency (days/year) 350 U.S. EPA 2014
(Attachment 1)
ETres Exposure Time (hours/day) 24 The whole day
AT Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATres-a Averaging time (days/year) 365 X EDyes U.S. EPA 2014

(Attachment 1)
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Table A-14. Composite Worker Air Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGcom-air-inhn Composite Worker Air Contaminant-specific Determined in this
Noncarcinogenic (pg/m?) calculator
PRGcom-air-inhe Composite Worker Air Carcinogenic Contaminant-specific Determined in this
(ng/m3) calculator
EDcom Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFcom Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETcom Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATcom Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATcom-a Averaging time (days/year) 365 x EDcom U.S. EPA 2014
(Attachment 1)
Table A-15. Outdoor Worker Air Land Use Equation Variables
Symbol Definition (units) Default Reference

PRGout-air-inhn

Outdoor Worker Air Noncarcinogenic
(ng/m’)

Contaminant-specific

Determined in this

calculator

PRGout-air-inhc

Outdoor Worker Air Carcinogenic

Contaminant-specific

Determined in this

(ng/m3) calculator
EDout Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFout Exposure Frequency (days/year) 225 U.S. EPA 2014
(Attachment 1)
ETout Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATout Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATouta Averaging time (days/year) 365 x EDout U.S. EPA 2014

(Attachment 1)
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Table A-16. Indoor Worker Air Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGind-air-inhn Indoor Worker Air Noncarcinogenic Contaminant-specific Determined in this
(ng/m?) calculator
PRGing-air-inhe Indoor Worker Air Carcinogenic Contaminant-specific Determined in this
(ng/m3) calculator
EDind Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFing Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETing Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATing Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATind-a Averaging time (days/year) 365 x EDjng U.S. EPA 2014
(Attachment 1)
Table A-17. Construction Worker Air Land Use Equation Variables
Symbol Definition (units) Default Reference

P RGcon-air-inhn

Construction Worker Air

Contaminant-specific

Determined in this

Noncarcinogenic (pug/m?) calculator
PRGcon-air-inhe Construction Worker Air Contaminant-specific Determined in this
Carcinogenic (pg/m®) calculator
EDcon Exposure Duration (years) 1 U.S. EPA 2014
(Attachment 1)
EWcon Exposure (weeks/year) 50 Based on 50 weeks per
year (reasonable work
season)
DWecon Exposure (days/week) 5 Based on 5 days per
week for 50 weeks
EFcon Exposure Frequency (days/year) EW x DW Based on 5 days per
week for 50 weeks
ETcon Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATcon Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATcon-a Averaging time (days/year) 365 x EDcon U.S. EPA 2014

(Attachment 1)

A-23




Table A-18. Excavation Worker Air Land Use Equation Variables

Symbol Definition (units) Default Reference
PR Gexc-air-inhn Excavation Worker Air Contaminant-specific Determined in this
Noncarcinogenic (pg/m?) calculator
PR Gexc-gir-inhe Excavation Worker Air Carcinogenic | Contaminant-specific Determined in this
(ng/m3) calculator
EDexc Exposure Duration (years) 1 U.S. EPA 2014
(Attachment 1)
EFexe Exposure Frequency (days/year) 20 Based on 5 days per
week for 4 weeks
ETexc Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATexc Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATexca Averaging time (days/year) 365 X EDexc U.S. EPA 2014
(Attachment 1)
Table A-19. Resident Fish Land Use Equation Variables
Symbol Definition (units) Default Reference

PRGres-fsh-ingn

Resident Fish Noncarcinogenic

Contaminant-specific

Determined in this

(mg/kg) calculator
PRGeres-fsh-inge Resident Fish Carcinogenic (mg/kg) Contaminant-specific Determined in this
calculator
PRGres-fshw-ingn Resident Surface Water Fish Contaminant-specific Determined in this
Noncarcinogenic (mg/kg) calculator
PRGeres-fshw-inge Resident Surface Water Fish Contaminant-specific Determined in this
Carcinogenic (mg/kg) calculator
BWiesa Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDres Exposure Duration (years) 26 U.S. EPA 2014
(Attachment 1)
EFres Exposure Frequency (days/year) 350 U.S. EPA 2014
(Attachment 1)
IRFres-a Fish Ingestion Rate (g/day) 54 U.S. EPA 2014
(Attachment 1)
AT Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATres-a Averaging time (days/year) 365 X EDyes U.S. EPA 2014
(Attachment 1)
Table A-20. Farmer Land Use Equation Variables
Symbol Definition (units) Default Reference
PRGtur-prod-ingn Farmer Produce Noncarcinogenic Contaminant-specific | Determined in this
Ingestion calculator
PRGtur-prod-inge Farmer Produce Carcinogenic Ingestion Contaminant-specific | Determined in this
calculator
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Table A-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGtur-wat-ingpn Farmer Produce Noncarcinogenic Back- Contaminant-specific | Determined in this
calculated Concentration in Water calculator

Ingestion

PRGfar—wat-ingpc

Farmer Produce Carcinogenic Back-
calculated Concentration in Water
Ingestion

Contaminant-specific

Determined in this
calculator

PRGfar-sol-ingpn

Farmer Produce Noncarcinogenic Back-

Contaminant-specific

Determined in this

calculated Concentration in Soil Ingestion calculator
PRGtur-sol-ingpe Farmer Produce Carcinogenic Back- Contaminant-specific | Determined in this

calculated Concentration in Soil Ingestion calculator
PRGtur-sw-ingpn Farmer Produce Noncarcinogenic Back- Contaminant-specific | Determined in this

calculated Concentration in Soil and calculator

Water Ingestion

P RGfar-sw-ingpc

Farmer Produce Carcinogenic Back-
calculated Concentration in Soil and
Water Ingestion

Contaminant-specific

Determined in this
calculator

PRGfar-dairy-ingn

Farmer Dairy Noncarcinogenic Ingestion

Contaminant-specific

Determined in this

calculator

PRGtur-dairy-inge Farmer Dairy Carcinogenic Ingestion Contaminant-specific | Determined in this
calculator

PRGtur-wat-ingdn Farmer Dairy Noncarcinogenic Back- Contaminant-specific | Determined in this
calculated Concentration in Water calculator

Ingestion

PRGfar—wat-ingdc

Farmer Dairy Carcinogenic Back-
calculated Concentration in Water
Ingestion

Contaminant-specific

Determined in this
calculator

PRGfar—sol—ingdn

Farmer Dairy Noncarcinogenic Back-

Contaminant-specific

Determined in this

calculated Concentration in Soil Ingestion calculator
PRGtur-sol-ingde Farmer Dairy Carcinogenic Back- Contaminant-specific | Determined in this

calculated Concentration in Soil Ingestion calculator
PRGtur-sw-ingdn Farmer Dairy Noncarcinogenic Back- Contaminant-specific | Determined in this

calculated Concentration in Soil and calculator

Water Ingestion

PRGfar-sw-ingdc

Farmer Dairy Carcinogenic Back-
calculated Concentration in Soil and
Water Ingestion

Contaminant-specific

Determined in this
calculator

P RGfar-beef-ingn

Farmer Beef Noncarcinogenic Ingestion

Contaminant-specific

Determined in this

calculator

PRGtur-beef-inge Farmer Beef Carcinogenic Ingestion Contaminant-specific | Determined in this
calculator

PRGtur-wat-ingbn Farmer Beef Noncarcinogenic Back- Contaminant-specific | Determined in this
calculated Concentration in Water calculator

Ingestion

PRGfar—wat-ingbc

Farmer Beef Carcinogenic Back-
calculated Concentration in Water
Ingestion

Contaminant-specific

Determined in this
calculator

PRGfar—sol—ingbn

Farmer Beef Noncarcinogenic Back-

Contaminant-specific

Determined in this

calculated Concentration in Soil Ingestion calculator
PRGtur-sol-ingbe Farmer Beef Carcinogenic Back- Contaminant-specific | Determined in this
calculated Concentration in Soil Ingestion calculator
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Table A-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
PRGtur-sw-ingbn Farmer Beef Noncarcinogenic Back- Contaminant-specific | Determined in this
calculated Concentration in Soil and calculator

Water Ingestion

PRGfar—sw-ingbc

Farmer Beef Carcinogenic Back-

Contaminant-specific

Determined in this

calculated Concentration in Soil and calculator
Water Ingestion
BWrara Body Weight - adult (kg) 80 U.S. EPA 2014
(Attachment 1)
BWiarc Body Weight - child (kg) 15 U.S. EPA 2014
(Attachment 1)
EDfar Exposure Duration - adult (years) 40 U.S. EPA 1991a (pg.
15)
EDrar-c Exposure Duration - adult (years) 6 U.S. EPA 1991a (pg.
15)
EDfar-a Exposure Duration - adult (years) 34 U.S. EPA 1991a (pg.
15)
EF¢ar Exposure Frequency (days/year) 350 U.S. EPA 2014
(Attachment 1)
ATgy Averaging Time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATfare Averaging Time (days/year) 365 x EDfarc U.S. EPA 2014
(Attachment 1)
IRFfar-c Fruit Ingestion Rate - Child (mg/day) 68.1x103 U.S. EPA 1997a
(Table 13-61). U.S.
EPA 1998 (Table C-1-
2)
IRFfar-a Fruit Ingestion Rate - Adult (mg/day) 176.8x103 U.S. EPA 1997a
(Table 13-61). U.S.
EPA 1998 (Table C-1-
2)
IFF far-adj Fruit Ingestion Fraction - Age-adjusted 35,833,000 Calculated using the
(mg-year/kg-day) age adjusted intake
factors equation
IRViurec Produce Ingestion Rate - Vegetables - 41.7x103 U.S. EPA 1997a
Child (mg/day) (Table 13-61). U.S.
EPA 1998 (Table C-1-
2)
IRVtura Produce Ingestion Rate - Vegetables - 125.7x103 U.S. EPA 1997a
Adult (mg/day) (Table 13-61). U.S.
EPA 1998 (Table C-1-
2)
IFVfar-adj Produce Ingestion Fraction - Vegetables - | 24,535,875 Calculated using the
Age-adjusted (mg-year/kg-day) age adjusted intake
factors equation
IRDrar-c Dairy Ingestion Rate - Child (mg/day) 349.5%103 U.S. EPA 1997a
(Table 13-28). U.S.
EPA 1998 (Table C-1-
3)
IRDfr-a Dairy Ingestion Rate - Adult (mg/day) 445.6x103 U.S. EPA 1997a

(Table 13-28). U.S.
EPA 1998 (Table C-1-
3)
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Table A-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
IFDfar-adj Dairy Ingestion Fraction - Age-adjusted 115,213,000 Calculated using the
(mg-year/kg-day) age adjusted intake
factors equation

IRBfar-c Beef Ingestion Rate - Child (mg/day) 40.1x103 U.S. EPA 1997a
(Table 13-28). U.S.
EPA 1998 (Table C-1-
3)

IRBiur-a Beef Ingestion Rate - Adult (mg/day) 178x103 U.S. EPA 1997a
(Table 13-28). U.S.
EPA 1998 (Table C-1-
3)

IFBfar-adj Beef Ingestion Fraction - Age-adjusted 32,091,500 Calculated using the

(mg-year/kg-day) age adjusted intake
factors equation

Irtrp Root uptake from irrigation multiplier Contaminant-specific | Calculated

(L/kg)
Irtres Resuspension from irrigation multiplier Contaminant-specific | Calculated
(L/kg)

Irraep Aerial deposition from irrigation Contaminant-specific | Calculated

multiplier (L/kg)

Rupp Dry root uptake for pasture multiplier =BV

(unitless)
Rupv Wet root uptake for vegetables multiplier | =BV
(unitless)
Qp-beet Beef Fodder Intake Rate (kg/day) 11.77 U.S. EPA 2005 (pg. B-
138)
Qp-dairy Dairy Fodder Intake Rate (kg/day) 20.3 U.S. EPA 2005 (pg. B-
145)
Quw-dairy Dairy Water Intake Rate (kg/day) 92 U.S. EPA 1999a (pg.
10-23). U.S. EPA
1997b.
Qw-beet Beef Water Intake Rate (kg/day) 53 U.S. EPA 1999a (pg.
10-23). U.S. EPA
1997b.
Qs-dairy Dairy Soil Intake Rate (kg/day) 0.4 U.S. EPA 2005 (pg. B-
146)
Qs-beet Beef Soil Intake Rate (kg/day) 0.5 U.S. EPA 2005 (pg. B-
139)
fo-beet Fraction of Time Animal is On-Site 1 Maximum value used
(unitless) (100%)

Tp-dairy Fraction of Time Animal is On-Site 1 Maximum value used
(unitless) (100%)

fs-beet Fraction of Animal's Food from Site when | 1 Maximum value used
On-Site (unitless) (100%)

fs-dairy Fraction of Animal's Food from Site when | 1 Maximum value used
On-Site (unitless) (100%)

TF dairy Dairy Transfer Factor (day/kg) Contaminant-specific | Hierarchy selection in
Section 2.4.2

TFoeef Beef Transfer Factor (day/kg) Contaminant-specific Hierarchy selection in
Section 2.4.2

BCF Fish Bioconcentration Factor (L/kg) Contaminant-specific Hierarchy selection in

Section 2.4.2
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Table A-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
CF far-produce Fraction of Produce Consumed that is 1 U.S. EPA 1998
Contaminated
CF far-dairy Fraction of Dairy Consumed that is 1 U.S. EPA 1998
Contaminated
CFrur-beef Fraction of Beef Consumed that is 1 U.S. EPA 1998
Contaminated
I Irrigation rate (L/m2-day) 3.62 Personal
communication with
agricultural extension
agent
F Irrigation period (unitless) 0.25 (based on 3 Personal
months per year) communication with
agricultural extension
agent
AB Effective rate for removal (1/day) Ai+ Ao NCRP 1996
AE Decay for removal on produce (1/day) Ai + (0.693/tw) NCRP 1996
AHL Soil leaching rate (1/day) 0.000027 NCRP 1996
Ai Decay (1/day) 0.693/Tr- NCRP 1996
radionuclides, 0 - non-
radionuclides
tw Weathering half -life (day) 14 NCRP 1996
Tr Half-life (days) Contaminant-specific
MLFasture Pasture plant mass loading factor 0.25 Hinton, T. G. 1992
(unitless)
MLFproduce Produce plant mass loading factor 0.26 x 0.052=0.0135 | Hinton, 1992. U.S.
(unitless) EPA SSG 1996 table
G-1. Dry weight to
wet weight conversion
equation from section
4.10.9
th Long term deposition and buildup (day) 10,950 NCRP 1996
ty Above ground exposure time (day) 60 NCRP 1996
I Interception fraction (unitless) 0.42 Miller, C. W. 1980
Y. Plant yield (wet) (kg/m?) 2 NCRP 1996
P Area density for root zone (kg/m?) 240 Hoffman, F. O., R. H.
Gardner, and K. F.
Eckerman. 1982;
Peterson, H. T., Jr.
1983; McKone, T. E.
1994
T Translocation factor (unitless) 1 NCRP 1996
Res Soil resuspension multiplier) = MLF (produce or Hinton, T.G. 1992

pasture)
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Table A-21. Soil to Groundwater SSL Factor Variables

Symbol Definition (units) Default Reference
Cw Target soil leachate concentration Nonzero MCL or RSL x U.S. EPA. 2002
(pCi/L) DAF Equation 4-14
DAF Dilution attenuation factor (unitless) 20 (or site-specific) U.S. EPA. 2002
Equation 4-11
EDgw Exposure duration 70 U.S. EPA. 2002
Equation 4-14
I Infiltration Rate (m/year) 0.18 U.S. EPA. 2002
Equation 4-11
L Source length parallel to ground water | Site-specific U.S. EPA. 2002
flow (m) Equation 4-11
i Hydraulic gradient (m/m) Site-specific U.S. EPA. 2002
Equation 4-11
K Aquifer hydraulic conductivity Site-specific U.S. EPA. 2002
(m/year) Equation 4-11
Ow Water-filled soil porosity (Lwater/Lsoit) 0.3 U.S. EPA. 2002
Equation 4-10
0a Air-filled soil porosity (Lair/Lsoit) =n- Oy U.S. EPA. 2002
Equation 4-10
n Total soil porosity (Lpore/Lsoit) = 1-(pv/ps) U.S. EPA. 2002
Equation 4-10
Ps Soil particle density (kg/L) 2.65 U.S. EPA. 2002
Equation 4-10
Py Dry soil bulk density (kg/L) 1.5 U.S. EPA. 2002
Equation 4-10
Kq Soil-water partition coefficient (L/kg) | = Koc*foc for organics U.S. EPA. 2002
Equation 4-10
da Aquifer thickness (m) Site-specific U.S. EPA. 2002
Equation 4-10
ds Depth of source (m) Site-specific U.S. EPA. 2002
Equation 4-10
d Mixing zone depth (m) Site-specific U.S. EPA. 2002

Equation 4-12
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Table A-22. Wind Particulate Emission Factor Equation Variables

Symbol Definition (units) Default Reference
PEFwina Particulate Emission Factor - 1.36 x 109(region- U.S. EPA 2002 Exhibit
Minneapolis (m*/kg) specific) D-2
Q/Cyind Inverse of the Mean Concentration at | 93.77 (region-specific) U.S. EPA 2002 Exhibit
the Center of a 0.5-Acre-Square D-2
Source (g/m?-s per kg/m?)
v Fraction of Vegetative Cover 0.5 US. EPA. 2002
(unitless) Equation 4-5
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 2002
Equation 4-5
U Equivalent Threshold Value of Wind 11.32 U.S. EPA. 2002
Speed at 7m (m/s) Equation 4-5
F(x) Function Dependent on Uy/Us; 0.194 U.S. EPA. 2002
(unitless) Equation 4-5
A Dispersion constant unitless PEF and region-specific U.S. EPA 2002 (pg. D-
2)
As Areal extent of the site or 0.5 (range 0.5 to 500) U.S. EPA 2002 (pg. D-
contamination (acres) 2)
B Dispersion constant unitless PEF and region-specific U.S. EPA 2002 (pg. D-
2)
C Dispersion constant unitless PEF and region-specific U.S. EPA 2002 (pg. D-

2)
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Table A-23. Mechanical Particulate Emission Factor Variables from Vehicle Traffic

Symbol Definition (units) Default Reference
PEFs. Particulate Emission Factor - Contaminant-specific U.S. EPA 2002
subchronic (m*/kg) Equation 5-5
Q/Cq Inverse of the ratio of the 1-h 23.02 (for 0.5-acre site) U.S. EPA 2002
geometric mean concentration to the Equation 5-5
emission flux along a straight road
segment bisecting a square site (g/m>-s
per kg/m®)
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA 2002
Equation 5-5
T Total time over which construction 7,200,000 U.S. EPA 2002
occurs (s) Equation 5-5
Ar Surface area of contaminated road Ar=Lr x Wrx0.092903 | U.S. EPA. 2002
segment (m?) m?/ft?) Equation 5-5
Lr Length of road segment (ft) Site-specific U.S. EPA. 2002
Equation 5-5
Wr Width of road segment (ft) 20 U.S. EPA. 2002
Equation E-18
W Mean vehicle weight (tons) (Number of cars x US. EPA. 2002
tons/car + number of Equation 5-5
trucks x tons/truck) / total
vehicles)
p Number of days with at least 0.01 Site-specific US. EPA. 2002
inches of precipitation (days/year) Equation 5-5
> VKT Sum of fleet vehicle kilometers > VKT = total vehicles x | U.S. EPA 2002
traveled during the exposure duration | distance (km/day) x Equation 5-5
(km) frequency (weeks/year) x
(days/year)
A Dispersion constant unitless 12.9351 U.S. EPA 2002
Equation 5-6
A Areal extent of site surface soil 0.5 (range 0.5 to 500) U.S. EPA 2002
contamination (acres) Equation 5-6
B Dispersion constant unitless 5.7383 U.S. EPA. 2002
Equation 5-6
C Dispersion constant unitless 71.7711 U.S. EPA 2002
Equation 5-6
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hrs)

Equation 5-5

Table A-24. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference

PEF'. Particulate Emission Factor - Contaminant-specific U.S. EPA 2002
subchronic (m3/kg) Equation E-26

Q/Csa Inverse of the ratio of the 1-h Site-specific U.S. EPA 2002

geometric mean air concentration and
the emission flux at the center of the

Equation E-15
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Table A-24. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
square emission source (g/m?-s per
kg/m®)
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA 2002
Equation 5-5
T Total time over which construction 7,200,000 U.S. EPA 2002
occurs (s) Equation 5-5
A Areal extent of site surface soil (range 0.5 to 500) U.S. EPA. 2002
contamination (acres) Equation E-15
J'r Total time-averaged PM10 unit Site-specific U.S. EPA. 2002
emission flux for construction Equation E-25
activities other than traffic on unpaved
roads (g/m?2-s)
MPCind Unit mass emitted from wind erosion | Site-specific U.S. EPA. 2002
(g) Equation E-20
v Fraction of Vegetative Cover 0 U.S. EPA. 2002
(unitless) Equation E-20
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA 2002
Equation E-20
U Equivalent Threshold Value of Wind 11.32 U.S. EPA 2002
Speed at 7m (m/s) Equation E-20
F(x) Function Dependent on Uy/Uy 0.194 U.S. EPA 2002
(unitless) Equation E-20
Asurt Areal extent of site surface soil (range 0.5 to 500) U.S. EPA 2002
contamination (m?) Equation E-20
ED Exposure duration (years) Site-specific U.S. EPA 2002
Equation E-20
Mexcav Unit mass emitted from excavation Site-specific U.S. EPA 2002
soil dumping (g) Equation E-21
0.35 PM10 particle size multiplier 0.35 U.S. EPA 2002
(unitless) Equation E-21
Un Mean annual wind speed during 4.69 U.S. EPA 2002
construction (m/s) Equation E-21
Min-excav Gravimetric soil moisture content (%) | 12 (mean value for U.S. EPA 2002
municipal landfill cover) | Equation E-21
Psoil In situ soil density (includes water) 1.68 U.S. EPA 2002
(mg/m?) Equation E-21
Acxcav Areal extent of excavation (m?) (range 0.5 to 500) U.S. EPA 2002
Equation E-21
dexcav Average depth of excavation (m) Site-specific U.S. EPA 2002
Equation E-21
Na-dump Number of times soil is dumped 2 U.S. EPA 2002
(unitless) Equation E-21
Mooz Unit mass emitted from dozing Site-specific U.S. EPA 2002
operations (g) Equation E-22
0.75 PM10 scaling factor (unitless) 0.75 U.S. EPA 2002
Equation E-22
Sdoz Soil silt content (%) 6.9 U.S. EPA 2002

Equation E-22
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Table A-24

. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
Min-doz Gravimetric soil moisture content (%) | 7.9 (mean value for U.S. EPA 2002
overburden) Equation E-22
> VKTgoz Sum of dozing kilometers traveled Site-specific U.S. EPA 2002
(km) Equation E-22
Sdoz Average dozing speed (kph) 11.4 (mean value for U.S. EPA 2002
graders) Equation E-22
Na-doz Number of times site is dozed Site-specific U.S. EPA 2002
(unitless) Equation E-22
By Dozer blade length (m) Site-specific U.S. EPA 2002 Page
E-28
Mgrade Unit mass emitted from grading Site-specific U.S. EPA 2002
operations (g) Equation E-23
0.60 PM10 scaling factor (unitless) 0.60 U.S. EPA 2002
Equation E-23
> VK Tgrade Sum of grading kilometers traveled Site-specific U.S. EPA 2002
(km) Equation E-23
Serade Average grading speed (kph) 11.4 (mean value for U.S. EPA 2002
graders) Equation E-23
Na-grade Number of times site is graded Site-specific U.S. EPA 2002
(unitless) Equation E-23
B, Grader blade length (m) Site-specific U.S. EPA 2002 Page
E-28
Miin Unit mass emitted from tilling Site-specific U.S. EPA 2002
operations (g) Equation E-24
Still Soil silt content (%) 18 U.S. EPA 2002
Equation E-24
Acin Areal extent of tilling (acres) Site-specific U.S. EPA 2002
Equation E-24
Acgrade Areal extent of grading (acres) Site-specific Necessary to solve
> VKTgrade in U.S.
EPA 2002 Equation E-
23
Acdoz Areal extent of dozing (acres) Site-specific Necessary to solve
> VKT, in U.S. EPA
2002 Equation E-22
Na-itt Number of times soil is tilled 2 U.S. EPA 2002
(unitless) Equation E-24
A Dispersion constant unitless 2.4538 U.S. EPA 2002
Equation E-15
As Areal extent of site surface soil 0.5 (range 0.5 to 500) U.S. EPA 2002
contamination (acres) Equation 5-6
B Dispersion constant unitless 17.5660 U.S. EPA 2002
Equation E-15
C Dispersion constant unitless 189.0426 U.S. EPA 2002
Equation E-15
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hrs)

Equation 5-5
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Table A-25. Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VFiim Unlimited Source Volatilization Contaminant-specific U.S. EPA. 2002
Factor - Minneapolis (m?/kg) Equation 4-8
Q/Cyol Inverse of the Mean Concentration at 68.81 U.S. EPA. 2002
the Center of a 0.5-Acre-Square Equation 4-8
Source (g/m?-s per kg/m?)
Da Apparent Diffusivity (cm?/s) Contaminant-specific U.S. EPA. 2002
Equation 4-8
T Exposure interval (s) 819,936,000 U.S. EPA. 2002
Equation 4-8
Py Dry soil bulk density (g/cm?) 1.5 U.S. EPA. 2002
Equation 4-8
0a Air-filled soil porosity (Lair/Lsoit) 0.28 U.S. EPA. 2002
Equation 4-8
n Total soil porosity (Lpore/Lsoit) 0.43 U.S. EPA. 2002
Equation 4-8
Ow Water-filled soil porosity (Lwater/Lsoil) 0.15 U.S. EPA. 2002
Equation 4-8
Ps Soil particle density (g/c m®) 2.65 U.S. EPA. 2002
Equation 4-8
Dia Diffusivity in air (cm?/s) Contaminant-specific U.S. EPA. 2001
Dw Diffusivity in water (cm?/s) Contaminant-specific U.S. EPA. 2001
Kq Soil-water partition coefficient Contaminant-specific U.S. EPA. 2002
(Koexfoc) Equation 4-8
Koe Soil organic carbon-water partition Contaminant-specific EPI Suite
coefficient
foc Organic carbon content of soil (g/g) 0.006 U.S. EPA. 2002
Equation 4-8
A Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 11.911 U.S. EPA 2002
Exhibit D-3
B Dispersion Constant 18.4385 U.S. EPA 2002
Exhibit D-3
C Dispersion Constant 209.7845 U.S. EPA 2002
Exhibit D-3
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Table A-26. Mass Limit Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VFmlim Mass Limit Volatilization Factor - Contaminant-specific U.S. EPA. 2002
Minneapolis (m3/kg) Equation 4-8
Q/Cyol Inverse of the Mean Concentration at 68.81 U.S. EPA. 2002
the Center of a 0.5-Acre-Square Equation 4-8
Source (g/m?-s per kg/m?)
Ds Average Source Depth (m) Site-specific U.S. EPA. 2002
Equation 4-13
T Exposure interval (years) 26 U.S. EPA. 2002
Equation 4-8
Py Dry soil bulk density (g/cm?) 1.5 U.S. EPA. 2002
Equation 4-8
As Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 11.911 U.S. EPA 2002
Exhibit D-3
B Dispersion Constant 18.4385 U.S. EPA 2002
Exhibit D-3
C Dispersion Constant 209.7845 U.S. EPA 2002
Exhibit D-3
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Table A-27. Subchronic Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VF lim-sc Volatilization Factor - Minneapolis Contaminant-specific U.S. EPA. 2002
(m’/kg) Equation 5-14
Q/Csa Inverse of the ratio of the 1-h 14.31 (for 0.5 acre site) U.S. EPA. 2002
geometric mean air concentration to Equation 5-14
the volatilization flux at the center of a
square source (g/m?-s per kg/m?)
Da Apparent Diffusivity (cm?/s) Contaminant-specific U.S. EPA. 2002
Equation 5-15
T Exposure interval (s) 30,240,000 U.S. EPA. 2002
Equation 5-17
Py Dry soil bulk density (g/cm?) 1.5 U.S. EPA. 2002
Equation 5-14
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA. 2002
Equation 5-14
0a Air-filled soil porosity (Lair/Lsoit) 0.28 U.S. EPA. 2002
Equation 5-14
n Total soil porosity (Lpore/Lsoit) 0.43 U.S. EPA. 2002
Equation 5-14
Ow Water-filled soil porosity (Lwater/Lsoit) | 0.15 U.S. EPA. 2002
Equation 5-14
Ps Soil particle density (g/cm?) 2.65 U.S. EPA. 2002
Equation 5-14
Dia Diffusivity in air (cm?/s) Contaminant-specific U.S. EPA. 2001
Diw Diffusivity in water (cm?/s) Contaminant-specific U.S. EPA. 2001
Kq Soil-water partition coefficient Contaminant-specific U.S. EPA. 2002
(Kocxfoc) Equation 4-8
Koe Soil organic carbon-water partition Contaminant-specific EPI Suite
coefficient
foc Organic carbon content of soil (g/g) 0.006 U.S. EPA. 2002
Equation 4-8
Ac Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 2.4538 U.S. EPA 2002
Exhibit 5-15
B Dispersion Constant 17.5560 U.S. EPA 2002
Exhibit 5-15
C Dispersion Constant 189.0426 U.S. EPA 2002
Exhibit 5-15
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hrs)

Equation 5-5
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Table A-28. Subchronic Mass Limit Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VFmlim-sc Volatilization Factor - Minneapolis Contaminant-specific U.S. EPA. 2002
(m’/kg) Equation 5-14
Q/Csa Inverse of the ratio of the 1-h 14.31 (for 0.5 acre site) U.S. EPA. 2002
geometric mean air concentration to Equation 5-14
the volatilization flux at the center of a
square source (g/m?-s per kg/m?)
ds Average source depth (m) Site-specific U.S. EPA. 2002
Equation 5-17
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA. 2002
Equation 5-14
T Exposure interval (s) 30,240,000 U.S. EPA. 2002
Equation 5-17
Pb Dry soil bulk density (g/cm®) L5 U.S. EPA. 2002
Equation 5-14
Ac Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 2.4538 U.S. EPA 2002
Exhibit 5-15
B Dispersion Constant 17.5560 U.S. EPA 2002
Exhibit 5-15
C Dispersion Constant 189.0426 U.S. EPA 2002
Exhibit 5-15
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hrs)

Equation 5-5
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APPENDIX B. CHEMICAL PRG EQUATIONS

Resident Soil PRG Equations

Noncarcinogenic Child Soil Ingestion

365 days
THQ x ATres—c (—I’ y

m
PRGres-sol-ingnc (k_g?) = (RBA) 1076 kg 350 days 200 mg
mg X (—) X EFres-c (—) % EDres-c (6 yr) x IRSres-c ( )
w00 (1gezy) )\ o g "

% EDres-c (6 yr)) % BWres—¢ (15 kg)

Noncarcinogenic Child Soil Inhalation

365 days
THQ x ATres-c (—y * EDres-c(6 yr))

m r
PRGres-soI-inhnc(rS) = 1

1 1
—_— 350 days 24 hrs 1 day Nt 3
(RfC (I‘T%J) ) % EFres-c (7)”, ) % EDres—c (6 yr) x ETres—c ( day ) P (24 hrs) X (VFS (nl) PEF (ni)

m kg kg

Noncarcinogenic Child Soil Dermal

365 d
THQ x ATres-c (ﬁ % EDres-c (6 yr)) X BWres-c (15 kg)
PRGres-sul—dernc(r:g) = 1 ul
g -6 2
1076 ki 350 d 2,373 0.2
(RfDa (kngay) X GIABs) x ( g 9) x EFres-c (_ yrayS) % EDres-c(6 Yr) x SAres-c ( da;m ) AFres c ( Cm";g) < ABS

Noncarcinogenic Child Soil Total

PRGres—soI—totnc( kg ) = 1 1 1
+ +

I:’RGres—sol—ingnc PRGres-sol-inhnc  PRGres-sol-dernc

Noncarcinogenic Adult Soil Ingestion

THQ x ATres-a (

m
PRGres-sol-ingna (_) =
kg RBA "
e — 10 kg) 350 days 100 mg
mg X ( x EFres-a (—) % EDres (26 yr) x IRSres-a (
(RfDO (kg - day) ) mg yr day

365 days
Ty « EDres (26 yr)) % BWres-a (80 kg)
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Noncarcinogenic Adult Soil Inhalation

365 days

THQ x ATres-a (

1 1 1
350 days 24 hrs 1 day R 3
(Rfc (mg)) * EFres-a (T) x EDres(26 yr) x ETres-a ( day ) % (24 hrs) * (\/FS (%) PEF (%)

mg\ _ xEDres(ZGyr))
PRGes-sol-inhna E -

Noncarcinogenic Adult Soil Dermal

THQ % ATres-a (Lsyfays

% EDres (26 yr)) % BWres-a (80 kg)

mg
PRGres-sol-derna ( ) =
kg 1 -6 2
107° kg 350 days 6,032 cm 0.07 mg
(RfDD (kngay) y GIABS) x ( mg ) x EFres-a (7yr ) % EDres (26 yr) < SAres-a (7day ) % AFres-a ( omZ x ABSy

Noncarcinogenic Adult Soil Total

mg 1
PRGres-sol-totna (E) = 1 . 1 1

+
PRGres—soI—ing na PRGressol-inhna  PRGres-sol-derna

Noncarcinogenic Age-adjusted Soil Ingestion

g THQ x ATres-a (%Sdays x EDres (26 yr))
PRGres-sol-ingnadj (kg) - RBA 1076 kg 36,750 mg
RFD, (™9 | % ( mg ) IFres-ag (T)
°\ kg-day
where:

I 350 days 200 m
EFreS—C (Ty) X EDreS_c (6 yl’) X IRSI"ES—C (Tyg)

BWres—c (15 kg)

350 days 100 m
EFres—a (yry) X EDres_a (20 yr) s IRSFES—a (dayg)

36,750 mg
IFSres_adi (—) =

kg

BWres-a (80 kg)

Noncarcinogenic Age-adjusted Soil Inhalation

THQ % ATres-a (—BGSy?ayS

x EDres (26 yr))

1 1 1
350 days 24 hrs 1 day T 3
ric (M9 |~ EF'ES( yr ) * EDres (26 yr) x ETres (d—ay) x (24 hrs) B 7 A I
3 g kg

m
PRGres-sol-inhnadj (TQQ) =

5|
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Noncarcinogenic Age-adjusted Soil Dermal

THQ x AT es-a (365 days  EDres(26 yr))
PRG (M9 - yr
res-sol-dernadj kg 1 106 K 103,390
" Kg ' mg
mg X () X DFSres—adj (7) XABSd
(RfDo (71(9_ day) x GIABS) mg kg
where:
[ 350 days 2,373 cm? 02m
EFres-c ( yr y ) % EDres-c (6 Yr) X SAres—c (ckay) X AFres—c (CTZQ)
+
oFs (103, 390 mg) ) BWres—c (15 kg)
res-adj T -
350 days 6,032 cm? 0.07 m
EFres-a ( yr y ) X EDres-a (20 yr) X SAres-a (day ) X AFres_a (7cm2 g)
L BWres_a (80 kg)

Noncarcinogenic Age-adjusted Soil Total

mg 1
PRGres-sol-totnadi (kg) = 1 . 1 . 1

F’RGres—soI—ingnandj F’RGres—sol—inhnadj PRGres—soI-dernadj

Carcinogenic Soil Ingestion

TR x ATres (—365 days 1170 yrs))
PRGes-sol ingc(m) =
e kg mg \' [10°®kg 36,750 mg
CSFQ (m) X ( X RBA X IFSrES—adj (T)
where:
i 350 days 200 m i
EFres-c (Ty) % EDres-c (6 yr) x IRSres—c ( day g) N
IFS (36,750 mg) _ BWrES—C (15 kg)
i | =) =
- 9 EF 350 days\ | Ep oc . (20 yr) < IRS 100 mg
res-a T res-a (20 yr) res-a day
L BWhres-a (80 kg) i

Carcinogenic Soil Inhalation

TR x ATres (7365 c:ays

x LT(70 yrs))
mgy _
PRGreE—sn\—inhc( kg ) -

1 1
-1 +
] 1000 pg 350 days (24 hrs) 1 day 3 3
IUR (ﬁ) x ( g ) x EFres ( % * EDres (26 Y1) ETres ( “50= ) % (2418 ) * | v (r;g ) oEF (T:g )
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Carcinogenic Soil Dermal

TR x ATres ( 365days | g yrs))
mg\ _ r
PRGFES_SD"“"(E> i mg ' 106 k 103,390
_ 390 m
(CSFO 575 ) (") <orsesea (M) <sess
GIABS
where:
[ 350 days 2,373 cm? 0.2m
EFres—c ( yr Y ) % EDres-c (6 yr) x SAres—c (d—ay) % AFres-c (ng)
+
DFS (103,390 mg) ) BWres—c (15 kg)
res-adj T -
350 days 6,032 cm? 0.07m
EFres-a (Ty) x EDres-a (20 yr) x SAres-a (day) « AFres-a ( L 9)
BWres-a (80 kg)

Carcinogenic Soil Total
mg\ _ 1
PRGressoItotc( ) - 1 1 1

kg + +
F’F{Gres—sol-ingc PRGres-sol-inhc  PRGres-sol-derc

Mutagenic Soil Ingestion

TR x ATres (7365 ‘:ays

x LT(70 yrs))

mg\ _
PRGres-sol-ingmu (@) = mg \~' [10©kg 166,833.3 mg
CSFo (kg—day) X x RBA x IFSMes_adj (kg)

where:

350 days 200 m
EFo., (Ty) x EDg_5 (2 yr) x IRSy_p ( day 9) x 10 )

BWo_2 (15 kg)

350 days 200 m
EF,_¢ (Ty) < ED,_g (4 yr) < IRS,_¢ ( day 9) x3 )

BW.6 (15 kg)

166,833.3m
IFSMres-adj (—g) =

kg
EFs-16 (350;3515(5> % EDg_16(10 yr) xIRSg_1¢ (

BWg-16 (80 kg)

100 mg <3
day .

350 days
(Ty) x ED16-26(10 yr) x IRS16-26 (
BWi16-26 (80 kg)

100 mg) 1

EF
16-26 day
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Mutagenic Soil Inhalation

TR % ATres (365 d3ys 170 yrs )
res-sol-inhmu kg 1
Hg 1000 pg 3
IUR (m3) ( mg )| VFs (Tg) PEF
X

I 350 days 24 hrs 1 day i
(EFo_z (T) EDO 2(2 yl’) X ETO 2 day (24 hrs X 10) +
350 days 24 hrs 1 day
(EFz,G (T) X ED2,6 (4 yr) X ETZ*G ( day ) (24 hI’S) X 3) +

350 days 24 hrs 1 da
(EFG—'IG (Ty) b s ED6—16(10yr)XET6-16 (d—ay) X (24—hry5) ><3) +

350 days 24 hrs 1da
(EF16—26 (Ty) X ED16_26(10 yr) x ET16_26 ( day ) (24 hrys) X 1)

Mutagenic Soil Dermal

TR % ATres (M « LT(70 yrs))
mg) _ r
PRGres-sol-dermu (E) - mg 1 e
CSF 1075 kg 428,260 mg
( o] (kg_day) ) X ( mg ) X DFSMres-adj (T XABSd
GIABS
where:
350 days 2,373 cm? 0.2m
EFg_2 (Ty) x EDg-2 (2 yr) x SAg_2 (T) AFg_o ( ) g) x 10
+
BWo-2 (15 kg)
350 days 2,373 cm? 02m
EFs_g ( o y ) x EDo_g(4 yr) x SA_g (T) x AF5_g ( cng) x 3
+
DS (428,260 mg) ) BW2-6 (15 kg)
res-adj T -
350 days 6,032 cm? 0.07m
EF6—16( yr Y ) XED6_16(10 yr)xSAs_m (day) XAF6—16( sz g) x 3
+
BW6—16 (80 kg)
350 days 6,032 cm? 0.07 m
EF16-26 (Ty) % ED16-26 (10 yr) x SAq6-26 (T) AF —26( m? g) x1

BW1 6-26 (80 kg)




Mutagenic Soil Total

mg

PRG res-sol-totmu (

)=

kg

1

1

F’RGres—sol—ingmu

PRGres—soI—inhmu

PRGres—soI-dermu

Vinyl Chloride Soil Ingestion

TR

m
PRGyes-sol-ingvc (k_gg) =

where:

>=

36,750 mg

IFsres—adj ( kg

CSFo (

mg

107° kg

36,750 mg

kg-day

kg

)|

) % RBA x IFS o5_aq (

).

ATres (

365 days
yr

= LT(70 yrs))

107° kg

200 mg

CSFo (

~mg \7'
kg -day

) x RBA x IRSI"@S*C (

day

)

BWres—c (15 kg)

I 350 days
EFres-c (Ty) % EDres-c(6 Yr) x IRSres—c (

200 mg
day

E Fres—a (

350 days)
r

BWres—c (15 kg)

x EDres-a (20

100 mg

yr) X IRSreS_a (Tﬂy

)

).

BWres-a (80 kg)

Vinyl Chloride Soil Inhalation

TR

m
PRGres-sol-inhvc (k_gg) =
IUR (

H9

m3

)

mg

1000 pg pg) % EFres (7350),?6)/5) % EDres (26 yr) x ETres (

24 hrs
day

1 day
24 hrs

)+(

)

ATres (

365 days
r

x LT(70 yrs)) x VFs (

=) (1o

m3

)

IUR(
VFs (

1000 pg
mg

k

m?
kg

+
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Vinyl Chloride Soil Dermal

mg TR
PRGres-sol-dervc (E) = 3

CSFo (7”'9 ) 6
kg-day 107 kg (103,390 mg
GIABS X ( mg X DFSI’ES—adJ 7@ x ABSy

ATres (7365 days 1770 yrs))
yr
CSF ( mg )_1
o\ Lo day -6 2
kg-day 10™° kg 2,373 cm 0.2 mg
GIABS X ( mg x SAres—c T X AFres—¢ om? x ABSq

BWyes—c (1 5 kg)

where:
[ 350 days 2,373 cm? 02mg\ |
EFres-c (Ty) % EDres-c (6 Yr) x SAres-c (T) % AFres—c ( ng)
+
oF (103,390 mg) ) BWres-c (15 kg)
res-adj T -
350 days 6,032 cm? 0.07m
EFres-a (TY) % EDres-a (20 yr) x SAres-a (T) % AFres-a ( o2 g)
I BWres-a (80 kg) ]

Vinyl Chloride Soil Total

mg

1

PRG res-sol-totvc ( 1

)=

kg

1 1

+

PRGres—soI—ingvc

F’RGres—soI—inh\,fc PRGres—sol—dervc
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Trichloroethylene Soil Ingestion

m

I:)RGres—suI—ingtt:e ( kg

36,750 mg

IFsres—adj ( kg

166,833.3 mg

]FSMres-adj ( kg

J):

and:

)=

TR x ATres (LS ‘:ays « LT(70 yrs))
(CAF0(0.804) % IFS res_ad] (?’&Tﬂ)) +
mg \' [10Ckg 9
CSFo kg-day X mg x RBA x
(MAFO(O.ZOZ) % FSMyeq_aqi (W))

where:

)=

200 mg
day

350 days
EFres-c (Ty) x EDres—c (6 yr) x IRSres—¢ (
BWres-c (15 kg)

350 days
EFres-a (Ty) % EDres-a (20 yr) x IRSres-a (

BWres-a (80 kg)

)

100 mg
day

+

)

200 mg
day

EFo_z (?,Soy#) x EDO-Z (2 yr) > IRSU—Z (

BWo- (15 kg)

EFyg (%‘:ays) % EDy_g (4 yr) x IRS,_g (

BWZ—G (1 5 kg)

350 days
EFs-16 (Ty) x EDg_15(10 yr) x IRSg 1 (

BW5_1 6 (80 kg)

)><10
+
)x3
+
)x3
+
)><‘I

200 mg
day

100 mg
day

100 mg
day

350 days
EF16-26 (T}’) % ED16-26(10 yr) x IRS16_2¢ (
BW6_26 (80 kg)

Trichloroethylene Soil Inhalation

m

PRGres sol-inhtce (ng

IUR

TR % ATres (3657‘:‘“’5 x LT(70 yrs))
-1 71000 1 + 1
(E) x (_pg) x m3 m3)\ | x
3 i .
m mg VFs ( kg PEF ( kg )
350 days 24 hrs 1 da ]
(EFres (Ty) * EDyes (26 yr)  ETres ( Tay ) (24 hy ) x CAFi(0.756)) +
350 days 24 hrs 1 day
(EFU_2 (Ty) % EDg_2(2 yr) x ETg» ( Ty ) ( " ) « MAF; (0.244) x ) +
350 days 24 hrs 1 day
(EFZ,G (Ty) % EDo_g(4yr) x ETy g ( day ) ( Sa i )  MAF;(0.244) x 3) +

350 days 24 hrs
(EF6—16 (Ty) % EDg_16(10 yr) x ETg_16 ( day

350 days
(EF16—26 (Ty) % ED1526 (10 yr) x ETq5_26 (

%)

) (aan
)

) IVIAFi(O.244)><3) +

24 hrs
day

24 h
( ) x MAF; (0.244) x 1)
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Trichloroethylene Soil Dermal

TR x ATres (

%‘:ays % LT(70 yrs))

m
PRGres-sol-dertce (k_é]) =

103,390 mg

(CAFU (0.804) x DFSyeq_aq; (

) XABSd) +

-1
CSFo (M9 1076 kg kg
kg-day “\mg )" 428,260
GIABS (MAFO(O.ZOZ) % DFSM s ('ng) x ABSd)
where:
[ 350 d 2,373 cm? 0.2
EFres—c (%) % EDres—c (6 yr) x SAres-c (da;m) % AFres-c ( Cmn;g)
+
103,390 mg\ _ BWres-c (15 kg)
DFSres—adj T - 5
350 d 6,032 0.07
EFres-a (%) % EDres-a (20 yr) x SAres-a (T;m) x AFres-a ( cmrzng)
I BWres-a (80 kg) ]
and:
[ 350 days 2,373 cm? 02m |
EFg (—ry) x EDg_2 (2 yr) x SAg_ (d—ay) % AFg_a ( cng) %10
+
BWO-Z (15 kg)
350 days 2,373 cm? 0.2m
EF,.6 (Ty) x EDy_g (4 yr) x SAg_g (T) x AFs_g ( szg) x3
+
428,260 mg BW;_6 (15 kg)
DFSMres—adj T = 5
350 days 6,032 cm 0.07 m
EFs-16 (Ty) » EDg-16(10 yr) < SAg_16 (d—ay) % AFg_16 (ng) %3
+
BWg_16 (80 kg)
350 days 6,032 cm? 0.07m
EF16-26 (Ty) x ED16-26 (10 yr) x SAq6-26 (T) ><A':m-zs( o2 g) x1
L BW16-26 (80 kg) ]
Trichloroethylene Soil Total
PR mg) - !
Gres—sol—tottce - 1 1 1
kg
+ +
PRGres—soI—ingtce PRGres—soI—inhtce PRGres—soI—dertce
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Supporting Child Soil

EDres-c(6 yr) = EDg_3(2 yr) + ED2_g(4 yr)

EDg(2 yr) x BWg 5 (15 kg) + ED,_g(4 yr) x BW, 4 (15 kg)
EDo_;_ (2 yr) + ED2_6(4 yr)

BWI"ES—C (1 5 kg) =

350 days 350 days
EF (350 days) - FDo-2(2y1) xEFo-2 ( yr ) + EDy (4 yr) x EFy¢ (T)
res-c =

T EDg-2(2yr) + EDy_g(4 yr)
24 hrs 24 hrs
_ 2ahrsy EDg_5(2 yr) x ETp_ ( day ) + EDy (4 yr)xETo ¢ (diw)
res-c | “day EDg-2(2yr) + ED2 (4 yr)
0.2 mg 0.2 mg
N 02mg\ EDg-2 (2 yr)xAFO_z( om? ) + EDy (4 Yr)xAF2-6( cm2 )
res-c 2 - EDg_2(2 yr) + EDp_g(4 yr)
2 373 cm? 2,373 cm?
EDo2(2yr)xSAgy | =———— | + EDpg(4yr) xSAyg | ———
N 2,373 cm?) 0-21¢ Y 02( day ) 2-6LaY 26( day )
res—c day EDg-2(2yr) + EDy_g(4 yr)
200 mg 200 mg
o 200mg\ EDg-> (2 yr)xIRSO_Z( day ) + EDy (4 yr)xIRsz—G( day )
res—c day ED0_2 (2yr) + ED2_6 (4yr)
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Supporting Adult Soil

EDres-a (20 yr) = EDg-15(10 yr) + ED16-26(10 yr)

EDg-16(10 yr) x BWg_16 (80 kg) + ED1g_26(10 yr) x BWyg_56 (80 kg)
EDg_16(10 yr) + ED15-26(10 yr)

BWres-a (80 kg) =

350 days 350 davs
EF (350 days) _ ED6-16(10 yr) x EFg16 (—yr Y ) + ED16-26 (10 yr) x EF16-26 <Ty)
res-a =

yr EDg-16(10 yr) + ED16-26(10 yr)
24 hrs 24 hrs
ET 24 hrs _ EDg-16(10 yr) < ETe-16 ( day ) + ED1g-26(10 yr) x ETq6-26 (Tay)
o day EDg_16(10 yr) + ED16-26(10 yr)

0.07m 0.07m
A 007 mg) _ EDg-16(10 yr) x AFg_16 ( pa g) + ED16-26(10 yr)XAF15-26< o2 g)
res=e 2 EDg-16(10 yr) + ED16-26(10 yr)
6,032 cm? 6,032 cm?
EDg_15(10 yr) x SAg_ 2 mm | 4 EDqe_oe (10 yr) x SA1_ kit
" 6,032 cm?\ 6-16 (10 yr) 616( day ) 16-26 (10 yr) 16 26( day )
resa day EDg-16(10 yr) + ED16_26(10 yr)
100 m 1700 m
RS 100 mg\ _ EDg-16(10 yr) x IRSg_16 ( day g) + ED16-26(10 yr) x IRS1626 ( day g)
€A day EDg-16(10 yr) + ED16_26(10 yr)




Supporting Age-adjusted Soil

EDres(26 yr)= EDO_2(2 yr) + ED2_6 (4 yr) + ED6—16(10 yr) + ED16—26 (10 yr)

350 days
EDg-2(2 yr) x EFg_; (ry>

+ EDy g(4yr) x EFy ¢ (S’SOdays) +

yr

EDg_16(10 yr) x EFg_1¢ ( + ED16-26(10 yr) x EF16-26 (
EDg_2(2yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED1g_26(10 yr)

350 days 350 days
yr

yr

350 days\ _
(20007

24 hrs
EDO—Z (2 yr) x ETO_2 ( day ) + ED2_6 4 yr) x ET2_5 (

24 hrs +
day

24 hrs 24 hrs
o 24 hrs) i EDg_16(10 yr) x ET6—16( day ) + ED16_26(10 yr) x ET16—26( day )
"\ day EDg_2(2 yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED16_26(10 yr)

Resident Air PRG Equations

Noncarcinogenic Air Inhalation

365 days
yr

THQ X ATres_a ( X EDres (26 yr))

I:'RC"res—air-inhn ( "

nT) i 1

—_— mg 350 days 24 hrs 1 day

(RfC(m—g)) X (71000 ”g) XEFres( yr % EDres (26 yr) x ETres day “\ 52 hrs
m

Carcinogenic Air Inhalation

TR x ATres (3 05 c:ays

x LT(70 yrs))

PRGres—ail‘—inhC(s_‘gg.) = Hg -1 350 days 24 hrs 1 day
IUR (m) X EFres (T) X EDreS(26 yl') X ETI’ES ( day ) x (24 hl’S)
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Mutagenic Air Inhalation

. TR x ATres (365 drays « LT(70 yrs))
PRGres-air-inhmu (73) = F
m (EFO,Z (350;:33’5) « EDg_2 (2 yr) % ETg_2 (722:;5) ( ) )
350 days 24 hrs
| e () - (357)- (12
IUR (m_‘-;) x
350 days 24 hrs 1da
(EF6—16 (Ty) x EDg-16(10 yr) x ETe—w( day ) ( 54 h y) )
350 days 24 hrs
(EF16—26 (Ty) % ED16-26 (10 yr) x ET16—26( day ) ( hrs) x 1)

Vinyl Chloride Air Inhalation

PRGres-sir-inhve (;_93) ) pg ! 350 da;sR 24 hrs 1 day
. (£)1 . IUR (ﬁ) x EFres (T) % EDres (26 yr) x ETres (W) x (24 hrs)
m? ATres (3 65;:33’5 « LT(70 yrs))
Trichloroethylene Air Inhalation
- ugy TR % ATyes 3557‘:‘“5 % LT(70 yrs))
resjair?\mhtce(ﬁ> ) [ (EFres (%) * EDres (26 yr) x ETres (%) x ( 214‘1::’5) x CAF; (0.756)) +

350 days 24 hrs 1 day
(EFO_Z( v ) x EDg_2 (2 yr) » ETO_Z( By ) x (24 hrs) » MAF; (0.244) x 10) +
-1
350 days 24 hrs 1da
IUR (%) x (EF2_6 (Ty) « EDy_g (4 yr) x ETy_g (W) x (24 hrys) x MAF; (0.244) x 3) +
350 days 24 hrs da
(EF6_15 (Ty) % EDg_16(10 yr) x ETgqg (Tv) (24 hrys) % MAF; (0.244) x 3) +

350 days 24 hrs 1da
(EF“;,ZG ( v y ) x ED1g-26 (10 y1) % ET16-26 (d—ay) (24 hrys) +« MAF; (0.244) x 1)

Refractory Ceramic Fibers Air Inhalation

THQ X ATres_a (—365y(:ays

X EDres (26 yr))

f
PRGres-air-inhrcf (_) = 1

m3
—_— 350 days 24 hrs 1 day

Asbestos Air Inhalation

365 days

TR x ATres ( x LT(70 yrs))

f
PRG res-air-inhasb (ﬁ ) =

£\ 350 days 24 hrs 1 day
IUR (m3) % EFres (T) X EDres (26 yr) x ETres ( day ) * (24 hl’S)
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Resident Tap Water PRG Equations

Noncarcinogenic Child Tap Water Ingestion

HY

PRG res-wat-ingnc (_

):

THQ x ATres—c (

365 days
yr

x EDres—c (6 yr)) % BWres—¢ (15 kg)

1

kg-da

_mg
1000 pg

350 days
) % EFres-c (Ty) % EDres—c (6 yr) x IRWres_¢ (

Noncarcinogenic Child Tap Water Inhalation

T

THQ x ATres—c (

365 days
Yy

% EDres—c (6 yr))

PRGres-wat-inhnc (T
mg

1
9 1000 pg

):
[me(2))

350 days
) % EFres—c (Ty) % EDres-c (6 yr) x ETres—c (

24 hrs
day

)<(

Noncarcinogenic Child Tap Water Dermal

For Inorganics:

Hg 1000 em?
v DAevent (sz N evem) x ( L
PRGresfwa[—dernc(T) = m 0.54 hrs
Kp ( hr ) % ETevent-res-c event
For Organics:
IFET, 0.54hrsy t* (hrs), then:
—res— < B N
event-res-c event \
1000 cm?
DAevent ( 3 — ) *
bg cm? -event L

PRGres—wat—dernc(

):

cm

0.54 hrs
event

hrs
event

* ETevent-res—c (

)

6 % Tevent
) x

2 FAxKp (7

or:

0.54 hrs
event

IF ETevent-res-c ( ) >t (hrs), then:

L

ETevent-res—c (

1000 cm3
DAevent ( 3 Hg ) * ( )
cm? -event L
PRG (49)-
res-wat-dernc 0.54 hrs

(s

mg
kg -day

mg 350 days
) « G[ABS) X (m) % EFres-c (T » EDres—c (6 yr) x EVres—c

cm event ) hrs 1+ 3B + 382
FA x Kp (F) X [ T8 +2 X Teyent <_event) X (7(1 " B)Z )}
where:
365 days
. THQ X ATresc (2222 X EDresc(6 Y1) )  BWres-c (15 ko)
DAevent (:mz-event) = 1

1 event
day

Noncarcinogenic Child Tap Water Total

1

PRG res-wat-totnc ( lJLg ) 1

1

1

PRGI’ES—WE]t—iI’\g nc

PRG res-wat-inhnc

PRG res-wat-dernc
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Noncarcinogenic Adult Tap Water Ingestion

pg THQ X ATI’ES—a (%c:ays X EDres (26 yl’)) X BWres_a (80 kg)
PRGres-wat-ingna (*) = 1
mg 350 days 251L
RfD, (%) X (m) % EFres-a (T % EDres (26 yr) x IRWres—3 day

Noncarcinogenic Adult Tap Water Inhalation

THQ

365 days
% ATres-a (7ry

% EDres (26 yr))

PRGres—wat—inhna (pg

T) 1
_ mg 350 days 24 hrs 1 day 0.5L
(RfC (%\) ) X (—1 500 pg) x EFres-a (7yr % EDres (26 yr) x ETres-a Sy “\ 52 rs ) K 3

Noncarcinogenic Adult Tap Water Dermal

For Inorganics:

1000 cm?

Hg
DA,
event (ch—event) * ( L

HIy
PRGres-wat-dema(T) - cm 0.71 hrs

Ke ( hr ) * ETevent-res-a ( event

For Organics:

0.71 hrs
event

IF ETevent-res-a ( ) <t*(hrs), then:

)

cm? -event

DAevent ( -

) (1000cm3)
= L

PRGyes_wat-derna ( %) -

hrs 0.71 hrs
) % ETevent-res-a ( )

event

hr
or:

0.71 hrs

IF ETevent-res-a (m

) >t (hrs), then:

6 > Tevent (7
2xFAx Ky (T X\J event

n

DAevent (
PRGres-wat-derna ( )JLQ) =

ug ) . (1000 cm?
cm2 -event L

(Rng (&) xGlABS) * (10:}"()gpg) * EFres-a (
kg -day

350 days
yr

> EDres (26 yr) x EVres-a (

0.71 hrs
A K, (€M ETevent-res-a | ~gyent 2 hrs 1+ 3B + 382
x p(W) * 1+ * Tevent avent % 7(1 " B)z
where:
365 days
THQ x ATres-a (Ty + EDyes (26 yr)) x BWres-a (80 kg)
DAevent ( 3 ) = 1
cm? - event

1 event
day

) * SAres-a (19, 652 cm?)

Noncarcinogenic Adult Tap Water Total

1

PRGres-wat-totna ( % ) = 1

1

1

PRGres—wat—ing na

P RGres—wat—in hna

PRGres—wat—derna
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Noncarcinogenic Age-adjusted Tap Water Ingestion

THQ x ATres-a (M x EDres (26 yr))
PRG . (@) - r
res-wat-ingnadj 1
mg y ( mg ) CIFW (327.95 L)
- = res-adj | = 4
RfDo (kg_day) 1000 pg kg
where:
[ 350 d 0.78 L\
EFres-c ($> x EDres-c (6 yr) X IRWres—c ( )
yr day / |
327.95L\ _ BWresc (15 kg)
Hiresad kg ) 350 days 251L
EFres-a (Ty> % EDres-a (20 yr) x IRWres-a (d—ay)
L BWres-a (80 kg) |

Noncarcinogenic Age-adjusted Tap Water Inhalation

THQ % ATrec.s (365ydays

% EDres (26 yr))

Hg
PRGres-wat-inhnadj (T) = ( 1

mg 350 days 24 hrs 1 day 05L
RFC (:‘g)) X (W) x EFres-a (T) % EDres (26 yr) x ETres-a ( day x 24 hrs x K mi

B-16



Noncarcinogenic Age-adjusted Tap Water Dermal

For Inorganics:

1000 cm?
DAevent ( ZIJQ ) X ( )
cm? - event L
PRG (@) =
res-wat-dernadj { |

cm 0.671 hrs
Kp (F) % ETevent-res-adj (W)

For Organics:

0.671 hrs .
IF ETevent-res-adj (W) <t*(hrs), then:

Hg 1000 cm3
g DAevent (cmz—event) * ( L
PRGres—wat—dernadj(T) - 6T hrs < ET (0.671 hrs
m event | ouvant event-res-adj \ ~avent
2 FAxKp (1) =
or:
0.671 hrs N
IF ETevent—res—adj (m) >t (hrs), then:
ug 1000 cm?3
ug DAevent (cm2 -event) . ( L
PRGres-wat—dErnadj(i) = ET ) 0.671 hrs
ALK (@ y event-res-adj event P hrs . 1+ 3B + 3B?
P hr) 1+8B event | event (1 + B)?

where:

0.54 hrs
0.671 hrs\ _ (EDresfc (6 yr) x ETevent-res-c (
ETevent-res-adj =

0.71 hrs
event )) * (ED"‘-‘S*E (20 yr) x ETevent-res-a ( ))

event

event EDres (26 yr)

and:

365 days
g THQ x ATres-a (Ty » EDres (26 yr))
DAevent ( 5 ) =
cm<-event ( mg‘l ) y ( mg ) < DFW (2,610, 650 cmz—event)
1000 114 res-adj
RfDo (kg_day) x GIABS 1000 pg kg
where:

350 days
EFres—c (Ty)

1 event
% EDres-c (6 Yr) % EVies—c ( Sy ) X SAres—c (6,365 cmz)
N
BWres-c (15 kg)

350 days 1 event
EFres-a (Ty) » EDres-a (20 yr) x EVres-a ( oy ) % SAres-a (19,652 cm?)

2,610,650 cm2 - event
DFWres_adj ( kg ) =

BWres-a (80 kg)

Noncarcinogenic Age-adjusted Tap Water Total

Mg\ _ 1
PRGres—wat—totnadj (T) - 1

I:'RGres—wat—ingnadj

1
PRGres—wat—dernadj

I:’RGres—wat—inhnadj
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Carcinogenic Tap Water Ingestion

)=

IF“"'\"'res—adj ( kg

350 days
EFres-a (Ty) X EDres-a (20 yr) x IRWres-a (

! TR x ATres (7365 (:ays « LT(70 yrs))
PRGres—wat—ingc(T) = mg 1 mg 32795 L
CSFo (| ———— X | —— )| x IWes_adi | ———
kg-day 1000 pg J kg
where:
I 350 days 0.78 L
EFres—c (Ty> X EDres-c (6 yr) x IRWres-¢ ( day ) .
327.95 L BWres—c (15 kg)

251L

day

)

BWreS_a (80 kg)

Carcinogenic Tap Water Inhalation

TR x AT
Hg e (

365 days
yr

x LT (70 yrs))

PRGremmenne(T) =

m3

IUR(

=
350d
) % EFyes (%) % EDres (26 yr) x ETres (

24 hrs
day

1 day
24 hrs

)

05L

) (%

)
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Carcinogenic Tap Water Dermal

For Inorganics:

Hg 1000 cm?
DA
event (cmz—event) * ( L

MOy _
PRGres-wat-derc (*) cm 0.671 hrs
Kp (W) x ETeventfresfadj “avent

event

For Organics:

0.671 hrs Y
IF ETevent-res-adj (7event ) <t*(hrs), then:
ug 1000 cm?
ug DAevent (cmz—event> * ( L
PRGres-wat—der((i) B 6 hrs ET . 0.671 hrs
mn X Tevent avent * Elevent-res-adj event
2 FAxKp (£ =
or:
0.671 hrs .
IF ETevent-res-adj (m) >t (hrs), then:
3
DAmm( ng ) . {1000 cm
Hgy cm? -event L
PRGres—wat—derc(*) = ET ‘ 0.671 hrs
ALK cm event-res-adj event +2xT hrs 1+ 3B + 3B?
K () % 1T+8B " tevent| event ) “\ 1+ B2

where:

0.54 hrs 0.71 hrs
0671 hrs) ) (EDres-r_(S yr)xETevem-res_((—evem )) + (EDres-a (20 yr)  ETevent-res-a (—))

ET . event
event-res-adj | “ayant EDres (26 yr)
and:
TR x ATres (M % LT(70 yrs))
Hg _ yr
DAevent | 7 -event ) = -1
CSE mg mg 2,610,650 cm? -event
°\kg-d % | ====— | x DFW, i
g-day 1000 pg res-adj kg
GIABS
where:
350 days 1 event
EFres-c (—y) x EDresc (6 Yr) * EVres-c ( ) % SAresc (6,365 cmZ)
yr day +
2,610,650 cm?-event _ BWres—c (15 kg)
P¥lres-a) kg i 350 d 1 event
ays even
EFres-a (Ty) % EDres-a (20 yr) x EVres-a ( day ) % SAres-a (19,652 cm?)
BWres-a (80 kg)
Carcinogenic Tap Water Total
PRGres—wat—totc( L ) = 1 7 1

+
PRG res-wat-ingc PRGres—wat—in hc PRGres—wat—derc
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Mutagenic Tap Water Ingestion

where:

1,019.9 L
IFWMyes-agj (7> =

kg

TR x ATres (m % LT(70 yrs))
PRGres-wat-ingmu (') = -
res-wat-ingmu { mg -1 mg 1,019.9 L
CSFo | ———— “N Tann o~ | X IFWMres—adj T ka
kg -day 1000 g kg

EFo_, (%‘:ays) % EDg_2 (2 yr) x IRW_, (0 .78 ") x 10

BWo-2 (15 kg)

EFy 6 (3503/?_""3’5) x EDy_g (4 yr) x IRW;_¢ (0 .78 L)

BW,_6 (15 kg)

350 days
EFe-16 (Ty) % EDg-16(10 yr) x IRWg_1¢ (

BW6—16 (80 kg)
EF16-26 (

25L
day ) X3

350 days
yr

25L
X ED16—26(1 0 yr) X IRW16—26 (d—ay) x 1

BW16_26 (80 kg)

Mutagenic Tap Water Inhalation

e

350 days
r

TR x ATres (365 days 1170 yrs))
HgY _ r
PRGres—wat—inhmu(i) -
L 0.5L
wr( M) k(228
m3 m3
I 350 days 24 hrs 1da T
(EFO,Z( ; y ) » EDg_ (2 yr) ETO,Z( Tay ) x (24 hr‘;) x 10) +

e
[

24 hrs 1 day
) ><ED2_5(4yr)><ET2_6( day ) (24 hrs) X3> +
350 days 24 hrs 1 day
r ) XED6_16(10 yr)xET6_16 (7day ) (24 hl’S) X3> +

350 days

24 hrs

1 day
day

24 hrs

) x ED16-26(10 ¥r) x ET1¢g_26 (

)

)*1)
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Mutagenic Tap Water Dermal

For Inorganics:

8,191,633 cm?2 - event

DFWMres-adj ( kg

)=

BWos (15 kg)

350d
EFs.16 (Tays) % EDg_16(10 yr) x EVg_1¢ (

1 event
day

) % S 16 (19,652 cm2) %3

+

BWi-16 (80 kg)

350 days
EF16-26 (Ty) % ED16-26(10 yr) x EVyg_2¢ (

1 event
day

) % SA16-26 (19,652 cm2) x1

BWig_26 (80 kg)

ug 1000 cm3
DAevent (cmz—event) * ( L
PRG ( ﬁ) =
res-wat-dermu m 0.671 hrs
Kp (W) % ETevent-res-madj (m)
For Organics:
0.671 hrs
IF ETevent-res-madj (7event ) <t* (hrs), then:
1000 cm3
DAevent ( 5 He ) X ( L )
Mgy _ cm< -event
PRGres—wat—dermu (T) - T hrs 0.671 hrs
2 FAxKp (T x \ o e (ﬁ)  Elevent res-mag (W)
Pl hr n
or:
0.671 hrs
IF ETevent-res-madj ( event ) >t (hrs), then:
1000 cm?
DAevent ( ZIJQ ) X ( )
cm< - event L
PRG (ﬁ) =
res-wat-dermu 0.671 hrs
A K (@) y ETevent—res—madj (W) +2x1 hrs " 1+ 3B + 332
PLhr 1+B event | event (1 +B)?
where:
0.54 hrs 0.54 hrs
(EDO—Z(Z yr) % ETevent-(0-2) (m)) + (Eszs (4 yr) x ETevent(2-6) (m)) +
0.71 hrs 0.71 hrs
- 0671 hrs\ _ (ED6—16(10 yr) % ETevent-(6-16) ( event )) * (ED1 6-26 (10 yr) % ETevent-(16-26) (Twm ))
event-res-madj \ “ayent EDg_»(2 yr) + ED;_g(4 yr) + EDg_16(10 yr) + EDqg_26(10 yr)
and:
TR x ATres (M % LT(70 yrs))
Hg - yr
DAevent cmZ-event) -1
CSFy ( mg ) (M9 Y opwm - [8.191,633 cm?-event
kg -day 1000 pg res-adj 7“’
GIABS
where:
EFo o (220995 L Ep L2y BV, (5™ L sAq s (6,365 cm?) x 10
yr day .
BWp-2 (15 kg)
350 days 1 event
EFag (Ty) X EDyg(4 yr) x EVy g ( day ) % SAz 5 (6,365 cm?) 3 .
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Mutagenic Tap Water Total

1

PRG res-wat-totmu (IJTQ ) 1

1

1

I:’RG‘res—\.'\.ralt—ingmu

I:’RGres-‘.r\.rat—inhmu

P RG‘res—wat—dermu

Vinyl Chloride Tap Water Ingestion

IFWres_adj ( ) =

kg

350 days
EFres-a (yry) % EDres-a (20 yr) x IRWres-a (

25L

day

)

BWresfa (80 kg)

Mgy _ TR
PRGres—wat—ingvc(T) = g = s T
CSFo ( a—dav X | mann = ) X IWres_agj | ———
kg-day 1000 pg | kg .\
ATres ( 365days | 170 yrs))
yr
-1

omg \ ( mg 0781

CSFO (kg—day) X (1000 “g> X IRWTES—C ( day )
BWres—c (1 5 kg)
where:
[ 350 days 0.78 L\ ]
EFres—c (yry) X EDres—c(6 yr) x IRWres—¢ (day) ,
32795L BWres—c (15 kg)

Vinyl Chloride Tap Water Inhalation

TR

PRGres—wat—inhvc(%) = . ]
IUR (%) x EFres (

350 days
yr

) % EDres (26 yr) x ETres (

24 hrs
day

1 day
24 hrs

)< (zars) (

05L

m3

).

365 days
yr

ATres (

H9

(IUR (m3

)_1><|<( &

% LT(70 yrs))

05L
3

)
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Vinyl Chloride Tap Water Dermal

0.671 hrs N
IF ETevent-res-adj (Tm) <t (hrs), then:
1000 cm?
" DAvc-event (sz l:lgvent) x ( T )
PRGresfwatfdewc(T) = fire T
cm 6 x Tevent avent) © ETevent-res-adj event
2 FAxKp (1) x| -
or,
0.671 hrs .
IF ETevent-res-adj (W) >t" (hrs), then:
1000 cm?
DAyc-event (ZL) X f
u cm?2-event
PRGrEsfwalfderv((T) = BT
Ak (€M Eevent-res-adi | ~avent 2 hrs 1+ 3B + 387
*Fe (F) o I A (T W
where:

0.54 hrs 0.71 hrs
0671 hrsy [ (EPrsmc® 3 % ETeancrenc (240 ) )+ (EDre-s (20 1) x EMvent s (S ) )
ETevent-res-adj =

event
event EDres (26 yr)
and:
TR
DAve-event (lefgveﬁl) B 2,610,650 cm? -event
el - 1 event
(CSFO (k mg )1) ) ( g ) ] DFW/es_adj ( kg ) . EViesc ( day ) % SAresc (5,355 cmz)
g -day
g 1000 pg ATres (365y¢‘;|ays «LT(70 yrs)) BWres—c (15 kg)
where:
350 days 1 event
EFres—c (Ty) % EDres—c (6 Yr) < EVres— ( day ) % SAres-c (6,355 sz) .
- (2,610,650 cmz—event) ) BWres—c (15 kg}
resadi | T g ) T
350 days 1 event
EF,es,a( o Y ) % EDyes-a (20 yr)xEv,es,a( day ) x SAres-a (19,652 cmz)

BWres-a (80 kg)

Vinyl Chloride Tap Water Total

1
PRGres-wat-totvc (%) = 1 . 1 . 1
PRG res-wat-ingvc PRGres—wat—inh\rc

|:)RGres—wat—der\;c
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Trichloroethylene Tap Water Ingestion

365 days
TR x ATres (T

x LT(70 yrs))

HgY _
PRGres—wat—ingtce -
( L ) (CAF0(0.804)><IFWre5_adJ- (@)) +

cs mg )~ m9 )« 9
°\ kg-day 1000 pg 10199 L
(IVIAFO(O 202) % IFWMgs_a; (T))

where:

EFres-c (

327.95 L) BWres—c (15 kg)

kg 350 days 251
EFres-a (Ty) % EDres-a (20 yr) x IRWres-a ( )

day
BWres_a (80 kg)

350 days
yr

0.78 L
X EDres—c (6 yr) x IRWres—c (7)

day

IFWres—adj (

and:

| EFo (350 days) % EDg_5 (2 yr) x IRWq_» (Ojfy") %10
N

BWo-2 (15 kg)

EFy e (350 days) « EDy._g (4 yr) x IRW;._g (0d78yL) %3
.

BW;_6 (15 kg)

EFg_16 (350 days) « EDg_16(10 yr) x IRWg_16 (%) 3

1,019.9 L
IFWMes_adj (7) =

kg

BWg_16 (80 kg)

EF16 26 (350 days) X ED‘|6 26 10yr)x IRW16—26 (ZIS L) x 1

day
BW15_25 (80 kg)

Trichloroethylene Tap Water Inhalation

365 days
TR x ATres ( yr

x LT(70 yrs))

PRGyes-wat-inhtce (%) =

[ 350 days 24 hrs 1da
(EFFQS( " Y ) » EDres (26 yr) x ETres( Tay ) x (24 hr{_‘) x CAF; (0.755)) +

350 days 24 hrs 1 day
(EFo,z (T) X EDo,g_ (2 yr) x ETU—Z ( day ) X (24 hr ) X MAF, (0.244) x 10) +

350 days 24 hrs 1da
(EF2_5 (Ty) % EDy g(4 yr) x ETo_g ( day ) (24 hy ) » MAF; (0.244) x 3) +

350 days 24 hrs
(EF6—16( yr Y )XED6—16(10 YF)XET6-16( day ) (

24
350 days 24 hrs 1da
(EF15_26( o Y ) % ED16.26 (10 yr) x ET16.26 (d—ay) (24 hrys) « MAF; (0.244) 1)

w

hrs) x MAF; (0.244) x 3) +
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Trichloroethylene Tap Water Dermal

0.671 hrs

IF ETevent—resfmadj (W

) <t* (hrs), then:

event

and:

1000 cm?
DAtce-event ( 5 Ha ) X ( )
cm< -event L
PRG (%2)=
res-wat-dertce L hrs 0.671 hrs
cm 6 % Tevent (m) % ETevent-res-madij (m)
2 FAxKp (10 ) x
hr s
or:
0.671 hrs .
IF ETevent—res—madJ (W) >t (hrs), then:
1000 cm?
DAtce-event ( ) H ) X
Hgy cm? -event L
PRGes-wat-dertce (T) = 0.671 hrs
ok (ﬂ) ) ETevent-res-madj (W) 2t hrs \ (1+38+ 382
P\hr T+B event\ event (1 + B
where:
0.54 hrs 0.54 hrs
(EDG-Z (2 yr) % ETevent-(0-2) (W)) + (EDZ-EH yr) % ETevent-(2-6) (W)) +
0.71 hrs 0.71 hrs
0.671 hrs\ _ (EDG-WGHOW)X ETevent-(6-16) (Tvent )) + (5016-26(10yf’)>< ETevent-(16-26) (Tvent ))

ETevent—res—madj -

EDg.2(2yr) + EDyg(4 yr) + EDg_16(10 yr) + ED15.26(10 yr)

TR x ATres (LS days 1170 yrs))
DA Hg = -
tce-event | g vent 2,610,650 cm? - event
L (CAFO(O.SM) * DFWres_aq) (T)) *
CsFo (19 _mg
kg-day “\1000pg ) 3.191.633 cm?
GIABS (MAFD (0.202) x DFWM¢5_aq; (%gm_ewent))
where:
350 days 1 event
EFres—c (7y) % EDres-c (6 yr) x EVres-c ( d ) % SAres-c (&365 sz)
r ay +
DFW, (2,61 0,650 cm? —event) _ BWWres-c (15 kg)
-adj T -
res-adj kg F 350 daysy .o 20 vr) % EV Tevent\ o, (19 652 cmz)
res-a yr res-a ( y ) res-a day res-a '

BWres-a (80 kg)

and:
350 days 1 event
EFoos (Ty) % EDg_z (2 yr) x EVg_y ( day ) % SAg (6,365 cm?) x 10 .
BWo-2 (15 kg)
EF2_6 (M) X ED2-5(4 yr) X EV2_6 (1 event) X SAZ-E (6'365 cmZ) x3
yr day +

8,191,633 cm?-event
kg

BWZ*G (1 5 kg)
DFWMres—adj ( ) =

1 event
) % EDg-16(10 yr) x EVg_16 ( day

EFs-16 (

350 days
yr

) % SA616 (19,652 cm2) %3

BWi_15 (80 kg)

1 evel

% ED16-26(10 yr) x EV14.26 ( day

350 days
EF16-26 (Ty)

nt

+

) % SA16.26 (19,652 cmz) 1

BWi156 (80 kg)
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Trichloroethylene Tap Water Total

1
PRGres-wat-tottce ( PTQI) = 1 . 1 . 1
PRGres—wat—ingtce PRGres_wat-inhtce  PRGres_wat-dertce

Supporting Child Tap Water

EDres—c(6 yr)= EDg_2(2 yr) + EDp_g(4 yr)

EDg-2(2 yr) x BWg_5 (15 kg) + EDy_g(4 yr) x BW;_6 (15 kg)

BWres-c (15 kg) = EDg_2(2 yr) + EDy_g(4 yr)

EDg_(2 yr) x EFg_; (350 c:ay5> + EDy6(4 yr) x EFp (M)

EF 350 days _ yi yr
Ly EDo-2(2 yr) + EDz-(4 yr)

24 hrs 24 hrs
e 24 hrs ) EDO_2 (2 yr) X ETO_2 ( day ) + ED2_6 (4 yr) X ET2_6 (Tay)
e\ day EDg->(2 yr) + EDy_g(4 yr)
0.54 hrs 0.54 hrs
0.54 hrs) EDo-2(2 yr)  ETevent-(0-2) (—event ) + ED2.6(4 Y1) x ETevent-(2-6) ( event )

ETevent-res—c (

event EDg-z(2 yr) + EDp_g(4 yr)

1 event
1event) EDo. (2 yr)xEvo_z( s )+EDz_s(4yr)><Evz_s(

EDg_ (2 yr) + EDy_g(4 yr)

1 event
day

EDg_» (2 yr) » SAg_» (6,365 cmz) + ED; (4 yr) % SAy g (6, 365 cmz)
EDg2(2 yr) + EDy g (4 yr)

SAres—c (6, 365 cm2>

0.78 L 0.78 L
IRW 078L) D022 yr)XIRWU‘z( day ) + ED2s(4 yr)XIRWZ'G( day )
res-c day - EDg_2(2 yr) + EDo_g(4 yr)
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Supporting Adult Tap Water

EDres-a(20 yr) = EDg_16(10 yr) + ED16-26(10 yr)

EDg_16 (10 yr) x BWg_16 (80 kg) + EDqg_26(10 yr) x BW1g_6 (80 kg)
EDg-16(10 yr) + ED1g_26(10 yr)

BWres-a (80 kg) =

350 days 350 davs
EE 350 days _ EDg_16(10 yr) x EFg_16 (T}/) + ED16-26 (10 yr) x EF16_26 (Ty)
o yr EDg_16(10 yr) + ED15-26(10 yr)
24 hrs 24 hrs
24 hrs) EDg-16(10yr) x ETe16 (d—ay) + ED16-26(10 yr) x ETq6.26 (d_ay)

ETres-a (

day EDg_16(10 yr) + ED15_26(10 yr)

0.71 hrs

event ) + ED16-26(10 yr) x ETevent—(16-26)(

0.71 hrs
event

0.71 hrs) EDg_16 (10 yr) x ETevent—(6-16) (

ETevent-res—a (

event EDg_16(10 yr) + ED15-26 (10 yr)

1 event
1 event) EDg_16(10 yr) x EV5-15( day ) + EDqg.26(10 yr) x EV16—26(

EDg-16(10 yr) + ED1g_26(10 yr)

1 event
day

EVFES—a ( day

ED6—16 (1 0 yr) x SAS—‘IB (1 9,652 sz) + ED16—26 (1 0 yr) x SA1 6-26 (1 9,652 sz)
ED6-16(10 yr) + ED16-26 (10 yr)

SAres-a (1 9,652 cmz)

25L 25L
EDg-16(10 yr) x IRWp_16 (d—ay) + ED16-26(10 yr) x IRW15_26 ( )

day
EDg-16(10 yr) + ED16_36(10 yr)

25L
RWres.s ( - )
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Supporting Age-adjusted Tap Water

EDres(26 yr)= EDO_2(2 yr) + ED2_6 (4 yr) + ED6—16(10 yr) + ED16—26(10 yr)

EDg_2(2 yr) x EFg_; (W)

+ EDy g(4 yr) x EFy ¢ (B’SOdays) +

yr

EDg_16(10 yr) x EFg_1¢ ( + ED16-26(10 yr) x EF16-26 (
EDg_2(2yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED1g_26(10 yr)

350 days 350 days
yr

yr

350 days\ _
(20007

24 hrs
EDo_z (2 yr) x ETO—Z ( day ) + ED2_6 (4 yr) x ET2_5 (

24 hrs +
day

24 hrs 24 hrs
o 24 hrs) i EDg-_16(10 yr) x ET6—16( day ) + EDqg_26(10 yr) x ET16—26( day )
s\ day EDg_2(2 yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED16_26(10 yr)

Resident Fish PRG Equations

Noncarcinogenic Fish Ingestion

365 days
yr

THQ x ATres-a ( % EDres (26 yr)) % BWres-a (80 kg)

m
PRGres-fsh-ingn (TQQ) = ( 1

10° kg 350 days 54,000 mg
RfDgo ( mg )) X ( mg ) % EFyres (T) % EDres (26 yr) x IRFlres-a (T)

kg-day

Carcinogenic Fish Ingestion

365 days
yr

-1 -6
m 107° k 350 days 54,000 m
CSFO( g ) % ( g 9) x EFres ( e y ) x EDyes (26 yr) % IRFl es-a (Tg)

TR x ATres ( % LT(70 yrs)) x BWres-a (80 kg)

m
PRGres_fsh-ingc (k_gg) =

Noncarcinogenic Fish Ingestion Back-calculated to Water

mg)
PRG ac_fsh-i —
PRE | (mg) _ res-fsh |ngnw( kg
res-fsh-ingnw { —_ L
BCF (—
kg)
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Carcinogenic Fish Ingestion Back-calculated to Water

mg
PRG es—fsh-i (—)
PRG | (mg)= res-fsh-ingcw kg
res-fsh-ingew { 7 L
BCF (—
kg)

Composite Worker Soil PRG Equations

Noncarcinogenic Soil Ingestion

365 days
THQ x ATcom-a (7ry

mg % EDcom (25 yr)) x BWeom (80 kg)

PRG¢om-sol-ingn (_) =
kg RBA o
(o (o) ) () o (5807 v 52)

mg day

Noncarcinogenic Soil Inhalation

365 days
yr

m
PRGcom-sol-inhn (TgQ) = 1 1 + 1
—_— 250 days 8 hrs 1 day 3 3
(Rfc ('T@)) * EFcom (T) % EDcom (25 yr) > ETcom (dTy) * (24 hrs) * (VFS (%) PEF (’L)

THQ x ATcom-a ( % EDcom (25 yr))

m3

Noncarcinogenic Soil Dermal

THQ x ATcom-s (7355;:“5

% EDcom (25 yr)) % BWcom (80 kg)

PRG (—mg) -
com-sol-dern k - 1
g -6 2
10° kg 250 days 3,527 cm 0.12 mg
(RFDO (kgmgay) o GIABS) X (7mg ) * EFcom (7“ ) % EDcom (25 yr) x SAcom ( day ) * AFcom ( p * ABSy

Noncarcinogenic Soil Total

mg 1
PRGcom—sol—totn( kg ) = 1 . 1 . 1
PRGcom—soI—ingn PRGcom-sol-inhn  PRGcom-sol-dern

Carcinogenic Soil Ingestion

TR x ATcom (

-1 -6
CSFo ( m9 ) x (10 kg) « RBA x EFcom (7250;:33’5) % EDcom (25 yr) x IRScom (100 mg)

&?ays x LT(70 yrg)) % BWcom (80 kg)

m
PRGcom-sol-ingc (k_gg) =

kg-day mg day

Carcinogenic Soil Inhalation

365 days
TR % ATcom (TY

x LT(70 yrs))

m
PRGcom—sol—inhc(E) = 1 ]
-1 +
Hg 1000 pg 250 days 8 hrs 1 day 3 3
IUR (F) x (7mg ) % EFcom (7yr % EDcom (25 yr) x ETcom day ) “\2ahrs ) " | vEs (T_g) PEF (m_)

kg
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Carcinogenic Soil Dermal

g TR % ATcom (%‘:ays x LT(70 yrs)) « BWeom (80 kg)
PRGcom-sorderc o) = -
AN CSFs ( mg ) ! 1076 kg 250 days 3,527 cm? 0.12 mg
kg - day X mg % EFcom ( yr ) % EDcom (25 yr) x SAcom day x AFcom (W) x ABSy
GIABS
Carcinogenic Soil Total
PRG M9 - !
com-sol-totc kg 1 1 1
+ s
I:’R(-?'com—sol—ingc PRGcom-sol-inhc  PRGcom-sol-derc

Composite Worker Air PRG Equations

Noncarcinogenic Air Inhalation

365 days
r

THQ x ATcom-a ( % EDcom (25 yr))

PRGcom-air-inhn (%) = 1
( 250 days 8 hrs) 5 ( 1 day )

mg
RFC (nn:?)) X (m) x EFcom ( v ) % EDcom (25 yr) % ETcom (diay 54 hirs

Carcinogenic Air Inhalation

TR x ATcom (365 days 1770 yrs))
PRGcom-air-inhc (IJ_QB) = r
m Mg\ 250 days 8 hrs 1 day
LR (m3 x EFcom Tyr )" EDcom (25 Y1) % ETcom day ) “\ 24 hrs
Refractory Ceramic Fibers Air Inhalation
; THQ x ATcom-a (ﬁfays « EDcom (25 yr))

I:)R(:"com—air—inhrcf (

ﬁ) i 1
_— 250 days 8 hrs 1 day
(RfC (%) ) X EFcom (T) X EDcom (25 yl’) x ETcgm ( day ) X (24 hrs)

Asbestos Air Inhalation

TR x ATCO[‘I"I (

f\! 250 days 8 hrs 1 day
IUR (m) x EFcom (T) % EDcom (25 yr) % ETcom ( day ) * (24 hI’S)

365 days criays % LT(70 yrs))

f
I:’RGcom—air—inhasb (ﬁ) -
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Outdoor Worker Soil PRG Equations

Noncarcinogenic Soil Ingestion

365 days
THQ x Aoy (25, 220%

m
PRGout—sol—ingﬂ( kgg) B ~ RBA 106 kg 225 days 100 mg
mg x ( ) % EFout (7> % EDoyt (25 yr) x IRsout( )
(RfD0 (kg—day) ) mg yr day

x EDout (25 yr)) x BWout (80 kg)

Noncarcinogenic Soil Inhalation

365 days
yr

1 1 1
—_— 225 days 8 hrs 1 day N T 3
(Rfc(m)) xEFout( % )xEDwt(zsyr)xETom(Tay)x(24hrs)x (VFS(T_Q) PEF(%)

m3

THQ x ATout-a ( x EDout (25 yr))

m
PRGoyt-sol-inhn (k_gg) =

Noncarcinogenic Soil Dermal

THQ x AToue 2251255

% EDout (25 yr)) % BWout (80 kg)

PRG M9 =
out-sol-dern E - 1 10-6 kg 225 days 3,527 cm?2 0.12 mg
(RfDU (kgn_jgay> « GIABS) X (Tg) % EFout (T) % EDout (25 yr) = SAout ( day ) x AFout ( cm2 ) % ABSd

Noncarcinogenic Soil Total

mg 1
I:’RGout—soI—totn( kg ) = 1 1 1

+ +
F’RC‘.out—soI—ingn PRGoyt-sol-inhn  PRGout-sol-dern

Carcinogenic Soil Ingestion

TR x ATout (7365 Cr'ays

,’] _6
CSFo ( m9 ) x (10 kg) « RBA x EFout (2725;:“5) % EDgut (25 yr) % IRSout (100 mg)

% LT(70 yrs)) x BWoyut (80 kg)

m
PRGout-sol-ingc (rg) =

kg-day mg day

Carcinogenic Soil Inhalation

365 days
TR x ATout (Ty

x LT(70 yrs))

m
PRGout-so\—inhC( kg ) = . g R 4 1 . 1
Hg '\~ 1000 pg 225 days 8 hrs 1 day 3 3
IUR (ﬁ) x (?g) % EFgut (T) % EDgut (25 yr) = ETM( aay ) x (24 hrs) x (VFS (T_g) PEF (T:g)
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Carcinogenic Soil Dermal

TR x ATrec (3765 days 1170 yrs))
mg\ _ r
PRGrecfsoI—derc(E) = mg - 10-6 K 57 155
L 5 kg , mg
(CSFO (kg_day) ) X ( mg ) X DFSreC*adj (T) X ABSd
GIABS
where:
[ 75 days 2,373 cm? 0.2m |
EFrec-c ( yr L ) % EDrec-c (6 Yr) x SArec—c (T) X AFrec-c ( cng)
+
or (22,155 mg) ) BWrec-c (15 kg)
rec-adj T -
75 days 6,032 cm? 0.07 m
EFrec-a ( yr y ) % EDrec-a (20 yr) x SArec-a (T) % AFrec-a ( ) g)
] BWrec-a (80 Kg) ]

Carcinogenic Soil Total

mg 1
I:’RGout—soI—totc( kg ) = 1 1 1

+ +
PRGout—sol—ingc PRGout-sol-inhc  PRGout-sol-derc

Outdoor Worker Air PRG Equations

Noncarcinogenic Air Inhalation

365 days
r

THQ x ATout-a ( x EDout (25 yr))

HG \ _
PRGgyt-air-inhn ( ) - 1

m3
Y S— mg 225 days 8 hrs 1 day
(Rfc(zg)) (o00ag ) *EFeue (57 ) x 0oy < ETows (55 )  (25mre

Carcinogenic Air Inhalation

TR x ATout (365 ‘:ays

3
Hg 225 days 8 hrs 1 day
IUR (3) x EFout (yr % EDgut (25 yr) x EToue day . 24 hrs

x LT(70 yrs))

K9 _
|:’RGout—air—inhc (ﬁ) -

Refractory Ceramic Fibers Air Inhalation

THQ x ATout-a % EDout (25 yr))

f
PRGout—air—inhrcf(ﬁ) = 1
(7 8hrs)x(1day)

225 days
e )) Bt (2221 ) xEDour25 yr) e g ) ¢ (55

(365 days
r
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Asbestos Air Inhalation

TR x ATout (3 65 ?ays

x LT(70 yrs))

£y 225 days 8 hrs 1 day

f
PRGout—air—inhasb (m_:,> -

Indoor Worker Soil PRG Equations

Noncarcinogenic Soil Ingestion

365 days
THQ x ATing 4 ( ==

ng
PRGind-sol-ingn (7) =
kg ( RBAr\ng ) § (106 kg) Er (250 days)  ED (25 y1} x IRS (50 mg)
ind\ =7~ ind ind\ " 45,
RfDo (kg—day) mg yr day

X EDind (25 yl’)) X BWind (80 kg)

Noncarcinogenic Soil Inhalation

g THQ x ATjng (365 92YS | EDyg(25 yr))
PRGing-sol-inhn (E) = 1 1 1
_— ~ (250days . ~ (8hrs 1 day vt 3
(Rfc () ) s (229952 20,25y (S0« (L2 [ (1) e (2
m3 kg kg
Noncarcinogenic Soil Total
mg 1

I:’R(--‘ind—sol—totn H - 1 1

+
I:’RGir]d—s.r:)I—ingn PRGjng-sol-inhn

Carcinogenic Soil Ingestion

365 days
r

TR % ATing ( x LT(70 yrs)) x BWing (80 kg)

-1 -6
mg 107° kg _ 250 days _ _ 50 mg
CSFo (kg_day) x ( ma ) RBA x EFjng =) EDjng (25 yr) % IRSjng day

m
I:’RGind-sol—ingc (rgg) =

Carcinogenic Soil Inhalation

TR % ATing (&Or"ays

= LT(70 yrs))

m
PRGind-sol-inhc (TQQ) =

1 1

-1 +
Hg 1000 pg ' 250 days } : 8 hrs 1 day 3 3
IUR (m3) x (Tg X EFina (= ) % EOna @5y Eina (S ) < (Sames ) % | e (m ) oEF (1)

kg

[t=]
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Carcinogenic Soil Total

mg 1

PRGjnd-sol-totc (E = 7 7

+
PRGjng-sol-ingc  PRGjnd-sol-inhc

Indoor Worker Air PRG Equations

Noncarcinogenic Air Inhalation

365 days
r

THQ % ATind-a ( % EDjng (25 yr))

g\ _
PRGing-air-inhn ( +3 | =
|nd—a|r—|nhn(m3) ;m § mg R 250 days % Dy (25 yr) x ET: 8 hrs « 1 day
RfC (mg) 1000 pg ind yr ind (22 ¥ "\ day 24 frs

Carcinogenic Air Inhalation

TR x ATing (7365 drays

-1
Hg _ 250 days ' _ 8 hrs 1 day

x LT(70 yrs))
ind-air-inhc m3

Refractory Ceramic Fibers Air Inhalation

365 days
THQ x ATing. (—ry

f
PRGind—air—inhrcf(ﬁ) ) 1 250 d 8h 1d
— _ ays _ . rs 3y
(RfC (%)) Hhing ( yr ) % EDin (25 y1) % ETing ( day ) : (24 hrs)
m

% EDjnq (25 yr))

Asbestos Air Inhalation

TR x ATind

£y 250 days 8 hrs 1 day
IUR (rns) X EFil’ld (yr) X EDil’ld (25 yr) X ETiﬂd ( day ) X (24 hl’S)

(7365 ?ays % LT(70 yrs))

f
PRGind—air-inhasb (ﬁ) -
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Indoor Worker Tap Water PRG Equations

Noncarcinogenic Tap Water Ingestion

365 days
) THQ % AT g, (% « EDjp g (25 yr)) % BWinq (80 kg)
PRGind-wat-ingn 7 )°
L 1
—_— mg _ 250 days _ : 1.25L
RO (%) x (71 o ug) % EFing (7)” < EDing (25 yr) x IRWing (-~

Noncarcinogenic Tap Water Inhalation

365 days
THQ % ATing-a (Ty

" % EDjnq (25 yr))

)= 1
R mg ‘ 250 days ) : 8 hrs 1 day 0.5L
(RfC (mg)) x (W) % EFing (T % EDjng (25 Y1) x ETing-a day * 52 hrs ) % K m
m

PRGind—wat—inhn(

Noncarcinogenic Tap Water Dermal

For Inorganics:

" 1000 ¢m3
. DAevent (sz_event) h ( L

PRGind—wat-dern(_ = m 0.71 hrs
Kp (h_l’) * ETevent-ind-a

event
For Organics:

0.71 hrs
event

IF ETovent-ind-a ( ) <t*(hrs), then

ug 1000 cm?
DAevent (sz —event) X ( L

6xt hrs CET 0.71 hrs
m ) y event | event event-ind-a | “ayent

hr m

PRGjnd-wat-dern ( IJLg ) -

2% FAXKp (

or,

0.71 hrs
event

IF ETevent-ind-a ( ) >t" (hrs), then

ug 1000 cm?
DA
eveht(cmz—event) * ( L

0.71 hrs
ETevent-ind-a (

event )+2><t hrs o 1+ 3B + 382
1+B event | event (1 +B)?

PRGjnd-wat-dern (ﬂ) =

FAXKp (0 ) %

where:

THQ X ATindos (
1
250 days 1 event
(RfDD (kgmgay> x G]ABS) % EFing (Ty) % EDjng (25 Y1) % EVingoa ( Ty ) % SAing (19,652 cm?)

365 days 1000
Ty x EDjg (25 yr)) x (Tg“g) x BWing (80 kg)

DA
event (cmz— event)
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Noncarcinogenic Tap Water Total

MO\ _ 1
PRGind—wat—totn (T) - 1 1 1

+ +
PRGind—wat—ingn PRGjng-wat-inhn  PRGind-wat-dern

Carcinogenic Tap Water Ingestion

) TR % ATjng (ac:ays « LT(70 yrs)) % BWjnq (80 kg)
PRGind—wat—inga: T )7
L m - m 250 days 1.25L
5o (igmaay) * (1on0yig) * e (5™ ) xE0ms 05y 10 (155F)
Carcinogenic Tap Water Inhalation
TR x ATing (7365)(?33’5 % LT(70 yrs))

PRGind-wat-inhc (HT) B

-1
Hg 250 days 8 hrs 1 day 05L
IUR (—3) % EFing (7)” % EDing (25 Y1) x ETing-a “day ) 2anrs ) K(==5

Carcinogenic Tap Water Dermal

For Inorganics:

ug 1000 cm?
DAegvent (sz —event) x ( 0
b9 -

PRGjnd-wat-derc ( L

cm 0.71 hrs
KP (W) % ETevent-ind-a ( event )
For Organics:
0.71 hrs N
IF ETevent-ind-a (m) <t* (hrs), then
1000 cm?
DAgvent (sz l—JEvent) b4 ( L )
PRGind-wal-derc(lJT) = hre =TT
2xFAxK (@) x J e (evem) Flevencina s ( event )
PLhr P
or,
0.71 hrs N
IF ETevent-ind-a (m) >t" (hrs), then
3
DAevent( 3 Ha ) x 1000 cm
Hg cm? -event L
PRGlnd—wsl—derc( L ) = 0.71 hrs
ek (CT) | Cotent) (e ) (12302
P\ hr 1+8B event event a1+ B)2
where:
TR % ATjng (365 days 1170 yrs)) x (—1000 “g)
DAcvent (szugvem> - = r mg
- 250 days 1 event
(CSFD (kg_day) ) x EFing (Ty) x EDipng (25 Y1) % EVingt_a ( day ) * SAng (19,652 cmz)
T GIABS
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Carcinogenic Tap Water Total

HO\ _ 1
PRGind—wat—totc(T) - 1 1 1

+ +
PRGind—wat—ingc PRGjng-wat-inhc  PRGind-wat-derc

Construction Worker Soil Exposure to Unpaved Road Traffic PRG Equations

Noncarcinogenic Soil Ingestion Unpaved Road Traffic

THQ x ATcon.s (Ewcon (50 wks) o (7 days

o i ) x EDcon (1 yr)) % BWeon (80 kg)

Tg) B RBA "
_ 10 kg 50 wks 5 days 330 mg
(RfDD (kgl‘?gay)) X ( ™o ) % EFcon (EWcon ( yr ) x DWcon ( wk )) % EDcon (1 yr) x IRScon ( day )

mg

PRGcon-soI-ingn (

Noncarcinogenic Soil Inhalation Unpaved Road Traffic

THQ % ATcon.a (EWcon (50 wks) § (7 days

yr wk ) * EDcon(1 yr))

1 1 1
50 wks 5 days 8 hrs 1 day ERu 3
(Rfc(mg)) x EFcon (Ewm( vt )xDWmn (W))XED(Q,-,U yr)xETmn(m) x (24 hrs) x (VFS(TQ) PEFSC(TQ)

m
PRGcon-sol-inhn (k_gg) =

Noncarcinogenic Soil Dermal Unpaved Road Traffic

THO % ATeona (EWmn (50 wks) » (7 days

v Wk ) x EDeon (1 !"')) % BWeon (80 kg)

mgl _
PRGcon-sol-dem( kg ) - 1 106 kg 50 wks 5 days 3,527 cm? 0.3 mg
(RFDD (kgnjgay) * GIABS) : ( mg )  Efeon (EW(M (T) 7 DWeon ( wk ))  EDeon(1 ¢ Sheon (d—ay) “Aen ( cm? ) A

Noncarcinogenic Soil Total Unpaved Road Traftic

mg 1
PRGon-sol-totn kg 1 , 1 . 1
PRGcon—sol—ingn PRG(on-sol-inhn  PRGcon-sol-dern

Carcinogenic Soil Ingestion Unpaved Road Traffic

TR % ATcon (7365;:6“

x LT(70 yrs)) % BWeon (80 kg)

1 6
m 107° ki 50 wks 5 days 330 m
CSFo (kg_gay) x ( g 9) % RBA x EFcn (EwCDH ( o ) x DWeon ( wky )) % EDcon (1 yr) % IRScon ( aay g)

m
PRG(cn—sol—ing[ (Tg) =

Carcinogenic Soil Inhalation Unpaved Road Traffic

TR % ATeon (LSycrlays

= LT(70 yrs))

1 1
1 _—
Hg 1000 pg 50 wks 5 days 8 hrs 1 day 3 3
IUR (F) x (m—g % EFcon [ EWcon ) DWeon (21 % EDcon(1 yr) % ETcon oy ) % (zames) % | v (m ) PEF.c (r:g)

mi
PRGwr\fso\fmhc (T;) =
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Carcinogenic Soil Dermal Unpaved Road Traffic

365 days
TR % ATcon (Ty

% LT(70 yrs)) % BWcon (80 kg)

m
PRGcon-sol-derc (TQQJ =

-1
mg 106 k 50 wk 5d 3,527 cm? 03
(CSFO (Gﬁégay) ) x ( o= 9) % EFcon (EWmn ( y‘t 5) x Dw;m( wiys)) % EDcon (1 Yr) % SAcon ( da;m ) % AFcon ( cmn;g) % ABSy

Carcinogenic Soil Total Unpaved Road Traffic

mg\ _
I:’RGcon—sol—totc kg - 1 . 1 . 1

I:’R(-:'con—sol—ingc PRGcon-sol-inhc  PRGeon-sol-derc

Construction Worker Soil Exposure to Other Construction Activities PRG Equations

Noncarcinogenic Soil Ingestion Other Construction Activities

THQ % ATeonoa (EWcon (50 wks) o (7 days

Wk ) % EDcon (1 yr)> % BWcon (80 kg)

mg

E) - RBA .
_— 107° kg 50 wks 5 days 330 mg
(RfD° (—kg”."ﬂay)) ( mg )XEF‘“ (o (255 Do (242 ) ) < E0eont 1< R (309

PRGCDn—sol—mgnsa (

Noncarcinogenic Soil Inhalation Other Construction Activities

THQ x ATcon-a (Ewmn (50 Wks) x (7 diys

yr w

1 1 1
_ 50 wks 5 days 8 hrs 1 day — a7 =y
(Rfc(mg)) % EFcon (EWcon ( yr ) * DWeon ( wk )) x EDcon (1 yr) < ETcan (Tay) x (m) x (VFS (T_g) PEF., (’:_)

m3 g

) % EDcon (1 yr))

m
PRGon-sol-inhnsa (TS) =

Noncarcinogenic Soil Dermal Other Construction Activities

g THQ % ATconea (Ewcon (50 wks) « (7 days

> S ) % EDeont1 1)  BWeon (80 k)
!

PRGcon-soderns o

) — 1070 kg 50 wks 5 days 3,527 cm? 0.3mg
(RFDU (kgnjgay> xGIABS) x ( = ) « EFcon (Ewm ( o ) x Dwm( o ))  EDcon (1 Y1) SAcon | 2 xAan( 2 ) « ABS,

Noncarcinogenic Soil Total Other Construction Activities

mg 1
PRGconsoltotnsa( kg ) = 1 1 1
+ +

I:’RGcon—sol—ingnsa PRGcon-sol-inhnsa  PRGcon-sol-dernsa

Carcinogenic Soil Ingestion Other Construction Activities

g TR % ATcon (%ﬁays * LT(70 yrs)) « BWon (80 kg)
PRGEansulfingcsa (ij =
kg 11076 k 50 wk 5d 330
CSFo (kg'z‘gay) X ( e 9) « RBA x EFcon (Ewmn ( y\:f S) « DWeon ( WT(YS)) % EDcon{1 yr)  IRScon (T;‘g)
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Carcinogenic Soil Inhalation Other Construction Activities

TR x ATcan

1 1
-1 +
ug 1000 pg 50 wks 5 days 8 hrs 1 day 3 3

365 days
(T «LT(70 yrs))

m
PRGeon-sol-inhcsa (k_gg) =

Carcinogenic Soil Dermal Other Construction Activities

TR % ATcon (

=
_mg 1076 ki 50 wks 5 days 3,527 cm? 0.3 m
(csFD (kg_day) ) X (gmg 9)  EFcon (Ewwn( ¥ ) % DWeon ( day )) X EDcon (1 Y7) % SAcon ( S5y )  AFcon ( [ng) x ABSy

%‘:ays % LT(70 yrs))  BWcon (80 kg)

m
PRGcon-sokcercss e ) =

Carcinogenic Soil Total Other Construction Activities

mg 1
PRGconsoltotcsa( kg ) = 1 N 1 . 1
PRGcon-sol—ingcsa PRGcon-sol-inhcsa  PRGcon-sol-dercsa

Construction Worker Air PRG Equations

Noncarcinogenic Air Inhalation

THQ x ATcon-a (

PRGCcm-air-inhn( 3) =
m 1
— mg 50 wks 5 days 8 hrs 1 day
(Rfc (rr:?) ) % (—1 550 ”g) x EFcon (EWCU.-. ( o % DWeon Wk x EDcon(1 yr) x ETcon “day “( 52 hrs

365 d
% « EDcon (1 yr))

Carcinogenic Air Inhalation

TR x ATcon (7365 d3ys 170 yrs))
PRGcon-air inhc(ﬂ) = yr
T m3 . 50 wks 5 days 8 hrs 1da
IUR (%93) x EFcon (EWCOH ( y\t: ) x DWcon ( ka )) % EDcon (1 yr) x ETcon (Tay) X (24 hl'ys)

Refractory Ceramic Fibers Air Inhalation

THQ x ATcon-a ( LSyfays

f % EDcon (1 yr))
I:’RGcon—air—inhrcf(_

m3) B 1
—_— 50 wks 5 days 8 hrs 1 day
(Rfc (mi)) < B (B (2257 ) <D (02 ) ) < €01 30 ETan (37) < (31 )

Asbestos Air Inhalation

TR x ATcon (LS cr’ays

! 50 wks 5 days 8 hrs 1da
IUR(ﬁ) « EFcon (EWCO.—,( v ) « DWeon ( ka )) x EDcon (1 yr)  ETcon (d—ay) x (24 hrys)

= LT(70 yrs))

f
PR(-:'con—air—inhasb (ﬁ) =
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Excavation Worker Soil PRG Equations

Noncarcinogenic Soil Ingestion

THQ % ATexcs (365 days

) ) RBA
_— 1076 kg 20 days 330 mg
(RfDo ( mg )) X ( g ) % EFexc ( ¥ ) % EDexc (1 yr) x IRSexc ( day )

kg-day

mg x EDexc (1 yr)) x BWexc (80 kg)

PRGexc—soI—ingn (E

Noncarcinogenic Soil Inhalation

365 days
. THQ % ATexc-a ( 2 xEDexc(1 yr))
9\ _ yr
PRGexc-soI-inhn (E) = 1

1 1
_— 20 days 8 hrs 1 day 3 t 3
(Rfc (mg)) % EFexc ( yr ) % EDexc (1 yr) = ETexc (—day ) % (—24 hrs) X (VFS (1) PEF (1)

m kg kg

Noncarcinogenic Soil Dermal

THQ % ATexc-a (73 Gsy‘:ays

% EDexc (1 yr)) % BWexc (80 kg)

m
PRGeyc-sol-dern (rg) =

1
10 kg 20 days 3,527 cm? 0.3mg
(Rﬂ:c’ (kgr?gay) * GIABS) ’ (TQ) * EFexc ( yr ) X EDexc(1 Y1) > SAexc day < Afexc ( cm? ) X ABg

Noncarcinogenic Soil Total

mg 1
PRGexc—sol—totn( kg ) = 1 1 1
+ +

I:)RC"'exc—soI—ingn PRGeyc-sol-inhn  PRGexc-sol-dern

Carcinogenic Soil Ingestion

g TR x ATexc (&f‘""ys % LT(70 yrs)) x BWexc (80 kg)
PRGexc-sol-ingc (_) =
kg mg \' [106kg 20 days 330 mg
CSFo (kg_day) ( Tng | *RBAX EFM( " ) « EDexc (1 ) xIRSexc( Toy )

Carcinogenic Soil Inhalation

TR % ATexc (

-1 +
Hg 1000 pg 20 days 8 hrs 1 day 3 3
IUR (ﬁ) x (Tg % EFexc (7 ) < EDexc(1yn % ETexc ("™ ) ¢ ( 5ars ) * | v (Tg ) bEF (Tg )

7365;:33’5 « LT(70 yrs))

m
PRGeyc-sol-inhc (k_gg) =
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Carcinogenic Soil Dermal

TR x ATexc (365 days 1170 yrs)) « BWexc (80 kg)
PRGexc-sol-derc(%) = 1 r
9 mg "~ -6 2
(CSFO (m) ) x (mmgkg) x EFexc (%) % EDexc (1 Y1) % SAexc (3'53;"” ) % AFexc (ofmrgg) x ABS4
GIABS
Carcinogenic Soil Total
PRG Mg - !
exc-sol-totc kg - 1 1 1
+ +
I:’R(-:'exc—sol—ingc PRGexc-sol-inhc  PRGexc-sol-derc

Excavation Worker Air PRG Equations

Noncarcinogenic Air Inhalation

365 days
r

THQ x ATexc-a ( x EDexc(1 yr))

PRGexc-air-inhn (_3) =

m 1

_ mg 20 days 8 hrs 1 day
(RfC (%)) . (1000 pg) X EFexc ( yr X EDexc (1 Y1) x ETexc day ) “\24hrs

Carcinogenic Air Inhalation

TR % ATexc (M x LT(70 yrS))
PRGexc-air-inhc (rlh:,lgg) = Hg -1 20 days 8 hrs 1 day
on (1) e (2) oo () (1)
Refractory Ceramic Fibers Air Inhalation
THQ x ATexc-a (&fays x EDexc (1 yr))

f
PRGexc—air—inhrcf(ﬁ) = ( 1

L 20 days 8 hrs 1 day
RFC (fs)) " EFexC( yr ) X EDerc (1 yn) > ETEXC( day ) ’ (24 hrs)
m

Asbestos Air Inhalation

TR x ATexc (

f ! 20 days 8 hrs 1 day
IUR (rn?)) x EFEXC ( yr ) = EDexc(1 yr) x ETeXC ( day ) x (24 hrS)

365;:'33’5 x LT(70 yrs))

f
I'-"RGexc—(:)ir—inhasb (mg) -
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Recreator Soil/Sediment PRG Equations

Noncarcinogenic Child Soil Ingestion

365 days
THQ x ATrec-c (7ry

X EDrec-c (6 yl’)) X BWrec_c (1 5 kg)

m
Crecsol-ingne (ka) i RBA 106 k 75d 200
—_— ays m
( mg ) ) X ( mg g) x EFrec-c ( yr Y ) x EDrec-c (6 yr) x IRSrec—c ( g)

day

Noncarcinogenic Child Soil Inhalation

365 days
yr

1 7 1
—_— 75 days 1 hrs 1 day ERN 3
(Rfc(mg))me‘“( 7 )*ED’E“(GW’*ET'EH(day)‘(zwrs)x("&(fg) PEF(%)

m3

THQ x ATrec—c ( % EDrec—c (6 yr))

m
PRGrecfsolfinhnc (k_gg) =

Noncarcinogenic Child Soil Dermal

THQ x ATrec-c (

1
1076 kg 75 days 2,373 cm? 0.2 mg
(Rch (kgr?gay) X GIABS) * ( mg ) % EFrecc ( yr ) % EDrec-c (6 Yr) x SArec—c day * AFrec—c ( po ) x ABSq

365 days
Ty * EDrec-c(6 yr)> * BWrec-c (15 kg)

m
PRGrec-sol-dernc (rgg) =

Noncarcinogenic Child Soil Total

mg 1
I:’RGrecsoItotnc( kg ) = 1 1 7
+ +

I:’RGrec—soI—ingnc PRGrec-sol-inhnc  PRGrec-sol-dernc

Noncarcinogenic Adult Soil Ingestion

365 days

THQ X ATrec_a ( X EDrec (26 yr)) X BWrec_a (80 kg)

mg

rec-sol—ingna( k ) = RBA
g -6
—_— 10 kg) 75 days 100 mg
mg X ( X EFrec—a ( ) X EDrec (26 yr) X IRSrec_a (—
(RfDo (r} —day) ) mg yr day

PRG

Noncarcinogenic Adult Soil Inhalation

THQ x ATrec-a (365 c:ays

] 1 1
—_— 75 days 1 hrs 1 day Nt 3
(RfC (m—g)) x EFrec-a ( yr ) x EDrec(26 y1) x Erec-a ( day ) * (24 hrs) * (VFS (m—) PEF (m—)
m kg kg

x EDrec (26 yr))

m
PRGrec—soI—inhna (k_gg) =

Noncarcinogenic Adult Soil Dermal

THQ % ATreca (Lsﬁays

x EDyec (26 yr)) x BWrec-a (80 kg)

1

1076 k 75 days 6,032 cm? 0.07m
(7o (e, Tames) () 6 (252 oz« s SETE e (S29) o,

m
PRGrec_sol-derna (TS) =
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Noncarcinogenic Adult Soil Total

mg 1
I:’RGrecsoItotna( kg ) = 1 1 1
+ +

PRGrec—soI—ingna PRGrec-sol-inhna  PRGrec-sol-derna

Noncarcinogenic Age-adjusted Soil Ingestion

g THQ x ATrec-a (365days % EDrec(26 yr))
PRGrec—sol—ingnadj (E) = RBA 106 k 7.875
RfDo (”"9) ' ( mg g) “IPorecad (,kigrng)
kg-day
where:
EFecc (%) « EDrec-c (6 yr)  IRSrecc (2(3(;:1%) .
IFS ec-ad (_7' = mg) ) e
kg Frec-a | 22025 x EDrec-a (20 yr) % IRSrec-a ( o9
rec-a ( yr ) rec-a (20 Y1) x IR5rec-a ( day )
I BWrec-a (80 kg) -

Noncarcinogenic Age-adjusted Soil Inhalation

365 days
yr

1 1 1
75 days 1 hrs 1 day N T 3
(RfC (’"—2)) * EF’“( yr ) x EDrec(26 yr) x ET’“( day ) * (;14 hrs) * (VFS (m—) PEF (m—)
m kg kg

THQ x ATrec-a ( % EDrec (26 yr))

m
F.RGr’et:—sol—inhn.‘;!dj (k_gg) =

Noncarcinogenic Age-adjusted Soil Dermal

- THQ * ATrec-a (365 98YS s EDrec(26 yr))
PRGrec_soldernad | 9 ) = y
rec-sol-dernadj | ‘g ( 1 10-6 kg 22,155 mg
mg X ( ) % DFSyec.agj (7) x ABSy
RfDgo (ﬁg—day) x GIABS mg kg
where:
[ 75 days 2,373 cm? 02m |
EFrec—c ( yr Y ) % EDrec-c (6 yr) x SArec— (day) % AFrec—c ( cng)
+
OFS (22,155 mg) ) BWrec-c (15 kg)
rec-adj T -
75 days 6,032 cm? 0.07 m
EFrec-a ( yr Y ) % EDrec-a (20 yr) x SArec-a (day) % AFrec-a ( o2 g)
BWrec-a (80 kg) i
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Noncarcinogenic Age-adjusted Soil Total

mg

PRGrecsoItotnadj( kg ) =

1

1
+
I:’F‘\)Grec—sol—ingnadj IDRGrec—sol—inhnadj

+

PRGrec—soI—dernadj

Carcinogenic Soil Ingestion

TR x AT (222 cLT(70yrs))
PRGec-sol-ingc (T—S) = e N7 105k 7,875
CSFo (kg-gay) " ( mg 9) < REA X recag ('kgmg>
where:
_EFreC-C (75 ;;Ifys) % EDrec—c (6 yr) % IRSrecc (205)%) +_

7,875 mg BWrec-c (15 kg)

kg

)=

IFsrec-adj (

) X EDrec_a (20 yl’) X IRSFEC—

100 mg
day

(T

BWrec-a (80 kg)

Carcinogenic Soil Inhalation

kg k

TRxATrec(w < LT(70 yrs))
PRG . @ = yr
rec-sol-inhc kg . g A g 1 . 1
Mg\~ 1000 pg 75 days 1 hrs 1 day 3 3
o (12) () e 2322) oo (55« (385) (v (1) rer ()

Carcinogenic Soil Dermal

TR x ATrec (365 days 110 yrs))
PRG LLLE R I '
rec-sol-derc kg mg 1 106 Kk 22 155
2 - , m
(CSFO (kg—day) ) X ( g) % DFSrec-adj (?g) x ABSq
GIABS
where:
[ 75 days 2,373 cm? 0.2m |
EFrec—c (Ty) X EDrec-c(6 yr) x SArec—c (T) x AFrec-c ( cng)
+
DES (22’155 mg) _ BWFEC—C (15 kg)
rec-adj T -
75 days 6,032 cm? 0.07 mg
EFrec-a ( yr ) % EDrec-a (20 yr) x SArec-a (m) x AFrec-a ( anZ )
BWrec_a (80 kg) ]
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Carcinogenic Soil Total

mg 1

)=

PRG rec-sol-totc ( 1 1

kg

1

F’RGrec—s-:Jl—ingc PRGrec-sol-inhc

F’RGrec—soI—derc

Mutagenic Soil Ingestion

IFSM, o d'( ) =
reemad kg 75 days

EFs_16 (

) X ED6—16(10 yr) x IR55_16 (

100 mg

g TR x ATrec (—365 ‘:ays « LT(70 yrs))
PRGreC—SOI—ingmu (—) =
kg mg \ ' [10°%kg 35,750 mg
CSFQ (w) X ( X RBA X IFSMrec_adj (T)
where:
EFo., (75 days) x EDg_5 (2 yr) x IRSy_, (200 mg) %10
yr day .
BWo-2 (15 kg)
75 days 200 m
EFy6 ( v y ) x EDy_g (4 yr) x IRSy._g ( day 9) <3 )
35,750 mg BWo_6 (15 kg)

)x3
+

day

BWe-16 (80 kg)

75 days 100 m
EF16-26 ( Y ) % ED16-26 (10 yr) x IRS14_2¢ ( day g) <1
L BW1 6-26 (80 kg) ]
Mutagenic Soil Inhalation
TR x ATrec (365 days 170 yrs))
mg\ _ yr
PRGrec—sol—inhmu (r) - 1 1
g 1000 pg +
Mg 3 3
IUR( ) X ( ) X m m X
3 WA
m mg VFs kg PEF kg
1 hrs 1 day

(e

) X EDO 2(2 yr) X ETO_2 (

)

day 2

1 hrs

o)

4 hr

1 day

e

) X EDZ—G (4 yr) X ET2_6 (

)

day

75 days 1 hrs

24 hrs

)x3)+

1 day

e

) X ED6—16(10 yr) X ET6—16 (

)

1 hrs

yr day

75 days

(2amw) 2)

24 hrs

1 day

(EF16-26 (

yr ) % ED16-26 (10 yr) x ET16_26 ( day

)~

(2ame) 1),

24 hrs
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Mutagenic Soil Dermal

TR x ATrec (M % LT(70 yrs))
mg _ yr
PRGrec-sol-dermu (E) = mg - 6
106 k 91,770 m
CSFo (kg_day) x 9) X DFSMiecaq (kig) x ABSg
mg g
GIABS
where:
75 days 2,373 cm? 0.2m |
EFo_s (Ty) x EDg_3 (2 yr) x SAg_y (day) x AFg_3 ( cm?_g) 10
+
BWo_> (15 kg)
75 days 2,373 cm? 0.2m
EFs g ( v y ) x ED5_g (4 yr) x SAy_g (day) % AF5_g ( szg) %3
+
91,770 mg BW,.6 (15 kg)
DFSMrec-ad| )T 2
75 days 6,032 cm 0.07 m
EFG—']G( yry ) XED6—16(10 yr)XSA6_16(day) XAFG—']G( 3 g) 3
+
BWE—'IG (80 kg)
75 days 6,032 cm? 0.07 m
EF16-26 ( Y ) % ED16-26 (10 yr) x 5A1626 (day) % AF16-26 ( o2 g) %1
L BW1 6-26 (80 kg)
Mutagenic Soil Total
mg

PRGrec-sol-totmu ( ) = 7

kg

1

F’RGrec—soI—ingmu

|:’RGrec—sol—inhmu

I:’RGrec—soI—dermu
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Vinyl Chloride Soil Ingestion

mg

PRGrec-sol-ingvc (@) =

where:

107 kg

-1
mg
CSFO (kg—day) X (

TR
1 -6
mg 107° kg (7,875 mg
CSFo (—kg_ day) X ( g ) % RBAXIFS e gy (=3
AT ec (%E’c:ay‘c’ % LT(70 yrs))

200 mg

) x RBA x IRSI’GC*C (W)

BWrecc (15 kg)

) % EDrec-c (6 yr) x IRSrec—c (

200 mgy ]
day N

7,875 mg
kg

):

IFsrec—adj (

75 days
EFrec—a ( yr

BWrec—c (15 Kg)

) X EDrec_a (20 yl‘) X IRSrec_a

100 mg
day

(

)

BWrec-a (80 kg)

).

Vinyl Chloride Soil Inhalation

m

TR

PRGrec-sol-inhvc (_k J ) =
J IUR (ﬂ
m3

1000 pg 75 days
m r

) () e

) % EDrec (26 yr) x ETrec (

1 hrs N 1 day
day 24 hrs

)

365 days

ATrec (

-1
H9
R (%)

m3

d

1000 pg)
mg

m3
¥ x LT(70 yrs)) x VFs (kg)

+
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Vinyl Chloride Soil Dermal

m TR
PRGrec_sol-derve (rg) = mg A
CSFo (7 6
kg—day) 10™° kg 22,155 mg
D | — AB
GIABS " ( mg )~ PFSrecadi g X ABSq
ATrec (M x LT (70 yrs))
yr
CSF (—mg )
°\ kg-day 100 kg 2,373 cm? 0.2 mg
GIABS X mg % SArec—c diay x AFrec—c (W) x ABSy4
BWrec— (15 kg)
where:
[ 75 days 2,373 cm? 02mg\ |
Ehsce (72507 ) x EDrecc(6 30 Shec (T) Arece(Po?)
+
o (22{1 55 mg) . BWrec-c (15 kg)
-adi\ = L~ =
e kg EF 75days\ o (20 yr)  SA 6,032 cm? CAF 0.07 mg
rec-a yr rec-a y rec-a day rec-a sz
L BWrec-a (80 kg) ]

Vinyl Chloride Soil Total

mg\ _ 1
PRGrec—soI—totvc( ) - 1 1

1

kg N
F’RGrec—soI—inhwc

PRGrec—soI—ingvc

+

PRG rec-sol-dervc
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Trichloroethylene Soil Ingestion

365 (:ays »

TR x ATrec ( LT(70 yrs))

PRGrec sol-ingtce (T_g) = 7,875 mg
(CAFQ (0.804) x IFSyec_aqj ('7)) +

kg

_1 —6
CSFo (kgr?gay) x (10mgkg) x RBA x
(MAFO (0.202) % IFSMyec_ag; (MD

kg
where:
i 75 days 200 m ]
EFrec-c ( ¥ y ) x EDrec-c (6 yr) x IRSrec-c (Tyg) )
IFS _ (7,875 mg) _ BWrec—c (15 kg)
rec-adj kg 75 days 100 mg
EFrec-a (T) % EDrec-a (20 yr) % IRSrec-a ( day )
L BWrec-a (80 kg) |
and:
[ 75 days 200m 1
EFo-2 ( o Y ) « EDg_ (2 yr) x IRSg_5 ( T 9) %10 )
BWO—Z (1 5 kg)
75 days 200 m
EF26 ( o y ) x ED3_g (4 yr) x IRSz-s( oy 9) ‘3
IFSM ,(m) . BWW2-6 (15 kg)
rec-adj kg 75 days 100 mg
EFs-m( ) % EDg-16(10 yr)XIRSE-m( day ) x3
+
BWs_16 (80 kg)
75 days 100 m
EF16-26 ( y ) % ED16-26 (10 yr) x IRS16.26 (Tyg) * 1
L BWi16-26 (80 k) |

Trichloroethylene Soil Inhalation

TR x ATre( (7365 ?ays

x LT(70 yrs))

m
PRGec-sol-inhtce (TQQ) =

1 1
-1 +
Hg 1000 IJQ) 3 3
IUR( ) X ( X m m X
3 L
m mg VFs (kg ) PEF ( kg )

(EFrEC (75 ;’rays) « EDrec (26 yr) » ETrec (m) x ( ! day) « CAF; (0.756)) +

day 24 h
75 days 1 hrs 1 day
(EF0_2 ( " y ) x EDg_5(2 yr) x ETga ( Ty ) ( ) » MAF; (0.244) x 10) *

hr
1 day

(EF2_5 (75 jrays) % EDo_g (4 yr) x ETo g (1 hrs) (

) « MAF; (0.244) x 3) +
(EF6_15 (75 days) « EDg_16(10 yr) % ETg_16 (”is) ( 4d y) « MAF; (0.244) x 3) +

yr day
75 days 1 hrs 1 da
_(EHHG( o Y ) % ED16.26 (10 yr) x ET16.2¢ ( day ) ( - hrys) « MAF; (0.244) x 1)_
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Trichloroethylene Soil Dermal

1 hrs

IF ETeventfrec—madj (m

) <t* (hrs), then:

PRGrec-wat-dertce ( pT) -

or:

1 hrs

IF ET, —
event

event-rec-madj ( ) >1t" (hrs), then:

PRGec_wat-dertce ( pT) -

where:

1 hrs
ETevent—rec—madj (m) =

and:

H9

1000 cm?

DAtce-event (

cm?2 -

event L

()

1 hrs
event

hrs
event

( )

) X ETevent—rec—madj (

6 X Tevent
2xFAxKp (1) J

DAtce-event (

n

1000 cm?
L

)

Mg ) «
cm? - event

cm

1 hrs
1+ 3B + 382

FAxKp (i) x

(EDD-Z{Z yr) % ETevent-(0-2) (

ETevent-rec-madj (m) 2t hrs .
1+B event | ayvent

)

1 hrs
)) + (ED2-6(4 yr) x ETevent-(2-6) (m)) +

1 hrs

(1 +B)?

1 hrs

event

1 hr

S
(506-16(10 Y1) % ETeventct6-16) (—)) . (E Di16-26 (10 Y1) x ETevent-(15-26 (—))

event event

EDg2(2yr) + EDp (4 yr) + EDg_16(10 yr) + ED125(10 yr)

TR x ATrec (w

xLT(70 yrs))

DA¢ce-.
tce-event (CmZ—EVEnt)

where:

)=

and:

335,655 cm? -event

DFWrec-adj ( kg

1,053,210 cm? -event

DFWMec_aqj kg

( )’

mg

( o (S

GIABS

45 days
yr

EFrec-c (

V) ()

) % EDrec-c (6 yr) x EVrec—c (

335,655 cm? - event

(CAF0(0.804) x DFWrec_aj ( kg

1,053,210 cmz—event))

(MAFD(O.ZOZ) * DFWMrec_ag ( kg

1 event
day

) % ShArec-c (6,365 cmz)
.

45 days
EFrec-a ( yr Y

) % EDrec-a (20 yr) % EVrec-a (

BWrecc (15 kg)

1 event
day

) % SArec-a (1 9,652 cmz)

45 days
E Fo,z ( yr

) x EDo,z (2 yr) X EV072 (

BWrec-a (80 kg)

1 event
day

) % SAg_2 (6,365 em?) x 10

+

45 days
EFag ( o

) x EDy_g (4 yr) x EVy_g (

BWo-2 (15 kg)

1 event
day

) xSAyg (6,355 cm2) %3
N

45 days
EFs-16 ( yr Y

) % EDg16(10 yr) x EV_16 (

BW>_6 (15 kg)

1 event
day

) % SAg.15 (19,652 cm?) x 3
.

45 days
EF16-26 (Ty)

% ED16-26 (10 yr) x EVq6_26 (

BWe-16 (80 kg)

1 event
day

) % SA1g-26 (19,652 cmz) x1

BW1s_26 (80 kg)

B-50




Trichloroethylene Soil Total

1

mg
I:)R(-;rec—sol—tottce ( kg

)=

1

PRGrec—soI—dertce

1 1
+
PRGrec—soI—ingtce PRGrec-sol-inhtce

Supporting Child Soil

BWrec_c (1 5 kg) =

EDrec-c (6 yr) = EDg_3(2 yr) + EDy_g(4 yr)

EDO_2 (2 yr) x BWU—Z (1 5 kg) + ED2_6(4 yr) % BW2_6 (1 5 kg)

EDg_2(2 yr) + ED,_g(4 yr)

75 days

75 days
r

)

ED0_2 (2 yl’) X EFU—Z ( ) + ED2_6 4 yr) X EF2_6 (

- (75 days) _ u
rec-c yr ED0_2 (2 yr) + ED2_6 (4 yr)
1 hrs 1hrs
N Thrsy _ EDg_2 (2 yr) x ETO_Z( day ) + EDyg(4 yr) x ETz-e( day )
rec-c day EDg_2(2 yr) + EDo_g(4 yr)
0.2m 0.2m
. 0.2 mg _ EDO_2 (2 yr) X AFO_2 ( szg) + ED2—6 (4 yl‘) X AFZ—G ( szg>
rec-c m2 EDg_2(2 yr) + EDy_g(4 yr)
2 373 cm?2 2,373 cm?
EDg2(2yr)xSAgs | =——— | + EDp (4 yr)xSAg | ———
SA 2,373cm?\ 0212y 02( day ) = 26( day )
rec—c day EDD—Z (2 yl’) + ED2_6 (4 yr)
200 m 200 m
L 200mg _ EDg_2 (2 yr) x IRSg_» ( day g) + ED2_g(4 yr) xIRS; ¢ ( day 9)
rec-c | ~qay EDg_» (2 yr) + ED;_g (4 yr)
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Supporting Adult Soil

EDrec-a(20 yr) = EDg_16(10 yr) + EDq4_26(10 yr)
EDg_16 (10 yr) x BWg_ 80 k + EDqe_oe (10 yr) x BWae_ 80 k
BWrec-a (80 kg) = 28 16(10yr) 6-16 (80 kg) 16-26 (10 y1) 16-26 (80 kg)
EDg-16(10 yr) + EDqg-26 (10 yr)
75 days 75 days
e 75 days\ _ EDg-16(10 yr) x EFg_16 ( . Y ) + ED16-26(10 yr) x EF16_2¢ ( yr Y )
reee yr EDg-16(10 yr) + EDq6-26(10 yr)
1 hrs 1 hrs
or 1hrs) EDg-16(10 yr) x ETg 16 (d—ay) + ED16-26 (10 yr) x ET1g_2¢ (W)
2\ day EDg_16(10 yr) + ED1g_26(10 yr)
0.07m 0.07m
A (0 07 mg) _ EDg-16(10 yr) x AFg_16 ( om? g) + ED16-26(10 yr) x AF16_26 ( om?2 g)
el em2 EDg-16(10 yr) + ED1526(10 yr)
6,032 cm? 6,032 cm?
EDe_16 (10 yr) x SAg_ 2= ] 4 EDqg_oe (10 yr) x SAq 6 L=
o 6,032 cm?) 6-16(10 yr) 616( day ) 16-26(10 yr) 16 26( day )
rece day B EDg-15(10 yr) + ED16_26(10 yr)
100 m 100 m
- 100 mg\ _ ED6-16(10 yr) x IRSg 14 ( day g) + ED16-26(10 yr) x IRS16_2¢ (Tyg)
e\ day EDg-16(10 yr) + ED15_26(10 yr)

B-52



Supporting Age-adjusted Soil

EDrec (26 yr) = EDO_2(2 yr) + ED2_6(4 yr) + ED6_15(10 yr) + ED16—26(10 yr)

75 days

EDO_2(2 yr) X EFO_2 (

) + EDyg (4 yr) x EFp g (75 days) +

yr
75 days

75 days
75 days ED6716(1O yr) X EF6*'|6 ( ) + ED16726(10 yr) X EF16726 ( yr y )
EFrec r =

EDg-2(2yr) + ED,- 6(4 yr) + EDg_16(10 yr) + EDq6_26(10 yr)

1 hrs 1 hrs
EDO 2(2 yr)>< ETO 2( da ay ) + ED2_6(4 yr)>< ETZ—G( day ) +
1 hrs 1 hrs
- (1 hrs _ EDg_16(10 yr) x ET6—16( day ) + ED16-26(10 yr) x ET16—26( day )
"\ da EDo-2(2 yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED1g26(10 Y1)

Recreator Surface Water PRG Equations

Noncarcinogenic Child Surface Water Ingestion

365 days
THQ x ATrec—c (% * EDrec—c(6 yr)) x BWrec—c (1 5kg)

Hg

1 event 0.12L

m 45 days 1 hrs
kchgjay)) x (ﬁ) x EFrec—c ( vr v ) * EDrec-c (6 yr) x EVrec—c ( day ) % ETevent-rec-c (event) IRWrec—¢ ( hr )

PRGrecfwaHngnc(T) = 1
(RfDD (
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Noncarcinogenic Child Surface Water Dermal

For Inorganics:

1000 cm?>

]

Hg
cm? -event

Dheven ) (

) * ETevent-rec-c (

)

Mgy _
PRGrE[-wat-dem((T) - 1 hrs

cm
event

Kp ( hr
For Organics:

1 hrs

=
event

IF ETevent-rec-c (

)

t* (hrs), then:

1000 cm?
L

Hg
cm?-event

on ) < (22

p

PRG,Ec,wat—demc( ) -

T hrs
6 % Tevent (m) % ETevent-rec-c (

1hrs
event

)

2xFApr(Z—T)xJ

m

or:

1hrs
event

IF ETevent-rec-c ( ) >t" (hrs), then:

3

ETevent-rec-c (
1+B

)

event hrs

cm
FApr(F)x +2XTngn[(

where:

THQ X ATrecc ( 2252255

Hg

1000 cm
DAeven[( 2|Jg ) x ( )
cm< -event L
PRG (%)=
rec-wat-dernc 1hrs

event

1 + 3B + 3B?
(1 +8y

()

% EDrec-c (6 yr)) % BWrec-c (15 kg)

)

1
g

X (—) x EF| (
rec-c
RfDo (7k y) x GIABS 1000 pg

DA,
event (cm2 —event

days
Ty) % EDrec-c(6 yr) x EVrec—c (

1 event
day

) % SArec—c [6,365 cmz)

Noncarcinogenic Child Surface Water Total

1

PRGrec-wat-totnc ( T )

L 1

1

PR(-?'rec—wat—ingnc

PRG rec-wat-dernc

Noncarcinogenic Adult Surface Water Ingestion

THQ % ATrec-a (3—65;:‘“’5

N

% EDrec (26 yr)) % BWrac-a (80 kg)

)

PRGref—wat—ingna (T
45 days
yr

) x EDrec (26 yr) x

mg
)) (oo g ) e

0.11L
hr

1 event

day

1 hrs
EVrec-a ( ) % ETevent-rec-a (

event

) % IRWrec-a ( )
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Noncarcinogenic Adult Surface Water Dermal

For Inorganics:

1000 cm?
DAevent ( Zpg ) x
cm# -event L

cm 1hrs
Kp (W) X ETEVEF‘I[—I’EC—B (m)

PRGrec-wat-derna (UT) )

For Organics:

1 hrs
event

IF ETevent-rec-a ( ) <t (hrs), then:

ug 1000 cm3
DAevent (cmz—event) * ( L

61 hrs CET 1 hrs
event event event-rec-a event

s

=

PRGrec-wat-derna (T) =

2% FAx Kp(%)x\

or:

1 hrs

IF ETevent-rec-a (m

) >t" (hrs), then:

DA t( ug )X 1000 cm3
u Vet cmZ - event L

PRGyec-wat-derna (T) = - ( Thrs )
event-rec-a | S —

cm event hrs 1+ 3B + 382
FA x Kp (F) x |:,‘ B +2 % Tevent (ﬁvent) x (7“ fr )}

where:

THQ x ATrec-a (%ﬂays

« EDrec(26 yr)) % BWrec-a (80 kg)

DAevent (cm2 Egvem) = 1
event

e — mg 45 days 1 2
(RfDo (kgri\gay) y GIABS) x (W) % EFrec-a (T « EDrec(26 yr) x EVrec-a day % SArec-a (19,652 cm )

Noncarcinogenic Adult Surface Water Total

PRGrec-wat-totna (%) - 1 + !

P RGrec—wat—ingna PRGyec_wat-derna

Noncarcinogenic Age-adjusted Surface Water Ingestion

THQ % ATrec-a (3657‘133’5 « EDrec (26 yr))
PRG ‘ ‘(@) - yr
rec-wat-ingnadj L 1
o () ) < () (322
2000 114 rec-adj \ "~
RfDo (kg_day> 1000 pg kg
where:
45 days 1 event 1 hrs 0.12L
EFrec_E( " y ) » EDyec-c (6 yr) x EVrec—c (d—ay) » ETeventrecc (m) « IRWrec-c (T) )
IFW (34 L) _ Bwrec—c (15 kg)
reccadj \ .~ ] ~
'\ kg 45 days 1 event

1 hrs 0.11L
EFrec-a ( ) x EDrec-a (20 yr) x EVrec-a ( day ) % ETevent-rec-a (7) x IRWrec-a ( hr )

event
BWrec-a (80 kg)
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Noncarcinogenic Age-adjusted Surface Water Dermal

For Inorganics:

Hg

):

PRGrec—wat—dernadj (

For Organics:

1 hrs

IF ETevem—rec—adj (m

) <t (hrs), then:

Hg

):

PRGrec—wat—dernadj (

or:

1 hrs

IF ETevent—rec-adj (m

) >t* (hrs), then:

Hg

):

PRGrec—wat—dernadj (

ug 1000

cm3

DAevem (

cm? -event L

)

)

cm
hr

1h

Ko (

) % ETevent-rec-adj (

Hg

event

rs

)

1000 cm3

DA
event (sz “eve

nt

) ()

1 hrs

hrs
% ETevent-rec-a di | event

)

6Xtevent(
2><FA><KP(C"::)><J

event
L

ug 1000 cm?3
DA
event (cmz—event) * ( L
1 hrs

ETevent—rec—adj (

)

)

EFTEC-& (

) % EDrec-a(20

cm event hrs 1+ 3B + 382
A () < T+8B +2Xte“e“‘(event) : ( (1 + By )
where:
1 hrs 1 hrs
- (hrsy (EDrec—c (6 yr) x ETevent-rec—c (—event)) + (EDrec—a (20 yr) x ETevent-rec-a (—event
event-rec-adj | ayent EDrec(26 yr)
and:
THQ x ATreca ( 365days  ep .26 yr))
DA HI - yr
event | cm2 -event 1
ma y ( mg ) . DFW (335,655 cmz-event)
rec-adj | — .o
RfDo (kg_day) x GIABS 1000 pg kg
where:
45 days 1 event
EFrec— ( y ) % EDrec—c (6 yr) x EVrec—c ( ) % SArec-c (6. 365 sz)
r day N
oFW ( 335,655 cm? - event) B BWrec—c (15 kg)
—adj T — =
el kg 45 days 1 event

yr) % EVrec-a ( ) % SArec-a (19,652 cm?)

day

BWrec-a (80 kg)
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Noncarcinogenic Age-adjusted Surface Water Total

M3y _
PRGrec—wat—totnadj( L ) - 1

1

I:'RGrec—wat—ingnadj

P RGrec—wat—dernadj

Carcinogenic Surface Water Ingestion

. TR x ATrec (m X LT(70 yrs))
PRGrec-wat—ingc(T) = 3 341
CSFO (k mg ) x (1 ng)g ) x IFWrec—adj (7 )
g-day Hg 9

where:

45 days 1 event
EFrec—c ( yr Y ) % EDrec-c (6 yr) x EVrec-c ( day

) x ETevent-rec-c (

1 hrs
event

) * IRWrec-c (Oir

34L
IFWrEC-adj (—)

BWrecc (15 Ka)
kg 1 event

45 days
EFrec-a ( yr 4 ) % EDrec-a (20 yr) x EVrec-a ( day

1 hrs

) % ETevent-rec-a (m) x IRWrec-a (7’_

BWrec-a (80 kg)
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Carcinogenic Surface Water Dermal

For Inorganics:

. 1000 cm3
DAevent (cmZ_eVEnt) ) ( -

= 1 hrs
Kp (W) % ETevent-rec-adj (M)

PRGyec-wat-derc (%) -

For Organics:

IF ETevent-rec-adj ( 1 hrs ) <t (hrs), then:

event/)

Hg 1000 cm?
DAevent (cmZ_eVent) : ( -

6%t £ x ET j m
o event | oent ventrecadl | event
2xFAXKp () "

PRGyec-wat-derc ( e ) -

or:

1hrs

IF ETevent-rec-adj (M

) >t* (hrs), then:

1000 cm?
DAevent ( 2 - ) " L
. cm< -event
PRGrec—wat—dEfC(_) -

ET 1hrs
ALK (cm) } event-rec-adj | ayent +2x1 hrs y 1+ 3B+ 382
P hr 1T+B event | event (1 + B)?
where:
1 hrs 1 hrs
event-rec-adj | ayent EDrec (26 yr)
and:
TR x ATrec (&?ays xLT(70 yrS))

Hg
DA B
event (sz - event)

a
mg 335,655 cm? - event
CSFo | o |
( 5Fo (g aay) )X(W)XDFW’“'“(—)

K
GIABS J
where:
45 days 1 event
EFrec-c ( y ) % EDrec—c (6 Y1) % EVrec—c ( ) % SArec—c (6, 365 cm2)
yr day N
DEW ( 335,655 cm? —event) - BWrec (15 kg)
rec-adj T =
45 days 1 event
EFrec-a ( o y ) * EDrec-a (20 yr) x EVyec-a ( day ) % SArec-a (19,652 cm?)

BWrec-a (80 kg)
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Carcinogenic Surface Water Total

PRGrec-wat-totc ( HLg )

1 1

PRGr.s.'c—'»'\arat—ingc

IDRGrec—wzsit—derc

Mutagenic Surface Water Ingestion

event

EFs-16 (

) % EDg_16(10 yr) x EVg_16 ( day ) % ETevent-(6-16) (

) X IRW5,1G (

hr

)

ug TR x ATrec (—365 ‘:ays x LT(70 yrs))
PRGm&wabmgmu(‘f): mg A mg 4L
CSFo (kg—day) : (1000 ug) X TP Mrac-acy (W)
where:
45 days 1 event 1 hrs 0.121L
EFU-Z ( ) X EDO_2 (2 yr) X EVO-Z ( day ) X ETEVENZ-(O-Z) (event) X IRWU-Z (W} x 10
+
BWq_2 (15 kg)
45 days 1 event 1 hrs 0.12L
EF,_g ( y ) x EDo_g (4 yr) x EVo_g ( day ) % ETevent-(2-6) (m) » IRW,_g (T) x 3
+
IFWM (14 L) B BWZ—G (‘l 5 kg)
—adj . =
e kg 45 days 1 event 1 hrs 0.124L

x 3
+

BWp_16 (80 kg)

45 days
yr

1 event
) X ED‘\6726(10 yr) x EV1 6-26 ( day

1h
EF16-26 ( ) % ETevent-(16-26) (

event

) % RWie 26

0.098 L
hr

)xw

BWi6-26 (80 kg)
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Mutagenic Surface Water Dermal

For Inorganics:

1000 cm?
DAevent ( 5 L ) x
g cm< -event L
PRGrec-wat-dermu (*) =

L cm 1 hrs
Kp (W) x ETeventfrecfmadj (m)

For Organics:

1 hrs
IF ETevent-recmadj (m) <t (hrs), then:

g 1000 cm?
DA
b event (cmz-event) * ( L
PRGrec-wat—dermu( ) =

T hrs 1hrs
om 6% Tevent | gant | * ETevent-rec-madi  ayent
2xFAxKp (5]
hr m

ar:

1 hrs "
IF ETevent-rec-madj (m) >t* (hrs), then:

1000 cm3
DAevent > Mg X
cm2-event L
PRG (L) =
rec-wat-dermu L

ET 1 hrs
cm event-rec-madj event
FAXKp ()

2% hrs 1+ 3B + 3B2
1+B event | ‘avent (1 + B)?

where:

1 hrs
(EDo-z (2 yr) x ETevent~(0-2) (

1 hrs
M)) * (EDZ-G (4 yr) % ETevent—2-6) (*)) +

event
1 hrs 1 hrs
EDg-16(10 yr) % ETevent-(6-16) + | ED16-26(10 yr) x ETevent-(16-26) | oomrr
Thrsy _ event
ETevent—rec—madj event)

event
EDg_2(2 yr) + ED_g(4 yr) + EDg_16(10 yr) + ED15.26(10 yr)

and:
TR x ATrec (3—65 days 1170 yrs))
D H9 - yr
Aevent cm? -event mg \7 2
CSFg (k—_d) » mg « DFWMe_aai 1,053,210 cm“ - event
_\Kg-day/ 1000 ug rec-adj kg
GIABS
where:

45 days
EFg-2 ( Vr

) % EDg_» (2 yr) % EVg_o (1 Z‘;‘;”t) % Sho_5 (6,365 cm?) x 10

BWQ_Z (1 5 kg} *

45 days 1 event 5
EFs g ( o ) % ED5_g (4 yr) < EVag ( day ) % SAg (5,365 cm ) %3

+
BW,- (15 kg)

1,053,210 cm? —event
DFWMrec-adj( kg ) =

45 days
EFg_16 ( yr y

) » EDg_16(10 yr) x EVg 16 (1 Z‘Sm) % SAg 16 (19,652 cm?) x 3

+
BW5_1 6 (80 kg)

) % ED16-26 (10 yr) % EVi6-26 (M) % SAt6.26 (19,652 cm?) x 1
day
BW15,25 (80 kg)

45 days
EF16-26 ( yr y
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Mutagenic Surface Water Total

PRGrec-wat-totmu (“—Lg) 1

1
+

PRGrec—wat—ingmu

PRGrec—‘u'\.*at—dermu

Vinyl Chloride Surface Water Ingestion

45 days
r

EFrec-a (

) x EDrec-a (20 yr) x EVrec-a (

day

TR
PRGrec—wat—ingvc(%) = m 3 m 341
CSFo ( g ) X g ) < IFW,ec_ai (—)
kg -day 1000 pg I\ kg .
ATrec (365 days 170 yrs))
yr
-1
m m 1 event 1 hrs 0.12L
CSFo (kg—gay) x (10009111_2]) x EVrec-c ( day ) x ETevent-rec—c (m) % IRWrec—c (T)
BWrec-c (15 kg)
where:
45 days 1 event 1 hrs 0.12L
EFrec-c ( yr Y ) % EDrec-c (6 Yr) x EVrec-c ( day ) * ETevent-rec—c (evem) % IRWrec-c (?) .
W (3_4 L) B BWrec—c (15 kg)
adi| o ) =
A kg 1 event 1 hrs 0.11L

event hr

) % ETevent-rec-a ( ) x IRWrec-a ( )

BWrec-a (80 kg)
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Vinyl Chloride Surface Water Dermal

1 hrs

) <t* (hrs), then:
event

1F ETevent—rec—adj (

K9

1000 cm?
DAyc-event ( 3 K ) X
cm<-event L

PRGec-war-derve ([ ) =

or:

1hrs

IF ETevent-rec-adj (ﬁ) >t* (hrs), then:

Hg

2xFAxKp (1) <\

hrs
6 % Tevent (m X ETevent—rec—adJ

1 hrs
event

)

1

ug 1000 cm?
DAve-event (cm2 —event) * ( L

PRGrec-wat-derve (T) )

FA X Kp (%)x

where:

1 hrs
ETevent—re:—adj (event) =

1hrs
ETevent—rec—adi ( )

event

1+ 8B +2><Tevem(

1 hrs

EDrec (26 yr)

hrs
event

) 1+ 3B+ 382
L [1+38+38°
(1 + By

1hrs
(EDrec-c(6 yr) % ETevent-rec-c (m)) + (EDrec-a (20 yr) x ETevent-rec-a (—))

event

45 days
EFrac—c (7)'( Y ) * EDrec-c(6 Yr) » EVrec— (

1 event
day

) % SArecec (6, 365 cmz)

and:
TR
DAyc-event (szpgvent) = e s e -
- ' cme -even
mg DFWirec-adj (ki) EVrec-c (1 eve"t) % Shrec-c (6,365 cm?)
CSFo (kg-day) y ( mg ) . g . day
—— g 1000 pg ATrec (%ﬁays L LT(70 ym) BWrec—c (15 kg)
where:

+

335,655 cm? -event
DFWrec—adj (7) =

kg

45 days
EFrec-a (Ty) % EDrec-a (20 yr)  EVrec-a (

BWrec-c (15 k9)

1 event
day

) % SArec-a (19, 652 cmz)

BWrec-a (80 kg)

Vinyl Chloride Surface Water Total

PRGrec-wat-totve (-

1

1

+

1

PRG rec-wat-ingvc

PRG rec-wat-dervc
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Trichloroethylene Surface Water Ingestion

H

TR x ATrec (

7365;:33’5 % LT(70 yrs))

):

PRGrec—wat—ingtce (

L 1 (CAFQ(O.804)>< IFWrec_ag) (%)) +
CsFo (M9 ) (M9 ), 9
°\ kg-day 1000 ug 141
(MAFO(U.ZOZ) < IFWMrec_ag) (W))
where:
[ 45 days 1 event 1 hrs 0.12L
EFrec-c ( ) % EDrec-c (6 yr) x EVrec—c ( ) % ETevent-rec-c (7) x IRWrec-c (7)
day event hr /.,
W (34 L) _ BWrEC*C (15 kg)
—adj \ T — =
A kg 45 days 1 event 1 hrs 0.11L
EFrec-a - x EDrec-a (20 yr) x EVrec-a day % ETevent-rec-a avent | X IRWrec-a “hr
i BWrec-a (80 kg)
and:
[ 45 days 1 event 1 hrs 0.12L
EFU-Z ( T Y ) X EDQ_Z (2 yl’) X EVQ_Z ( day ) X ETevent-(O—Z) (event) X IRWU_Z ( hr ) %10
+
BWo_2 (15 kg)
45 days 1 event 1 hrs 0.121L
EFZ_6( : ) ) « EDy_g (4 yr) x Evz_ﬁ( g ) X ETevent-(2-6) (m) lewz_(,( = ) 3 .
FWM (14 L) ~ BW,.6 (15 kg)
rec-adj E -
45 days 1 event 1 hrs 0.124 L
EFs-16 ( v y ) x EDg_15(10 yr) x EVg_16 ( day ) % ETevent-(6-16) (m) x IRWg_1g ( hr ) %3
+
BW6—16 (80 kg)
45 days 1 event 1 hrs 0.098 L
EF16-26 ( y ) % ED15-26 (10 yr) x EV4g_26 (Ty) % ETevent-(16-26) (m) x IRWqg_26 (?) x1
i BW]G-ZE (80 kg)
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Trichloroethylene Surface Water Dermal

1 hrs

IF ETeventfrec—madj (m

) <t* (hrs), then:

H9

1000 cm?

DAtce-event (
p

cm?2 -

event L

()

):

PRGrec_wat-dertce ( T

cam

1 hrs
event

hrs
event

( )

) X ETevent—rec—madj (

6 X Tevent
)E:

2 FAxKp (7

or:

1 hrs

IF ET, —
event

event-rec-madj ( ) >1t" (hrs), then:

n

3
DAtce-event ( ZPQ ) X 1000 cm
" cm? - event L
PRGrec-wat-dertce(T) = 1 hrs
Ak (€M ETevent-rec-madj (event) 2 hrs 1+ 3B + 3B2
X D(W) x 1T+8 X Tevent (event) % (1+ B)Z
where:
1 hrs 1hrs
(EDD_z{Z Y1) % ETevent-(0-2) (mn + (502-5(4 1) % ETevent-(2-6) (evem)) +
1 hrs 1 hrs
. by (E06-16 101 * ETevenco16) (e ) ) * (ED16-26(10 Y1) % ETeemctizs (s ) )
event-rec-madj | ayant EDg_5(2 yr) + ED;_g(4 yr) + EDg_16(10 yr) + ED15_26(10 yr)
and:
TR x ATrec (w xLT(70 yrs))
DAtce- =
tee-event (cm2 —event) 335,655 cm? - event

(CAF0(0.804) x DFWrec_aj (

)

kg

-1
mg
CSFo ( ) mg
( 9 ey/ ) “\1000pg) " 1,053,210 cm? - event
GIABS (MAFD(O.ZOZ) * DFWM ec._agj (T))
where:
45 days 1 event 2
EFrecc ( ) » EDrec-c (6 Yr) % EVrecc ( ) % SArecc (6,365 cm
yr day ( ) .
DFW, (335,655 cmz—event) B BWrec-c (15 kg)
rec-adj T -
45 days 1 event
EFrec_a( " y ) x EDrec-a (20 yr)  EVrec-a ( day ) % Shrec-a (19,652 cm?)
BWirec_a (80 kg)
and:
EFy s (45 days) < EDg_s (2 Y1) % EVg_s (1 Zvent) % SAg_s (6,365 cmz) <10
yr ay .
BWo-> (15 kg)
EFy g (45 :rays) » EDy_g (8 Y1) x EVo_g (1 Z‘;’;”t) % SAy g (6,365 cm?) x 3
N
DFAM (1,053,210 cm? —event) B BW2. (15 kg)
rec-ad] * -
EFs1s (45 :rays) x EDg_15(10 yr) x EVs_15 (1 Z‘;‘;”t) x SAg15 (19,652 cm?) x3
.
BWe.16 (80 kg)
45 days 1 event
EF16.26 (Ty) x ED16.26 (10 Y1) x EVig_g ( s ) % SA1g.26 (19,652 cm?) x 1

BW16_26 (80 kg)
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Trichloroethylene Surface Water Total

1

PRGrec-wat-tottce (% ) = 7 1
+

PRGrec-wat-ingtce  PRGrec-wat-dertce

Supporting Child Surface Water

EDrec—c (6 yr)= EDg_(2 yr) + EDy_g(4 yr)

EDO_2 (2 yr) x BWO_2 (15 kg) + ED2_6 4 yr) x BW2_6 (1 5 kg)

BWrec-c (15 kg) = EDg-_2(2 yr) + EDp_g(4 yr)

45 days 45 days
rec-c yr EDg_2(2 yr) + EDy_g(4 yr)
- hrs _ EDg-2(2 yr) x ETevent-rec (event) + ED2-6(4 yr) x ETevent-(2-6) (event)
event-rec-c event EDg_s(2 yr) + EDy_g (4 yr)
1 event 1 event
: event) EDg_2 (2 yr) x EVO_Z( day ) + EDyg(4 yr) x EVz-e( day )

EVFEC—C (

day EDg-2(2 yr) + EDy_g(4 yr)

EDg_» (2 yr) x SAg_2 (6,365 cmZ) + ED,_g (4 yr) x SAy_g (6, 365 cm2)
EDg-2(2 yr) + EDy_g(4 yr)

SArec—c (6, 365 cmz)

0.12L 0.12 L
0.12 L) _ i yr)XIRWO‘Z( hr )+ ED2—6(4W)><IRW2—6( hr )

hr EDg_2 (2 yr) + EDo_g (4 yr)

IRWI’EC—C (
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Supporting Adult Surface Water

EDrec-a(20 yr)= EDg_16(10 yr) + ED16_26(10 yr)

EDg16(10 yr) x BWg_1 (80 kg) + ED1g_56 (10 yr) x BWys_56 (80 kg)
EDg-16(10 yr) + ED16_26(10 yr)

BWrec_a (80 kg) =

45 days 45 days
o 45 days _ ED6—16(10yr)XEF6—16( yry ) + ED1g-26 (10 yr)xEF16_26( yry )
reca yr EDg-16(10 yr) + ED16_26(10 yr)

event event

EDg-16(10 yr) + ED1-26(10 yr)

1 hrs
) + ED16-26 (10 yr) x ETevent—(16-26) (—)

1 hrs
1 hrs ) EDg_16(10 yr) x ETevent—(6-16) (

ET _rec—
event-rec-a | o+

1 event
1 event) ED6-16(10 yr) x EVg_16 (7day ) + ED1626(10 yr) x EVig_26 (

EDg-16(10 yr) + ED16-26(10 y1)

1 event
day

EVrec—a ( d ay

EDg_16(10 y) % SAg_16 (1 9,652 cmz) + EDq6_26 (10 Y1) X SAj6_26 (1 9,652 cmZ)
EDg_16(10 yr) + ED1g_26(10 yr)

SArec-a (1 9,652 cmz)

0.124 L 0.098 L
EDg_16(10 yr) XIRW6-15( hr ) + EDqg_26 (10 yr) x IRWyg_56 (T)

EDg-16(10 yr) + ED1626(10 yr)

0.11L
IR\Nrec—a( hr ) =

Supporting Age-adjusted Surface Water

EDrec(26 yr)= EDg_p(2 yr) + ED_g(4 yr) + EDg_16(10 yr) + ED1g_26(10 yr)

45 days
r

EDp-2(2 yr) x EFg2 (

) + ED2_6 (4 yr) X EF2_6 (45 drays) +

45 days

45 days
EDg_16(10 y")XEFe-w( ) + ED16_26(10 yr)XEF16—26( yry )

EDg_2(2yr) + EDp_g(4 yr) + EDg_16(10 yr) + ED16-26(10 yr)

45 days\ _
EFI’EC( yr ) -
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Farmer Direct Consumption of Agricultural Products PRG Equations

Noncarcinogenic Produce Ingestion

365 days
mg THQ x AT¢ar-c ( x EDsar_c (6 Yr) ) x BWiar_c (1 5 kg)
PRGfar-prod—ingn( kg ) = 1 6
107° kg 350 days
mg X | ——= | x EFfar_c | ———— ) X EDgar_c (6 yr) %
RfDo | o —— mg yr
kg -day
68,100 mg 41,700 mg
CFproduce (1) % (IRFfar—c ( day + IRVfar_c day
Carcinogenic Produce Ingestion
g TR x ATar (365 days . Ltz yrs))
pRGfar—prod—mg( (T) = 1
g m 1076 k 35,833,000 m 24,535,875 m
CSFo (kg—gay) * ( mg g) XCFProducem) * (IFFfar-adj (7@ g) + [FVfar-adj ( kg g))
where:
[ 350d 68,100 1
EFfar—c ( yrays) % EDfarc (6 yr) x IRFgar_c (ng) .
35,833,000 mg BWrar—c (15 kg)
{FFfar-aq ( kg ) i 350d 176,800
ays X m
EFfar-a ( yr Y ) % EDfar-a (34 yr) x IRFeyr_a (Tg)
L Bwfarfa (80 kg) i
and:
r 350d 41,700 1
EFfar—c ( yrays) % EDfar_c (6 Y1) x IRVfar_¢ (ng) N
24,535,875 mg BWrar-c (15 kg)
Pliara ( kg ) i 350 d 125,700
ays X m
EFfarfa (Ty) x EDfarfa (34 yr) x IRVfarfa (Tg)
L BWrar-a (80 kg)
Noncarcinogenic Dairy Ingestion
365 days
mg THQ x ATgar_¢ ( yr y % EDfar—c (B yr)) X BWegr_c (15 kg)
PRGfar-dairy-ingn (E) = 1 .
_— 107° k 350 days 349,500 m
(RFD0 (7kgr?3ay) ) x ( mg g) * EFfar_c ( yr Y ) % EDfar—c (6 ¥r) x CFyairy (1) % IRDyar_c (Tg)
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Carcinogenic Dairy Ingestion

mg TR ATgar (% x LT(70 yrs))
PRGrar.dairy.i (_) -
far-dairy-ingc kg : mg -1 1076 kg i I 115,213,000 mg
cs o kg—day X mg x C dairy( )X far-ad k—g
where:
[ 350 days 349,500 m 1
EFfar—c (Ty) % EDfar—c (6 yr) x IRDgr_c (Tg)
+
D (115,213,000 mg) . BWiar_c (15 kg)
far-adj k—g =
350 days 445,600 m
EFfar-a (Ty) % EDfar-a (34 yr) x IRDg4r-a (Tg)
L BWrar-a (80 kg) ]

Noncarcinogenic Beef Ingestion

365 days
yr

THQ x AT¢arc ( % EDgar-c (6 yr)) % BWear_c (1 5 kg)

1076 kg 40,100 mg

day

X

)

m
PRGfar—beef—ingn(rgg) = ( 1

o (2]

350 days
) < EFfar-c (Ty> % EDfar-c (6 Yr) % CPpeer (1) X IRBfar¢ (

Carcinogenic Beef Ingestion

365 days
m TR x AT¢, (T = LT(70 yrs))

PRGfar_peef-ingc (k_gg) =

1 6
i 10 X9 (202500 mg)
CSFo (kg _day) x ( mg % CFpeef (1) x IFBgar_aq; kg
where:
[ 350 days 40,100 m T
EFfar—c (7)() * EDfar_c (6 yr) x IRBggr_c (79)
yr day .
IFB (32, 091,500 mg) _ BWrar_c (15 kg)
far-adj T =
350 days 178,000 m
EFfar-a (Ty) % EDfar_a (34 yr) x IRBgyr_5 (Tg>
L BWfar,a (80 kg) |
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Farmer Direct Consumption of Agricultural Products - Back-calculated to Water PRG Equations

Noncarcinogenic Produce Ingestion Water

m
mg> _ PRGfar—prod—ingn (k—3>

@7 (e (g5) = e (g5) e (i)

F’R('-:'far—v\a'at—ing pn (

where:

L A

e (75 ) = () <P BV [1 - e () <t (0a9))|
P \kg p(X9), (Pe
m2 day

and:

L

A
) ) P MLForoae |1 - 00 ((gay) <o (0295) )
Irrres Ka =

*(me)  (am)

and:

L Ag
- (L) _Ir(m)xeIfxTx[1 - exp((day)xtv (days))]
dep \ .4 | —
¢ () (557)
m ay
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Carcinogenic Produce Ingestion Water

m
F’RGfar—prod—ingc (k—gg)

L L L
() 7 (5) ()

m
PRGfar-wat-ingpc (k(_:?) =

where:

L A
s () =  (agy) PP 1 - o0 (7)< 99|
ks () (e
m?2 day

and:

L

A
Irr L _ I (deay) X Fx IVII-Fproduce X [1 - exp ((ﬁ) X1y (days))]
res kg k k—g ; )\—B
m2 day
and:

L AE
maep (1) - e (Gzmgay ) P11 - o0 () < (@)
P \kg/) k A
; () * (day)
m ay

Noncarcinogenic Dairy Ingestion Water

mg
I:,RGfar—d;;liry-inc_:;n (E)

m
PRGfar—wat—ingdn( L ) = day 92 L
TFdairy kg X Qw-dairy day

Carcinogenic Dairy Ingestion Water

mg
PRGfar—dairy—ingc (E)

m
I'—"F"."Gl’ar—1..f~urat—in(_:1t:ic( L ) = day 92 L
TFdairy kg X Qw-dairy day
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Noncarcinogenic Beef Ingestion Water

mg
m PRGfar—beef—ingn (k—)
_ g
I:‘F‘.{Gfar—*.n.arat—ingt:un( L ) - day 53 L
TFpeef (E) X Qw-beef (ﬁ)
Carcinogenic Beef Ingestion Water
mg
m PRGfar—beef—ingc (k—)
_ g
I:‘F‘)‘Gfar—'-.n.arat—ingth( L ) - day 53 L
TFpeef (E) X Qu-beef (W)

Farmer Direct Consumption of Agricultural Products - Back-calculated to Soil PRG Equations

Noncarcinogenic Produce Ingestion Soil

m
PRGfar—prod—ingn (k—g)
PRG¢4r-s0l-in n( ) = J
9P\ kg (Rupv + Res)

where:

Rupv = BVwet; Res = MLFpFOdUCE(O'O135)

Carcinogenic Produce Ingestion Soil

m

" F’RGfar_prod—ingc (k—g)

PRG i o) g
far—sol—lnng( kg ) (Rupv * Res)

where:

Rupv = BVWet; Res = MLFproduce(O°O135)
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Noncarcinogenic Dairy Ingestion Soil

m
IjRGfar-dail’y—ingn (k_gg>

m
PRGfar—sol—ingdn(kT?) = 20.3 kg
q (Qp—dairy (Tay) x fp—c!e;\il’y(1 ) % fs—dairy(” X (RUPP + RES)) *
d
oo (g ) *

0.4 k
(Qs—dairy (Tyg) X f:p—dairy(‘l))

where:

Rupp = Bvdry; Res = MLFpasture(O.ZS)

Carcinogenic Dairy Ingestion Soil

m
I'-',RGfar—dairy—ingc (rgg)

m
PRGfar-sol-ingdc (rgg) = 20.3 kg
(Qp-dairy (d—ay) % Fo_dairy (1) % fs_gairy (1) x (Rupp + RES)) .

da
Thean (Tg) 04k
(Qs-dairy( d g) Xfp—dairy(”)
ay

where:

Rupp = BVgry i Res = MLFpasture (0.25)

Noncarcinogenic Beef Ingestion Soil

mg
PRGr. . (M3 . PROfar-beet-ingn (E)
far-sol-ingbn kg 11.77 kg
d Qp-beef day )~ fo-beef (1) % fs_beer (1) < (Rupp + Res) | +
aay
TFbEEf( kg ) ) 0.5 kg
(Qs-beef (Tay) X fP-bEEf“ ))
where:

Rupp = Bvdry; Res = MLFpasture(0-25)

Carcinogenic Beef Ingestion Soil

mg
PRGfar-beef-ingc ( )

m kg
PRGfar-sol-ingbc (k_gg) = 11.77 kg g
(Qp—beef (d—ay> X fp—beef(1)><fs—beef(1) X (Rupp + Res)) +

0.5k
(Qs—beef (?yg) = fp—beef(1))

where:

Rupp = BVdry i Res = MLFpasture (0.25)
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Farmer Direct Consumption of Agricultural Products - Back-calculated to Soil and Water PRG
Equations

Noncarcinogenic Produce Ingestion Combined Soil and Water

PRGfar—sw—ingpn =

m
PRGi’ar—;:)rod—ingn (k—(_?)

(Rupv + Res)

INTERCEPT =

and:

(Irr (L)+Irr (L)+Irr (L>)
rup 1 - res 1 - dep .
SLOPE = kg kg kg

(Rupv * Res)

where:
Rupv = BVwet; Res = MLFproduce (00135)

and:

L A
() <P [1 - e (g5 ) <o (9979
Irrrup @ = kg AB
P(m)X(d—w)

and:

L

— Ag
Irr L _ Ir (mz_day) x Fx MI-Fproduce X [1 - eXp ((d_ay) x tp (days))]
res { kg X kg ; "
m2 day
and:

L Ag
rcen (1) = e (mzmaag) P10 1 - o ((g5y) <t ()
ep L -
© (m2)  (a)
m day
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Carcinogenic Produce Ingestion Combined Soil and Water

PRGy, r-sw-ingpc ~

m
I:)RGfar—prc:d—ingc (k—gg)
(Rupv * Res)

INTERCEPT =

and:

(Irr (L)+Irr (L)+Irr (L))
rup \ .~ res| o~ dep |\ 1.~
SLOPE = kg g k9

(Rupv *+ Res)

where:
Rup\; = BVWEt: Res = MLFproduce(0-0135)

and:

L A
L ) Ir (m) X F X BVWEt X |:‘| - exp ((d—aBy> X tb (day5)>:|
Irrrup @ = kg AB
() < (&)

and:

L

Ag
Ly Ir (deay> x Fx MLFproduce % {1 - exp ((d_ay> X tp (days))]
Irrres ki - k ?\
p( X9, (A8
()~ (ay)
and:

L A
) _Ir(m)xeIfxTx[1 - exp((ﬁ)x'ﬁv (days)ﬂ
Irf gep kg) ~ kg A
“(52) (a)
m day
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Noncarcinogenic Dairy Ingestion Combined Soil and Water

PRG¢, r-sw-ingdn ~

m
I:’RGfar—dairy—ingn (kgg>
INTERCEPT =

203k
(Qp—dairy (Tyg) x Fo-dairy (1) % fs_dairy (1) x (Rupp + Res)) +

da
TFdairy (k_gy) * k
(Qs-dairy (0'4 g) x fo_dair (‘I))
day p-dairy

and:
92 L
Qw—dairy (day)
SLOPE = 303 kg
(Qp—dairy (day) x fp-dairy(1) x 1:s—dairy“) % (Rupp + Res)) +
0.4k
(Qsdairy (dTyg) Xfpdairy“))
where:

Rupp =BVgry i Res = MLFpasture (0.25)

Carcinogenic Dairy Ingestion Combined Soil and Water

PRGfar—sw—ingdc =

m
I3RGfar—dairy—ingc (kgg)
INTERCEPT =

203k
(Qp—dairy (Tyg) X fp—dairy“ ) % fs—dairy('I ) x (Rupp + Res)) +

da
TFdairy( kgy) X )
(Qs—dairy (0.4 g) * fp_dair (”)
day p y

and:
92 L
Qw—dairy (day)
SLOPE = 203 kg
(Qp—dairy (day) X fp—dairy(‘I ) x fs—dairy(” X (Rupp + Res)) +
0.4k
(Qsdairy (dayg ) * o _dairy (1 ))
where:

Rupp = BVyry ; Res = MLFpasture (0.25)
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Noncarcinogenic Beef Ingestion Combined Soil and Water

PRGfar—sw—ingbn =

m
PRG¢, r-beef-ingn (k_é])
INTERCEPT =

11.77 k
(Qp—beef (Tyg) x fp—beef”) x fs—beef(” x (Rupp + Res)) +

day
TFpeef (k—) X
9 0.5k
(Qs-beef ( dayg) X i:p—beef(‘I ))

and:
53L
Qw—beef (d—ay)
SLOPE= 11.77 kg
(Qp—beef (day) x fp—beef(‘l)>< fs_peer (1) x (Rupp + Res)) +
0.5k
(Qs—beef (dayg) X fp—beef(”)
where:

Rupp = BVdry i Res = MLFpasture (0.25)

Carcinogenic Beef Ingestion Combined Soil and Water

PRGfar—sw—ingbc =

m
PRGfar—beef—ingc (rg )
INTERCEPT =

11.77 k
(Qp—beef (Tyg) x fp—beef“ ) % fs_peef (1) % (Rupp + Res)) +

day
TFpeef () X
0.5k
(Qs—beef (Tyg) X fp—beef(’I ))

kg

and:
53 L
Qw—beef (M)
SLOPE = 11.77kg
(Qp—beef (Ty) x fp—beef“) % fs_peef (1) x (Rupp + Res)) +
0.5k
(Qs—beef (Tyg) % fp—beef(”)
where:

Rupp = BVgry : Res = MLFpasture (0.25)
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Soil to Groundwater PRG Equations

Method 1 for SSL Determination

Bw
m = m L ( I-soil I-'_=.c>il
SSL( kg) Coater (1) * Kd(kg) ¥ . (1.5 kg)

bl ——=

L
where:

Cuwarer (112) = sL(E9) (%) « DAF

where:

(1) v (17 (7)o () )

A (15kg)
ea(0.13 La,-r) :n(0.43 Lpore) i ew<0'3 Lwater)_ n(0.43 Lpore) ol

Lsoil I-soil Lsoil ' I-soil

and:

LY _ 0.002 g-carbon L . _
Kg (@) =foc ( g-soil ) x Koc (@) , for organic compounds;
K (

) values for inorganic compounds are listed in the user guide.

&l
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Method 2 for SSL Determination

SSL(@) _ Cwater (Tz

where:

Cuwater (?) = SL (%) x (%) « DAF

where:

st(t2) = me (F2); rst (E2); rmL(E2); or PR (12
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RISK EQUATIONS






APPENDIX C. TABLES OF VARIABLES USED IN CHEMICAL AND RISK EQUATIONS

Table C-1. Toxicity Values

Symbol Definition (units) Default Reference
EPA Superfund
RfD, Chronic Oral Reference Dose (mg/kg-day) Contaminant-specific hierarchy
Chronic Inhalation Reference Concentration EPA Superfund
RfC (mg/m>) Contaminant-specific hierarchy
EPA Superfund
CSF, Chronic Oral Slope Factor (mg/kg-day)’! Contaminant-specific hierarchy
EPA Superfund
IUR Chronic Inhalation Unit Risk (ug/m?)’! Contaminant-specific | hierarchy
Table C-2. Miscellaneous Variables
Symbol Definition (units) Default Reference
Cioil Concentration of contaminant in soil (mg/kg) User-input Entered by user
Ce-water Concentration of contaminant in groundwater User-input Entered by user
(ng/L)
Cs-water Concentration of contaminant in surface water User-input Entered by user
(ng/L)
Cair Concentration of contaminant in air (ug/m?) User-input Entered by user
Ciish Concentration of contaminant in fish (mg/kg) User-input Entered by user
Cproduce Concentration of contaminant in produce User-input Entered by user
(mg/kg)
Clairy Concentration of contaminant in dairy (mg/kg) | User-input Entered by user
Cheer Concentration of contaminant in beef (mg/kg) User-input Entered by user
LT Lifetime (years) 70 U.S. EPA 2014
(Attachment 1)
K Andelman Volatilization Factor (L/m?) 0.5 U.S. EPA 1991Db (pg.
20)
Ky permeability constant (cm/hr) Chemical-specific
t* Time to reach steady-state (hours) Chemical-specific U.S. EPA 2004 (Page
3-4)
Tevent Lag time per event (hours/event) Chemical-specific U.S. EPA 2004 (Page
3-4)
B Dimensionless ratio of the permeability Chemical-specific U.S. EPA 2004 (Page
coefficient of a compound through the stratum 3-4)
corneum relative to its permeability coefficient
across the viable epidermis (unitless)
FA Fraction absorbed water (unitless) Chemical-specific U.S. EPA 2004 (Page
3-4)
ABS4 Fraction of contaminant absorbed dermally Chemical-specific U.S. EPA 2004
from soil (unitless) (Exhibit 3-4)
GIABS Fraction of contaminant absorbed in Chemical-specific U.S. EPA 2004
gastrointestinal tract (unitless) Note: if the (Exhibit 4-1)
GIABS is >50% then it is set to 100% for the
calculation of dermal toxicity values.
H' Dimensionless Henry's Law Constant Contaminant-specific Hierarchy selection in
Section 2.4.2
AHyp Enthalpy of vaporization at the normal boiling Contaminant-specific Hierarchy selection in
point (cal/mol) Section 2.4.2
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Table C-2. Miscellaneous Variables

Symbol Definition (units) Default Reference
AHy gw Enthalpy of vaporization at temperature of Contaminant-specific Determined in this
groundwater (cal/mol) calculator
Ty Groundwater Temperatures (Kelvin) Site-specific Site-specific
Te Critical Temperatures (Kelvin) Contaminant-specific Hierarchy selection in
Section 2.4.2
Tp Normal Boiling Point (Kelvin) Contaminant-specific Hierarchy selection in
Section 2.4.2
n If (To/Te < 0.57) n=0.3 U.S. EPA VISL 2014
If (To/Tc > 0.71) n=0.41
If (0.57 < To/Tc <0.71) n=(0.74 x Ty/T. -
0.116)
Table C-3. Resident Soil Land Use Equation Variables
Symbol Definition (units) Default Reference
CDlLes-sol-ingne Resident Child Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- | Child, Adult and Age- calculator
day) adjusted Specific
CDles-sol-derne Resident Child Soil Contaminant-specific Determined in this
Noncarcinogenic Dermal (mg/kg- Child, Adult and Age- calculator
day) adjusted Specific
CDles-sol-inhne Resident Child Soil Contaminant-specific Determined in this
Noncarcinogenic Inhalation Child, Adult and Age- calculator
(mg/m®) adjusted Specific
CDlies-sol-ingna Resident Adult Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- | Child, Adult and Age- calculator
day) adjusted Specific

CDIres-sol-dema

Resident Adult Soil
Noncarcinogenic Dermal (mg/kg-

day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-sol-inhna

Resident Adult Soil
Noncarcinogenic Inhalation
(mg/m?)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-sol-ingnadj

Resident Age-adjusted Soil
Noncarcinogenic Ingestion (mg/kg-

day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-sol—demadj

Resident Age-adjusted Soil
Noncarcinogenic Dermal (mg/kg-

day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-sol—inhnadj

Resident Age-adjusted Soil
Noncarcinogenic Inhalation
(mg/m?)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-sol—ingc

Resident Soil Carcinogenic
Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIres-sol-derc

Resident Soil Carcinogenic Dermal
(mg/kg-day)

Contaminant-specific

Determined in this
calculator
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Table C-3. Resident Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlLes-sol-inhe Resident Soil Carcinogenic Contaminant-specific Determined in this
Inhalation (pg/m?) calculator

CDIres-sol-ingmu

Resident Soil Mutagenic Ingestion
(mg/kg-day)

Mutagen-specific

Determined in this
calculator

CDIres-sol—dermu

Resident Soil Mutagenic Dermal
(mg/kg-day)

Mutagen-specific

Determined in this
calculator

CDIres-sol-inhmu

Resident Soil Mutagenic Inhalation
(pg/m’)

Mutagen-specific

Determined in this
calculator

CDIres-sol-ingvc

Resident Soil Carcinogenic Vinyl
Chloride Ingestion (mg/kg-day)

Vinyl Chloride-specific

Determined in this
calculator

CDIres-sol—dervc

Resident Soil Carcinogenic Vinyl
Chloride Dermal (mg/kg-day)

Vinyl Chloride-specific

Determined in this
calculator

CDIres-sol—inhvc

Resident Soil Carcinogenic Vinyl
Chloride Inhalation (ug/m®)

Vinyl Chloride-specific

Determined in this
calculator

CDIres-sol—inglce

Resident Soil Carcinogenic and
Mutagenic Trichloroethylene
Ingestion (mg/kg-day)

Trichloroethylene-specific

Determined in this
calculator

CDIres-sol-dence

Resident Soil Carcinogenic and
Mutagenic Trichloroethylene
Dermal (mg/kg-day)

Trichloroethylene-specific

Determined in this
calculator

CDIres-sol-inhtce

Resident Soil Carcinogenic and

Trichloroethylene-specific

Determined in this

Mutagenic Trichloroethylene calculator
Inhalation (ng/m®)
BWiesa Body Weight - adult (kg) 80 U.S. EPA 2014
(Attachment 1)
BWies-c Body Weight - child (kg) 15 U.S. EPA 2014
(Attachment 1)
BWo., Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWy6 Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWse.i6 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
BWis.26 Body Weight - 16-26 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
EDres Exposure Duration - adult + child 26 U.S. EPA 2014
(years) (Attachment 1)
EDyes-a Exposure Duration - adult (years) 20 U.S. EPA 2014
(Attachment 1)
EDyes-c Exposure Duration - child (years) 6 U.S. EPA 2014
(Attachment 1)
EDo.» Exposure Duration - 0-2 Years 2 U.S. EPA 2014

(years)

(Attachment 1)
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Table C-3. Resident Soil Land Use Equation Variables

Symbol Definition (units) Default Reference

EDs Exposure Duration - 2-6 Years 4 U.S. EPA 2014

(years) (Attachment 1)

EDs.16 Exposure Duration - 6-16 Years 10 U.S. EPA 2014

(years) (Attachment 1)

EDj6.26 Exposure Duration - 16-26 Years 10 U.S. EPA 2014

(years) (Attachment 1)

EF;es Exposure Frequency - adult + child | 350 U.S. EPA 2014

(days/year) (Attachment 1)

EFres-a Exposure Frequency - adult 350 U.S. EPA 2014

(days/year) (Attachment 1)

EFres-c Exposure Frequency - child 350 U.S. EPA 2014

(days/year) (Attachment 1)

EFo.» Exposure Frequency - 0-2 Years 350 U.S. EPA 2014

(days/year) (Attachment 1)

EF2.6 Exposure Frequency - 2-6 Years 350 U.S. EPA 2014

(days/year) (Attachment 1)

EF¢.16 Exposure Frequency - 6-16 Years 350 U.S. EPA 2014

(days/year) (Attachment 1)

EF16.26 Exposure Frequency - 16-26 Years | 350 U.S. EPA 2014

(days/year) (Attachment 1)

ETresa Resident Exposure Time - adult 24 The whole day
(hours/day)

ETres-c Resident Exposure Time - child 24 The whole day
(hours/day)

ETres Resident Exposure Time 24 The whole day
(hours/day)

ETo- Exposure Time - age segment 0-2 24 The whole day
(hours/day)

ET2s Exposure Time - age segment 2-6 24 The whole day
(hours/day)

ETs.16 Exposure Time - age segment 6-16 | 24 The whole day
(hours/day)

ETi626 Exposure Time - age segment 16-26 | 24 The whole day
(hours/day)

IR Sres-c Ingestion Rate - Child (mg/day) 200 U.S. EPA 2014

(Attachment 1)

IRSres-a Ingestion Rate - Adult (mg/day) 100 U.S. EPA 2014

(Attachment 1)

IRSo-2 Ingestion Rate - 0-2 years (mg/day) | 200 U.S. EPA 2014

(Attachment 1)

C-4




Table C-3. Resident Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
IRS»6 Ingestion Rate - 2-6 years (mg/day) | 200 U.S. EPA 2014
(Attachment 1)
IRS¢.16 Ingestion Rate - 6-16 years 100 U.S. EPA 2014
(mg/day) (Attachment 1)
IRS16-26 Ingestion Rate - 16-26 years 100 U.S. EPA 2014
(mg/day) (Attachment 1)
IFSres-adj Ingestion Rate - Age-adjusted 36,750 Calculated using the age-
(mg/kg) adjusted intake factors
equation
IFSMres-adj Mutagenic Ingestion Rate - Age- 166,833 Calculated using the
adjusted (mg/kg) mutagenic age-adjusted
intake factors equation
AFres-c Adherence factor-child (mg/cm?) 0.2 U.S. EPA 2014
(Attachment 1)
AFresa Adherence factor-adult (mg/cm?) 0.07 U.S. EPA 2014
(Attachment 1)
AFo. Adherence factor 0-2 years 0.2 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AF Adherence factor 2-6 years 0.2 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AFg.16 Adherence factor 6-16 years 0.07 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AF 1626 Adherence factor 16-26 years 0.07 U.S. EPA 2014
(mg/cm?) (Attachment 1)
DFSres-adj Dermal contact factor- age-adjusted | 103,390 Calculated using the age-
(mg/kg) adjusted intake factors
equation
DFSMies-adj Mutagenic dermal contact factor- 428,260 Calculated using the
age-adjusted (mg/kg) mutagenic age-adjusted
intake factors equation
SAres-c Surface area - child (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SAres-a Surface area - adult (cm?) 6032 U.S. EPA 2014
(Attachment 1)
SAop-2 Surface area 0-2 years (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SAss Surface area 2-6 years (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SAs.16 Surface area 6-16 years (cm?) 6032 U.S. EPA 2014
(Attachment 1)
SAi626 Surface area 16-26 (cm?) 6032 U.S. EPA 2014
(Attachment 1)
ATres Averaging time (days/year) 365 x LT U.S. EPA 2014
(Attachment 1)
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Table C-3. Resident Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
ATresc Averaging time — child (days/year) 365 X EDres-c U.S. EPA 2014
(Attachment 1)
ATresa Averaging time - adult (days/year) 365 X EDyes U.S. EPA 2014
(Attachment 1)
Table C-4. Composite Worker Soil Land Use Equation Variables
Symbol Definition (units) Default Reference
CDIcom-sol-ingn Composite Worker Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- calculator

day)

CDIcom-sol-dem

Composite Worker Soil
Noncarcinogenic Dermal (mg/kg-

day)

Contaminant-specific

Determined in this
calculator

CDIcom-sol-inhn

Composite Worker Soil
Noncarcinogenic Inhalation
(mg/m?)

Contaminant-specific

Determined in this
calculator

CDIcom-sol—totn

Composite Worker Soil

Contaminant-specific

Determined in this

Carcinogenic Ingestion (mg/kg-day) calculator
CDlcom-sol-inge Composite Worker Soil Contaminant-specific Determined in this
Carcinogenic Dermal (mg/kg-day) calculator
CDIcom-sol-derc Composite Worker Soil Contaminant-specific Determined in this
Carcinogenic Inhalation (ug/m?) calculator
CDIcom-sol-inhc Composite Worker Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- calculator

day)

CDIcom-sol-totc

Composite Worker Soil

Contaminant-specific

Determined in this

Noncarcinogenic Dermal (mg/kg- calculator
day)
BWeom Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDcom Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFcom Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETcom Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
IRScom Ingestion Rate (mg/day) 100 U.S. EPA 2014
(Attachment 1)
AFcom Adherence factor (mg/cm?) 0.12 U.S. EPA 2014
(Attachment 1)
SAcom Surface area (cm?) 3527 U.S. EPA 2014
(Attachment 1)
ATcom Averaging time (days/year) 365 x LT U.S. EPA 2014
(Attachment 1)
ATcom-a Averaging time (days/year) 365 X EDcom U.S. EPA 2014

(Attachment 1)
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Table C-5. Outdoor Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
CDIout-sol-ingn Outdoor Worker Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- calculator
day)
CDIout-sol-dern Outdoor Worker Soil Contaminant-specific Determined in this
Noncarcinogenic Dermal (mg/kg- calculator
day)
CDIout-sol-inhn Outdoor Worker Soil Contaminant-specific Determined in this

Noncarcinogenic Inhalation
(mg/m*)

calculator

CDIout-sol—ingc

Outdoor Worker Soil Carcinogenic
Ingestion (mg/kg-day)

Contaminant-specific

Determined in this

calculator

CDIout-sol-derc

Outdoor Worker Soil Carcinogenic

Contaminant-specific

Determined in this

Dermal (mg/kg-day) calculator
BWout Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDout Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFou Exposure Frequency (days/year) 225 U.S. EPA 2014
(Attachment 1)
ETou Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
IRSout Ingestion Rate (mg/day) 100 U.S. EPA 2014
(Attachment 1)
AFout Adherence factor (mg/cm?) 0.12 U.S. EPA 2014
(Attachment 1)
SAout Surface area (cm?) 3527 U.S. EPA 2014
(Attachment 1)
ATout Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATouta Averaging time (days/year) 365 x EDout U.S. EPA 2014

(Attachment 1)
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Table C-6. Indoor Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlIind-sol-ingn Indoor Worker Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- calculator
day)
CDIing-sol-inhn Indoor Worker Soil Contaminant-specific Determined in this

Noncarcinogenic Inhalation
(mg/m?)

calculator

CDIind-sol-ingc

Indoor Worker Soil Carcinogenic

Contaminant-specific

Determined in this

Ingestion (mg/kg-day) calculator
CDlind-sol-inhe Indoor Worker Soil Carcinogenic Contaminant-specific Determined in this
Inhalation (ung/m?) calculator
BWing Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDind Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFing Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETing Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
IRSing Soil Ingestion Rate (mg/day) 50 U.S. EPA 2014
(Attachment 1)
ATing Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATinda Averaging time (days/year) 365 x EDjng U.S. EPA 2014

(Attachment 1)
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Table C-7. Construction Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
CDLeon-sol-ingn Construction Worker Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- calculator

day)

CDIcon—sol-dem

Construction Worker Soil
Noncarcinogenic Dermal (mg/kg-

day)

Contaminant-specific

Determined in this
calculator

CDIcon-sol-inhn

Construction Worker Soil
Noncarcinogenic Inhalation
(mg/m*)

Contaminant-specific

Determined in this
calculator

CDIcon—sol-ingc

Construction Worker Soil

Contaminant-specific

Determined in this

Carcinogenic Ingestion (mg/kg-day) calculator

CDIcon-sol-derc Construction Worker Soil Contaminant-specific Determined in this

Carcinogenic Dermal (mg/kg-day) calculator
CDIcon-sol-inhe Construction Worker Soil Contaminant-specific Determined in this
Carcinogenic Inhalation (ug/m?) calculator

BWeon Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)

EDcon Exposure Duration (years) 1 U.S. EPA 2014
(Attachment 1)

EWcon Exposure (weeks/year) 50 Based on 50 weeks per
year (reasonable work
season)

DWecon Exposure (days/week) 5 Based on 5 days per week
for 50 weeks

EFcon Exposure Frequency (days/year) EW x DW Based on 5 days per week
for 50 weeks

ETcon Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)

IRScon Ingestion Rate (mg/day) 330 U.S. EPA 2002 (Exhibit
1-2)

AFcon Adherence factor (mg/cm?) 0.3 U.S. EPA 2002 (Exhibit
1-2)

SAcon Surface area (cm?) 3527 U.S. EPA 2014
(Attachment 1)

ATcon Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)

ATcona Averaging time (days/year) 365 x EDcon U.S. EPA 2014

(Attachment 1)
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Table C-8. Excavation Worker Soil Land Use Equation Variables

Symbol Definition (units) Default Reference
CDIexc-sol-ingn Excavation Worker Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- calculator

day)

CDIexc-sol—dem

Excavation Worker Soil
Noncarcinogenic Dermal (mg/kg-

day)

Contaminant-specific

Determined in this
calculator

CDIexc-sol-inhn

Excavation Worker Soil
Noncarcinogenic Inhalation
(mg/m*)

Contaminant-specific

Determined in this
calculator

CDIexc-sol—ingc

Excavation Worker Soil

Contaminant-specific

Determined in this

Carcinogenic Ingestion (mg/kg-day) calculator
CDIexe-sol-derc Excavation Worker Soil Contaminant-specific Determined in this
Carcinogenic Dermal (mg/kg-day) calculator
CDIexc-sol-inhe Excavation Worker Soil Contaminant-specific Determined in this
Carcinogenic Inhalation (ug/m?) calculator
BWew Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDew Exposure Duration (years) 1 U.S. EPA 2014
(Attachment 1)
EFew Exposure Frequency (days/year) 20 Based on 5 days per week
for 4 weeks
ETew Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
IRSew Ingestion Rate (mg/day) 330 U.S. EPA 2002 (Exhibit
1-2)
AFey Adherence factor (mg/cm?) 0.3 U.S. EPA 2002 (Exhibit
1-2)
SAcw Surface area (cm?) 3527 U.S. EPA 2014
(Attachment 1)
ATew Averaging time (days/year) 365 x LT U.S. EPA 2014
(Attachment 1)
ATew-a Averaging time (days/year) 365 X EDexe U.S. EPA 2014
(Attachment 1)
Table C-9. Recreator Soil/Sediment Land Use Equation Variables
Symbol Definition (units) Default Reference
CDlec-sol-ingne Recreator Child Soil Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg- | Child, Adult and Age- calculator

day)

adjusted Specific

CDIrec-sol—demc

Recreator Child Soil
Noncarcinogenic Dermal (mg/kg-

day)

Contaminant-specific
Child, Adult and Age-

adjusted Specific

Determined in this
calculator

CDIrec-sol—inhn

Recreator Child Soil
Noncarcinogenic Inhalation
(mg/m’)

Contaminant-specific
Child, Adult and Age-

adjusted Specific

Determined in this
calculator

CDIrec-sol—ingna

Recreator Adult Soil
Noncarcinogenic Ingestion (mg/kg-

day)

Contaminant-specific
Child, Adult and Age-

adjusted Specific

Determined in this
calculator
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Table C-9. Recreator Soil/Sediment Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlec-sol-derna Recreator Adult Soil Contaminant-specific Determined in this
Noncarcinogenic Dermal (mg/kg- Child, Adult and Age- calculator

day)

adjusted Specific

CDIrec—sol-inhna

Recreator Adult Soil
Noncarcinogenic Inhalation
(mg/m?)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIrec-sol-ingnadj

Recreator Age-adjusted Soil
Noncarcinogenic Ingestion (mg/kg-

day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIrec—sol-demadj

Recreator Age-adjusted Soil
Noncarcinogenic Dermal (mg/kg-

day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIrec-sol—inhnadj

Recreator Age-adjusted Soil
Noncarcinogenic Inhalation
(mg/m’)

Contaminant-specific
Child, Adult and Age-
adjusted

Determined in this
calculator

CDIrec—sol-ingc

Recreator Soil Carcinogenic

Contaminant-specific

Determined in this

Ingestion (mg/kg-day) calculator
CDlIec-sol-derc Recreator Soil Carcinogenic Dermal | Contaminant-specific Determined in this
(mg/kg-day) calculator
CDlIec-sol-inhe Recreator Soil Carcinogenic Contaminant-specific Determined in this
Inhalation (ug/m®) calculator
CDlec-sol-ingmu Recreator Soil Mutagenic Ingestion | Mutagen-specific Determined in this
(mg/kg-day) calculator
CDlec-sol-dermu Recreator Soil Mutagenic Dermal Mutagen-specific Determined in this
(mg/kg-day) calculator
CDlec-sol-inhmu Recreator Soil Mutagenic Inhalation | Mutagen-specific Determined in this
(ug/m?) calculator
CDlec-sol-ingve Recreator Soil Carcinogenic Vinyl Vinyl Chloride-specific Determined in this
Chloride Ingestion (mg/kg) calculator
CDlec-sol-derve Recreator Soil Carcinogenic Vinyl Vinyl Chloride-specific Determined in this
Chloride Dermal (mg/kg-day) calculator
CDlec-sol-inhve Recreator Soil Carcinogenic Vinyl Vinyl Chloride-specific Determined in this
Chloride Inhalation (ng/m?) calculator
CDlec-sol-ingtce Recreator Soil Carcinogenic and Trichloroethylene-specific | Determined in this
Mutagenic Trichloroethylene calculator

Ingestion (mg/kg-day)

CDIrec—sol-dertce

Recreator Soil Carcinogenic and
Mutagenic Trichloroethylene
Dermal (mg/kg-day)

Trichloroethylene-specific

Determined in this
calculator

CDIrec-sol—inhtce

Recreator Soil Carcinogenic and

Trichloroethylene-specific

Determined in this

Mutagenic Trichloroethylene calculator
Inhalation (ug/m®)
BWieca Body Weight - adult (kg) 80 U.S. EPA 2014
(Attachment 1)
BWiecc Body Weight - child (kg) 15 U.S. EPA 2014
(Attachment 1)
BWo., Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWa1s Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWse.i6 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014

(Attachment 1)




Table C-9. Recreator Soil/Sediment Land Use Equation Variables

Symbol Definition (units) Default Reference
BWi6.26 Body Weight - 16-26 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
EDyec Exposure Duration - adult + child 26 U.S. EPA 2014
(years) (Attachment 1)
EDrec-a Exposure Duration - adult (years) 20 U.S. EPA 2014
(Attachment 1)
EDrec-c Exposure Duration - child (years) 6 U.S. EPA 2014
(Attachment 1)
EDo.» Exposure Duration - 0-2 Years 2 U.S. EPA 2014
(years) (Attachment 1)
EDy¢ Exposure Duration - 2-6 Years 4 U.S. EPA 2014
(years) (Attachment 1)
EDs-16 Exposure Duration - 6-16 Years 10 U.S. EPA 2014
(years) (Attachment 1)
EDj6.26 Exposure Duration - 16-26 Years 10 U.S. EPA 2014
(years) (Attachment 1)
EFrec Exposure Frequency - adult + child | 75 Reasonable Estimate
(days/year)
EFreca Exposure Frequency - adult 75 Reasonable Estimate
(days/year)
EFrecc Exposure Frequency - child 75 Reasonable Estimate
(days/year)
EFo. Exposure Frequency - 0-2 Years 75 Reasonable Estimate
(days/year)
EF, Exposure Frequency - 2-6 Years 75 Reasonable Estimate
(days/year)
EFs.16 Exposure Frequency - 6-16 Years 75 Reasonable Estimate
(days/year)
EFi6-26 Exposure Frequency - 16-26 Years 75 Reasonable Estimate
(days/year)
ETrec Exposure Time (hours/day) 1 Reasonable Estimate
ETrecc Exposure time - child (hours/day) 1 Reasonable Estimate
ETreca Exposure time - adult (hours/day) 1 Reasonable Estimate
ETo- Exposure time 0-2 years (hours/day) | 1 Reasonable Estimate
ETs6 Exposure time 2-6 years (hours/day) | 1 Reasonable Estimate
ETs.16 Exposure time 6-16 years 1 Reasonable Estimate
(hours/day)
ETi6-26 Exposure time 16-26 years 1 Reasonable Estimate
(hours/day)
IR Srec-c Ingestion Rate - Child (mg/day) 200 U.S. EPA 2014
(Attachment 1)
IRSreca Ingestion Rate - Adult (mg/day) 100 U.S. EPA 2014
(Attachment 1)
IRSo-» Ingestion Rate - 0-2 years (mg/day) | 200 U.S. EPA 2014
(Attachment 1)
IRS:6 Ingestion Rate - 2-6 years (mg/day) | 200 U.S. EPA 2014
(Attachment 1)
IRS¢.16 Ingestion Rate - 6-16 years 100 U.S. EPA 2014
(mg/day) (Attachment 1)
IRS16-26 Ingestion Rate - 16-26 years 100 U.S. EPA 2014

(mg/day)

(Attachment 1)
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Table C-9. Recreator Soil/Sediment Land Use Equation Variables

Symbol Definition (units) Default Reference
IFSrec-adi Ingestion Rate - Age-adjusted 7,875 Calculated using the age-
(mg/kg) adjusted intake factors
equation
IFSMec-agj Mutagenic Ingestion Rate - Age- 35,750 Calculated using the
adjusted (mg/kg) mutagenic age-adjusted
intake factors equation
AFrecc Adherence factor-child (mg/cm?) 0.2 U.S. EPA 2014
(Attachment 1)
AFrec-a Adherence factor-adult (mg/cm?) 0.07 U.S. EPA 2014
(Attachment 1)
AFo., Adherence factor 0-2 years 0.2 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AFy¢ Adherence factor 2-6 years 0.2 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AFg.16 Adherence factor 6-16 years 0.07 U.S. EPA 2014
(mg/cm?) (Attachment 1)
AF 1626 Adherence factor 16-26 years 0.07 U.S. EPA 2014
(mg/cm?) (Attachment 1)
DF Srec-adj Dermal contact factor- age-adjusted | 22,155 Calculated using the age-
(mg/kg) adjusted intake factors
equation
DFSMiec-adj Mutagenic dermal contact factor- 91,770 Calculated using the
age-adjusted (mg/kg) mutagenic age-adjusted
intake factors equation
SArec-c Surface area - child (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SArec-a Surface area - adult (cm?) 6032 U.S. EPA 2014
(Attachment 1)
SAop-2 Surface area 0-2 years (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SAz¢ Surface area 2-6 years (cm?) 2373 U.S. EPA 2014
(Attachment 1)
SAc-16 Surface area 6-16 years (cm?) 6032 U.S. EPA 2014
(Attachment 1)
SAis26 Surface area 16-26 (cm?) 6032 U.S. EPA 2014
(Attachment 1)
AT Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATrece Averaging time - child (days/year) 365 x EDrecc U.S. EPA 2014
(Attachment 1)
ATreca Averaging time - adult (days/year) 365 X EDyec U.S. EPA 2014
(Attachment 1)
Table C-10. Recreator Surface Water Land Use Equation Variables
Symbol Definition (units) Default Reference
CDliec-wat-ingne | Recreator Child Surface Water Contaminant- Determined in this
Noncarcinogenic Ingestion (mg/kg- specific Child, calculator
day) Adult and Age-
adjusted Specific
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Table C-10. Recreator Surface Water Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlrec-wat-deme | Recreator Child Surface Water Contaminant- Determined in this
Noncarcinogenic Dermal (mg/kg-day) | specific Child, calculator
Adult and Age-
adjusted Specific
CDliec-wat-ingna | Recreator Adult Surface Water Contaminant- Determined in this
Noncarcinogenic Ingestion (mg/kg- specific Child, calculator
day) Adult and Age-
adjusted Specific
CDlyec-wat-dema | Recreator Adult Surface Water Contaminant- Determined in this
Noncarcinogenic Dermal (mg/kg-day) | specific Child, calculator
Adult and Age-
adjusted Specific
CDlrec-wat- Recreator Age-adjusted Surface Water | Contaminant- Determined in this
ingnadi Noncarcinogenic Ingestion (mg/kg- specific Child, calculator
day) Adult and Age-
adjusted Specific
CDlrec-wat- Recreator Age-adjusted Surface Water | Contaminant- Determined in this
dernad Noncarcinogenic Dermal (mg/kg-day) | specific Child, calculator
Adult and Age-
adjusted Specific
CDIrec-wat- | Recreator Surface Water Contaminant-specific Determined in this
ingc Carcinogenic Ingestion (mg/kg-day) calculator
CDlIrec-wat- | Recreator Surface Water Carcinogenic | Contaminant-specific Determined in this
derc Dermal (mg/kg-day) calculator
CDlIrec-wat- | Recreator Surface Water Mutagenic Mutagen-specific Determined in this
ingmu Ingestion (mg/kg-day) calculator
CDlIrec-wat- | Recreator Surface Water Mutagenic Mutagen-specific Determined in this
dermu Dermal (mg/kg-day) calculator
CDIrec-wat- | Recreator Surface Water Carcinogenic | Vinyl Chloride-specific | Determined in this
ingvc Vinyl Chloride Ingestion (mg/kg-day) calculator
CDlIrec-wat- | Recreator Surface Water Carcinogenic | Vinyl Chloride-specific | Determined in this
dervc Vinyl Chloride Dermal (mg/kg-day) calculator
CDIrec-wat- | Recreator Surface Water Carcinogenic | Trichloroethylene- Determined in this
ingtce and Mutagenic Trichloroethylene specific calculator
Ingestion (mg/kg-day)
CDIrec-wat- | Recreator Surface Water Carcinogenic | Trichloroethylene- Determined in this
dertce and Mutagenic Trichloroethylene specific calculator
Dermal (mg/kg-day)
BWiec-a Body Weight - adult (kg) 80 U.S. EPA 2014 (Attachment
D
BWiecc Body Weight - child (kg) 15 U.S. EPA 2014 (Attachment
1))
BWo., Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014 (Attachment
D
BWa Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014 (Attachment
1))
BWse.i6 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014 (Attachment

D
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Table C-10. Recreator Surface Water Land Use Equation Variables

Symbol Definition (units) Default Reference
BWi .26 Body Weight - 16-26 Years (kg) 80 U.S. EPA 2014 (Attachment
D
EDrec-a Exposure Duration - adult (years) 20 U.S. EPA 2014 (Attachment
)
EDrecc Exposure Duration - child (years) 6 U.S. EPA 2014 (Attachment
D
EDy.» Exposure Duration - 0-2 Years (years) | 2 U.S. EPA 2014 (Attachment
)
EDs Exposure Duration - 2-6 Years (years) | 4 U.S. EPA 2014 (Attachment
D
EDs-16 Exposure Duration - 6-16 Years 10 U.S. EPA 2014 (Attachment
(years) 1)
EDis.26 Exposure Duration - 16-26 Years 10 U.S. EPA 2014 (Attachment
(years) 1)
EF ec-a Exposure Frequency - adult 45 Region 4 Bulletin
(days/year)
EFrec-c Exposure Frequency - child 45 Region 4 Bulletin
(days/year)
EFo- Exposure Frequency - 0-2 Years 45 Region 4 Bulletin
(days/year)
EF2.6 Exposure Frequency - 2-6 Years 45 Region 4 Bulletin
(days/year)
EF¢.16 Exposure Frequency - 6-16 Years 45 Region 4 Bulletin
(days/year)
EFi6.26 Exposure Frequency - 16-26 Years 45 Region 4 Bulletin
(days/year)
ETeventrec-c Exposure Time - child (hours/event) 1 Reasonable Estimate
ETevent-rec-a Exposure Time - adult (hours/event) 1 Reasonable Estimate
ETeventrec 02y | Exposure Time (hours/event) 1 Reasonable Estimate
ETeventrec 26) | Exposure Time (hours/event) 1 Reasonable Estimate
ETeventrec 6-16) | Exposure Time (hours/event) 1 Reasonable Estimate
ETeventrec (16- Exposure Time (hours/event) 1 Reasonable Estimate
26)
EVicce Events - child (events/day) 1 Reasonable Estimate
EVieca Events - adult (events/day) 1 Reasonable Estimate
EVoa Events (events/day) 1 Reasonable Estimate
EVi6 Events (events/day) 1 Reasonable Estimate
EVs.16 Events (events/day) 1 Reasonable Estimate
EVisa6 Events (events/day) 1 Reasonable Estimate
IRWrecc Ingestion Rate - Child (L/hour) 0.12 Table 3.5 in EFH 2011
IRWreca Ingestion Rate - Adult (L/hour) 0.11 Time weighted average was
calculated based on the
upper percentile from Table
3.7 of EFH 2019
IRWo., Ingestion Rate - 0-2 years (L/hour) 0.12 Table 3.5 in EFH 2011
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https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/EFH_2011.pdf
https://www.epa.gov/sites/default/files/2019-02/documents/efh_-_chapter_3_update.pdf
https://www.epa.gov/sites/default/files/2019-02/documents/efh_-_chapter_3_update.pdf
https://rais.ornl.gov/documents/EFH_2011.pdf

Table C-10. Recreator Surface Water Land Use Equation Variables

Symbol Definition (units) Default Reference
IRW2.6 Ingestion Rate - 2-6 years (L/hour) 0.12 Table 3.5 in EFH 2011
IRWs.16 Ingestion Rate - 6-16 years (L/hour) 0.124 Time weighted average was
calculated based on the
upper percentile from Table
3.7 of EFH 2019
IRWi6.26 Ingestion Rate - 16-26 years (L/hour) | 0.0985 Time weighted average was
calculated based on the
upper percentile from Table
3.7 of EFH 2019
TFWiec-adj Ingestion Rate - Age-adjusted (L/kg) 34 Calculated using the age-
adjusted intake factors
equation
IFWMiec-agj Mutagenic Ingestion Rate - Age- 14 Calculated using the
adjusted (L/kg) mutagenic age-adjusted
intake factors equation
SArec-c Surface area - child (cm?) 6365 U.S. EPA 2014 (Attachment
)
SArec-a Surface area - adult (cm?) 19,652 U.S. EPA 2014 (Attachment
D
SAo- Surface area 0-2 years (cm?) 6365 U.S. EPA 2014 (Attachment
)
SAzs Surface area 2-6 years (cm?) 6365 U.S. EPA 2014 (Attachment
D
SAe-16 Surface area 6-16 years (cm?) 19,652 U.S. EPA 2014 (Attachment
)
SAis-26 Surface area 16-26 (cm?) 19,652 U.S. EPA 2014 (Attachment
D
DFWiecadj Dermal contact factor- age-adjusted 335,655 Calculated using the age-
(cm?-event/kg) adjusted intake factors
equation
DFWMec-adj Mutagenic dermal contact factor- age- | 1,053,210 Calculated using the
adjusted (cm?-event/kg) mutagenic age-adjusted
intake factors equation
ATrec Averaging time (days/year) 365x LT U.S. EPA 2014 (Attachment
D
ATrece Averaging time (days/year) 365 X EDrecc U.S. EPA 2014 (Attachment
)
ATreca Averaging time (days/year) 365 X EDrec-a U.S. EPA 2014 (Attachment

D
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Table C-11. Resident Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
CDles-wat-ingne Contaminant-specific Determined in this
Resident Child Tap Water (Groundwater) | Child, Adult and Age- calculator

Noncarcinogenic Ingestion (mg/kg-day)

adjusted Specific

CDIres-wat-demc

Resident Child Tap Water (Groundwater)
Noncarcinogenic Dermal (mg/kg-day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat-inhn

Resident Child Tap Water (Groundwater)
Noncarcinogenic Inhalation (mg/m?)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat-ingna

Resident Adult Tap Water (Groundwater)
Noncarcinogenic Ingestion (mg/kg-day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat—dema

Resident Adult Tap Water (Groundwater)
Noncarcinogenic Dermal (mg/kg-day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat—inhna

Resident Adult Tap Water (Groundwater)
Noncarcinogenic Inhalation (mg/m?®)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat—ingnadj

Resident Age-adjusted Tap Water
(Groundwater) Noncarcinogenic
Ingestion (mg/kg-day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat-demadj

Resident Age-adjusted Tap Water
(Groundwater) Noncarcinogenic Dermal
(mg/kg-day)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat-inhnadj

Resident Age-adjusted Tap Water
(Groundwater) Noncarcinogenic
Inhalation (mg/m?)

Contaminant-specific
Child, Adult and Age-
adjusted Specific

Determined in this
calculator

CDIres-wat-ingc

Recreator Tap Water (Groundwater)

Contaminant-specific

Determined in this

Carcinogenic Ingestion (mg/kg-day) calculator
CDlies wat-derc Resident Tap Water (Groundwater) Contaminant-specific Determined in this
Carcinogenic Dermal (mg/kg-day) calculator

CDIres-wat—inhc

Resident Tap Water (Groundwater)

Contaminant-specific

Determined in this

Carcinogenic Inhalation (ug/m?) calculator
CDlies-watingmu | Resident Tap Water (Groundwater) Mutagen-specific Determined in this
Mutagenic Ingestion (mg/kg-day) calculator
CDles-wat- Resident Tap Water (Groundwater) Mutagen-specific Determined in this
dermu Mutagenic Dermal (mg/kg-day) calculator
CDlies-watinhmu | Resident Tap Water (Groundwater) Mutagen-specific Determined in this
Mutagenic Inhalation (ug/m?) calculator
CDles-wat-ingve Resident Tap Water (Groundwater) Vinyl Chloride-specific Determined in this
Carcinogenic Vinyl Chloride Ingestion calculator

(mg/kg-day)

CDIres-wat—dervc

Resident Tap Water (Groundwater)
Carcinogenic Vinyl Chloride Dermal
(mg/kg-day)

Vinyl Chloride-specific

Determined in this
calculator

CDIres-wat—inhvc

Resident Tap Water (Groundwater)
Carcinogenic Vinyl Chloride Inhalation

(ng/m?)

Vinyl Chloride-specific

Determined in this
calculator

CDIres-wat-ingtce

Resident Tap Water (Groundwater)
Carcinogenic and Mutagenic
Trichloroethylene Ingestion (mg/kg-day)

Trichloroethylene-
specific

Determined in this
calculator
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Table C-11. Resident Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlLes-wat-dertce Resident Tap Water (Groundwater) Trichloroethylene- Determined in this
Carcinogenic and Mutagenic specific calculator
Trichloroethylene Dermal (mg/kg-day)
BWresa Body Weight - adult (kg) 80 U.S. EPA 2014
(Attachment 1)
BWies-c Body Weight - child (kg) 15 U.S. EPA 2014
(Attachment 1)
BW. Body Weight - 0-2 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWa Body Weight - 2-6 Years (kg) 15 U.S. EPA 2014
(Attachment 1)
BWe.i6 Body Weight - 6-16 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
BWi6.26 Body Weight - 16-26 Years (kg) 80 U.S. EPA 2014
(Attachment 1)
EDyes Exposure Duration - adult + child (years) | 26 U.S. EPA 2014
(Attachment 1)
EDres-a Exposure Duration - adult (years) 20 U.S. EPA 2014
(Attachment 1)
EDres-c Exposure Duration - child (years) 6 U.S. EPA 2014
(Attachment 1)
EDo.» Exposure Duration - 0-2 Years (years) 2 U.S. EPA 2014
(Attachment 1)
EDy¢ Exposure Duration - 2-6 Years (years) 4 U.S. EPA 2014
(Attachment 1)
EDs-16 Exposure Duration - 6-16 Years (years) 10 U.S. EPA 2014
(Attachment 1)
EDj6.26 Exposure Duration - 16-26 Years (years) | 10 U.S. EPA 2014
(Attachment 1)
EFes Exposure Frequency - adult + child 350 U.S. EPA 2014
(days/year) (Attachment 1)
EFies-a Exposure Frequency - adult (days/year) 350 U.S. EPA 2014
(Attachment 1)
EFresc Exposure Frequency - child (days/year) 350 U.S. EPA 2014
(Attachment 1)
EFo. Exposure Frequency - 0-2 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
EF, Exposure Frequency - 2-6 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
EF¢.16 Exposure Frequency - 6-16 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
EFi6.26 Exposure Frequency - 16-26 Years 350 U.S. EPA 2014
(days/year) (Attachment 1)
ETres Exposure Time (hours/day) 24 The whole day
ETeventres-c Exposure Time - child (hours/event) 0.54 U.S. EPA 2014
(Attachment 1)
ETeventres-a Exposure Time - adult (hours/event) 0.71 U.S. EPA 2014

(Attachment 1)
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Table C-11. Resident Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
ETevent-res 0-2) Exposure Time (hours/event) 0.54 U.S. EPA 2014
(Attachment 1)
ETevent-res (2-6) Exposure Time (hours/event) 0.54 U.S. EPA 2014
(Attachment 1)
ETeventres (6-16) Exposure Time (hours/event) 0.71 U.S. EPA 2014
(Attachment 1)
ETeventres 1626y | Exposure Time (hours/event) 0.71 U.S. EPA 2014
(Attachment 1)
EViesc Events - child (events/day) 1 U.S. EPA 2004
Exhibit 3-2
EViesa Events - adult (events/day) 1 U.S. EPA 2004
Exhibit 3-2
EVo. Events (events/day) 1 U.S. EPA 2004
Exhibit 3-2
EVis6 Events (events/day) 1 U.S. EPA 2004
Exhibit 3-2
EVe.16 Events (events/day) 1 U.S. EPA 2004
Exhibit 3-2
EVie.26 Events (events/day) 1 U.S. EPA 2004
Exhibit 3-2
IRWies-c Ingestion Rate - Child (L/day) 0.78 U.S. EPA 2014
(Attachment 1)
IRWres-a Ingestion Rate - Adult (L/day) 2.5 U.S. EPA 2014
(Attachment 1)
IRWo., Ingestion Rate - 0-2 years (L/day) 0.78 U.S. EPA 2014
(Attachment 1)
IRW.¢ Ingestion Rate - 2-6 years (L/day) 0.78 U.S. EPA 2014
(Attachment 1)
IRWs.16 Ingestion Rate - 6-16 years (L/day) 2.5 U.S. EPA 2014
(Attachment 1)
IRWi6.6 Ingestion Rate - 16-26 years (L/day) 2.5 U.S. EPA 2014
(Attachment 1)
IFWies-adi Ingestion Rate - Age-adjusted (L/kg) 327.95 Calculated using the
age-adjusted intake
factors equation
IFWMes-adj Mutagenic Ingestion Rate - Age-adjusted | 1019.9 Calculated using the
(L/kg) mutagenic age-
adjusted intake
factors equation
SAresc Surface area - child (cm?) 6365 U.S. EPA 2014
(Attachment 1)
SAres-a Surface area - adult (cm?) 19,652 U.S. EPA 2014
(Attachment 1)
SAo- Surface area 0-2 years (cm?) 6365 U.S. EPA 2014
(Attachment 1)
SAss Surface area 2-6 years (cm?) 6365 U.S. EPA 2014
(Attachment 1)
SAs.16 Surface area 6-16 years (cm?) 19,652 U.S. EPA 2014

(Attachment 1)
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Table C-11. Resident Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
SAis26 Surface area 16-26 (¢cm?) 19,652 U.S. EPA 2014
(Attachment 1)
DF W es-adj Dermal contact factor- age-adjusted 2,610,650 Calculated using the
(L/kg) age-adjusted intake
factors equation
DFWDMcs-agi Mutagenic dermal contact factor- age- 8,191,633 Calculated using the
adjusted (L/kg) mutagenic age-

adjusted intake
factors equation

ATres Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATres-c Averaging time - child (days/year) 365 X EDres-c U.S. EPA 2014
(Attachment 1)
ATres-a Averaging time - adult (days/year) 365 X EDyes U.S. EPA 2014

(Attachment 1)
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Table C-12. Indoor Worker Tap Water Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlind-wat-ingn Indoor Worker Tap Water Air Contaminant-specific Determined in this
Noncarcinogenic Ingestion (mg/kg-day) calculator
CDlIing-wat-dern Indoor Worker Tap Water Contaminant-specific Determined in this
Noncarcinogenic Dermal (mg/kg-day) calculator
CDIind-wat-inhn Indoor Worker Tap Water Contaminant-specific Determined in this
Noncarcinogenic Inhalation (mg/m?) calculator
CDlind-wat-inge Indoor Worker Tap Water Air Contaminant-specific Determined in this
Carcinogenic Ingestion (mg/kg-day) calculator
CDIind-wat-derc Indoor Worker Tap Water Carcinogenic Contaminant-specific Determined in this
Dermal (ug/m®) calculator
CDlind-wat-inhe Indoor Worker Tap Water Carcinogenic Contaminant-specific Determined in this
Inhalation (ng/m?) calculator
BWing Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDing Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFind Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETing Exposure Time (hours/event) 8 U.S. EPA 2014
(Attachment 1)
ETevent-iw Exposure Time Shower (hours/event) 0.71 U.S. EPA 2014
(Attachment 1)
EVind Events (events/day) 1 U.S. EPA 2004
Exhibit 3-2
IRWing Ingestion Rate (L/day) 1.25 U.S. EPA 2014 (FAQ
13)
SAind Surface area (cm?) 19,652 U.S. EPA 2014
(Attachment 1)
ATing Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATinda Averaging time (days/year) 365 x EDjng U.S. EPA 2014

(Attachment 1)
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Table C-13. Resident Air Land Use Equation Variables

Symbol Definition (units) Default Reference
CDles-air-inhn Resident Air Noncarcinogenic Contaminant-specific Determined in this
(mg/m?) calculator
CDlies-air-inhe Resident Air Carcinogenic (ug/m®) Contaminant-specific Determined in this
calculator
CDles-air-inhmu Resident Air Mutagenic (ng/m?) Mutagen-specific Determined in this
calculator
CDlies-air-inhve Resident Air Carcinogenic Vinyl Vinyl Chloride-specific Determined in this
Chloride (ng/m?) calculator
CDles-air-inhtce Resident Air Carcinogenic and Trichloroethylene-specific | Determined in this
Mutagenic Trichloroethylene (ng/m?) calculator
EDyes Exposure Duration (years) 26 U.S. EPA 2014
(Attachment 1)
EDy.» Exposure Duration 0-2 years (years) 2 U.S. EPA 2014
(Attachment 1)
EDs Exposure Duration 2-6 years (years) 4 U.S. EPA 2014
(Attachment 1)
EDs-16 Exposure Duration 6-16 years (years) | 10 U.S. EPA 2014
(Attachment 1)
EDis-26 Exposure Duration 16-26 years (years) | 10 U.S. EPA 2014
(Attachment 1)
EF;es Exposure Frequency (days/year) 350 U.S. EPA 2014
(Attachment 1)
ETres Exposure Time (hours/day) 24 The whole day
AT Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATres-a Averaging time (days/year) 365 X EDyes U.S. EPA 2014

(Attachment 1)
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Table C-14. Composite Worker Air Land Use Equation Variables

Symbol

Definition (units)

Default

Reference

CDIcom-air-inhn

Composite Worker Air
Noncarcinogenic (mg/m?)

Contaminant-specific

Determined in this

calculator

CDIcom-air-inhc

Composite Worker Air Carcinogenic

Contaminant-specific

Determined in this

(ng/m3) calculator
EDcom Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFcom Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETcom Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATcom Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATcom-a Averaging time (days/year) 365 x EDcom U.S. EPA 2014
(Attachment 1)

Table C-15. Outdoor Worker Air Land Use Equation Variables
Symbol Definition (units) Default Reference

CDIout-air-inhn

Outdoor Worker Air Noncarcinogenic
(mg/m?)

Contaminant-specific

Determined in this

calculator

CDIout-air—inhc

Outdoor Worker Air Carcinogenic

Contaminant-specific

Determined in this

(ng/m3) calculator
EDout Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFout Exposure Frequency (days/year) 225 U.S. EPA 2014
(Attachment 1)
ETout Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATout Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATouta Averaging time (days/year) 365 x EDout U.S. EPA 2014

(Attachment 1)
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Table C-16. Indoor Worker Air Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlind-air-inhn Indoor Worker Air Noncarcinogenic Contaminant-specific Determined in this
(mg/m?) calculator
CDIind-air-inhe Indoor Worker Air Carcinogenic Contaminant-specific Determined in this
(ng/m3) calculator
EDind Exposure Duration (years) 25 U.S. EPA 2014
(Attachment 1)
EFing Exposure Frequency (days/year) 250 U.S. EPA 2014
(Attachment 1)
ETing Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATing Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATind-a Averaging time (days/year) 365 x EDjng U.S. EPA 2014
(Attachment 1)
Table C-17. Construction Worker Air Land Use Equation Variables
Symbol Definition (units) Default Reference

CDIcon-air—inhn

Construction Worker Air

Contaminant-specific

Determined in this

Noncarcinogenic (mg/m?) calculator
CDIcon-air-inhe Construction Worker Air Contaminant-specific Determined in this
Carcinogenic (pg/m®) calculator
EDcon Exposure Duration (years) 1 U.S. EPA 2014
(Attachment 1)
EWcon Exposure (weeks/year) 50 Based on 50 weeks per
year (reasonable work
season)
DWecon Exposure (days/week) 5 Based on 5 days per
week for 50 weeks
EFcon Exposure Frequency (days/year) EW x DW Based on 5 days per
week for 50 weeks
ETcon Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATcon Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATcon-a Averaging time (days/year) 365 x EDcon U.S. EPA 2014

(Attachment 1)

C-24




Table C-18. Excavation Worker Air Land Use Equation Variables

Symbol Definition (units) Default Reference
CDIcon-air-inhn Excavation Worker Air Contaminant-specific Determined in this
Noncarcinogenic (mg/m?) calculator
CDIcon-air-inhe Excavation Worker Air Carcinogenic | Contaminant-specific Determined in this
(ng/m3) calculator
EDcw Exposure Duration (years) 1 U.S. EPA 2014
(Attachment 1)
EFew Exposure Frequency (days/year) 20 Based on 5 days per
week for 4 weeks
ETew Exposure Time (hours/day) 8 U.S. EPA 2014
(Attachment 1)
ATew Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATexca Averaging time (days/year) 365 x EDew U.S. EPA 2014
(Attachment 1)
Table C-19. Resident Fish Land Use Equation Variables
Symbol Definition (units) Default Reference

CDIres-fsh—ingn

Resident Fish Noncarcinogenic

Contaminant-specific

Determined in this

(mg/kg-day) calculator
CDles-fsh-inge Resident Fish Carcinogenic (mg/kg- Contaminant-specific Determined in this
day) calculator
CDlLes-fshw-ingn Resident Surface Water Fish Contaminant-specific Determined in this
Noncarcinogenic (mg/kg-day) calculator
CDles-fshw-ingc Resident Surface Water Fish Contaminant-specific Determined in this
Carcinogenic (mg/kg-day) calculator
BW. Body Weight (kg) 80 U.S. EPA 2014
(Attachment 1)
EDsish Exposure Duration (years) 26 U.S. EPA 2014
(Attachment 1)
EFsisn Exposure Frequency (days/year) 350 U.S. EPA 2014
(Attachment 1)
IRF, Fish Ingestion Rate (g/day) 54 U.S. EPA 2014
(Attachment 1)
AT Averaging time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATres-a Averaging time (days/year) 365 X EDyes U.S. EPA 2014

(Attachment 1)
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Table C-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlIfar-prod-ingn Agriculture Produce Noncarcinogenic Contaminant-specific | Determined in this
Ingestion (mg/kg-day) calculator
CDlIfar-prod-inge Agriculture Produce Carcinogenic Contaminant-specific | Determined in this
Ingestion (mg/kg-day) calculator
CDlIfar-wat-ingpn Agriculture Produce Noncarcinogenic Contaminant-specific Determined in this
Back-calculated Concentration in Water calculator

Ingestion (mg/kg-day)

CDIfar-wat-ingpc

Agriculture Produce Carcinogenic Back-
calculated Concentration in Water
Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar—sol-ingpn

Agriculture Produce Noncarcinogenic
Back-calculated Concentration in Soil
Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-sol—ingpc

Agriculture Produce Carcinogenic Back-
calculated Concentration in Soil Ingestion
(mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-sw-ingpn

Agriculture Produce Noncarcinogenic
Back-calculated Concentration in Soil and
Water Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-sw-ingpc

Agriculture Produce Carcinogenic Back-
calculated Concentration in Soil and
Water Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-dairy-ingn

Agriculture Dairy Noncarcinogenic

Contaminant-specific

Determined in this

Ingestion (mg/kg-day) calculator
CDlIfar-dairy-inge Agriculture Dairy Carcinogenic Ingestion | Contaminant-specific Determined in this

(mg/kg-day) calculator
CDlfar-wat-ingdn Agriculture Dairy Noncarcinogenic Back- | Contaminant-specific Determined in this

calculated Concentration in Water calculator

Ingestion (mg/kg-day)

CDIfar—wat»ingdc

Agriculture Dairy Carcinogenic Back-
calculated Concentration in Water
Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-sol—ingdn

Agriculture Dairy Noncarcinogenic Back-
calculated Concentration in Soil Ingestion
(mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-sol—ingdc

Agriculture Dairy Carcinogenic Back-
calculated Concentration in Soil Ingestion
(mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar—sw»ingdn

Agriculture Dairy Noncarcinogenic Back-
calculated Concentration in Soil and
Water Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar—sw»ingdc

Agriculture Dairy Carcinogenic Back-
calculated Concentration in Soil and
Water Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar—beef—ingn

Agriculture Beef Noncarcinogenic

Contaminant-specific

Determined in this

Ingestion (mg/kg-day) calculator
CDlIfar-beef-inge Agriculture Beef Carcinogenic Ingestion Contaminant-specific Determined in this

(mg/kg-day) calculator
CDlIfar-wat-ingbn Agriculture Beef Noncarcinogenic Back- | Contaminant-specific | Determined in this

calculated Concentration in Water calculator

Ingestion (mg/kg-day)
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Table C-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
CDlIfar-wat-ingbe Agriculture Beef Carcinogenic Back- Contaminant-specific | Determined in this
calculated Concentration in Water calculator

Ingestion (mg/kg-day)

CDIfar—sol-ingbn

Agriculture Beef Noncarcinogenic Back-
calculated Concentration in Soil Ingestion
(mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-sol-ingbc

Agriculture Beef Carcinogenic Back-
calculated Concentration in Soil Ingestion
(mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar—sw—ingbn

Agriculture Beef Noncarcinogenic Back-
calculated Concentration in Soil and
Water Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-sw-ingbc

Agriculture Beef Carcinogenic Back-
calculated Concentration in Soil and
Water Ingestion (mg/kg-day)

Contaminant-specific

Determined in this
calculator

CDIfar-prod—ingn

Agriculture Produce Noncarcinogenic

Contaminant-specific

Determined in this

Ingestion (mg/kg-day) calculator
BWreara Body Weight - adult (kg) 80 U.S. EPA 2014
(Attachment 1)
BWrearc Body Weight - child (kg) 15 U.S. EPA 2014
(Attachment 1)
EDfar Exposure Duration - adult (years) 40 U.S. EPA 1991a (pg.
15)
EDrar-c Exposure Duration - adult (years) 6 U.S. EPA 1991a (pg.
15)
EDtur-a Exposure Duration - adult (years) 34 U.S. EPA 1991a (pg.
15)
EFfar Exposure Frequency (days/year) 350 U.S. EPA 2014
(Attachment 1)
AT Averaging Time (days/year) 365x LT U.S. EPA 2014
(Attachment 1)
ATrfarc Averaging Time (days/year) 365 x EDfar-c U.S. EPA 2014
(Attachment 1)
IRFfar-c Produce Ingestion Rate - Fruit - Child 68.1x10° U.S. EPA 2011 (Table
(mg/day) 13-5). U.S. EPA 1998
(Table C-1-2)
IRFfar-a Produce Ingestion Rate - Fruit - Adult 176.8x10° U.S. EPA 2011 (Table
(mg/day) 13-5). U.S. EPA 1998
(Table C-1-2)
IFF far-adj Produce Ingestion Rate - Fruit - Age- 35,833,000 Calculated using the
adjusted (mg/kg) age adjusted intake
factors equation
IRViar-c Produce Ingestion Rate - Vegetables - 41.7x10° U.S. EPA 2011 (Table
Child (mg/day) 13-10). U.S. EPA
1998 (Table C-1-2)
IRVfara Produce Ingestion Rate - Vegetables - 125.7x10° U.S. EPA 2011 (Table
Adult (mg/day) 13-10). U.S. EPA
1998 (Table C-1-2)
IFVfar-adi Produce Ingestion Rate - Vegetables - 24,535,875 Calculated using the

Age-adjusted (mg/kg)

age adjusted intake
factors equation
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Table C-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
IRDfar-c Dairy Ingestion Rate - Child (mg/day) 349.5x10° U.S. EPA 2011 (Table
13-25). U.S. EPA
1998 (Table C-1-3)
IRDfar-a Dairy Ingestion Rate - Adult (mg/day) 445.6x10° U.S. EPA 2011 (Table
13-25). U.S. EPA
1998 (Table C-1-3)
IFDfar-adj Dairy Ingestion Rate - Age-adjusted 115,213,000 Calculated using the
(mg/kg) age adjusted intake
factors equation
IRBfar-c Beef Ingestion Rate - Child (mg/day) 40.1x10° U.S. EPA 2011 (Table
13-33). U.S. EPA
1998 (Table C-1-3)
IRBfur-a Beef Ingestion Rate - Adult (mg/day) 178x103 U.S. EPA 2011 (Table
13-33). U.S. EPA
1998 (Table C-1-3)
IFBfar-adj Beef Ingestion Rate - Age-adjusted 30,091,500 Calculated using the
(mg/kg) age adjusted intake
factors equation
Irtrp Root uptake from irrigation multiplier Contaminant-specific | Calculated
(L/kg)
I1Tres Resuspension from irrigation multiplier Contaminant-specific Calculated
(L/kg)
Irtaep Aerial deposition from irrigation Contaminant-specific | Calculated
multiplier (L/kg)
Rupp Dry root uptake for pasture multiplier =BV
(unitless)
Rupv Wet root uptake for vegetables multiplier | =BV
(unitless)
Qp-beet Beef Fodder Intake Rate (kg/day) 11.77 U.S. EPA 2005 (pg. B-
138), U.S. EPA 1997b.
Qp-dairy Dairy Fodder Intake Rate (kg/day) 20.3 U.S. EPA 2005 (pg. B-
145), U.S. EPA 1997b.
Quw-dairy Dairy Water Intake Rate (kg/day) 92 U.S. EPA 1999a (pg.
10-23).
Qw-beet Beef Water Intake Rate (kg/day) 53 U.S. EPA 1999a (pg.
10-23).
Qs-dairy Dairy Soil Intake Rate (kg/day) 0.4 U.S. EPA 2005 (pg. B-
146), U.S. EPA 1997b.
Qs-beet Beef Soil Intake Rate (kg/day) 0.5 U.S. EPA 2005 (pg. B-
139), U.S. EPA 1997b.
fo-beet Fraction of Time Animal is On-Site 1 Maximum value used
(unitless) (100%)
Tp-dairy Fraction of Time Animal is On-Site 1 Maximum value used
(unitless) (100%)
fs-beef Fraction of Animal's Food from Site when | 1 Maximum value used
On-Site (unitless) (100%)
fs-dairy Fraction of Animal's Food from Site when | 1 Maximum value used
On-Site (unitless) (100%)
TF dairy Dairy Transfer Factor (day/kg) Contaminant-specific | Hierarchy selection in
Section 2.4.2
TFoeef Beef Transfer Factor (day/kg) Contaminant-specific Hierarchy selection in
Section 2.4.2
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Table C-20. Farmer Land Use Equation Variables

Symbol Definition (units) Default Reference
BCF Fish Bioconcentration Factor (L/kg) Contaminant-specific
CFrfar-produce Fraction of Produce Consumed that is 1 U.S. EPA 1998
Contaminated
CF far-dairy Fraction of Dairy Consumed that is 1 U.S. EPA 1998
Contaminated
CFrur-beef Fraction of Beef Consumed that is 1 U.S. EPA 1998
Contaminated
I Irrigation rate (L/m2-day) 3.62 Personal
communication with
agricultural extension
agent
F Irrigation period (unitless) 0.25 (based on 3 Personal
months per year) communication with
agricultural extension
agent
AB Effective rate for removal (1/day) Ai+ Ao NCRP 1996
AE Decay for removal on produce (1/day) Ai + (0.693/tw) NCRP 1996
AHL Soil leaching rate (1/day) 0.000027 NCRP 1996
Ai Decay (1/day) 0.693/Tr- NCRP 1996
radionuclides, 0 - non-
radionuclides
tw Weathering half -life (day) 14 NCRP 1996
Tr Half-life (days) Contaminant-specific
MLFasture Pasture plant mass loading factor 0.25 Hinton, T. G. 1992
(unitless)
MLFproduce Produce plant mass loading factor 0.26 x 0.052=0.0135 | Hinton, 1992. U.S.
(unitless) EPA SSG 1996 table
G-1. Dry weight to
wet weight conversion
equation from section
4.10.9
th Long term deposition and buildup (day) 10,950 NCRP 1996
ty Above ground exposure time (day) 60 NCRP 1996
I Interception fraction (unitless) 0.42 Miller, C. W. 1980
Y. Plant yield (wet) (kg/m?) 2 NCRP 1996
P Area density for root zone (kg/m?) 240 Hoffman, F. O., R. H.
Gardner, and K. F.
Eckerman. 1982;
Peterson, H. T., Jr.
1983; McKone, T. E.
1994
T Translocation factor (unitless) 1 NCRP 1996
Res Soil resuspension multiplier = MLF (produce or Hinton, T.G. 1992

pasture)
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Table C-21. Soil to Groundwater SSL Factor Variables

Symbol Definition (units) Default Reference
Cw Target soil leachate concentration Nonzero MCL or RSL x U.S. EPA. 2002
(pCi/L) DAF Equation 4-14
DAF Dilution attenuation factor (unitless) 20 (or site-specific) U.S. EPA. 2002
Equation 4-11
EDgw Exposure duration 70 U.S. EPA. 2002
Equation 4-14
I Infiltration Rate (m/year) 0.18 U.S. EPA. 2002
Equation 4-11
L Source length parallel to ground water | Site-specific U.S. EPA. 2002
flow (m) Equation 4-11
i Hydraulic gradient (m/m) Site-specific U.S. EPA. 2002
Equation 4-11
K Aquifer hydraulic conductivity Site-specific U.S. EPA. 2002
(m/year) Equation 4-11
Ow Water-filled soil porosity (Lwater/Lsoit) 0.3 U.S. EPA. 2002
Equation 4-10
0a Air-filled soil porosity (Lair/Lsoit) =n- Oy U.S. EPA. 2002
Equation 4-10
n Total soil porosity (Lpore/Lsoit) = 1-(pv/ps) U.S. EPA. 2002
Equation 4-10
Ps Soil particle density (kg/L) 2.65 U.S. EPA. 2002
Equation 4-10
Py Dry soil bulk density (kg/L) 1.5 U.S. EPA. 2002
Equation 4-10
Kq Soil-water partition coefficient (L/kg) | = Koc*foc for organics U.S. EPA. 2002
Equation 4-10
da Aquifer thickness (m) Site-specific U.S. EPA. 2002
Equation 4-10
ds Depth of source (m) Site-specific U.S. EPA. 2002
Equation 4-10
d Mixing zone depth (m) Site-specific U.S. EPA. 2002

Equation 4-12
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Table C-22. Wind Particulate Emission Factor Equation Variables

Symbol Definition (units) Default Reference
PEFwina Particulate Emission Factor - 1.36 x 109 (region- U.S. EPA 2002
Minneapolis (m3/kg) specific) Exhibit D-2
Q/Cyind Inverse of the Mean Concentration at | 93.77 (region-specific) U.S. EPA 2002
the Center of a 0.5-Acre-Square Exhibit D-2
Source (g/m?-s per kg/m?)
v Fraction of Vegetative Cover 0.5 U.S. EPA. 2002
(unitless) Equation 4-5
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 2002
Equation 4-5
U Equivalent Threshold Value of Wind 11.32 U.S. EPA. 2002
Speed at 7m (m/s) Equation 4-5
F(x) Function Dependent on Uy/Us; 0.194 U.S. EPA. 2002
(unitless) Equation 4-5
A Dispersion constant unitless PEF and region-specific U.S. EPA 2002 (pg.
D-2)
As Areal extent of the site or 0.5 (range 0.5 to 500) U.S. EPA 2002 (pg.
contamination (acres) D-2)
B Dispersion constant unitless PEF and region-specific U.S. EPA 2002 (pg.
D-2)
C Dispersion constant unitless PEF and region-specific U.S. EPA 2002 (pg.

D-2)
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Table C-23. Mechanical Particulate Emission Factor Variables from Vehicle Traffic

Symbol Definition (units) Default Reference
PEFs. Particulate Emission Factor - Contaminant-specific U.S. EPA 2002
subchronic (m*/kg) Equation 5-5
Q/Cq Inverse of the ratio of the 1-h 23.02 (for 0.5-acre site) U.S. EPA 2002
geometric mean concentration to the Equation 5-5
emission flux along a straight road
segment bisecting a square site (g/m>-s
per kg/m®)
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA 2002
Equation 5-5
T Total time over which construction 7,200,000 U.S. EPA 2002
occurs (s) Equation 5-5
Ar Surface area of contaminated road Ar =Lr x Wrx0.092903 | U.S. EPA. 2002
segment (m?) m?/ft?) Equation 5-5
Lr Length of road segment (ft) Site-specific U.S. EPA. 2002
Equation 5-5
Wr Width of road segment (ft) 20 U.S. EPA. 2002
Equation E-18
W Mean vehicle weight (tons) (Number of cars x U.S. EPA. 2002
tons/car + number of Equation 5-5
trucks x tons/truck) / total
vehicles)
p Number of days with at least 0.01 Site-specific U.S. EPA. 2002
inches of precipitation (days/year) Equation 5-5
> VKT Sum of fleet vehicle kilometers > VKT = total vehicles x | U.S. EPA 2002
traveled during the exposure duration | distance (km/day) x Equation 5-5
(km) frequency (weeks/year) x
(days/year)
A Dispersion constant unitless 12.9351 U.S. EPA 2002
Equation 5-6
A Areal extent of site surface soil 0.5 (range 0.5 to 500) U.S. EPA 2002
contamination (acres) Equation 5-6
B Dispersion constant unitless 5.7383 U.S. EPA. 2002
Equation 5-6
C Dispersion constant unitless 71.7711 U.S. EPA 2002
Equation 5-6
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hrs)

Equation 5-5

Table C-24. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference

PEF'. Particulate Emission Factor - Contaminant-specific U.S. EPA 2002
subchronic (m3/kg) Equation E-26

Q/Csa Inverse of the ratio of the 1-h Site-specific U.S. EPA 2002

geometric mean air concentration and
the emission flux at the center of the

Equation E-15
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Table C-24. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
square emission source (g/m?-s per
kg/m®)
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA 2002
Equation 5-5
T Total time over which construction 7,200,000 U.S. EPA 2002
occurs (s) Equation 5-5
A Areal extent of site surface soil (range 0.5 to 500) U.S. EPA. 2002
contamination (acres) Equation E-15
J'r Total time-averaged PM10 unit Site-specific U.S. EPA. 2002
emission flux for construction Equation E-25
activities other than traffic on unpaved
roads (g/m?2-s)
MPCind Unit mass emitted from wind erosion | Site-specific U.S. EPA. 2002
(g) Equation E-20
v Fraction of Vegetative Cover 0 U.S. EPA. 2002
(unitless) Equation E-20
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA 2002
Equation E-20
U Equivalent Threshold Value of Wind 11.32 U.S. EPA 2002
Speed at 7m (m/s) Equation E-20
F(x) Function Dependent on Uy/Uy 0.194 U.S. EPA 2002
(unitless) Equation E-20
Asurt Areal extent of site surface soil (range 0.5 to 500) U.S. EPA 2002
contamination (m?) Equation E-20
ED Exposure duration (years) Site-specific U.S. EPA 2002
Equation E-20
Mexcav Unit mass emitted from excavation Site-specific U.S. EPA 2002
soil dumping (g) Equation E-21
0.35 PM10 particle size multiplier 0.35 U.S. EPA 2002
(unitless) Equation E-21
Un Mean annual wind speed during 4.69 U.S. EPA 2002
construction (m/s) Equation E-21
Min-excav Gravimetric soil moisture content (%) | 12 (mean value for U.S. EPA 2002
municipal landfill cover) | Equation E-21
Psoil In situ soil density (includes water) 1.68 U.S. EPA 2002
(mg/m?) Equation E-21
Acxcav Areal extent of excavation (m?) (range 0.5 to 500) U.S. EPA 2002
Equation E-21
dexcav Average depth of excavation (m) Site-specific U.S. EPA 2002
Equation E-21
Na-dump Number of times soil is dumped 2 U.S. EPA 2002
(unitless) Equation E-21
Mooz Unit mass emitted from dozing Site-specific U.S. EPA 2002
operations (g) Equation E-22
0.75 PM10 scaling factor (unitless) 0.75 U.S. EPA 2002
Equation E-22
Sdoz Soil silt content (%) 6.9 U.S. EPA 2002

Equation E-22
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Table C-24

. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
Min-doz Gravimetric soil moisture content (%) | 7.9 (mean value for U.S. EPA 2002
overburden) Equation E-22
> VKTgoz Sum of dozing kilometers traveled Site-specific U.S. EPA 2002
(km) Equation E-22
Sdoz Average dozing speed (kph) 11.4 (mean value for U.S. EPA 2002
graders) Equation E-22
Na-doz Number of times site is dozed Site-specific U.S. EPA 2002
(unitless) Equation E-22
By Dozer blade length (m) Site-specific U.S. EPA 2002 Page
E-28
Mgrade Unit mass emitted from grading Site-specific U.S. EPA 2002
operations (g) Equation E-23
0.60 PM10 scaling factor (unitless) 0.60 U.S. EPA 2002
Equation E-23
> VK Tgrade Sum of grading kilometers traveled Site-specific U.S. EPA 2002
(km) Equation E-23
Serade Average grading speed (kph) 11.4 (mean value for U.S. EPA 2002
graders) Equation E-23
Na-grade Number of times site is graded Site-specific U.S. EPA 2002
(unitless) Equation E-23
B, Grader blade length (m) Site-specific U.S. EPA 2002 Page
E-28
Miin Unit mass emitted from tilling Site-specific U.S. EPA 2002
operations (g) Equation E-24
Still Soil silt content (%) 18 U.S. EPA 2002
Equation E-24
Acin Areal extent of tilling (acres) Site-specific U.S. EPA 2002
Equation E-24
Acgrade Areal extent of grading (acres) Site-specific Necessary to solve
> VKTgrade in U.S.
EPA 2002 Equation E-
23
Acdoz Areal extent of dozing (acres) Site-specific Necessary to solve
> VKT, in U.S. EPA
2002 Equation E-22
Na-itt Number of times soil is tilled 2 U.S. EPA 2002
(unitless) Equation E-24
A Dispersion constant unitless 2.4538 U.S. EPA 2002
Equation E-15
As Areal extent of site surface soil 0.5 (range 0.5 to 500) U.S. EPA 2002
contamination (acres) Equation 5-6
B Dispersion constant unitless 17.5660 U.S. EPA 2002
Equation E-15
C Dispersion constant unitless 189.0426 U.S. EPA 2002
Equation E-15
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hrs)

Equation 5-5
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Table C-25. Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VFiim Unlimited Source Volatilization Contaminant-specific U.S. EPA. 2002
Factor - Minneapolis (m?/kg) Equation 4-8
Q/Cyol Inverse of the Mean Concentration at 68.81 U.S. EPA. 2002
the Center of a 0.5-Acre-Square Equation 4-8
Source (g/m?-s per kg/m?)
Da Apparent Diffusivity (cm?/s) Contaminant-specific U.S. EPA. 2002
Equation 4-8
T Exposure interval (s) 819,936,000 U.S. EPA. 2002
Equation 4-8
Py Dry soil bulk density (g/cm?) 1.5 U.S. EPA. 2002
Equation 4-8
0a Air-filled soil porosity (Lair/Lsoit) 0.28 U.S. EPA. 2002
Equation 4-8
n Total soil porosity (Lpore/Lsoit) 0.43 U.S. EPA. 2002
Equation 4-8
Ow Water-filled soil porosity (Lwater/Lsoil) 0.15 U.S. EPA. 2002
Equation 4-8
Ps Soil particle density (g/c m®) 2.65 U.S. EPA. 2002
Equation 4-8
Dia Diffusivity in air (cm?/s) Contaminant-specific U.S. EPA. 2001
Dw Diffusivity in water (cm?/s) Contaminant-specific U.S. EPA. 2001
Kq Soil-water partition coefficient Contaminant-specific U.S. EPA. 2002
(Koexfoc) Equation 4-8
Koe Soil organic carbon-water partition Contaminant-specific EPI Suite
coefficient
foc Organic carbon content of soil (g/g) 0.006 U.S. EPA. 2002
Equation 4-8
A Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 11.911 U.S. EPA 2002
Exhibit D-3
B Dispersion Constant 18.4385 U.S. EPA 2002
Exhibit D-3
C Dispersion Constant 209.7845 U.S. EPA 2002
Exhibit D-3
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Table C-26. Mass Limit Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VFmlim Mass Limit Volatilization Factor - Contaminant-specific U.S. EPA. 2002
Minneapolis (m3/kg) Equation 4-8
Q/Cyol Inverse of the Mean Concentration at 68.81 U.S. EPA. 2002
the Center of a 0.5-Acre-Square Equation 4-8
Source (g/m?-s per kg/m?)
Ds Average Source Depth (m) Site-specific U.S. EPA. 2002
Equation 4-13
T Exposure interval (years) 26 U.S. EPA. 2002
Equation 4-8
Py Dry soil bulk density (g/cm?) 1.5 U.S. EPA. 2002
Equation 4-8
As Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 11.911 U.S. EPA 2002
Exhibit D-3
B Dispersion Constant 18.4385 U.S. EPA 2002
Exhibit D-3
C Dispersion Constant 209.7845 U.S. EPA 2002
Exhibit D-3

C-36




Table C-27. Subchronic Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VF lim-sc Volatilization Factor - Minneapolis Contaminant-specific U.S. EPA. 2002
(m’/kg) Equation 5-14
Q/Csa Inverse of the ratio of the 1-h 14.31 (for 0.5 acre site) U.S. EPA. 2002
geometric mean air concentration to Equation 5-14
the volatilization flux at the center of a
square source (g/m?-s per kg/m?)
Da Apparent Diffusivity (cm?/s) Contaminant-specific U.S. EPA. 2002
Equation 5-15
T Exposure interval (s) 30,240,000 U.S. EPA. 2002
Equation 5-17
Py Dry soil bulk density (g/cm?) 1.5 U.S. EPA. 2002
Equation 5-14
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA. 2002
Equation 5-14
0a Air-filled soil porosity (Lair/Lsoit) 0.28 U.S. EPA. 2002
Equation 5-14
n Total soil porosity (Lpore/Lsoit) 0.43 U.S. EPA. 2002
Equation 5-14
Ow Water-filled soil porosity (Lwater/Lsoit) | 0.15 U.S. EPA. 2002
Equation 5-14
Ps Soil particle density (g/cm?) 2.65 U.S. EPA. 2002
Equation 5-14
Dia Diffusivity in air (cm?/s) Contaminant-specific U.S. EPA. 2001
Diw Diffusivity in water (cm?/s) Contaminant-specific U.S. EPA. 2001
Kq Soil-water partition coefficient Contaminant-specific U.S. EPA. 2002
(Kocxfoc) Equation 4-8
Koe Soil organic carbon-water partition Contaminant-specific EPI Suite
coefficient
foc Organic carbon content of soil (g/g) 0.006 U.S. EPA. 2002
Equation 4-8
Ac Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 2.4538 U.S. EPA 2002
Exhibit 5-15
B Dispersion Constant 17.5560 U.S. EPA 2002
Exhibit 5-15
C Dispersion Constant 189.0426 U.S. EPA 2002
Exhibit 5-15
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hrs)

Equation 5-5
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Table C-28. Subchronic Mass Limit Volatilization Factor Equation Variables

Symbol Definition (units) Default Reference
VFmlim-sc Volatilization Factor - Minneapolis Contaminant-specific U.S. EPA. 2002
(m’/kg) Equation 5-14
Q/Csa Inverse of the ratio of the 1-h 14.31 (for 0.5 acre site) U.S. EPA. 2002
geometric mean air concentration to Equation 5-14
the volatilization flux at the center of a
square source (g/m?-s per kg/m?)
ds Average source depth (m) Site-specific U.S. EPA. 2002
Equation 5-17
Fp Dispersion correction factor (unitless) | 0.185 U.S. EPA. 2002
Equation 5-14
T Exposure interval (s) 30,240,000 U.S. EPA. 2002
Equation 5-17
Pb Dry soil bulk density (g/cm®) L5 U.S. EPA. 2002
Equation 5-14
Ac Areal extent of the site contamination | 0.5 (range 0.5 to 500) U.S. EPA. 2002
(acres) Equation 4-8
A Dispersion Constant 2.4538 U.S. EPA 2002
Exhibit 5-15
B Dispersion Constant 17.5560 U.S. EPA 2002
Exhibit 5-15
C Dispersion Constant 189.0426 U.S. EPA 2002
Exhibit 5-15
te Total time over which construction 8400 U.S. EPA. 2002

occurs (hours)

Equation 5-5
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APPENDIX D. CHEMICAL AND RISK CDI EQUATIONS

Resident Soil CDI Equations

Noncarcinogenic Child Soil Ingestion (CDI)

m 106 k 350 days 200 m
Cu ( ng) y ( i 9) % RBA x EFresc (Ty) % EDres-c (6 yr) x IRsres-c( Tay 9)

m
CDlres-sol-ingne ( kg- gay) =

365 days
ATres-c (Ty

X EDI‘ES—C (6 yr)) X BWI’ES—C (1 5 kg)

Noncarcinogenic Child Soil Inhalation (CDI)

1 1
m 350 days 24 hrs 1da +
Csoil (k_gg) * EFres—c ( yr Y ) % EDres—c (6 yr) x ETres—c (d—ay) x (24—'.‘3:5) X (VFS (m_g) PEF (m_g) )
kg

365 days
yr

mgh _
CD[resfsol—inhnc (ﬁ) -

ATres-c ( % EDres-c (6 yr))

Noncarcinogenic Child Soil Dermal (CDI)

m 106 k 350 days 2,373 cm? 0.2m
Csoil (rgg) X ( mg g) EFres—c ( yr Y ) % EDres—c (6 Yr) x SAres—c (7(313)1 ) X AFres—¢ ( cng) x ABSy4

m
CDlres-sal-dernc (kg _ gay) =

365 days
ATres-c (Ty % EDres-c(6 yr)) % BWres-c (1 5 kg)

Noncarcinogenic Adult Soil Ingestion (CDI)

kg mg day

ATres-a (

-6
Csoil (@) x (10 kg) x RBA x EFres-a (%‘:ays) x EDres (26 yr) x IRSres-a (100 mg)

. mg_\.
CDIreS'SoI—lngna (kg—day) M
yr

X EDres (26 yr)) X BWres_a (80 kg)

Noncarcinogenic Adult Soil Inhalation (CDI)

1 1
m 350 days 24 hrs 1da +
Cool (k—S) * EFres-a (Ty> » EDres (26 yr) % ETres-a (d—ay) x (24 hrys) e (M) pgp (M
*\ kg k

365 days
r

mg
CDlres-sol-inhna (_3 ) =
m ATres-a ( % EDres (26 yr))

Noncarcinogenic Adult Soil Dermal (CDI)

mg 1075 kg 350 days 6,032 cm? 0.07 mg
Cooil (E) x ( mg % EFres-a 7yr % EDres (26 yr) x SAres-a 7day » AFres-a cm?2 x ABSy

m
CDIres-sol-derna ( kg- gay) =

365 days
ATres-a (T

« EDres (26 yr)) x BWres-a (80 kg)
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Noncarcinogenic Age-adjusted Soil Ingestion (CDI)

-6
Ceo (m) < (107K ) RBA X IFS eq ag (m)
CDI ( mg ). k9 mg kg
res-sol-ingnadj\ g _dav / 365 davs
J y ATres-a (Ty x EDyes (26 yr))
where:
I 350 days 200 m
EFres—c (ry) % EDres-c (6 yr) x IRSres—c (dayg)
. (36, 750 mg) ) BWres-c (15 kg)
adi|l ——————— | =
o kg EF 350days\ | ep oo (20 yr) % IRS 100 mg
res-a yr res-a Yy res-a day
L BWres-a (80 kg) |

Noncarcinogenic Age-adjusted Soil Inhalation (CDI)

p
~(mg 350 days 24 hrs 1 day Nt 3
Csol (E) xEFreg( g ) % EDres(6 0 x ETres ( “20 ) (o7 ) % | v, (%) PEF(%)

365 days
r

m
CDIres—so\f\nhnadj (m_g =

ATres-a ( % EDres (26 yr))

Noncarcinogenic Age-adjusted Soil Dermal (CDI)

m 1076 k 103,390 m
Csoil (k_g?) X ( mg g) X DFSres-adj (Tg) x ABSq

mg -
CDIres-soI-dernadj ( ) -

kg -day ATres-a (365ydrays % EDres (26 yr))
where:
[ 350 days 2,373 cm? 02m 1
EFres—c ( yr Y ) x EDres—c (6 yr) x SAres-c (d—ay) x AFres_c ( cng)
+
OFs (103,390 mg) . BWres-c (15 kg)
res-adj T -
350 days 6,032 cm? 0.07m
EFres-a ( v y ) % EDres-a (20 yr) x SAres-a (day ) % AFres-a (7””2 9)
L BWres-a (80 kg) ]




Carcinogenic Soil Ingestion (CDI)

-6
Cooi (m) x (L kg) X RBA x IFS,es_aq; (736'750 mg)

) ( mg ) _ kg mg kg
res-sol-ingc\ ka_dav / 365 davs
g y ATFES (yry x LT (70 yrS))
where:
I 350 days 200 m
EFres-c (yry> x EDyes-c (6 yr) x IRSyes c (dayg>
S (36,750 mg) ) BWres-c (15 kg)
adil —————— | =
o @ EF 350days ) ep e (20 yr) % IRS 100 mg
res-a yr res-a y res-a day
L BWres-a (80 kg) |

Carcinogenic Soil Inhalation (CDI)

5|

1 1
m 350 days 24 hrs 1da
Ceoil (k—gg) X EFres( % y ) x EDres (26 yr) x ETres (d—ay) X (24—hrys) X (VFS (mB) PEF (ms))
g g

365 days
r

CDyes-sol-inhc ( %) =

ATres ( x LT(70 yrs))

Carcinogenic Soil Dermal (CDI)

m 107 k 103,390 m
Con () (5 roFsr (M2 2) s

m
CDlres sol-derc ( kg- gay) = 365 days
ATres ( x LT(70 yrS))
where:
[ 350 days 2,373 cm? 02m
EFres—c ( yr y ) % EDres-c (6 Yr) X SAres-c (T) % AFres—c (ﬁ)
+
103,390 mg BWres—c (15 kg)
DFSres—adj (’7) =
kg
350 d 6,032 cm? 0.07
EFres-a (%) % EDres-a (20 yr) x SAres-a (T;m) % AFres-a (T;ng)
BWres-a (80 kg)




Mutagenic Soil Ingestion (CDI)

-6
Csoi (m) x RBA x (10 kg) x IFSMyes_adj (w)
mg kg kg
CDIres—sol—ingmu( _ ) =
9-day ATres (%ﬁays x LT(70 yrs))
where:
EF0_2 (M) X ED0_2(2 yr) % IRSO_Z (20(;) mg) <10
yr ay .
BWo_, (15 kg)
yr day .
IFSM (166,833.3 mg) _ BW,_¢ (15 kg)
res-adj T =
EFg_16 (3500""‘3’5) x EDg_16(10 yr) x IRSg_1¢ (10;) mg) 3
yr ay .
BWe_16 (80 kg)
350 days 100 mg
EF16-26 (yr) X ED15_26(10 yr) X IRS16_26 ( day ) %1
. BW16-26 (80 kg)

Mutagenic Soil Inhalation (CDI)

<3)

o)+ _
><3)+
)<1)

1 1
mg 1000 pg 3 3
Csoil (_) X ( X m~ m* X
kg mg VFs kg PEF kg
350 days 24 hrs 1 da
(EFO—Z ( yr y ) X EDo_z (2 yr) x ETD—Z ( day ) X (24 hl},S) x 1
350 days 24 hrs 1 day
(EFZ—G ( r ) x ED2_6 (4 yr) X ET2_6 ( day ) X (24 hl‘s)
350 days 24 hrs 1 day
(EF5,16( r ) ><ED5,16(10yr)><ET6,16( day ) X (24 hl’S)
350 days 24 hrs 1da
DI . ﬂ _ _(EF16—26 ( r y ) X ED16_25(10 yr) x ET16-2¢ ( day ) X (24 hl‘yS
e\ m? AT (365 days 1170 yrs))
res
"




Mutagenic Soil Dermal (CDI)

-6
Csol (T—g) x (10 kg) % DFSMeq-aqi (‘Q&iﬂ) « ABS
CD1 | dermu( mg ) = 9 J 9
res-sol- kg-da 365 days
9oy ATreS( yr S LT(70 yrs))
where:
2
ero.2 (200 ) xEDo 22 y1) x Sho.2 (z?aycm) <Aoo (2209) <10
+
BWU-2 (1 5 kg)
350 days 2,373 cm? 0.2m
EF, ¢ (4yr y ) x EDy_g(4 yr) x SA; g (day ) x AF5_g ( ng) 3
+
DFSM (428,260 mg) _ BW,_ (15 kg)
res-adj T =
350 days 6,032 cm? 0.07 m
EFg-16 ( yr Y ) x EDg-16(10 yr) x SAg_1¢ (d—ay) ><AF6_16( e, g) %3
.
BWs.15 (80 kg)
350 days 6,032 cm? 0.07 m
EF16-26 (75” Y ) % ED16-26 (10 yr) x SAq6_26 (T) x AF16-26( - g) x 1

BW16-26 (80 kg)

Vinyl Chloride Soil Ingestion (CDI)

CDIFES—SO|—ingVC(

Il:Sres—adj (

36,750 mg

_m3
kg-day

) = Csoil

where:

kg

)=

(_

350 days
EFres-c (yry> % EDres-c (6 yr) IRSres-—c (

36,750 mg

kg

107 kg

IFSres-adj ( ) ® (

)XRBA
+

ATres (—365 days 1170 yrs))
yr
200 mg

-6
) x (10 kg) « RBA
day mg

BWres-c (15 kg)

IRSres-c (

200 mg
day

).

350 days
EFres.a (Ty) » EDres-a (20 Yr) x IRSres-a (

BWres—c (15 kg)

100 mg
day

)

BWres_a (80 kg)
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Vinyl Chloride Soil Inhalation (CDI)

1 1

_(mg 1000 ug N 3
() (") () " e(i) )

kg

350 days 24 hrs 1 day i
(EFo_z (T) XEDO_2(2 yr)xETD_z( ) X (24 hrs) X10) +

day

350 days 24 hrs 1 day
(EF2_6 (T) X ED2_6 (4 yr) X ET2_6 ( day ) X (24 hrs) X 3) +
350 days 24 hrs 1 da
(EF6_16 (—yr Y ) x EDg_15 (10 yr) ET6_16( Tay ) « (24 hr’;) ><3) +

350 days 24 hrs 1da
(EF16—26 (Ty) x ED16-26 (10 yr) x ET16—26( day ) X (24 h?s) X 1)_

CDles-sol-inhmu (ETQJ = -

ATres (7365):35’5 « LT(70 yrs))

Vinyl Chloride Soil Dermal (CDI)

103,390 m 1076 k
DFSres_adj( = 9) X ( g g) x ABS
+
ATres (7365;:33’5 « LT(70 yrs))
m m
CDIres-sol-dervc (kg—igay) = Csoil (rg) X
2,373 cm? 1076 kg 0.2mg
SAres_c day X mg X AFres_c cmz X ABSd
BWres—c (15 kg)

where:
[ 350 days 2,373 cm? 02m
EFres-c (Ty) x EDres-c(6 yr) % SAres-c (day) % AFres-c ( cng)
+
ors (103.390 mg) ) BWres-c (15 kg)
res-adj T -
350 days 6,032 cm? 0.07m
EFres-a (Ty) % EDres-a (20 yr) x SAres-a (day) % AFres-a ( cm2 g)
L BWreS_a (80 kg)
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Trichloroethylene Soil Ingestion (CDI)

36,750 m
IFsres-adj (79

)=

9
and:
166,833.3 m
IFSMres-aq (~ a2 ) =

BWres_c (1 5 kg)

350 days
EFres-a (Ty) % EDres-a (20 yr) x IRSres-a (

100 mg
day

)

BWres-a (80 kg)

350 days
yr

EFo_2 (

) x EDg_2 (2 yr) x IRSO-Z (

200 mg
day

)x10
+

BWo-2 (15 kg)

EF, 6 (%‘:ays) x EDy_g(4 yr) < IRS,_g (

200 mg
day

)x3
+

BWo6 (15 kg)

350 days
EFs-16 (Ty) % EDg_16(10 yr) < IRSg_16 (

100 mg
day

)x3
+

BWe_16 (80 kg)

350 days
EF16-26 (Ty) x ED16-26 (10 yr) x IRS16_26 (

100 mg
day

)x’l

BW16-26 (80 kg)

; (CAFO (0.804) x IFS gq_agi (W}) .
Csoil (%) X (10mgkg) x RBA x
mg (MAFO (0.202) x IFSMyeq_agi (w»
CDIres-sv:)I—ingtce( - ) =
kg-day ATres (&i‘ays X LT(70 yrs))
where:
I 350 days 200 m .
EFres-c (Ty) % EDres—c (6 yr) x IRSres-c (Tyg)
+

Trichloroethylene Soil Inhalation (CDI)

mg
kg

o
(e

(EF2_6 (%) x EDag (4 yr) X ETog (

(EFG_

350 days
(EF16—26 (Ty) % ED16-26 (10 yr) x ET1¢6_26 (

1000 pg
mg

m3
kg

)X( )X VI=S(1

350 days
0-2 (Ty) x EDg_2 (2 yr) x ETp_> (

350 days
16 (Ty) % EDg-16(10 yr) x ETe16 (

24 hrs
day

24 hrs
day

24 hrs
day

24 hrs
day

* 3
m X
) peF (E)

(EFI’ES (%ﬂays) X EDreS (26 yr) x ETres (

1 day
24 hrs

)
)+(
)
)
)*(

)E

1da
24 hrs
day
S

X
X

y

r
1da
24 hr
1 day
24 hrs

24 hrs
day

1 day
24 hrs

CAF, (0.756)) +

) x MAF; (0.244) x 10) +
) % MAF; (0.244) x 3) +
) x MAF; (0.244) x 3) +

) x MAF; (0.244) x 1)

CI:)Ires-sol—inhtce (%)

365 days
ATFES (7)’

x LT(70 yrs))
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Trichloroethylene Soil Dermal (CDI)

(CAFO (0.804) x DFSes_a; (%) x ABSd) +

m 1076 k
il (k_gg) ) ( mg g) )

g (MAFO(O.ZOZ) x DFSM g5 (%) x ABSd)
CDIres—soI—dertce( ) =
kg-d 365 days
g-day ATres (—yr Y5 LT@o yrs))
where:
[ 350 days 2,373 cm? 0.2m
EFres-c (Ty) % EDres—c (6 yr) x SAres-c (T) % AFres—c (ng)
+
DFs (103,390 mg) ) BWres—c (15 kg)
res-adj T -
350 days 6,032 cm? 0.07 mg
EFres—a (T) X EDFES—B (20 yr) X SATES—H (day) X AFres—a (W)
L BWres_a (80 kg) ]
and:
350 days 2,373 cm? 02m
EFo (Ty) % EDg_3 (2 yr) % SAg_2 (day) % AFg_a ( cng) %10
+
BWo_2 (15 kg)
350 days 2,373 cm? 0.2mg
EF2_5 (T) X ED2_6 (4 yr) x SA2_6 (T) X AFZ—G ( cm2 ) x3
+
DFSM (428,260 mg) ) BW,-6 (15 kg)
res-adj T -
350 days 6,032 cm? 0.07 mg
EF6-16 (T) % EDg16(10 yr) x SAg_15 (diﬂ/) * AFg_16 (CT) %3
BWe_16 (80 kg)
350 days 6,032 cm? 0.07 mg
EF16_25 (T) X ED1 6-26 (10 yr) X SA15_25 (T) X AF16_25 ( sz ) x 1
| BWi6-26 (80 kg)




Supporting Child Soil (CDI)

_ EDg_2(2 yr) x BWo_; (15 kg) + ED,_(4 yr) x BW,_g (15 kg)
BWres—c (15 kg) = EDo_2(2yr) + EDy (4 yr)
350 days 350 days
res-c yr EDg2(2 yr) + EDo_g(4 yr)
24 hrs 24 hrs
~ 24hrs) EDg_2(2 yr) x ETg_s ( day ) + EDy (4 yr) < ETy g (diﬁ)
res-c day EDg-2(2yr) + EDy_g(4 yr)
0.2 mg 0.2 mg
res-c | ~ 2 EDg-2(2 yr) + EDo_g(4 yr)
2,373 cm? 2,373 cm?
oo (2373cm?) _ FD0-2(231)> 502 (d—aY) " Peel® yr)XSAZ_G( day )
res-c day EDg_p(2 yr) + EDy_g(4 yr)
200 mg 200 mg
L 200mg EDg_2(2 yr) x IRSg_; ( day ) + ED2_6(4 yr) xIRS;. 6 ( day )
res-c | “gay EDg-2(2 yr) + EDyg(4 yr)




Supporting Adult Soil (CDI)

EDg-16(10 yr) x BWp_16 (80 kg) + ED16-26(10 yr) x BW16_26 (80 kg)
EDg-16(10 yr) + EDq_26(10 yr)

BWres-a (80 kg) =

350 days 350 days
EDg_16(10 yr) x EFs-us( ; Y ) + ED16_26 (10 yr) x EF16_26 (7y>

EF 350 days _ y yr
rese yr EDg-16(10 yr) + ED16_26(10 yr)

24 hrs
24 hrs) EDg-16(10 yr) x ETg16 (Tw) + ED16-26 (10 yr) x ET16-26 (

day EDg_16(10 yr) + ED16_26(10 yr)

24 hrs
day

ETres—a (

0.07 m
0.07 mg) *De-16(1091) xAFs-16 ( cm? 9) + ED16-26(10 yr) x AFq6-26 (

AFres-a ( cm?2 EDe 16 (10y) + ED15.26 (10 Y1)

0.07 mg)
cm?

6,032 cm? 6,032 cm?
EDg-16(10 yr) x SAg_16 ( ) + ED16-26 (10 yr) x SA16-26 ( )

<A 6,032cm? _ day day
ree day EDg_16(10 yr) + ED16_26 (10 yr)

100 m 100 m
RS (100 mg) _ EDg-16(10 yr) x IRSg_16 ( 4a g) + ED16-26 (10 yr) x IRS16_26 (Tyg)
el day EDg_16(10 yr) + ED1g_26(10 yr)
Supporting Age-adjusted Soil (CDI)
EDo-2(2 Y1) EFo- (2 2" ) + EDa g yn x EFacg (0027 ) +
350 days 350 days
EDg-16(10 yr) x EFg_16 (yry) + ED16-26 (10 yr) x EF16_36 (yry)

EDg-2(2 yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED16_26(10 yr)

24 hrs
EDO_2 (2 yr) X ETU—Z ( day ) + ED2_6 (4 yr) X ET2_6 (

24 hrs
+
day

24 hrs 24 hrs
- 24 hrs\ _ EDg_16(10 yr) x ETg_16 ( day ) + EDq1g-26(10 yr) x ET16-26 ( day )
) EDg2(2 yr) + ED_6(4 yr) + EDg_16(10 yr) + ED16.26(10 yr)
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Resident Air CDI Equations

Noncarcinogenic Air Inhalation (CDI)

CDIres—air—inhc (ﬁ

ATres

(365 days 5
yr

LT(70 yrs))

[ Hg mg 350 days 24 hrs 1 day
cDI (mg) _Gar (ﬁ) i (1000 Pg) - EFrES( yr ) % EDres (26 y7) x ETres( day ) (24 hrS)
res-air-inhn{ 3 | © 6
m ATres-a (%ﬁays x EDres (26 yr))
Carcinogenic Air Inhalation (CDI)
Hg 350 days 24 hrs 1 day
Hg ) = Cair (ﬁ) X EFres (T X EDI’ES (26 yr) X ETres day X 24 hrs

Mutagenic Air Inhalation (CDI)

[ (EFO,2 (%‘:ays) « EDg_2(2 yr) x ETo_, (zz:yrs) (;dd;rys) X 10) .
. (ﬂ) ) (EFz_a (%ﬂays) xEDyg(4yr) x ETo g (Zf;:;s) X (;4‘:]::5) % 3) +
| (50 ot () (322
DL i (“—2) ) _(EF16-26 (—SSOy?ays) x3E6D15-26(10 yr) x ET16-26 (22:3:5) (214d:rys> X 1)_
m ATres (ﬂ % LT(70 yrs))

Vinyl Chloride Air Inhalation (CDI)

24 hrs

1 day

350 days
“g EFres (T) X EDres (26 yr) X ETFES (

day

)+

24 hrs

)

m3

CDIres—air—inhvc (7

)=Cair(%) x |1+

365 days
AT (252

x LT(70 yrs))

Trichloroethylene Air Inhalation (CDI)

24 hrs
day

350 d
(EFres (Tfys) » EDres (26 yr) x ETres (

)

1 day
24 hr,

(

350 days 24 hrs 1 day
(EFU_Z( - y )xEDU_2(2 yr)xETO_Z( Tay ) (
350 days 24 hrs
cair(;_%) X (EFZ_(,( : Y ) «ED, (4 yr)xETz_g,( Ty ) 4

350 days

24 hrs

)

e

350 days
(EF‘IE-ZG (Ty) %X ED1g-26(10 yr) x ETq5-26 (

) X ED6—16(10 yr) x ET5_16 (Tay

) (zew
)

24 hrs
day

(zen

) x CAF; (0.756)) +
) % MAF; (0.244) x 10) +
x MAF, (0.244) ><3) +

>< MAF; (0.244) x 3) +

) x MAF; (0.244) x 1)

g\ _
CDIres—air—inhtce ( %) -

365 days
r

ATres ( x LT(70 yrs))
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Refractory Ceramic Fibers Air Inhalation (CDI)

f 350 d 24 h 1d
Cair (ﬁ) « EFres (%) « EDres (26 yr) x ETres( rs) x (24 ;r);)

f da
CDIres-air-inhrcf (m3) - M ’
yl’

ATres-a ( X EDres (26 yr))

Asbestos Air Inhalation (CDI)

f 350 days 24 hrs 1 day
f i} Cair (ﬁ) X EFres (T) X EDres (26 yr) X ETres ( day ) X (24 hrs)
365 days
yr

CDIres—air-inhasb (m3

ATres ( X LT(70 yI’S))

Resident Tap Water CDI Equations

Noncarcinogenic Child Tap Water Ingestion (CDI)

m 350 days 0.78 L
Cwater (%) X (100()9“9) % EFres-c (Ty) % EDres-c (6 yr) x IRWres—¢ (d—ay)
365 days

ATI’ES—C ( yr

m
CDIres-wat-ingnc (kg - Say) =

X EDI’ES—C (6 yr)) X BWres_c (1 5 kg)

Noncarcinogenic Child Tap Water Inhalation (CDI)

Hg mg 350 days 24 hrs 1 day 05L
“g) ) Cwater (T) X (m) X EFresfc( yr % EDres-c (6 yr) x ETres—¢ d—ay X 24 hrs =<K m3

365 days
ATres-c ( yr Y % EDres—c (6 yr))

CDlres-wat-i —
res-wat mhnc(mg
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Noncarcinogenic Child Tap Water Dermal (CDI)

ug mg 350 days 1 event >
coI mg 1\ _ Dhevent (cm2 —event) ) (1000 ug) * EFres-c ( yr ) " FDresc(6yn) x BVres-c { =5 | x Shresc (6365 em?)
res-wat-dernc | o gy AT (365 days
res-c\ — -
r

% EDres—c (6 y")) % BWres—c (15 kg)
where:

For Inorganics:

Hg _ Hg cm L 0.54 hrs
DAevent (cm2 —event) = Cuater (T) *Kp (W) * (‘IDOO cm3) * ETevent-res-c ( event

For Organics:

0.54 hrs

IF ET, _res-
event-res-c ( event

) <t (hrs), then:

6x1T hrs CET 0.54 hrs
L cm event event event-res—c eve ﬂt
DAEVem( Hg ) =cwater(“L9)><< )xeFApr( )%

cm? - event 1000 em3 hr n
or:

0.54 hrs
event

IF ETevent-res-c ( ) >t* (hrs), then:

0.54 hrs
ETEVEH[*FES*E ( )

ug _ ug L cm event hrs 1+ 3B + 387
DAevent (sz-event) Cwater( L ) X (1000 cm3) % FA % Kp ( - ) x T B +2 X Tevent (event % 0+ Be

Noncarcinogenic Adult Tap Water Ingestion (CDI)

m 350 days 25L
mg Cwater (%) X (ﬁ) x EFres-a (Ty) x EDres (26 yr) % IRWres-a ( )
CDlres-wat-ingna =

day
kg-day ATres-a (%ﬁays % EDres (26 yr)) x BWres-a (80 kg)

Noncarcinogenic Adult Tap Water Inhalation (CDI)

Mg mg 350 days 24 hrs 1 day 05L
mgy _ Cwater (T) x (m) » EFres-a (T  EDres (26 Y1) x ETres-a ( 0= ) = gz ) <K o5
CDles-wat-inhnal — | =

m3
3 365 days
m ATres-a (Ty % EDres (26 yr))
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Noncarcinogenic Adult Tap Water Dermal (CDI)

m 350 days 1 event
mo DAevent (cmz ‘jgvem) x ( 10009|Jg) % EFres-a ( o y ) x EDres (26 yr) x EVyes-a (d—ay) % Shres-a (19,652 cm?)
365 days
yr

kg-da
9 Y ATres-a x EDres (26 yr)) % BWres-a (80 kg)

CDIres—wat—derna(

where:

For Inorganics:

H9 _ e} L cm 0.71 hrs
DAevent (cmz—event) - Cwater( L ) % (10(}0 cm3) “Kp ( hr ) * ETevent-res-a ( event

For Organics:

0.71 hrs
IF ETevent-res-a (m) < t* (hrs), then:
rs 0.71 hrs
6 % Tevent (7) % ETevent-res-a ( )
Hg _ Hg L cm event event
Phevent (cmz—event) = Cuater () ¢ (1000 cm3) X2 FAxKp () < J -

or:

0.71 hrs

IF ET, —res—
event-res-a ( event

) > t* (hrs), then:

0.71 hrs)

ETe"em"’eS’a( event ) o o hrs 1+ 38 + 382
T+ B *Tevent | avent | © 7“ P

Hg - y L cm
DAevent (cmz—event> = Cwater (T) * (1000 cm3) xFAXKp (W) *

Noncarcinogenic Age-adjusted Tap Water Ingestion (CDI)

Hg mg (327951
cDI ( mg | _ e ok (1000 ug) XIFWre”d’( kg
res-wat-ingnadj ka-da - 365 davs
g y ATres_a (yry X EDres (26 yr))
where:

[ 350 days 0.78 L ]

EFres—c (y) x EDres-c (6 yr) x IRWres—c (da)
y +

W _(327.95 L) _ BWres-c (15 kg)
resad kg 350 days 25L
EFres-a (—r) X EDres-a (20 yr) x IRWres-a (d—ay)

| BWres_a (80 kg) |

Noncarcinogenic Age-adjusted Tap Water Inhalation (CDI)

Hg mg 350 days 24 hrs 1 day 05L

mg\ _ Cwater( L ) X (1000 IJQ) % EFres-a (7)” % EDres (26 yr) x ETres-a day “\ 32 hrs | * K i
365 days
yr

CDlres-wat-inhnadj (m ot ( < EDraa (26 yr))
res-a res
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Noncarcinogenic Age-adjusted Tap Water Dermal (CDI)

m 2,610,650 cm? - event
DAevem( b9 ) x ( g ) X DFWreg ag) (—)

DI ( mg |\ _ cm? -event 1000 pg kg
res-wat-dernadj _ -
kg-day ATresa (%‘:ays « EDres (26 yr))
where:
350 days 1 event
EFres-c (Ty) % EDres-c (6 yr) x EVres-c ( day ) % SAres-¢ (5365 Emz)
+
ohw (2, 610,650 cm? - event) ~ BWres—c (15 kg)
res-adj T -
350 days 1 event
EFres-a (Ty) % EDres-a (20 Y1)  EVyes-a ( Toy ) % Shres-a (19,652 cm?)
BWres—a (80 kg)
and:

For Inorganics:

Hg _ Hg L an (0671 hrs
DAEVent (cimz—event) - Cwater ( L ) X (1000 cm3) x Kp ( hr ) x ETeventfres—adj ( event

For Organics:

0.671 hrs

IF ETevenl—res—adj ( event

) < t* (hrs), then:

6T hrs CET 0.671 hrs

ug B g L cm event | event event-res-adj | “ayent

DA M ) =c By (Y w2 FAxKy (S
Evem(cmz—event) Water( L )x(1000cm3)x A P(hl‘)x n

or:

0.671 hrs
event

IF ETevent-res-adj ( ) >t (hrs), then:

0.671 hrs)

event-res-adj ( event

where:

0.54 hrs 0.71 hrs
0.671 hrs (EDres-c (6 yr) = ETevent-res-c (—evem )) + (EDres-a(zo yr) % ETevent-res-a (—evem ))
ETevent-rES-adj =

event EDres (26 yr)

ET 2
Hg _ Hg L cm hrs 1+ 3B+ 3B
DAevent (7cm2-event) Cwater( T ) X (—1 500 cm3) x FA x Kp( hr ) X { T+E +2 X Tevent (—event X —(1 T B)?

)

Carcinogenic Tap Water Ingestion (CDI)

Mg mg 327.95L
mg ) S (o) (1000 ug) * PWres-aq ( kg )

CDlres—wat—ingc( _
kg-day ATres (7365;:33’5 x LT(70 yrs))

where:
[ 350 days 0.78 L i
EFres-c (Ty) x EDres-c (6 yr) % IRWres—c (Tay) .
W (L) - BWres-c (13 ko)
e kg 350 days 251L
EFres-a (T) x EDres-a (20 yr) x IRWres-a (Ty)
L BWres-a (80 kg)
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Carcinogenic Tap Water Inhalation (CDI)

Hg 350 days 24 hrs 1 day 05L
Cwater (T) x EFres (T x EDres (26 yr) x ETres day X 54 hre x K ™3
365 days
r

CDlres-wat-inhc (%) =

ATres ( x LT (70 yrs))

Carcinogenic Tap Water Dermal (CDI)

m 2,610,650 cm? -event
DAevent ( Hg ) X ( g ) % DFWies_ag (—)

ol ( mg ) B cm? -event 1000 pg kg
res-wat-derc _ -
kg-day ATres (7365;:33’5 «LT(70 yrs))
where:
350 days 1 event
EFresc (—y ) » EDyes-c (6 Yr) x EVres-c ( : ) % SAres-c (5,365 cmz)
yr ay .
oFW (2,610,650 cmz—event) - BWres—c (15 kg)
res-ad] ﬁ =
350 days 1 event
EFres-a (—yr Y ) » EDres-a (20 yr)  EVres-a ( aay ) % SAres-a (19,652 cmz)
BWres-a (80 k)
and:

For Inorganics:

Hg _ Hg L cm (0.671 hrs
DAevent (m) = Cunter () % (moo cm3) “Kp () * ETevemfresfafﬂ( event

For Organics:

0.671 hrs

IF ETevent—res—adj ( event

) < t* (hrs), then:

65T hrs CET 0.671 hrs
L m event event event-res-adj " event
DAevent (L) :Cwater(%)x(i) x 2 x FA x Kp( ) x

cm?2 -event 1000 cm? hr m
or:
0.671 hrs . .
IF ETEvent—res—adj event >t (hrs)r then:
0.671 hrs
ug ug L cm ETevent-res-adj | —gyent hrs 1+ 3B + 382
DAevent (m) = Cwater (T)x (m) % FA > Kp (W)x T B +2xtevent(evem) s T +B2E
where:

event event
EDres (26 yr)

0.54 hrs 0.71 hrs
0.671 hrs) _ (ED’es" (6 yr) x ETevent-res-c (—)) + (EDres-a (20 yr) x ETevent-res-a ( ))

ETevent-r’es-adj ( event




Mutagenic Tap Water Ingestion (CDI)

- - (1,019.9L
mg Cwater (T) . (m) P res-aa (T>
CDltes-wat-ingmu kg-day i

ATres (M « LT(70 yrs))
yr
where;
EFo_, (350 days) x EDg_2 (2 yr) x IRW_ (%) %10
BWO_2 (1 5 kg) *
EF,.¢ (350 days) x EDy_g (4 yr) x IRW,_g (OgaSyL) x3
+
BW,_g (15 kg)
1,019.9 L 2-6
IFWMres_adi (T) =

EFg_16 (350 days) » EDg_16(10 yr) x IRWg_1¢ (zdi;) x3

BW5_1 6 (80 kg)

350 days
EF16-26 (%)

25L
x ED15-26 (10 yr) x IRWq5_56 (d—ay) x 1
BW16—26 (80 kg)

Mutagenic Tap Water Inhalation (CDI)

Cwater (PLQ) K (%) X

[ 350 days 24 hrs 1 day i
(EF[)_Z ( yr ) X EDo_z (2 yr) x ETo_z ( day ) (24 hrs) X 10) +
350 days 24 hrs 1 day
(EFZ—B ( yr ) X ED2_6 (4 yry x ET2_6 ( day ) X (24 hrs) ¢ 3) +
350 days 24 hrs 1 da
(EF6—16( yr y ) XED6_16(10yr)XET6_16(d—ay) X (24 hl'y5> X3) +

350 days 24 hrs 1 da
(EF16-26( v Y )XED15-26(1OYF)XET16-26( day )X (24 hrys) ><1)

365 days
r

CDIres—wat—inhrﬂu (%) =

ATres ( x LT (70 yrs))




Mutagenic Tap Water Dermal (CDI)

mg _

Mg
cm? -event

mg

DAevent ( ) x (1000 ug) X DFWMresfadj (

8,191,633 cm? -event
kg

)

CDlres-wat-dermu (

)

where:

kg-day

8,191,633 cm? -event

DFWMres—adj ( kg

)=

and:

For Inorganics:

ATres (%Syﬁ « LT(70 yrs))

350 days
EFg2 (Ty) % EDg-2(2 yr} < EVg_3 ( day

1 event

) % SAg 5 (6,365 cm?) x 10

+

BWo-2 (15 kg)
1 even

350 days
EFacs (Ty) x EDyg (4 yr) x EVyg ( aoy

t) x Az (6,365 cm?) x 3

BW2.g (15 kg)

350 days
EFg_16 (Ty) % EDg16(10 yr) x EVe—ws( day

1 event

+

) x SAg-16 (19,652 cm2) %3

+

BWs_16 (80 kg)

350 days
EF16-26 (Ty

1
) % ED16-26(10 yr) » EVyg-26 (

event
day

) % SA16-26 (19,652 em?) %1

BW1g-26 (80 kg)

1+ 3B + 3B2

(1+B)

Hg _ Hg L cm (0671 hrs
Oewre (g vene) = G (1) * (s ) 0 () * e (et
For Organics:
0.671 hrs .
IF ETevent-res-madj (W) < t* (hrs), then:
6 % Tevent - ) < ET, (9671 hrs
Hg ug L cm event | Guant event-res-madj avent
DA, ) = = o I x2xFAxKp (-
e"e'“(cr'nl-event) CWE‘“( L ) x (1000 cms) x 2% FAx p( hr)x\ =
or:
0.671 hrs .
IF ETevent-res-madj (W) > t* (hrs), then:
ET 0.671 hrs
g ~ g L cm event-res-ad) "~ event hrs
DAevent (sz—event) - Cwater( L ) x (1000 Cm3) x FAx KP ( hr) x 1+B +2 % Tevent event X
where:
0.54 hrs 0.54 hrs
(EDn-z(Z yl’)XETevent-(o-Z)( ovent )) + (ED2_6(4 yr)xETevem_(z_G,( —vent )) +
0.71 hrs 0.71 hrs
~ o7 sy (ED6-15(10 yn x ETevent-(s-m)( o))+ (E916:2610 90  ETevent6-26) "oy ))
event-res-madj event EDg_3(2 yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED1g_26(10 yr)

)
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Vinyl Chloride Tap Water Ingestion (CDI)

IFWres—adj (

T

‘ EELLL N H9 mg

CDIres'Wat""g"c(kg—day) Cwater( L ) . (1000 IJQ) ATres (M
yr

kg
x LT(70 yrs))

0.78 L
. (IRW'GS*(d—ay))

BWres—c (15 kg)

where:
[ 350 days 0.78 L
EFres—c (Ty) x EDres-c (6 yr) x IRWres_¢ (—day )
W (327.95 L) ) BWres-c (15 kg)
reered) kg 350 days 25L
EFres-a (T) % EDres-a (20 yr) x IRWres-a (Tay)
L BWI’ES-& (80 kg) |

Vinyl Chloride Tap Water Inhalation (CDI)

350 days 24 hrs 1 day 05L
EFres (T) % EDres (26 yr) x ETres (d—ay) X (24 hrs) x K (F) .k 051
365 days
yr

3
% LT(70 yrs)) m

CDIres-wat-inhve (%) = Cwater (IJT) X

ATres (

Vinyl Chloride Tap Water Dermal (CDI)

mg

) bg mg G
CD]’ES’W“’E“’((@) = DAve-event (cmz-event) * (1000 pg) *

BWres—c (15 kg)

2,610,650 cm? - event
DFW s ag (7,(9 ) (Evre“ (%) % Shres-c (6,365 cm?) )
+

ATres (—365;“5 % LT(70 yrs))

where:

350 days 1 event
EFres-c (Ty) % EDres—c (6 yr) = EVres-c ( day ) % SAres—c (5. 365 Uﬂz)

BWres—c (15 kg)

+

2,610,650 cm? - event
DFWies.aqj (k7g> =

1 event
day

350d
EFres (%)  EDres-2(20 yr) X EVres a (
BWees-a (80 kg)

) * SAres-a (19,652 cm?)

and:

0.671 hrs)

< t* (hrs), then:
event (hrs). then

IF ETEV@H(—TES—EdJ (

hrs 0.671 hrs
) % ETevent-res-ad) ( )

DA M) .c (@) =L ) x2xFAxK (ﬂ) « o e (e"em event
Veevent | emZ —event water L 1000 cm? P Uhr I

or:
0.671 hrs .
IF ETevEnt—res—adj ( event ) >t (hrS), then:
BT (0.671 hrs
g B ug L cm event-res-adj | “ayent hrs 1+ 3B + 382
Dhvevent (cmz-event) ) Cwa(er( L ) : (1000 Cms) X KD( hr) ’ |: 1+8B 2 Tevent | gyent ) * (1 + By
where:

ETeven:—res—adj (

0.54 hrs 0.71 hrs
0.671 hrs\ _ (EDres-( (6 yr) x ETevent-res-c ( Bsvent )) * (EDres-a (20 yr) x ETevent-res-a ( avent ))
event EDres (26 yr)
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Trichloroethylene Tap Water Ingestion (CDI)

mg
1000 pg

) (10 1)*

Cwater (

(CAFO (0.804) X IFWes_ag (

327.95L
kg

1,019.9L

)
))

mg

(MAFO (0.202) % IFWM s o (

kg

CDIres—wat—ingtce (

kg -day

)=

ATI"ES

(365 days
r

x LT(70 yrs))

where:

0.78 L

[ 350 days
EFres—c (T) % EDres-c (6 yr) x IRWyes—c (Tay) .
W ‘ (327.95 L) ) BWres—c (15 kg)
res-adj kg 350 days -
EFFES*& (T) X EDI’ES*& (20 yr) X IRWFES*B (Tw)
L BWres-a (80 kg) ]
and:

350 days 0.78 L i

EFg-2 (T) x EDg_2(2 yr) x IRWg_> ( day ) %10 .

BWo-2 (15 kg)
EFo_g (%ﬁiays) x ED5_g (4 yr) x IRW;_g (O;j?aSyL) %3
+
FWML (1,019.9 L) ) BW;_¢ (15 kg)
res-adj kg 350 days -

EFe-16 (T) EDg_ 16(10yr)><IRW6 16(day) x 3

+
BWs_16 (80 kg)
350 days 251L
EF16-26 (_ry) % ED16-26 (10 yr) x IRW16._26 (d_ay) x 1
i BW16_26 (80 kg) |

Trichloroethylene Tap Water Inhalation (CDI)

051
Cwater(pl_g) K ﬁ) X
r 350 d
(EFres ( i
:
350 days
(EF“ ( yr
(EF2_5 (%‘:ays) x ED_g (4 yr) < ETog (

C

350 days
(EF16—26 (Ty) % ED1g_26(10 yr) x ET16_26 (

24 hrs
day

)(z
) (asn
)<(a

24 hrs
day

) x EDres (26 yr) x ETyes (

24 hrs
day

) x EDg_ (2 yr) x ETg-2 (

24 hrs
day

24 hrs
day

350;:33’5) % EDg.16(10 Y1) x ETg_16 (

)

)+

1

1 day
24 hr

) x CAF; (0.756)) +

day) » MAF; (0.244) ><10)

24h ) x MAF;(0.244) x 3)
day

) % MAF, (0.244) x 3)

) x MAF;( 0244)><'I)

(asn

Hg \ _
CDles-wat-inhtce (ﬁ) -

365 days
ATres (T

x LT (70 yrs))

D-20




Trichloroethylene Tap Water Dermal (CDI)

Hg

2,610,650 cm? -event

(CAFO(O‘SOA) 3 DFWigs_ag) ( =

mg

DAtce-even
tee-event | cm?-event

X ( x
) 7000 )
Ha 8,191,633 cm? - event

(MAFU (0.202) X DFWMes_ag; ( kg

)

)

col ( mg ) =
res-wat-dertce -
kg-day ATres ( 7365;:‘3" S L LT(70 yrs})
where:
350 days 1 event
EFresc (73’)  EDres-c (6 Yr) % EVres—c (T)  SAres-c (6,365 cm2)
yr ay +
DEW (2,610,650 cmz-event) _ BWres— (15 kg)
res-adj k—g =
350 days 1 event
EFres-a (Ty) % EDres-a (20 yr) x EVres-a ( day ) % SAres-a (19.652 sz)
BWres_a (80 ka)
and:
EFo.2 (M> X EDg_2 (2 y1) x EVg» (1 e"e“t) %S5 (6,365 cm?) x 10
yr day N

350 days
()

BWo-2 (15 kg)

1 event
% ED5_g (4 yr) x EVo_g ( day

) % ShAgg (6,365 cmz) %3

+

DFWMresfadJ ( kg

)=

EWz,s (7 5 kg)

EFe_1s (350;:53'5) % ED_16(10 yr) x EVg_1g (1 Z‘;i”t) % SAs_16 (1 9,652 cmz) «3
+
BWg_15 (80 kg)
350 days 1 event
EF1e.s (Ty) % ED16.26(10 yr)  EV1g_ag ( Tay ) % SArg-26 (19,652 cm?) x 1
BW16_25 (80 kg)
and:
0.671 hrs
IF ETevent-res-madj (7event ) <t (hrs), then:
. hrs <ET (0.671 hrs
g B ug L cm event | avent event-res-madj { ~ayent

DAtce-event (7cm2—event) = Cwater (T) X (7_‘ 000 cm3) % 2 x FAx Kp (W) X P

or:
0.671 hrs
IF ETevent-res-madj (79\,6"1: ) >t* (hrs), then:
0.671 hrs
g ug L cm ETevent-res-madj event hrs
DAtce-event (7cm2—event) = Cwater (T) X (71 000 cm3) % FA % Kp (W) X 1+8B +2 X Tevent (r,ent) X
where:
0.54 hrs 0.54 hrs
(EDU—Z(Z y¥r) % ETevent-(0-2) (m)) + (Esza (4 yr) % ETevent-(2-6) (m)) +
0.71 hrs 0.71 hrs
o (0671 hrs) _ (ED6-16(1U Y1) % ETevent-(6-16) ( evert )) + (ED16-26(10 yr) x ETevent-(‘\G-ZG)( evert ))
event-res-madi \ ~event EDg-5(2 yr) + EDyg(4 yr) + EDg_15(10 yr) + ED16-26(10 yr)

1+ 3B +3B2

(1+8?

)

D-21




Supporting Child Tap Water (CDI)

EDg-2(2 yr) x BWp_ (15 kg) + ED,_g(4 yr) x BW,_¢ (15 kg)
EDg_2(2yr) + EDo_g(4 yr)

BWresc (15 kg) =

350 days 350 days
- (350 days) _ EDo2(2yn) < EFo-, (—yr ) + EDp.6(4yr) x EFp6 (T)
res-c =

yr EDg-2(2 yr) + EDy_g(4 yr)
24 hrs 24 _h rs
N 24 hrs ] EDg_3 (2 yr) x ETg_> ( day ) + EDy (4 yr)xETo g ( day )
res—-c day EDO—Z (2yr) + ED2_6 (4 yr)
0.54 hrs 0.54 hrs
. hrs) EDg-2(2 Y1) % ETevent10-2) (W) + ED2_g(4 yr) x ETevent-(2-6) (W)

ETevent-res—c (

event EDg_2(2 yr) + EDyg(4 yr)

1 event 1 event
BV 1event) _ EDo-2(2 yr) x EVo-2 (Tay) + EDy (4 yr) x EVog (W)
N day EDp-2(2 yr) + ED;_5(4 yr)

EDy_» (2 yr) % SAg_2 (6,365 cm2) + EDy_g (4 yr) % SAy_g (6, 365 cmz)
EDp_2(2yr) + EDy_g(4 yr)

SAres—c (6,365 cmz)

 rozauy _ EPeal@ynxIRWo (PETE) + €Dy gty xR (25T )
res-c day EDU—Z (2 yr) + ED2_6 (4 yr)
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Supporting Adult Tap Water (CDI)

EDg-16(10 yr) x BWg_16 (80 kg) + ED16_26(10 yr) x BWq4_56 (80 kg)
EDg-16(10 yr) + ED15-26(10 yr1)

BWres-a (80 kg) =

350 days 350 days
EF 350 days _ ED6—16(1 0 yr) X EFG—'IS ( yr Y ) + ED16—26 (10 yr) X EF-] 6-26 ( yr y )
res-a yr EDg_16(10 yr) + EDqg_26 (10 yr)
24 hrs 24 hrs
24 hrs) _ EDg-16(10 y1) x ET6-16 ( day ) + ED16-26 (10 yr) x ET6-26 (Tﬁ)

ED6_15 (1 0 yr) + ED16_25(10 yr)

0.71 hrs

m) + ED16-26 (10 yr) x ETevent—(16-26) (

event

0.71 hrs) EDg-16(10 yr) x ETevent—(5-16) (

ETevent—res—a (

event ED6-16(10 yr) + ED16—26(10 yr)

1 event
1 event) ) ED6-15(10yr)XEV6-15( day ) + EDyg26 (10 yr) x EV15-25(

EDg-16(10 yr) + ED1g_26(10 yr)

1 event
day

EVFES—E ( day

ED6-16(1 0 yr) x SA6-16 (19,652 CITIZ) + ED16-26 (10 yr) x SA] 6-26 (19,652 sz)

2 -
Shres-a (19'652 o ) EDs-16(10 yr) + ED16_26(10 yr)

25L 25L
EDg-16 (10 yr) x IRWp_16 (Tay) + ED16-26 (10 yr) x IRW16_2¢ ( )

day
EDg-16(10 yr) + ED16-26(10 yr)

25L
IRWres-a ( day ) =

Supporting Age-adjusted Tap Water (CDI)

350 days
EDg-2 (2 yr) x EFg_; (ry)

+ EDy_g(4 yr) x EFy.¢ (M) +

yr

350 days
EDg-16(10 yr) x EFg_16 (yry) + ED16-26 (10 yr) x EFq6_36 (
EDg_2(2 yr) + EDy_g(4 yr) + EDg_15(10 yr) + ED15_26(10 yr)

350 days
yr

350 days\ _
EFFES( yr ) -

24 hrs 24 hrs
EDO_2 (2 yr) X ETU—2 ( day ) + ED2_6 (4 yr) s ET2_6 ( day ) +

24 hrs 24 hrs
EDg-16(10 yr) x ETg16 (Tay) + ED16-26(10 yr) x ET16-26 ( day )

EDg_2(2yr) + ED_g (4 yr) + EDg_16(10 yr) + ED15_6(10 yr)
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Resident Fish CDI Equations

Noncarcinogenic Fish Ingestion (CDI)

m 107° k 350 days 54,000 m
Cish (kT?) X ( mg g) % EFres (Ty) % EDres (26 yr) x IRFlres-a (Tg)

m
CDIres—fsh—ingn (kg - gay) =

365 days
ATres-a (Ty

% EDres (26 yr)) % BWres-a (80 kg)

Carcinogenic Fish Ingestion (CDI)

m 1076 k 350 days 54,000 m
CfISh (k—gg) X ( mg g) X EFres (Ty) X EDreS (26 yl’) X IRFIresfa (Tg)

m
CDles fsh-ingc ( kg- gay) =

365 days
Alres (Ty

x LT(70 yrs)) % BWres-a (80 kg)

Noncarcinogenic Fish Ingestion Back-calculated to Water (CDI)

mg yr day

ATI’ES*B (

m 1076 k L 350 days 54,000 m
Cuwater (Tg) x ( 9) « BCF (@) x EFres ( y ) » EDyes (26 yr) x IRFIres-a (79)

res—fsh—ingnw i _d
g ay % X EDres(ZG yr)) b'e BWI’ES*& (80 kg)

Carcinogenic Fish Ingestion Back-calculated to Water (CDI)

m 10 k L 350 days 54,000 m
Cwater (79) x ( g g) « BCF (@) X EF,ES( v y ) x EDres (26 yr) % IRFlres-a (79)

L day
m
CDlres-l‘sh-ingcw ( kg- gay) =

365d
ATres (#

x LT(70 yrs)) x BWres-a (80 kg)

Composite Worker Soil CDI Equations

Noncarcinogenic Soil Ingestion (CDI)

m 106 k 250 days 100 m
Ceo (k—g) x ( g 9) « RBA % EFcom (Ty) % EDcom (25 yr) % IRScom ( day 9)

m
CDIcom-sol-ingn (kg —gay) =

365 days
ATcom-a (T”

x EDcom (25 yr)) x BWcom (80 kg)

Noncarcinogenic Soil Inhalation (CDI)

1 1

m 250 days 8 hrs 1da +

Cooil (k_g?) x EFcom (Ty) % EDcom (25 yr) x ETcom (d—ay) x (24—hrys) X (VFS (T_;) PEF (T_;) )

CDIcom-sol-inhn (ﬁ) = 365 days
ATcom-a yr

x EDcom (25 yr))
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Noncarcinogenic Soil Dermal (CDI)

m 107 k 250 days 3,527 cm? 0.12m
e R 3 R e -

m
CDIcom-sol-dern ( kg- gay) =

365 days
r

ATcom-a ( x EDcom (25 yr)) x BWeom (80 kg)

Carcinogenic Soil Ingestion (CDI)

m 106 k 250 days 100 m
Ceoi (k—gg) x ( g 9) » RBA % EFcom (Ty) + EDcom (25 yr)  IRScom ( oy 9)

m
CDIcom-sol-ingc ( kg- gay) =

365 days
ATcom (T

x LT (70 yrs)) % BWcom (80 kg)

Carcinogenic Soil Inhalation (CDI)

1 1
m 1000 250 days 8 hrs 1da +
o (32) (15 n (2502) st () (152) (2] (2
kg kg

ATcom (3—65)333’5 * LT(70 yrs))

H _
CDIcom-sol-inhc (ﬁ) -

Carcinogenic Soil Dermal (CDI)

m 107 k 250 days 3,527 cm? 0.12m
Ceo (RT?) x (79) % EFcom (Ty) % EDcom (25 Y1) % SAcom ( ) % AFcom ( o g) x ABSy

mg day
(365 days
yr

m
CDIcom-sol-derc ( kg- gay) =

ATcom x LT(70 yrs)) % BWcom (80 kg)

Composite Worker Air CDI Equations

Noncarcinogenic Air Inhalation (CDI)

~( Hg9 mg 250 days) (8 hrs) ( 1 day)
mg) ) Cair (m3) X (—1000 lJg)Echm (—yr % EDcom (25 yr) x ETcom _day x 54 hrs

CDIcom—air—inhn (_3
m ATcom-a (%c:ays ® EDcom (25 yr))

Carcinogenic Air Inhalation (CDI)

250 days 8 hrs 1da
Cair (%) % EFcom (—yr y ) % EDcom (25 yr) x ETcom ( ) X ( Y )

day 24 hrs
365 days
yr

CDIcom-air—inhc (::193)

ATcom ( x LT(70 yrs))
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Refractory Ceramic Fibers Air Inhalation (CDI)

f 250d 8h 1d
) Cair (ﬁ) X Echm (%) X EDcom (25 yl’) X ETcom ( rs) X ( ay )

o1 N f day 24 hrs
com-air-inhref { 3 AT (365 days
com-a | ————
r

X EDcom (25 yr))

Asbestos Air Inhalation (CDI)

f 250d 8h 1d
f ) Ca“— (m) X EFcom (Tw) X EDcom (25 yr) X ETcom ( rs) X ( ay )

da 24 hrs
CDIcom—air—inhasb( e (365 days y
com| ————
r

m3

x LT(70 yrs))

Outdoor Worker Soil CDI Equations

Noncarcinogenic Soil Ingestion (CDI)

m 10 k 225 days 100 m
Cooi (ng) X ( g g) « RBA x EFout( v y ) » EDout (25 yr)xIRSout( Ty 9)

m
CDIout-smI—ingn ( kg- gay) =

365 days
r

ATout-a ( x EDout (25 yr)) x BWoyt (80 kg)

Noncarcinogenic Soil Inhalation (CDI)

1 1
_{mg 225 days 8 hrs 1 day N T 3
Csoil (E) % EFout ( yr % EDout (25 yr) x ETout Tay X 24 hrs X VFs m~ PEF m
kg

kg

m
CDIoyt-sol-inhn (m_g) =

365 days
ATout-a (Ty

x EDout (25 yr))

Noncarcinogenic Soil Dermal (CDI)

m 1076 k 225 days 3,527 cm? 0.12m
Cooi (T;) x ( = 9) * EFgut (Ty) % EDout (25 yr) % SAout( Ty ) xAFout( — 9) % ABSy

m
CDlgyt-sol-dern ( kg- gay) =

365 days
ATout-a( ; L

% EDout (25 yr)) x BWout (80 kg)

Carcinogenic Soil Ingestion (CDI)

m 100k 225 days 100 m
Ceoll (k—é*) X ( g 9) » RBA x EFout( v Y ) « EDout (25 yr)xIRSc,ut( day 9)

m
CDIout—soI—ingc ( kg- gay) =

365 days
yr

ATout ( % LT(70 yrs)) x BWout (80 kg)
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Carcinogenic Soil Inhalation (CDI)

1 1
~(mg 1000 pg 225 days 8 hrs 1 day 3N " 3
Cool ( G ) x (—mg ) * EFout (—yr % EDout @5 y1) % ETout ( <= ) (5 ) * | v (T_g) oEF (r:_)
CDIoutfsul—inhc(% = 365 days
ATout v

x LT (70 yrs))

Carcinogenic Soil Dermal (CDI)

m 1076 k 225 days 3,527 cm? 0.12m
Csoil (k_g?) X ( mg g) * EFout (Ty) % EDout (25 yr) x SAout ( day ) x AFout( m? g) * ABSy

m
CDlout-sol-derc ( kg- gay) =

365 days
r

ATout ( % LT(70 yrs)) % BWoyt (80 kg)

Outdoor Worker Air CDI Equations

Noncarcinogenic Air Inhalation (CDI)

(P9 mg 225 days 8 hrs ( 1 day
mg) 2 (mB) i (1000 PQ)EF‘M( gr ) EDout@3 ¥ ETout { “g30 )| 227hrs

CDIoyt-air-inhn (73
m ATout-a (365}:&‘){5 % EDout (25 yr))

Carcinogenic Air Inhalation (CDI)

Mg 225 days 8 hrs 1 day

Mg\ _ Cair (ﬁ) x EFout (T % EDout (25 yr) x ETout day x 24 hrs
365 days
yr

CI:)Iout—ai r-inhc (m3

ATout ( x LT(70 yrs))

Refractory Ceramic Fibers Air Inhalation (CDI)

f 225 days 8 hrs 1 da
Cair (ﬁ) % EFout (Ty) % EDout (25 yr) x ETout ( ) x (24 hlys)

day
365 days
yr

f
CDIout—air-inhrcf(mg) =
ATout-a ( X EDout (25 yr))

Asbestos Air Inhalation (CDI)

f 225 days 8 hrs 1da
Cair (ﬁ) x EFout (Ty) x EDout (25 yr) x ETout ( day ) X (24 hl’);)

365 days
ATy (22720

f
CDIgyt-air-inhasb (m—j) =

x LT(70 yrs))
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Indoor Worker Soil CDI Equations

Noncarcinogenic Soil Ingestion (CDI)

m 107 k 250 days 50 m
Ceol (TS) x ( g g) x RBA x EFjg (Ty) % EDjpg (25 yr) % IRS;ng (Tyg)

mg
CDling-sol-ingn ( ) =

kg-day 365 days

ATind-a ( yr % EDjnq (25 yr)) x BWjq (80 kg)

Noncarcinogenic Soil Inhalation (CDI)

1 1
m 250 days 8 hrs 1da +
o (o) EFina ( 2522 ) D25y < ETins (S ) % (5 1ee ) | vk (™) pee (™
mg kg kg

CDlind-sol-inhn (ﬁ) = AT (365 days
ind-a
y

X EDmd(ZS yr))

Carcinogenic Soil Ingestion (CDI)

m 1076 k 250 days 50 m
Coil (kT?) x ( g 9) » RBA x EFj g ( i y ) % EDjrg (25 yr) x IRS; g (?yg)

mg
CDling-sol-ingc ( ) =

kg -day 365 days

yr

ATing ( x LT(70 yrs)) x BWjnq (80 kq)

Carcinogenic Soil Inhalation (CDI)

1 1
~(mg 1000 pg (250 days ! ~ (8hrs 1 day N T 3
Ceol (E) x (m—g % EFing (=5, ) <EDina 5y < ETina (“0 ) % (52 hos ) * | v (%) PEF( )

&3

CDling-sol-inhe (% = 365 days
yr

ATind ( x LT(70 yrs))

Indoor Worker Air CDI Equations

Noncarcinogenic Air Inhalation (CDI)

(P9 mg (250 days . ~ (8hrs 1 day
mg) - Cair (m3) 8 (1000 pg) EFind ( yr x EDjng (25 yr) x ETing day 8 24 hrs

CDIind-air-inhn (73
m ATind-a (%ﬂays % EDjng (25 yr))

Carcinogenic Air Inhalation (CDI)

250 days 8 hrs 1da
o (1) o (57) e (3 (352)

365 days
ATind (Ty

CDlind-air-inhc (%) =
x LT(70 yrs))
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Refractory Ceramic Fibers Air Inhalation (CDI)

f 250 days 8 hrs 1da
Cor(155) B (205 ) 20,05y (A105) « (1520

f da
CDIim:l—air—inhrcf () - 365 days Y
ATind—a T

3
m « EDjng (25 yr))

Asbestos Air Inhalation (CDI)

f 250 days 8 hrs 1 day
£ ) ) Cair (ﬁ) x EFing (T) % EDjng (25 yr) x ETjpg ( day ) X (24 hrs)

CDIing-air-inhasb (3
m AT, (365;:33’5 « LT(70 yrs))

Indoor Worker Tap Water CDI Equations

Noncarcinogenic Tap Water Ingestion (CDI)

m 250 days 1.25L
Cwater (%) X (ﬁ) X EFing ( Y ) % EDjng (25 yr) x IRWjpq (d—aly)

yl’
365 days
ATind—a( yr Y

m
CDlind-wat-ingn ( kg- gay) =

x EDjng (25 yr)) x BWjnq (80 kq)

Noncarcinogenic Tap Water Inhalation (CDI)

Hg mg ‘ 250 days ‘ . 8 hrs 1 day 05L
mg) _ Cwate'( L ) * (1000 pg) % EFina ( yr * EDina (25 Y1) x ETind-a day ) “\2ahrs) ™ K m3
m3

CDIind—wat—inhn (7
ATind-a (365 days % EDing (25 yf}) X
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Noncarcinogenic Tap Water Dermal (CDI)

1 event
day

mg

250 days
T “g) % EFjng ( Y ) 5 EDjpg (25 yr) % EVing (

yr

mg

) % SAing (19,652 cm?)

Hg
) ) DAevent (sz_event) ) (

CDlind-wat-dern ( -
where:

kg-da 365 days
9 y Ade—a (Ty X EDind (25 yr)) X BWind (80 kg)

For Inorganics:

Hg _ ] L cm ) 0.71 hrs

DAevent (cmz—event) = Cwater (T) * (1000 cm3) * Kp (W) * ETevent-ind-a ( event
For Organics:
0.71 hrs .
IF ETevent-ind (m) <t (hrs), then:
hrs 0.71 hrs
6 x Tevent (—) % ETevent-ind (_ )

Hg - Hg L cm event event

DAevent (cmz—event) Cuater L ) (1000 cm3) <2 FAxKp hr ) J m

or,

0.71 hrs

m) > t* (hrs), then:

IF ETevent-ind (

0.71 hrs
ETevent-ind( event

)

hrs

Hg H9

1+ 3B+ 382

L cm
DAevent( ) X (m) = FA x Kp (F) X T+ B +2 % Tevent (event) X (

—HI ) -c (_
cm? —event) water \ L

)

(1 + B)?

Carcinogenic Tap Water Ingestion (CDI)

mg

mg 1000 pg

) * EFing (%‘:EVS) % EDjng (25 yr) x IRWing (

1.25L
day

)

Cwater (%) X (
CDlndt-wat-inge g gy ) -

ATing (%ST‘:E"VS « LT(70 yrs)) % BWiq (80 kg)

Carcinogenic Tap Water Inhalation (CDI)

8 hrs
day

1 day

250 days
yr 24 hrs

ug % EDjng (25 yr) x ETing-a ( ) X (

05L
m3

) (%)

Cwater (%) X EFing (
CDling-wat-inhc (ﬁ)
m ATing (Lsy‘:ays % LT(70 yrs))
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Carcinogenic Tap Water Dermal (CDI)

m 250 days 1 event
DAevent (cmzfgvem) X ( 9 ) « EFing (T”) % EDjpg (25 yr) Evmd( aay ) % SAing (19,652 cm?)

m
CDling-wat-derc ( kg- gay> =

x LT(70 yrs)) % BWinq (80 kg)

where:

For Inorganics:

Hg _ ug L cm ) 0.71 hrs
DAt (g event ) ~ S ('2) % (o0 s ) 19 () * Tevencinsa (*qent

For Organics:

0.71 hrs .
IF ETevent-ind ( event ) < t" (hrs), then:
6x T hrs <ET ) 0.71 hrs
Mg L Hg L any | event | event event-ind | “ayent
Phevent (cmz-event> Coater () * (1000 cm3) x2xFA Ko (Fir) <\ =
or,
0.71 hrs .
IF ETevent-ind (m> > t* (hrs), then:
ET 0.71 hrs
N I HOy (L cm event-ind | “eyent hrs 1+ 3B + 382
DAevent (sz—event) - Cwater( L ) * (1000 cm3) xFAx Kp( r ) * 1+B *2x Tevent | Guant ) * (1 + By

Construction Worker Soil Exposure to Unpaved Road Traffic CDI Equations

Noncarcinogenic Soil Ingestion (CDI) Unpaved Road Traffic

107 k 50 wk 5d 330
Cool (T—gg) X ( o= g) « RBA x EFcon (Ewmn (#) » DWeon ( Wiys)) % EDeon(1 yr) x IRScon ( da?g)

m
CDIcon-sol-ingn( J ) =

kg-day 50 wks

7 days
ATcon-a (EWCcm ( ) x (Tky) % EDcon (1 yr)) % BWeon (80 kg)

Noncarcinogenic Soil Inhalation (CDI) Unpaved Road Traffic

1 1
m 50 wks 5 days 8 hrs 1da +
(1) o (955 o (32t - ()< 452) - o 32 o (2
kg kg
CchonfsoIfinhn( 3)°
m ATcon-s (EWcon (EOyv:ks) y (7 :/akys

) % EDcon (1 yr))

Noncarcinogenic Soil Dermal (CDI) Unpaved Road Traffic

m 107 k 50 wks 5 days 3,527 cm? 03m
Csc\l( g) x ( g) % EFcon (EWmn ( yr ) x DWcon( ka )) % EDcon (1 yr) x SAcon ( ) XAFcnn( szg) x ABSy

kg mg day
20 Wks) x (7 :iys) % EDcon (1 yr)) % BWeon (80 kg)

m
CDIcon-sol-dern (kg _gay) =

ATcon-a (EWcon (
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Carcinogenic Soil Ingestion (CDI) Unpaved Road Traffic

10 k 50 wk 5d 330
Ceil (%g) x (ng) « RBA % EFcon (Ewmn ( ;: S) « DWeon ( Wiys)) % EDcon(1 y) % IRScon ( da;”g)

m
CDIcon-sol-ingc ( kg- gay) =

365 days
Acon (Ty

% LT(70 yrs)) x BWeon (80 kg)

Carcinogenic Soil Inhalation (CDI) Unpaved Road Traffic

1 1
mg 1000 pg 50 wks 5 days 8 hrs 1 day I\ T 3y
Csoil ( kg ) x ( mg ) % EFcon (EWcon ( yr % DWeon Wk # EDcon (1 yr) x ETcon day “\3anrs ) © VFs (%) PEFec (%)

CDltnn—snI—inh:(ﬁ) = 365 days
ATcon Ty

x LT(70 yrs))

Carcinogenic Soil Dermal (CDI) Unpaved Road Traffic

m 107 k 50 wks 5 days 3,527 cm? 0.3m
Cooil (TQQ) X ( mg 9) = EFcon (Ewccn ( yr ) % DWeon ( ka )) * EDcon (1 yr) % SAcon (7day ) * AFcon ( szg) = ABSy

mg
CDIcon—soI—derc( ) =
ATeon (3655,# xLT(70 yrs))  BWeon (80 kg)

kg-day

Construction Worker Soil Exposure to Other Construction Activities CDI Equations

Noncarcinogenic Soil Ingestion (CDI) Other Construction Activities

kg mg wk day

50 wks 7 days
ATeon o (Ewmn( ~ ) « ( day

-6
Csoil (mg) X (“O kg) % RBA x EFcon (Ewcon (50;:k5> * DWeon (5 days)) % EDcon (1 y1) % IRScon (330 mg)

m
CDlIcon-sol-ingnsa (kg _gay) =

) % EDeon (1 yr)) x BWeon (80 kg)

Noncarcinogenic Soil Inhalation (CDI) Other Construction Activities

1 1
~/mg 50 wks 5 days 8 hrs 1 day R 3
Csoil (E) x EFcon (Ewcun ( yr ) * DWeon ( Wk % EDcon (1 yr) x ETcon day “\ Sahrs ) * VEs (%) PEF,, (ﬂ’i)

kg
CDIcon-sol-inhnsa ( 3 ) =
m ATcon-a (EWCUH (M> X (7 ::’iys) % EDcon (1 yr))

Noncarcinogenic Soil Dermal (CDI) Other Construction Activities

m 106 k 50 wks 5 days 3,527 cm? 03m
Cooil ( kgg) X ( mg g) % EFcon (Ewmn ( yr ) * DWeon ( ka )) % EDcon (1 yr) x SAcon ( day ) x AFcon ( cng) x ABSy

m
CDIcon-sol-dernsa (kg - gay) =

50 wks 7 days
ATconfa(Echn( w )x( y

yr wk ) % EDcon (1 yr)) % BWcon (80 kg)

Carcinogenic Soil Ingestion (CDI) Other Construction Activities

1075 k 50 wk: 5d 330
Ceoil (%) X ( mg g) x RBA x EFcon (EWmn ( y\.': S) *x DWeon ( Wiys)) % EDcon (1 yr) x IRScon ( da";g)

mg -
CDIcon-sol-ingcsa (kg—day) - 365 days
“ur

ATcon ( % LT(70 yrs)) x BWeon (80 kg)
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Carcinogenic Soil Inhalation (CDI) Other Construction Activities

8 hrs
day

50 wks
yr

5 days

) % DWeon ( Wk

365 days
yr

mg

mg 1000 pg
kg

mg

S () * ( ) EFeon (EWeon )) % EDeontiyr1 ¢ ETcon (%% )  (
CDIcon—sol—mhcsa(m3> =

ATeon <TG yrs))

1

VFs (

1 day

24 hrs m

)

Carcinogenic Soil Dermal (CDI) Other Construction Activities

5 days
wk

106 kg
mg

mg

kg )) % EDcon (1 yr) % SAcon (

mg

3,527 cm?
day

0.3
) % AFcon ( n;g) % ABSy4
cm

50 wks
) Cooil ( ) * ( ) * EFcon (Ewcun ( yr ) » DWeon (

CDImn—snl—dercsa( _
kg-day ATeon (%‘:ays % LT(70 yrs)) x BWeon (80 kg)

Construction Worker Air CDI Equations

Noncarcinogenic Air Inhalation (CDI)

Hg 5 days
m3 wk

_mg
1000 pg

50 wks
r

) x ( ) % EFcon (EWcon ( ) )) % EDcon (

8 hrs
day

1 day
24 hrs

)

yr) < ETeon (

)

)

CDlcon-air-inhn

ATcon-a (EWcon ( ) % EDcon (1 yr

)

Carcinogenic Air Inhalation (CDI)

T x LT(70 yrs))

50 wks 5 days 8 hrs 1da
o N g _ Cair (%) x EFcon (EWCO" ( ) x DWeon ( ka )) % EDcon (1 yr) x ETcon (Tay) x (24 hrys)
con-air-inhc | 113 365 days

Refractory Ceramic Fibers Air Inhalation (CDI)

5 days
wk

f 50 wks
_ Cair (ﬁ) % EFcon (EWcun (T) *x DWeon (

)) b4 EDcon(1 yr) X ETcon (

8 hrs
day

1 day
24 hrs

) (zews)

cor ( f )
con-air-inhrcf| 3 | 50 wk 7d
m ATcon-a (EWcon( y":’ S) X ( wakys) x EDcon (1 yr))
Asbestos Air Inhalation (CDI)
f 50 wk 5d 8h 1d
f Cair (ﬁ) % EFcon (EWcon ( w S) x DWeon ( Wiys)) % EDcon (1 yr) < ETcon (W;S) X (24 :rys)

CDIcon-air-inhash (73) =

m ATcon (%ﬁayg x LT(70 yrs))
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Excavation Worker Soil CDI Equations

Noncarcinogenic Soil Ingestion (CDI)

m 1078 k 20 days 330 m
Ceoil (k—g) X ( mg g) * RBA x EFexc( v y ) % EDexc (1 yr) x IRSexc ( day g)

m
CDlexc-sol-ingn ( kg- gay) =

365 days
ATece (2252205

X EDEXC(1 yl’)) X BWEXC (80 kg)

Noncarcinogenic Soil Inhalation (CDI)

1 1
20d 8h 1d +
o () e )()()(() ())
kg

m
CDleyc-sol-inhn (m%) = 365 days
r

ATexc-a ( % EDexc (1 yr)>

Noncarcinogenic Soil Dermal (CDI)

m 106 k 20 days 3,527 cm? 03m
Csoil (TS) X ( mg g) x EFexc ( yr y ) % EDexc (1 yr) x SAexc (7day ) * AFexc (7"”29) x ABSy

365 days
ATexc-a (T

m
CDleyc-sol-dern ( kg- 36){) =

% EDexc (1 yr)) x BWexc (80 kg)

Carcinogenic Soil Ingestion (CDI)

m 1076 k. 20 days 330m
Cooi (T;) x ( - 9) % RBA EFexc( = ) % EDexc (1 yr)lesexc( 2l 9)

mg
CDlexc-sol-ingc ( ) =

kg-day 365 days
r

ATEXC ( X LT(7O yI’S)) X BWEXC (80 kg)

Carcinogenic Soil Inhalation (CDI)

1 1
~(mg 1000 pg 20 days 8 hrs 1 day Nt 3
oo (g ) (g’ ) <88 (2507 ) et e ()« (547% ) (%) (%)
) Mg\ _ g g
CDleyc-sol-inhc m3 -

365 days
ATEX( (T

% LT(70 yrs))

Carcinogenic Soil Dermal (CDI)

m 1076 k 20 days 3,527 cm? 03m
Ceoil (ng> x ( g g) X EFM( " y ) » EDexc (1 Yr) x SAexc (T) x AFexc (?29) x ABS

365d
ATexc-a (% % EDexc (1 yr)) » BWexc (80 kg)

m
CDIexc-sol-dern ( kg- gay) =
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Excavation Worker Air CDI Equations

Noncarcinogenic Air Inhalation (CDI)

(P9 mg 20 days 8 hrs 1 day
mg) _ G (m3) 5 (1000 pg)EFeXC( g ) % EDexc (1) x ETexc ( “g® ) ( 57rs

CDlexc-air-inhn (_3
m ATexc-a (365 drayS % EDexc(1 yr))

Carcinogenic Air Inhalation (CDI)

20d 8h 1d
| e8] () () (32

ug
CDIexc—a\ir—inh«:(
ATexc (L‘r’ ‘:ays « LT(70 yrs))

m3

Refractory Ceramic Fibers Air Inhalation (CDI)

f 20d 8h 1d
(1) e (27 ot e ()« (3520

365d
ATexc-a (% % EDexc (1 yr))

f
CDlIexc-air-inhrcf (m3> =

Asbestos Air Inhalation (CDI)

f 20d 8h 1d
Cair (ﬁ) X EFQXC (%) x EDexc(1 yr) X ETexc ( da;/s) X (24 ;rys)

f
CDIexc-air-inhasb (m3) = AT (365 days
exc\ — .,
;

x LT(70 yrs))

Recreator Soil/Sediment CDI Equations

Noncarcinogenic Child Soil Ingestion (CDI)

m 1076 k 75 days 200 m
Cei (k—gg) x ( g g) % RBA x EFrec_c( ” y ) % EDyec-c (6 Y1) IRSrec_c( day 9)

365 days
yr

m
CDlrec-sol-ingnc ( kg- gay) =

ATrec—c ( % EDrec-c(6 yr)) % BWrec-c (15 kq)

Noncarcinogenic Child Soil Inhalation (CDI)

1
75d 1h 1d +
o (38) e (2522 oot ()« (50) < (2] (2]
kg

CDIec-sol-inhne (ﬁ) = 365 days
yr

ATrec-c ( % EDrec-c(6 yr))
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Noncarcinogenic Child Soil Dermal (CDI)

m 1078 k 75 days 2,373 cm? 0.2m
Conil (TSJ) x ( s 9) EFre(_[< v Y ) X EDrec-c (6 yr) SA,E(_(( Ty ) x AFre(_(( cng> x ABSq

m
CDlrec-sol-dernc ( kg- gay) =

ATI’EC*C (

365d
yrays « EDrec—c (6 yr)) * BWrec-c (15 kg)

Noncarcinogenic Adult Soil Ingestion (CDI)

105 k 75d 100
Ceoi (T—S) x ( g 9) « RBA % EFrec-a ( yfys) % EDrec (26 yr) x IRSrec-a (Tyg)

m
C|--:'Irec—sc1l-ingna( J ) =

kg -day 365 days

yr

ATrec_a ( X EDI’EC (26 yr)) X BWrec_a (80 kg)

Noncarcinogenic Adult Soil Inhalation (CDI)

1 1
75d 1h 1d +
Csoil (T_gg) % EFrec-a ( yrays) % EDrec (26 yr) x ETrec-a (Wrys) X (24—harys) X (VFS (m_3) PEF (m_3) )
kg

365 days
yr

m
CDIec-sol-inhna (Fg) =

ATrec-a ( % EDrec (26 yr))

Noncarcinogenic Adult Soil Dermal (CDI)

m 10 k 75 days 6,032 cm? 0.07 m
Csoi\ (k_gg) x ( mg Q) % EFrec-a ( yr y ) % EDrec(26 yr) x SArec-a ( day ) % AFrec-a (ng) x ABSd

m
CDIrec—soI—derna( J ) =

kg-da 365 days
9 y ATrec-a (Ty x EDrec (26 )’r)) % BWrec-a (80 kg)

Noncarcinogenic Age-adjusted Soil Ingestion (CDI)

m 1076 k 7,875 m
Ceoi (k—3> x (ng) % RBA x IFS ec_agi (Tg)

mg
CDIrec—soI—ingnadj ( ) =

kg—day ATrEC—a (365Criays % EDFEC (26 yr))
where:

[ 75 days 200 m T

EFI'EC—C (Ty) X EDrec_c (6 yr) X IRSrEC—C (Tyg) .
o (7, 875 mg) ) BWrecc (15 kg)
rec-ad] kg 75 days 100 mg

EFreC—a (T) X EDrec_a (20 yr) X IRSrec—a (W)

B BWrec-a (80 kg) ]
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Noncarcinogenic Age-adjusted Soil Inhalation (CDI)

73 drays) X EDrec (26 yr) X ETrec (

m
CSD" ( gg) x EFrec (

o

+

1
3
) PEF(m

kg

1 hrs
day

1 day
24 hrs

() ()

)

CDltec-sol-inhnadj (ﬁ) = 365 days
r

ATreces (

<EDrec(26 y1))

Noncarcinogenic Age-adjusted Soil Dermal (CDI)

ol ( mg ) ) Csoil (r:_;) x (10_6 kg) % DFS ec_adj (w) « ABS
reesereeme kg - day ATrec-a (365ycrjays x EDrec (26 yr))
where:
) EFrec_c (75 drayS) » EDrec—c (6 Yr) x SArec-c (23(713‘35’"#) « AFrecc (O.szn;g)
DFSec-ad) (W) - BWrec-c (15 k) *
EFrec-a (75 ;irays) % EDrec-a (20 yr) x SArec-a (%) « AFrec_a ( 0.(27ng )
L BWrec-a (80 kg)

Carcinogenic Soil Ingestion (CDI)

mg
kg

Csoil (

)x

107 kg
mg

[

) x RBA x IFS oc_adj (

7,875 mg
kg

)

CDI ( mg .
rec-sol-ingc\ L q_day / 365 davs
0 Y ATrec (*ry x LT(70 yrs))

where:

[ 75 days 200 m 1

EFFEC—C (yry> X EDrec_c (6 yr) X IRSI’EC-C (dayg) )

__ (7,875 mg) _ BWrec-c (15 kg)
rec-adj kg - days 100 mg
EFreC—a (yr) X EDrec_a (20 yr) X IRSI’EC—a (day)

BWrecfa (80 kg)

Carcinogenic Soil Inhalation (CDI)

m 75 days
Csml (TQQ) % EFrec-c (Ty) % EDrec-c(6 yr) % ETrec—c (

1 hrs
day

1 day
24 hrs

)

1
+

]
3 3
m*) pep( ™M
kg kg

=)

mg)

CDIrec—sc\finhnc (ﬁ

% EDrec-c(6 yr))

365 days
ATrec—c (T
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Carcinogenic Soil Dermal (CDI)

m 10"%k 22,155 m
Csoil (k_g) X ( g) % DFSrec-adj (kig) x ABSq
DL mg _ g g
rec-sol-derc kg-day ATrec (365 days < LT(70 yrs))
where:
[ 75 days 2,373 cm? 02m
EFrec-c ( Y ) % EDrec-c(6 yr) x SArec-c ( da ) X AFrec-c ( ng)
+
DFS (22'155 mg> _ BWrEC—C (15 kg)
rec-adj " ka |~
9 2
75 days 6,032 cm 0.07 m
EFrec-a ( yr L ) % EDrec-a (20 yr) x SArec-a (T) % AFrec-a ( cm? g)
i BWrec-a (80 kg)

Mutagenic Soil Ingestion (CDI)

Ceoi (%) « RBA (1

070 kg 35,750 mg

kg

) * IFSMrec_adj ( )

75 days

EF6—16 ( ) X

coI ( Mo ) -
rec-sol-ingmu { | —da - 365 days
g-day ATrec (yry « LT(70 yrs))
where:
_ (75 days) < EDy_ (2 yr)  IRSg. (20;3%) %10
+
BWg_o (1 5 kg)
€2 (2 ) EDa.(4 yr) RS -6 ( 25010 ) 3
yr day +
35,750 mg\ _ BW2-6 (15 kg)
IFSIVIrec—adj T -

100 mg

EDg-16(10 yr) xIRS6_16 (day

)x3
+

75 days

EF16-26 (

) x ED16-26 (10 yr) x IRS16_26 (

BWs_16 (80 kg)

100 mg
day

)><1

BW16-26 (80 kg)
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Mutagenic Soil Inhalation (CDI)

() ("5

1

m3

kg
1 hrs

1 day

)
i

) EDO 2(2 yr) X ETO_2 ( day

75 days 1 hrs

24 hrs

1 day

o)

) X ED2_5 (4 yry x ET2_6 ( day

)

24 hrs

1 day

)-9)-

) % EDg-16(10 yr) x ETg_16 (

o ) (

day

1 hrs

24 hrs

)<3)

1 day

) % ED16-26 (10 yr) x ET15-26 (

5 )

)1)

DFSMrec-adj ( ) =

kg

6,032 cm?
day

) * EDg_16(10 yr) x SAg_16 (

)x

CDIrec-sol-inhmu (E) = l d 24 hrs
=0 3 365d
m ATrec (ﬁ « LT(70 yrs))
Mutagenic Soil Dermal (CDI)
m 10k 91,770 m
Cooi (k—g) x ( _ 9) % DFSMec_agj (kig) x ABSq
CDIren:—soI—dermu( 9 ) = & & 2
kg -day ATrec (365 days 1170 yrs))
yr
where:
[ 75 days 2,373 cm? 0.2m
EFo ( y ) x EDg_2(2 yr) x SAg_» (T) xAFo_Z( ng) % 10
+
BWO—Z (1 5 kg)
75 days 2,373 cm? 0.2 mg
EF2_6 ( yr ) X ED2_6 (4 yr) x SA2_6 (day) X AF2_6 ( py ) x 3
+
91,770 mg BW.6 (15 kg)

EF16-26 (

BW6_1 6 (80 kg)

75 days 6,032 cm?

day

) % ED16-26 (10 yr) x SA16-26 (

BWig-26 (80 kg)
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Vinyl Chloride Soil Ingestion (CDI)

mg
CDIrec—soI—ingvc( ) = Csoil

kg-day

where:

i 75 days 200 m
EFrec—c ( yr Y ) % EDrec-c (6 Yr) x IRSrec—c ( g)

kg
ATrec (—365;:33’5 « LT(70 yrs))

-6
IRS ec_c (2036;”9) « (mmgkg) « RBA

BWrecc (15 kg)

7,875 mg 107 kg
IFSI’EC—adJ (7) X (7mg ) = RBA .

day

7,875 m
Il:Srec—adj (g) =

kg 75 days
EFreC—a r

BWrec—c (15 Kg)

100 m
) % EDrec-a(20 yr) x IRSrec-a ( g)

day

BWrec_a (80 kg)

Vinyl Chloride Soil Inhalation (CDI)

m
CDIrec—soI—inhvc(%) = Cqoil (k_(_?) %

24 hrs

3 +
% LT(70 yrs)) x VFs (r:g) x (%)

[ (L“;):@oz“&g))

75 days 1 hrs 1da
EFrec ( yr y ) X EDrec(26 yl’) X ETrec ( day ) X ( y )

365 days
ATrec( 2
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Vinyl Chloride Soil Dermal (CDI)

+

)

22,155 mg 1076 kg
DFS ec_adi ( ) X x ABS
rec-adj kg ( mg ) d )
ATrec (%ﬂays x LT(70 yrs))
CDlec-sol-derve (%) = Cspil (?) %
o ’ SA (2'373cm2)x(10_6 kg)xAF (02“"'9 « ABS
rec-c rec-c d
day mg cm2
BWrec—c (15 kg)
where:
[ 75 days 2,373 cm? 02m
EFrec—c ( ; Y ) x EDrec-c (6 Yr) x SArec—c (T) % AFrec-c (CTZQ)
S 22,155 mg BWrec-c (1 5kg)
DF rec-ad] (7) =
kg
75d 6,032 cm? 0.07
EFrec-a ( ays) % EDrec-a (20 yr) x SArec-a (T;m) « AFrec_a ( mrzng
- BWrec-a (80 kg)
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Trichloroethylene Soil Ingestion (CDI)

mg

Csoil (

mg
kg

) (s

7.875 mg
kg

35,750 mg
kg

CAF0(0.804) x IFSrec-adj (

)
)

6
kg) » RBA x

(MAFo (0.202) x IFSMgc_adj (

)z

where:

CDIrec—sol—ingtce ( kg-day

365 days
r

ATrec ( x LT(70 yrs))

I 75 days 200 m T
EFrec-c ( y ) % EDrec-c (6 Yr) x IRSrec-c (Tyg)
+
s . (7,875 mg) ) BWrec—c (15 kg)
rec2d) kg 75 days 100 mg
EFrec_a ( ) X EDrec_a (20 yr) X IRSre(_a ( day )
i BWrec-a (80 kg) |
and:
I 75 days 200 m i
EFo_s ( " Y ) » EDg_» (2 yr) x IRSq_» ( day 9) %10 )
BWO—Z (1 5 kg)
75 days 200 mg
EF, ¢ ( yr ) % ED7_g (4 yr) xIRS;_g ( day ) x 3 .
FoM (35,750 mg) ) BW.5 (15 kg)
—adj S — =
o 9 EFe 1 (22935« EDg 1 (10 yr) < IRSgq6 (1209 » 3
6-16 yr 6-16 y 6-16 day .
BWs-16 (80 k)
75 days 100 m
EF16-26( ry ) % ED16-26 (10 yr) x IRS16_26 (Tyg) x 1
L BW15_26 (80 kg) |

Trichloroethylene Soil Inhalation (CDI)

mg

Csoil (

)
(e
o
e
C

kg

1000 pg
mg

75 days

)

)

75 days
yr

75 days
yr

75 days
yr

IE

)~

X ED072 (2 yr) x ET072 (
) % ED;_g (4 yr) x ET,. 5( hrs) (

) % EDg_16(10 yr) x ETg_16 (

VFs (

% EDrec(26 yr) x ETrec

S) x CAF; (0.756)) +

) (aan

) x MAF; (0.244) x 10) +

)

day

x MAF;(0.244) x 3) +

1 hrs
day

hr

) (asn
)

) x MAF; (0.244) x 3) +

1 hrs
day

24
ED16—26(1O yr) X ET1 6-26 ( ( ) X MAFi (0244) X 1)

Hg
CDlyec-sol-inhtce (ﬁ) =

365 days
r

ATrec ( x LT(70 yrs))
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Trichloroethylene Soil Dermal (CDI)

(CAFU (0.804) x DFSrec-adj (

22,155 mg

) x ABSd) i

Co (M) (10 kg 9
©\kg)" "\ "mg )" 91,770 m
mg (MAFO (0.202) x DFSMgc_agj (’Tg) x ABSd)
CDIrec—soI—der‘tce( _ ) =
kg -day ATrec (7365;:63’5 « LT(70 yrs))
where:
[ 75 days 2,373 cm? 0.2m
EFrec-c ( yr y ) % EDrec-c (6 Yr) < SArec—c (day) % AFrec—c ( cng)
.
- (22,155 mg) . BWrecc (15 kg)
rec-adj T -
75 days 6,032 cm? 0.07 m
EFrec-a ( y ) % EDrec-a (20 yr) x SArec-a (—day ) x AFrec-a (—sz g)
I BWrec-a (80 kg) ]
and:
[ 2
EFg_> (75 days) % EDg-2(2 yr) x SAg_2 (%) xAFg_2 (0 Zmn;g) %10
BWo-2 (15 ka) '
75 days 2,373 cm? 02m
EF2_6 ( yr Y ) X ED2_5 (4 yr) x SA2_6 (day) X AF2—6 ( ng) % 3
+
DFem (91,770 mg) B BW2-6 (15 kg)
rec-adj T -
75 days 6,032 cm? 0.07 m
EFs-16 ( yr Y ) X ED6—15(10 yr) x SAG—‘IE (day) x AFg_16 ( om? g) x 3
+
BWs_16 (80 k)
75 days 6,032 cm? 0.07 m
EF16—26( yr Y ) % ED16-26 (10 yr) x SAq6-26 (d.ay) % AF16-26 ( m2 g) x1
L BW1 6-26 (80 kg)
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Supporting Child Soil (CDI)

EDO_2 (2 yl") X BWO_2 (1 5 kg) + ED2_6 (4 yl") X BW2_6 (1 5 kg)
EDo-2(2yr) + ED2_(4 yr)

BWrec-c (1 5 kg) =

EDg-2 (2 yr) x EFg_> (75 days) + EDj_g (4 yr) x EFo_g (75 days)

- 75 days _ yr Ll
rec-c yr EDg-2(2yr) + EDy_g(4 yr)

1 hrs 1 hrs
1 hrs) EDO_2 (2 yr) x ETo_z ( day ) + ED2_6 (4 yr) X ET2_6 ( )

day
EDg_»(2 yr) + ED3_g(4 yr)

ETI’EC-C( day

EDo-2(2 yr) x AFp-» (0'2 mg) + EDy_g (4 yr) x AFp_g (0'2 mg)

AF 02 mg = sz sz
el am2 EDg.2(2 yr) + EDy_g(4 yr)

2,373 cm? 2,373 cm?
EDg_> (2 Yr)x SAgo [ 22> —— | + EDy_g(4 yr)xSA,¢ [ =22~
A 2 373 cm? _ 0-2(2Y 02( day ) 2-614Y 26( day )
rece day EDg_z(2 yr) + EDy_g(4 yr)
200 mg 200 mg
200 mg) EDO_2 (2 yr) X IRSO_2 ( day ) + ED2_6 (4 yr) X IRSZ—G ( day )

IRSrec-c ( day EDg_o (2 yr) + EDy_g (4 yr)

D-44



Supporting Adult Soil (CDI)

EDg_16(10 yr) x BWe_16 (80 kg) + ED1526(10 yr) x BWyg_26 (80 kg)

BWrec-a (80 kg) = EDg-16(10 yr) + EDq6-26 (10 yr)

75 days 75 days
EDg-16(10 yr) x EFs_16 ( y ) + ED16-26 (10 yr) x EF16_2¢ ( y )

EF 75 days\ _ yr yr
reee yr EDg_16(10 yr) + ED16_26(10 yr)

1 hrs 1 hrs
eT 1hrs\ _ EDg-16(10 yr) x ETe_16 (d—ay) + ED16-26 (10 yr) x ETq626 (—day )
rec-a \ “day EDg_16(10 yr) + ED15_26(10 yr)

0.07 m 0.07 m
0.07 mg EDg-16(10 yr) x AFg_16 ( pom) g) + ED16-26 (10 yr) x AFq6_26 ( om? g)
Afrec-a ( cm? ) - EDo_16(10 yr) + ED15.26 (10 Y1)
6,032 cm? 6,032 cm?
6 032 cm? EDg-16(10 yr) x SA¢_16 (d—ay> + ED16-26(10 Y1) % SA16-26 (d—ay)
Phrec-s ( day ) ) EDg-16(10 yr) + ED16-26(10 Y1)
100 mgy  EPe-16(10 Y1) x TRSe.1 (mgar;g) + ED1.26 (10 yr) x IRS16.26 (%)
IRSrec-a ( day ) ) EDg-16(10 yr) + ED1g_26(10 yr)
Supporting Age-adjusted Soil (CDI)
EDg_» (2 yr) x EFg_y (75 ;jrays) + EDy g(4 yr) x EFyg (75 dfys) +
75 days 75 days
EDg-16(10 yr) x EFg_16 ( p Y ) + ED16-26 (10 yr) x EFy6_2¢ ( yr Y )

75 days
EFrec( Y ) =

yr EDp-2(2 yr) + EDy_g(4 yr) + EDg_16(10 yr) + ED1g_26(10 yr)

1 hrs 1 hrs
EDg_ (2 yr) x ETO_Z( day ) + ED3 g (4 yr) x ETz—e( day ) *

1 hrs 1 hrs
or (1 hrs) _ EDg-16(10 yr) x ET6—16( day ) + EDq6-26(10 yr) x ET16—26( day )
e\ day EDg-2(2 yr) + ED_g(4 yr) + EDg_16(10 yr) + ED16-26 (10 yr)
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Recreator Surface Water CDI Equations

Noncarcinogenic Child Surface Water Ingestion (CDI)

m 45 days 1 hrs 0.121L
Cwater (IJTQ) X (ﬁ) % EFrec-c (Ty> % EDrec-c (6 Yr) % ETrec-c ( day ) x IRWrec-c (?)

365 days
ATrec—c (T

m
CDlrec-wat-ingnc ( kg- gay> =

% EDrec-c (6 yr)) x BWrec-c (15 kg)

Noncarcinogenic Child Surface Water Dermal (CDI)

45 days 1 event
DAevent ( ) x EFrgc_;( 4 ) % EDrec—c (6 YT) % EVrecec (7) % SArec—c (6,365 crnz)

Hg ) (Mg
cm? -event 1000 pg yr day

mg -
CDIrec—wat—dernc ( kg — day) -

365 days
ATrec—c (Ty % EDrecc(6 yr)> % BWrecc (15 kg)

where:

For Inorganics:

Hg _ Hg L cm 1 hrs
DAEVEHI (m) Cwaler (T) x (m) x Kp (W) x ETevent—reC—C (m

For Organics:

1 hrs

IF ET, —recc | ———+
event-rec-c (event

) <t"(hrs), then:

1 hrs
ET —rec-c | ——
* Elevent-rec-c (event)

6xT ( hrs )
event | S ——
DAevent (L) = Cwater (pg) x (;) x2x FAxKp (cm) X event

cm? -event T 1000 cm3 hr b

or:

1 hrs

IF ETevent-rec-c (M

) >t* (hrs), then:

1 hrs
ETevent-rec-c (—) 2
Mg - Hg L cm event hrs 1+3B+3B
DAcvent (cmz—event) cwater( L ) . (1000 cm3) xFAx Ko ( hr ) . 1+B 2 Tevent (EVE”t e

Noncarcinogenic Adult Surface Water Ingestion (CDI)

m 45 days 1 hrs 0.11L
Cwater (%) X (ﬁ) X EFrec—a( yr y ) % EDrec(26 yr) x ETrec-a ( day ) x IRWrec-a (T)

365 days
yr

m
CDlrec-wat-ingna (kg - gay) =

ATrec-a x EDrec (26 yr)) % BWrec-a (80 kg)
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Noncarcinogenic Adult Surface Water Dermal (CDI)

Hg mg . days . event 5
g ) _ DAevent (cmz—event) x (wooo pg) x EFrec_a( o ) x EDrec (26 yr) % EVrec-a ( aay ) % Shrec-a (19,652 cm )

kg-da 365 days
9 Y ATrec-a (Ty % EDrec (26 Yr)) % BWrec-a (30 kg)

CDIrecfwatfderna(

where:

For Inorganics:

M9 = Hg L cm - hrs
DAevent (cmz—event) Cuater ( L ) * (1000 cm3) Kp ( hr ) * ETevent-rec-a (event

For Organics:

. hrs

IF ET. —rec-a | ——
event-rec-a (event

) <t (hrs), then:

6T hrs CET . hrs
ug ) ug L m event | ouant event-rec-a | guary
DAevent (cmz—event) = Cuater (T) * (1000 cm3) 2 xFAxKp (F} * T

or:

hrs

EALEIR P .
IF ETevent-rec-a (event) t* (hrs), then:

ET hrs 1
t-rec-a 2

Hg _ vg L cm even event/ hrs 1+3B+38B

Dhevent (cmz—evem) Cwater( L ) * (1000 crn3) A Kp( hr ) * 1+8B 2 Tevent | Guent ) * (1 + B)?

Noncarcinogenic Age-adjusted Surface Water Ingestion (CDI)

Hg mg 34L
o1 () - G () * (g ) Moo (g
rec-wat-ingnadj ka-da - 365 davs
g-day ATrec-a (Ty % EDrec(26 yr))
where:
45 days 1 event 1 hrs 0.121L
EFrec-c (Ty) % EDrec-c (6 Yr) x EVrec—c ( day ) x ETevent-rec-c (m) % IRWrec-c (?) .
341 BWrec-c (15 kg)
lerec-adj( kg ) ) 45 days 1 event 1 hrs 0.11L
EFrec-a ( yr ) % EDrec-a(20 yr) x EVrec-a ( day ) % ETevent-rec-a (m) % IRWrec-a (T)

BWrec-a (80 kg)
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Noncarcinogenic Age-adjusted Surface Water Dermal (CDI)

ug mg 335,655 cm? - event
DAevent (cm2 —event) * (1000 pg) * DPWrec-aq; ( kg

365 days
ATrec-
rec-a ( yr

m
CD]rec—wat-dernadj ( kg _gay) =

x EDrec(26 yr))

where:

45 days 1 event
EFrecc ( o y ) % EDrec-c(6 Y1) % EVrec-c ( day ) % SArecec (6,365 cm2)

BWrec—c (15 kg)

.
335,655 cm? -event

kg ) i 45 days
EFrec- ( yry

D FWre c-adj (
1 event
day

) % EDrec-a (20 yr) x EVyec-a (
BWrec-a (80 kg)

) % SArec-a (19,552 cm2)

and:

For Inorganics:

Hg _ Hg L cm 1hrs
DAevent (7cm2—event) = Cwater (T) % (71000 cm3) % Kp (7) % ETevent-rec-adj (?vent

For Organics:

1 hrs
event

IF ETevent-rec-adj ( ) <t* (hrs), then:

6yt hrs <ET [ 1hrs
Hg _ Hg L cm event | ouent event-rec-adj event
DAevent (cmz—event) = Cuater (T) * (1000 cm3) x2xFAxKp (W) * m

1 hrs

IF ETevent-rec-adj (m

) >t*(hrs), then:

ET (1 hrs
ug ~ g L cm event-rec-adj | ayant hrs 1 + 3B + 382
DAevent (cimz—event) Cwater( L ) X (—1 000 cm3) x FA x Kp( hr ) % — B +2 X Tevent avent % 7(1 . B)Z

where:

1 hrs 1hrs
1 hrs ) ~ (EDrecfc (6 yr) x ETevent-rec-c (r’ent)) + (EDrecfa (20 yr) > ETevent-rec-a (?vent))

ETevent-rec-adj (event EDrec(26 yr)

Carcinogenic Surface Water Ingestion (CDI)

Hg mg 34L
mg ) } Cwater (T) x (m) % IFWrec_aqj (W)

kg -day (365 drays X« LT(70 yrs))

CDlrec—wat—ingc (
ATFEC

where:

45 days 1 event 1 hrs 0.12L
EFrec—c ( Y ) % EDrec-c (6 Yr) x EVrec—c ( ) % ETevent-rec-c ( ) % IRWrec-¢ (7)
+

yr day event hr
W (34 L) _ BWrec-c (1 5 kg)
() =
g kg 1 event

45 days 1 hrs 0.11L
Frec-a ( . y ) % EDrec-a(20 yr) x EVrec-a (Tay) % ETevent-rec-a (m) % IRWrec-a (T)

BWrec-a (80 kg)
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Carcinogenic Surface Water Dermal (CDI)

h9 mg {335,655 cm? —event
or ( mg ) DAevent (sz—event) X (1000 “g) x DFWrec—adJ ( kg
rec-wat-derc _ =
kg-day (m % LT(70 yrs))

ATrec

where:

45 days 1 event

day

) % EDrec-c (6 ¥r) < EVrec—c ( ) * SArec-c (5: 365 sz)

BWrec-c (15 kg)

EFTEE-( (
+

335,655 cm? -event

DFWrecad) ( kg ) ) 45 days 1 event
EFreca ( v ) % EDrec-a (20 Y1) % EVrec-a ( ) * SArec-a (19,652 cm2)

day
BWrec-a (80 kg)

and:

For Inorganics:

Hg _ ug L cm 1 hrs
DAevent (m) = Cwater (T) X (W) % Kp ( hr ) % ETevent-rec-adj (evem

For Organics:

1hrs
IF ETevent-rec-adj (event) *(hrs), then:

hrs 1 hrs
6 % Tevent avent % ETevent-rec-adj avent

Hg _ Hg L cm
Oeven: (g even) = Somer () * (g cms ) <2 e (1) 0

1 hrs

_) >t*(hrs), then:
event

IF ETevent-re(-adj (

ET (Thrs
g _ g L cm event-rec-adj | ayant hrs 1+ 3B +3B2
DAevent (cmz—event) - Cwa‘”( L ) * (1000 cm3) xFAx Kp( hr ) 1+8B * 2 Tevent | gyent ) (1+B)2

where:

1 hrs 1hrs
(EDrecfc (6 yr) x ETevent-rec-c (e—vent)) + (EDrec—a (20 yr) x ETevent-rec-a (event))

1 hrs
ETevenL-rec-adJ (event) - EDrec (26 yr)

Mutagenic Surface Water Ingestion (CDI)

ug mg 14 L
mg ) ) Cwater (T) (1000 pg) % IFWMrec_agj (H
kg-day (365 fays «LT(70 yrs))

CDIrec-wat-ingmu (
ATrec

where:

[ 45 days 1 event 1 hrs 0.12L
EFo_z ( yr Y ) X EDO—Z (2 yr) X EVO—Z ( ) X ETevem -(0-2) (7) X [RWD 2 (T) x 10
+

event
BWo 2 (15 kg)

45 days 1 event 1 hrs 012L
B2 (12005 ) D 68 y0) ¢ o (L ) % BTz gy ) *IRWars (52 ) %3
.
BW,_g (15 kg)

14L
IFWMrec_agj (_) =

kg 1 event

45 days 1hrs 0.124 L
EFs-16 ( yry ) % EDg-16(10 yr) x EVg_16 ( day ) % ETevent-(6-16) (m) xIRWg_16 (T) *3
+

BWeg_16 (80 kg)

45 days 1 event 1 hrs 0.098 L
EF16-26 ( yr y ) % ED16-26(10 yr) x EVig.26 ( day ) % ETevent-(16-26) (ﬁ) IRW16.26 (T) %1

BW16_26 (80 kg)
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Mutagenic Surface Water Dermal (CDI)

Hg mg 1,053,210 cm? - event
DA, DFWMec_adi
co1 (o) - (fmz-event) - (1000 ug) T recad ( kg
rec-wat-dermu _ =
kg-day ATrec(&‘:ays % LT(70 yrs))
where:
EFo.s (%) % EDg_p(2 yr) x EVg_s (1%3'“) % SAg_3 (6,365 cm?) x 10
.
BWoq.2 (1 5 kg)
45 days 1 event
EFpg ( ¥ Y ) x EDq_g (4 yr) x EVo g ( day ) % SAsg (6,355 cmz) %3 .
— (1,053,210 cm? -event) ~ BWo_5 (15 kg)
rec-adj kg -
4 1
EFe.1s (%) % EDg16(10 yr) x EVg_1¢ ( Z‘;;”t) % Shg_16 (19,552 m?) x3
N
BWi-16 (80 kg)
45 days 1 event
EF16.26 ( v Y ) % ED1g.26 (10 Y1) x EVqg.26 ( aay ) % SAv6-26 (19,652 cmz) %1

and:

For Inorganics:

) = Cwater’(

For Organics:

__H3
cm? -event

Hg

DAevent ( T

)X(100(.|)_crn3) <Kp

1hrs

IF ET, —
event

) < t* (hrs), then:

event-rec-madj (

(EDO-Z(Z yr) % ETeyvent-(0-2) (

1 hrs (506-16(10 yr) x ETevem-(6-16}(

BW1g-26 (80 kg)

1 hrs
event

cm

W) = ETevent-re(-madJ (

)

1 hrs
event

)) + (EDZ-E (4 yr) % ETayvent-2-6) (

1 hrs

event)) * (ED‘E-ZEUU ¥1) % ETevent-(16-26) (

1hrs
event

1 hrs
event

)+

)

6T hrs e, (1hrs
H9 _ Hg L cm event | ouant event-rec-mad | ayent
DAevent (cmz—evenft) = Cwater (T) X (71000 cm3) % 2 x FAx Kp (W) x =
or:
1 hrs .
IF ETevent-rec-madj (m) >t"(hrs), then:
1 hrs
DA g N\, Mgy L Ak (S ETevent-rec-madi (e—vent) . hrs )
event | cm2-event Wa[er( L ) 1000 cm3 P ( hr) 1T+B event | event
where:

):

ETevent—rec—madj (m

EDg-2(2 yr) + ED2_g(4 yr) + EDg_16(10 yr) + ED1526(10 yr)

1+ 3B + 382

(1 + By?

)
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Vinyl Chloride Surface Water Ingestion (CDI)

34L
lF\Nrec—adj (W)

ATrec (7365;:35’5 « LT(70 yrs))

1 event 1 hrs 0.12L
(EVrec-c ( day ) % ETevent-rec-c (m) % IRWrec—c (T) )

BWrec—c (15 kg)

+

m m
CDIrec—».uzat—ing\fc (kg—igay) = Cwater (Ll_g) x (ﬁ)

where:

45 days 1 event 1 hrs 0.12L
EFrec-c ( yr y ) % EDrec-c (6 yr) x EVrec—c ( day ) % ETevent-rec-c (7) % IRWrec-c (7)

event hr
BWrec-c (15 kg)

34L
IFWrec-adj (H) =

45 days 1 event

1 hrs 0.11L
) x EDrec-a (20 yr) x EVrec-a ( day ) % ETevent-rec-a (ﬁ) x IRWrec-a (?)
BWrec-a (80 kg)

EFrec-a (

Vinyl Chloride Surface Water Dermal (CDI)

mg _ Hg mg
CDIVEC'W“"’EW‘(W) = DAvc-vent (cmz—event) * (1000 pg) *

335,655 cm? - event 1 t
DFWrec-ag) (7) EVrec ( even ) SArec-c (6,365 cm?
k rec-c X SArec-c | O
9 . day ( )
BWrec-c (15 kg)

365 days
ATrec (T

x LT(70 yrs))
where:

EFrec-c (4—5 days) X EDpec-c(6 Y1) % EVrecc (—1 “e”‘) x Shrecc (6,365 cm?)
yr day .

335,655 cm?-event | _ BWrecc (15 kg)
DFWiec_ad; k) 45 : '
ays even
EFrec-a (—ry) » EDrec-a (20 yr) = EVrec-a ( day ) * SArec-a (19, 652 crnz)
BWrec-a (80 kg)
and:
1hrs

IF ETevent-rec-adj (m) <t (hrs), then:

| hrs 1hrs

6 * Tevent ( ) % ETevent-rec-adj | oo

Hg _ Hg L cm event J\ event

Ot () ~ e () < (g0 ) <2k (57) = .
or:
1 hrs N
IF ETevent-rec-adj (m) >t* (hrs), then:
ET 1hrs
ug ~ ug L cm event-rec-ad] | ayent hrs 1+ 3B + 387
DAvc-event (m) = Cwater (T) P (W) % FA % Kp (W) x #4-2 *Tevent | guent ) TaeBE
where:
1 hrs 1hrs
1 hrs (EDrec—c(B yr) x ETevent-rec-c (m)) + (EDrE(—a (20 yr) x ETeyvent-rec-a (m))
Eevent-rec-an (m) - EDrec (26 y1)
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Trichloroethylene Surface Water Ingestion (CDI)

(CAFQ (0.804) x IFW e g (

34L

kg

)

Hg mg
Cwater(T) X (1000 pg) X 14L
(MAFU (0.202) x IFWMec_ag; (—))
CDlrec-wat-ingtce (kgr?gay) = 365 days =
ATrec (T * LT(70 yrs))

where:
[ 45 days 1 event 1 hrs 0.12L
EFrec-c (Ty) % EDrec-c (6 yr) x EVrec-c ( day ) x ETevent-rec-c (m) x IRWrec—c (T)
+
34l BWrec—c (15 kg)
IFWrec—adj (7) =
kg 45 da 1 event 1h 0.11L
EFrec-a ( yr ys) % EDrec-a (20 yr) x EVrec-a ( 3‘;?/ ) % ETevent-rec-a (eivernst) % IRWrec-a (7",_“, )
L BWrec-a (80 kg)
and:
[ 45 days 1 event 1 hrs 0.12L 1
EFo., ( : Y ) % EDyg_5(2 yr) x EVp_s ( s ) X ETevent-(0-2) (m) xIRWg_2 (T) %10
BWo, (15 kg) *
45 days 1 event 1hrs 012L
EF2_6( vt Y ) x EDy_g (4 yr) x Evz_ﬁ( day ) * ETevent-2-6) (W) xIsz_ﬁ( = ) x3
+
FWM (14 L BWZ-G (15 kg)
rec-adj TQ) =
45 days 1 event 1hrs 0.124 L
Eo1s (0 ) EDe1610y1) x Vet (5o ) X ETevencio-te)(ayarg ) ¥ IRWe-te (- ) x3
+
BWs_qs (80 kg)
45 days 1 event 1 hrs 0.098 L
EFIS-ZS( Y ) % ED16-26 (10 yr) x EV15-25( day ) % ETevent-(16-26) (m) x IRW‘IG-ZB( hr ) x1
L BW“(yzﬁ (80 kg)
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Trichloroethylene Surface Water Dermal (CDI)

335,655 cm? -event

(CAF0 (0.804) x DFWiec_ag; ( kg

Hg
cm? -event

mg
1000 pg

DAtce—event( ) X ( ) X
1,053,210 cm? - event

(MAFQ (0.202)  DFWM ec_aq; ( Q

)

)

m
CDlrec-wat-dertce ( kg- gay) =

where:

335,655 cm? - event
DFWrecfadJ (7) =

kg

and:

1,053,210 cm? -event
DFWMrec—adj( ) =

kg

and:

1hrs

—) <t"(hrs), then:
event

IF ETeventfrecfmadJ (

1 hrs

ETevent-rec-madj (m) =

365 days
ATree (2222205

x LT(70 yrs))

1 event
day

45 days
r

EFrec—c ( ) % EDrec-c (6 yr) x EVrec—c (

BWrec—c (15 kg)

) % Shrec-c (6,365 cm2)
.

45 days
yr

1 event
day

EFrec-a ( ) % EDrec-a (20 yr) x EVrec-a (

BWrec-a (80 kg)

) % SAreca (19,552 cmz)

1 event
) » EDg_z (2 yr) < EVy_2 ( day

BW;_5 (15 kg)

45 days
yr

EFg-2 (

EF, 5 (

) xSAg_2 (6,365 cm?) x 10

+

45 days 1 event

) x ED;_g(4 yr) < EV, g ( day
BW2.6 (15 kg)

) % SAz.6 (6,365 cm?) 3
N

1 event
) % EDg16(10 yr) x EVg16 ( day

BWe-16 (80 kg)

45 days
EFs_16 ( y

o )xSAﬁ,m (19,652 cm?) x3

+

1 event
% ED16-26 (10 Y1) x EV16-26 ( day

BW,5-26 (80 kg)

EF16.6 (%) ) x SAqg26 (19,552 cmz) 1

61 hrs \ er 1 hrs
t event-rec-madj
_H3 . Hg9 L cm #vent | event i\ event
DAtce-event (cmz—event) Cwater’( L ) % (1000 cm3) %2 x FAxKp ( hr ) x =
or:
1 hrs
IF ETevent-rec-madij (m) >t* (hrs), then:
ET (1hrs
Hg _ E L ﬂ event-rec-madj eveint hrs
DArce-event (cmz—event) Cwate"( L ) * (1000 crn3) xFAxKp ( hr ) * 1+8B * 2 Tevent | guanr |
where:

1 hrs

1 hrs .
event event

1 hrs
event

(EDDQ(Z yr) % ETevent-(0-2) ( )) + (Eszﬁ (4 yr) x ETevent-(2-6) (

1hrs

(EDE—‘\G”D yr) % ETevent-(6-16) (M)) + (EDls-zs(m y1) % ETevent-(16-26) (

EDg 2(2yr) + EDa (4 yr) + EDg 16(10 yr) + ED15.26(10 y1)

1+ 3B + 382

(1 + B)?

)
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Supporting Child Surface Water (CDI)

EDO_2(2 yr) X BWO_2 (15 kg) + ED2_6 (4 yr) x BW2_6 (15 kg)
EDg-2(2yr) + EDy_g(4 yr)

BWrec_c (1 5 kg) =

45 days 45 days
. 45 days _ EDg_2 (2 yr) x EFg_> ( : y ) + EDy (4 yr) x EFy_¢ ( v Yy )
rec-c yr EDg-2(2yr) + ED2g(4 yr)
1 hrs 1hrs
- Thrs _ EDg-2(2 yr) x ETevent-rec (event) + ED2-6(4 yr) x ETevent-(2-6) (WE‘H'()
event-rec-c | ooos EDgp_2(2 yr) + EDy_g(4 yr)
1 event 1 event
N (1 event) ) EDg_5 (2 yr) x EVg_y (day) + EDy g (4 yr) < EVy g (day)
rec-c day EDO—Z (2 yl’) + ED2—6 (4 yr)

EDo_y (2 yr) % SAg_» (6,365 cmz) + EDy_g (4 yr) x SAsg (6,365 cmz)
EDg_2(2yr) + ED2_g(4 yr)

SArec-c (6,365 cm2)

0.12L 012 L
0.12 L) _ EDo2(2yr) < IRW. (hr) + ED, (4 yr) x IRW,. g (hr)

hr EDO_2(2 yr) + ED2_6(4 yr)

IRWrec—c (
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Supporting Adult Surface Water (CDI)

EDg_16 (10 yr) x BWg_16 (80 kg) + ED1g 26 (10 yr) x BW1g 26 (80 kg)
EDg_16(10 yr) + ED16_26(10 yr)

BWrec_a (80 kg) =

45 days 45 days)
r

yr

- 45 days\ _ EDg-16(10 yr)XEFG—m( ) + EDqg_26(10 yr)xEF16_26(
A yr EDg_16(10 yr) + ED1526(10 yr)

1 hrs
event

1 hrs
) + ED16-26 (10 yr) x ETavent-(16-26) (m)

: hrs) EDg_16(10 ¥r) x ETevent—(6-16) (

ETevent-rec—a (

event EDg_16(10 yr) + ED1g_26(10 yr)

1 event
1 event) ED6-16 (10 yr) EV6_16( day ) + ED16-26(10yr) < EV16_26(

day EDg_16(10 yr) + ED1g_26(10 yr)

1 event
day

EVrec—a (

EDg_16(10 yr) x SAg_16 (1 9,652 sz) + ED1g_26 (10 yr) x SA16-26 (1 9,652 sz)
EDg-16(10 yr) + ED16-26(10 yr)

SArec-a (1 9,652 cm2)

0.124 L 0.098 L
EDg-16(10 yr)XIRWG-m( hr ) + ED1g-26(10 yr)><IRW16_25( hr )

EDg_16(10 yr) + EDqg_26(10 yr)

0.11L
IRWrec—a( hr ) =

Supporting Age-adjusted Surface Water (CDI)

45 days

EDO_2(2 yr) X EFO_2 (

) + EDy_g(4 yr) x EFyg (45 days) +

45 days 45 days)
r

EDg-16(10 yr) x EF5_16 ( ) + ED15-26(10 yr) x EFq5_2¢ ( yr
EDg-2(2 yr) + EDp_g(4 yr) + EDg_16(10 yr) + ED16-26(10 yr)

45 days\
EFI‘EC( yr ) -
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Farmer Direct Consumption of Agricultural Products CDI Equations

Noncarcinogenic Produce Ingestion (CDI)

m 1076 k 350 days
Coroduce ( g) x (79) % EFfar—c (Ty) % EDfgar_c (6 yr) x

kg mg
68,100 m 41,700 m
DI ( mg ) ) CFproduce (1) x (IRFfar—c (d—ayg) + IRViar_c (d—ayg>)
far-prod-ingn _ -
kg-day ATfar-c (3657(:23)/5 % EDfar-c (6 yr)) x BWrarc (15 kg)

Carcinogenic Produce Ingestion (CDI)

m 1076 k 35,833,000 m 24,535,875 m
Cproduce (TS) x ( mg g) % CFproduce(1)>< (IFFfar-adj (Tg) + IFVfar-adJ (Tg))

m
CD[far—prodfingc( g ) =

kg-day ATfar (&c:ays x LT(70 yrs))
where:
350 days 68,100 m
EFfar-c ( yr Y ) % EDgarc (6 Y1) x IRFeyr_¢ (Tg)
+
- (35,833,000 mg) _ BWrar—c (15 kg)
far-adj T =
350 days 176,800 m
EFfar-a ( yr y ) % EDfar_a (34 yr) x IRFe5_5 (Tg)
BWear_a (80 kg)
and:
350 days 41,700 m
EFW_C( g y ) % EDfarc (6 Y1) % IRVfyr (TQ)
IRV (24,535,875 mg) B BWrar—c (15 kg)
far-adj T =
350 days 125,700 m
EFfar—a( o Y ) x EDfar_a (34 yr) levfa,_a( T2y 9)

BWrar-a (80 kg)

Noncarcinogenic Dairy Ingestion (CDI)

m 1076 k 350 days 349,500 m
Cdairy (k_gg) X ( mg g) % EFfar_c ( yr Y ) % EDgar—c (6 yr) x CFdairy“) % IRDgar—¢ (d—ayg)

m
CD:[far-dairy-ingn( g ) =

kg -day 365 days

yr

ATfar—c ( x EDfarc (6 yr)) x BWrar_c (15 kg)
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Carcinogenic Dairy Ingestion (CDI)

m 106 k 115,213,000 m
Cdairy (k_gg) x ( mg 9) X CFdairy“) X II:Dfar—adj ( kg g)

mg
CDIfardairyingc( ) =

kg-day AT, (365 drays < LT(70 yrs))
where:
[ 350 days 349,500 m
EFfar—c (Ty) % EDfar—c (6 yr) x IRDgyr_c (d—ayg)
- (115,213, 000 mg) ) BWrar-c (15 k)
far-adj kg =
350 days 445,600 m
EFfar-a (fy) % EDfar-a (34 yr) x IRDg,_4 (Tg)
y
- BWtar-a (80 kg) ]

Noncarcinogenic Beef Ingestion (CDI)

m 106 k 350 days 40,100 m
Cheef (k_gg) X ( mg g) X EFfar—c( yr Y ) » EDfar—c (6 yr) x CFpeer (1) ¥ IRBrar_c (Tg)

m
cmfar—beef—mgn( J ) =

kg -day 365 days

ATfar-c ( % EDfarc (6 yr)) % BWrar_c (15 kg)

Carcinogenic Beef Ingestion (CDI)

m 1076 k 32,091,500 m
Cheef (_g) x ( mg g) % CFpeef (1) x IFBfar—adj (Tg)

ATtar (3 65y‘:ays % LT(70 yrs))

mg
CDIfar—beef—ingc ( ) =

where
[ 350 days 40,100 m ]
EFfar—c (—y) X EDfar_c (6 yr) x IRBgar_c (—g)
yr day .
FB (32, 091,500 mg) B BWrar-c (15 kg)
far-adj T =
350 days 178,000 m
EFfar-a (Ty) % EDfar_a (34 yr) x IRBgar_a (Tg)
L BWsar_a (80 kg) ]
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Farmer Direct Consumption of Agricultural Products - Back-calculated to Water CDI Equations

Noncarcinogenic Produce Ingestion Water (CDI)

Hg mg L L L 1076 kg
o (52) < (1c5)~ (708 (1) + 770 (1) + 70 (i)~ ()

350 days 68,100 m 41,700 m
Dl vaing pmdn( mg ) _ EFfar-c( yr Y ) % EDfar_c (6 yr) % c';produce(’l)>< (IRFfar-t (Tyg> + IRVgarc (Tg))
—wat-ing= kg-da 365 days
g y ATfar—c ( r Y x EDfar-c (6 yr)) % BWrar_¢ (15 kg)

where:

L A
Ly Ir (deay) % F % BViyet % {1 - exp((ﬁ) Ty, (days))]
Irrrup @ = kg AB

and:

L A
Ly I (m) x Fx MLFgroguce * [1 - exp((ﬁ) xty, (days))]
Irrres E = kg AB

* () < (a5)

and:

L Ae
Ly Ir (deay) x FxIpxTx {1 - EXp((d_ay) Xty (days))]
Irrdep @ = v kg A
() * (a)
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Carcinogenic Produce Ingestion Water (CDI)

Cwater (P_

9 mg
L ) (1000 Hg

x| Irrpy L + Irrres L + Irr
P kg kg de

35,833,000 m
CFproduce“) X (IFFfar—adj (79) + I':Vfar—adj (

L
kg

o))

24,535,875 mg

1076 kg

mg

)

)x

A
y) % Fx MLFgroduce {‘l - exp ((d%;) Xty (days))]

coI ( mg )— kg kg
far-wat-ing-prodc _ =
kg-day ATtar (365_‘:"’3’5 < LT(70 yrs))
where:
[ 350 days 68,100 mg\ |
EFfarc (Ty) % EDfar_c (6 yr) < IRFgyr_c (Tg)
+
- (35, 833,000 mg) . BWrar—c (15 kg)
far-adj T =
350 days 176,800 m
EFfar-a (Ty) % EDfar-a (34 yr) x IRFgar_a (Tg)
L BWr,r_a (80 kg) ]
and:
[ 350 days 41,700 m T
EFfar—c (7ry) % EDfar—c (6 yr) x IRVg,_¢ (Tg)
+
IRV (Mﬁ%ﬁ%n@)_ BWrar-c (15 kg)
far-adj T =
350 days 125,700 m
EFfar-a (Ty) % EDfar_a (34 yr) x IRVeg_5 (d—ayg)
I BW,r_a (80 kg) ]
and:
L A
Ly " (deay) x FxBlwet x [1 - exp ((d_:y) <ty (days))]
[I’rrLIP (E) - - kj) . Ai)
m? day
and:
L

L)=L(

kg

Irfres (

and:

e

m?2 day

L y)XFXIfXTXP - exp((

;\TEy) Xty (days))]

L I (
s (1) =

m2-da
kg Ae
( i)
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Noncarcinogenic Dairy Ingestion Water (CDI)

Cwater (%) X

m 350 days
(‘IODngg) *EFfar—c ( yr . ) % EDfar_¢ (6 yr) x CFgairy (1) x

349,500 m 107 k da 92 L
IRDfar—c( day g) o ( mg g) % TFdairy (k_gy) % Qw-dairy (d—ay)

mg

col ( mI )=
far-wat-ing-dairyn ka-da - 365 davs
9-aay ATfar—c (7ry * EDfar-c(6 yr)) % BWear_ (15 kg)
Carcinogenic Dairy Ingestion Water (CDI)
m 115,213,000 m
Cuater (52 (1ooogpg) % CFairy (1) % IFDfar_aq (Tg) x

10"® kg day

92 L
) Qs (G

CDIfar—wat—ing—dairyc ( kg _ day) =

where:

350 days 349,500 m T
EFfar—c (Ty) % EDfar_c (6 yr) x IRDfar_¢ (79)
+

N (—365 ‘:ays « LT(70 yrs))

day

115,213,000 m
IFDfar-adj (—g) =

kg

350 days
EFfar—a (Ty)

BWrar—c (15 kg)

445,600 m
X EDfar_5 (34 yr) x IRDgap_5 (79)

day

BWrar_a (80 kg)

Noncarcinogenic Beef Ingestion Water (CDI)

mg

mg

350 days
Cwater (%) x (m) % EFfar_c (T}’) % EDfar—c (6 Yr) x CFpeef (1) x

40,100 m 1076 k d
IRBfar—¢ (Tg) X ( mg g) X TFbeef( K

ay 53L
?) < (5]

CDIfar-wat-ing-beefn ( kg- day) =

ATl‘ar—c

365 days
(75’ % EDfar_c (6 yr)) % BWiar_ (15 kg)
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Carcinogenic Beef Ingestion Water (CDI)

m 32,091,500 m
Cwater (l.l_Lg) x (10009“9) % CFpeef (1) % IFBfar_ad (Tg) %

mg -
Clear—wat—ing—beefc ( ) -

kg - day ATfaI’ (%ﬁiays X LT(70 yrs))
where:
[ 350 days 40,100 m T
EFfar-c (7',)/) % EDfar_c (6 yr) x IRBar_c (Tg)
+
- (32,091,500 mg) ) BWrar—c (15 kg)
far-adj T =
350 days 178,000 mg
EFfar-a (T) % EDfar_q (34 yr) x IRB¢a_4 (T)
L BWrar-a (80 kg) ]

Farmer Direct Consumption of Agricultural Products - Back-calculated to Soil CDI Equations

Noncarcinogenic Produce Ingestion Soil (CDI)

m 1076 k 350 days
Csoil (_g) X ( 9) % EFfar_c ( yr Y ) % EDggr—c (6 yr) x

kg mg
68,100 m 41,700 m
far-sol-ing-prodn _ -
kg-day ATfarc (365 drayS * EDfarc (6 yr)) % BWrar_¢ (1 5kg)

where:

Rupv = BVwet ; Res = MLFyodyce (0.0135)
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Carcinogenic Produce Ingestion Soil (CDI)

m 1076 k
Csoil (k—gg) X ( mg g) X CFproduce(1)>< (RUPV + ReS) x

35,833,000 m 24,535,875 m
mg ) (IFFfar—adj ( g) + I':Vf.aur—adj ( g))

kg kg
kg-day AT, (7365;:35’ >« LT(70 yrs))

CDI, rsolingprodc(

where:
| EFrarc (%‘:ays) x EDfar—c (6 yr) x IRFeyp_ (w) -
FFrar-ag (35, 833}2300 mg) ) BWiar—c (15 kg) +
EFfar-a (%ﬂays) x EDf,r_a (34 yr) x IRFg, ., (W)
I BWsar-a (80 kg)
and:
| EFrarc (3’50)('?6“'5) x EDfar_c (6 Y1) x IRVpy_c (‘W) ]
IFVfar-ag) (24, 535;;:75 mg) ) BWrar_c (15 kg) +
EFfar-a (%ﬂays) x EDgar_a (34 yr) x IRVey,_g (%)
L BWsar_a (80 kg)
and:

Rupv = BVwet ; Res = MLFproqduce (0.0135)

Noncarcinogenic Dairy Ingestion Soil (CDI)

m 1076 k 350 days 349,500 m
Csoil (rg) x ( mg g) » EFfar—c ( yr Y ) % EDfar—c (6 ¥r) % CFyairy (1) < IRDgar_c (Tyg) =

203 k
(prdairy (Tﬁ) X 1fpfdair),t('l)’( fsfdairy(’l) % (Rupp + Res)) +

da
e (g ) 0k
(Qs-dairy (T‘i g) x fp—da\ry(‘l))
ay

mg -
CDIfar-sol-ing-dairyn (kg —day) - 365 days

yr

ATfar-c ( % EDfar—c (6 yr)) * BWrar—c (15 kg)

where:

Rupp = BV4ry i Res = MLFpasture (0.25)
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Carcinogenic Dairy Ingestion Soil (CDI)

m 107 k 115,213,000 m
Csoil (k_g?) x ( mg g) % CFdairy (1) X IFDfar_aqj (Tg) o

20.3 k
(Qp—dairy ( g) x fp—dairy“) X fs—dairy(” x (RUPP + Res)) *

day
da
TFdairy (k_y) X
d 0.4 kg
m Qs-dairy | ~gav ) * fo-dairy (1)
CDIfar—SOl—ing-dairyc(k ga ) = 365 dave y
e ATsar (7',3/ x LT(70 yrs))
where:
[ 350 days 349,500 m 1
EFfar—c (Ty) % EDfar—c (6 yr) x IRDgyr ¢ (Tg)
+

BWi,r_c (15 Kg)

115,213,000 m
IFDfar—adj (—g) =

kg

350 days 445,600 m
EFfar-a (Ty) % EDfar_5 (34 yr) < IRDsar_a (7‘9)

day

BWrar-a (80 kg)
and:

Rupp = BVdry; Res = MLFpasture (0.25)

Noncarcinogenic Beef Ingestion Soil (CDI)

m 10 k 350 days 40,100 m
Csoil (k_gg) x ( mg g) * EFgarc ( yr Y ) % EDfar_c (6 Y1) x CFpee (1) x IRBear_¢ (Tg> x

11.77 k
(Qp-beef (Tg) X fp-beef“) % fo_peef (1) % (Rupp + Res)) +
day) . y

TFoeef (E 0.5 k
(Qs-beef ( aayg ) X fp-beef(‘I ))

m
CDIfar-sol-ing-beefn (kg—gay) = 365 days

yr

ATfar—c ( X EDgar-c (6 yr)) x BWgar¢ (15 kg)

where:

Rupp = BVyry i Res = MLFpasture (0.25)
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Carcinogenic Beef Ingestion Soil (CDI)

kg

da
TFpeef (k_gy) X

m
Cs.oil (79

107 k 32,091,500 m
) x (mgg) % CFoee (1) X IFBfar-ag) (79

kg

)

11.77 k
(Qp—beef ( g) X fp—beef(” % fs_peef (1) < (Rupp + Res)) +

day

0.5 kg
(Qs—heef (d—ay

) % fp-beer (1 ))

mg -
CDIfar—soI—ing—beefc ( kg - day) -

where:

ATfar (

350 days
EFfar—c (Ty) % EDfar_c (6 Y1) x IRBgr_c (

365 days
r

x LT(70 yrs))

40,100 mg i
day N

32,091,500 m
IFBfar-adj (79) =

kg

BWrar-c (15 kg)

350 days
EFfar-a (Ty) * EDfar—a (34 yr) x IRBfara (

178,000 mg
day

and:

BWtar-a (80 kg)

Rupp = BVdry; Res = MLFpasture(O-ZS)
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Soil to Groundwater CDI Equations

Method 1: Concentration in Groundwater from Concentration in Soil

Csoil(m) B (1’000 pg)
MO\ _ kg mg
Cwater( )

L 0.3 Lwater) .8, (0.13 Lair

o
K L + i I-soil
d 1.5 kg
Po\ ——

Hf
LSO” ) % DAF

kg

where:

(1 5kg)
o, (0.13 La,-r) . (0.43 Lpore) _ o, (0.3 Lwater)_ . (0.43 Lpore) . Pb

L50i| I-soil Lsoil ' I-s<:1i|

and:

LY _ 0.002 g-carbon L . ,
Kq (kg) =foc ( g-soil ) x Koc (kg) , for organic compounds;

L
Kq | — ) values for inorganic compounds are listed in the user guide.
d kg

Method 2: Concentration in Groundwater from Concentration in Soil

([ mg 1000 pg 1.5 kg mg
Cuter (19) - C5°"(k9)x( mg )pr( L)%\
water

1(0'18 m) « ED(70 yr) x DAF
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APPENDIX E. TABLES OF RECOMMENDED DEFAULT EXPOSURE PARAMETERS FOR
RADIONUCLIDE PRG CALCULATOR

Table E-1. Slope Factors (SFs)

Symbol Definition (units) Default Reference
SF; Soil Ingestion Slope Factor - population Isotope-specific ORNL 2014c¢
(risk/pCi)
SFsa Soil Ingestion Slope Factor - adult only Isotope-specific ORNL 2014c¢
(risk/pCi)
SF¢ Food Ingestion Slope Factor (risk/pCi) Isotope-specific ORNL 2014c
SFw Water Ingestion Slope Factor (risk/pCi) Isotope-specific ORNL 2014c¢
SF; Slope Factor - inhalation (risk/pCi) Isotope-specific ORNL 2014c¢
SFext-sv Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)
SFext-1em Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)
SFext-sem Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)
SFext-15cm Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)
SFext-gp Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c
pCi/cm?)
SFsub Slope Factor - submersion (risk/yr per pCi/cm?) | Isotope-specific ORNL 2014c¢
SFimm Slope Factor - immersion (risk/yr per pCi/L) Isotope-specific ORNL 2014c¢
Table E-2. Miscellaneous Variables
Symbol Definition (units) Default Reference
TR Target Risk 1x10° U.S. EPA 1991b
A Decay constant = 0.693/half-life (year') where | Isotope-specific Developed for
0.693 =In(2) Radionuclide Soil
Screening calculator
K Andelman Volatilization Factor (L/m?) 0.5 U.S. EPA 1991b (pg. 20)
ACF exi-sv Area Correction Factor - soil volume (unitless) | Isotope-specific ORNL 2014a
ACFext-1em Area Correction Factor — 1 cm (unitless) Isotope-specific ORNL 2014a
ACF exi-5cm Area Correction Factor — 5 cm (unitless) Isotope-specific ORNL 2014a
ACF ext-15cm Area Correction Factor — 15 cm (unitless) Isotope-specific ORNL 2014a
ACFextgp Area Correction Factor - ground plane Isotope-specific ORNL 2014a
(unitless)
GSF; Gamma Shielding Factor - Indoor (unitless) 0.4 U.S. EPA 2000a. (pg. 2-
22). U.S. EPA 2000b.
(pg. 2-18)
GSFext-sv Gamma Shielding Factor - soil volume Isotope-specific ORNL 2014a
(unitless)
GSFext-1cm Gamma Shielding Factor — 1 cm (unitless) Isotope-specific ORNL 2014b
GSFext-5cm Gamma Shielding Factor — 5 cm (unitless) Isotope-specific ORNL 2014b
GSFext-15em Gamma Shielding Factor — 15 cm (unitless) Isotope-specific ORNL 2014b
GSFext-gp Gamma Shielding Factor - ground plane Isotope-specific ORNL 2014b
(unitless)
GSF, Gamma Shielding Factor - Air (unitless) 1 Developed for

Radionuclide Soil
Screening calculator



https://rais.ornl.gov/documents/SlopesandDosesFinal.pdf
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https://rais.ornl.gov/documents/SlopesandDosesFinal.pdf
https://rais.ornl.gov/documents/SlopesandDosesFinal.pdf
https://rais.ornl.gov/documents/SlopesandDosesFinal.pdf
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https://rais.ornl.gov/tools/ACF_FINAL.pdf
https://rais.ornl.gov/tools/ACF_FINAL.pdf
https://rais.ornl.gov/tools/ACF_FINAL.pdf
https://rais.ornl.gov/tools/GSF_FINAL.pdf
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Table E-3. Resident Soil

Symbol Definition (units) Default Reference
PRGressoil-ing | Resident Soil Radionuclide Ingestion (pCi/g) Contaminant- Determined in this
specific calculator
PR Gres-soil-inh Resident Soil Radionuclide Inhalation (pCi/g) | Contaminant- Determined in this
specific calculator
PR Gres-soil-ext Resident Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
PRGres-soil- Resident Soil Radionuclide Ingestion (pCi/g) Contaminant- Determined in this
produce-ing specific calculator
PRGres-produce- | Resident Produce Radionuclide Ingestion Contaminant- Determined in this
ing (pCi/g) specific calculator
PRGres-soil-tot Resident Soil Radionuclide Total (pCi/g) Contaminant- Determined in this
specific calculator
PRGeres-soil-sv Resident Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
PRGres-soil-1em | Resident Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
PRGressoil-sem | Resident Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
PRGres-soil-15em | Resident Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
PRGres-soil-gp Resident Soil Radionuclide External (pCi/cm?) | Contaminant- Determined in this
specific calculator
tres Time - resident (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.
CFres-produce Produce Contaminated Fraction - resident 0.25 U.S. EPA 1990. U.S.
(unitless) EPA. 1998. (pg. C-9)
Bvyet Soil to Plant Transfer Factor - wet (pCi/g-fresh | Radionuclide- Hierarchy selection in
plant per pCi/g-dry soil) specific Section 2.3.2
Rupv Wet root uptake for produce multiplier Radionuclide- Hierarchy selection in
(unitless) specific (=Bvyet) Section 2.3.2
Res Soil resuspension multiplier (dimensionless) =MLF (pasture or Hinton 1992
produce)
IFSres-adj Resident Ingestion Fraction - age-adjusted 1,120,000 Calculated using the
(mg) age-adjusted intake
factors equation.
IR Sres-a Resident Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IR Sres-c Resident Soil Ingestion Rate - child (mg/day) | 200 U.S. EPA 1991a (pg. 15)
IF Ares-adj Resident Inhalation Rate - age-adjusted (m?) 161,100 Calculated using the
age-adjusted intake
factors equation.
IR Arcs-a Resident Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg. 15)
IR Ares-c Resident Inhalation Rate - child (m?/day) 10 U.S. EPA 1997a (pg. 5-
11)
IFVes-adj Resident Vegetable Ingestion Fraction - age- 989,870 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IR Vies-a Resident Vegetable Ingestion Rate - adult 128.9 U.S. EPA 2011 (Table

(g/day)

13-10)
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Table E-3. Resident Soil

Symbol Definition (units) Default Reference
IRViesec Resident Vegetable Ingestion Rate - child 41.7 U.S. EPA 2011 (Table
(g/day) 13-10)
IFF es-adj Resident Fruit Ingestion Fraction - age- 1,462,510 Calculated using the
adjusted (g) age-adjusted intake
factors equation

IRFres-a Resident Fruit Ingestion Rate - adult (g/day) 188.5 U.S. EPA 2011 (Table
13-5)

IRFres-c Resident Fruit Ingestion Rate - child (g/day) 68.1 U.S. EPA 2011 (Table
13-5)

EFes Resident Exposure Frequency - (days/year) 350 U.S. EPA 1991a (pg. 15)

EFres-a Resident Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)

(days/year)
EFres-c Resident Exposure Frequency - child 350 U.S. EPA 1991a (pg. 15)
(days/year)

EDxes Resident Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

EDyes-a Resident Exposure Duration - adult (years) 20 EDres (26 years) - EDres.
¢ (6 years)

EDyes-c Resident Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages
6 and 15

ETres Resident Exposure Time (hours/day) 24 24 Hours per 24 hour
Day

ETres-a Resident Exposure Time - adult (hours/day) 24 24 Hours per 24 hour
Day

ETres-c Resident Exposure Time - child (hours/day) 24 24 Hours per 24 hour
Day

ETres-i Resident Exposure Time - indoor (hours/day) 16.416 U.S. EPA 2011 (Table
16-16 50"%)

ETres-o Resident Exposure Time - outdoor (hours/day) | 1.752 U.S. EPA 2011 (Table

16-20 501%))




Table E-4. Indoor Worker Soil

Symbol Definition (units) Default Reference

PRGiw-soil-ing Indoor Worker Soil Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator

PRGiw-soil-inh Indoor Worker Soil Radionuclide Inhalation Contaminant- Determined in this
(pCi/g) specific calculator

PRGiw-soil-ext Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGiw-soil-tot Indoor Worker Soil Radionuclide Total (pCi/g) | Contaminant- Determined in this

specific calculator

PRGiw-soil-sv Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGiw-soil-iem | Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGiw-soil-sem | Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGiw-soil-15em | Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGiw-soil-gp Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/cm?) specific calculator

tiw Time - indoor worker (years) 25 U.S. EPA 1991a (pg. 15)

IRSiw Indoor Worker Soil Ingestion Rate (mg/day) 50 U.S. EPA 2001 (pg. 4-3)

IRAiw Indoor Worker Inhalation Rate (m3/day; based | 60 U.S. EPA 1997a (pg. 5-
on a rate of 2.5 m*/hour for 24 hours) 11)

EFiw Indoor Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)

EDiw Indoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)

ETiw Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour

Day
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Table E-5. Outdoor Worker Soil

Symbol Definition (units) Default Reference

PRGow-soil-ing Outdoor Worker Soil Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator

PRGow-soil-inh Outdoor Worker Soil Radionuclide Inhalation Contaminant- Determined in this
(pCi) specific calculator

PRGow-soil-ext Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGow-soil-tot Outdoor Worker Soil Radionuclide Total Contaminant- Determined in this
(pCi/g) specific calculator

PRGow-soil-sv Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGow-soi-tem | Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGow-soit-sem | Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGow-soil-15cm | Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/g) specific calculator

PRGow-soil-gp Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi/cm?) specific calculator

tow Time - outdoor worker (years) 25 U.S. EPA 1991a (pg. 15)

IRSow Outdoor Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)

IRAow Outdoor Worker Inhalation Rate (m?/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m’/hour for 24 hours) 11)

EFow Outdoor Worker Exposure Frequency 225 U.S. EPA 1991a (pg. 15)
(days/year)

EDow Outdoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)

ETow Outdoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour

Day
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Table E-6. Composite Worker Soil

Symbol Definition (units) Default Reference

PRGy-soil-ing Composite Worker Soil Radionuclide Ingestion | Contaminant- Determined in this
(pCi) specific calculator

PRGy-soil-inh Composite Worker Soil Radionuclide Contaminant- Determined in this
Inhalation (pCi) specific calculator

PRGy-soil-ext Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi/g) specific calculator

PRGy-soil-tot Composite Worker Soil Radionuclide Total Contaminant- Determined in this
(pCi/g) specific calculator

PRGy-soil-sv Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/g) specific calculator

PRGy-soil-1cm Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/g) specific calculator

PRGy-soil-5cm Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/g) specific calculator

PRGy-soil-15em | Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/g) specific calculator

PR G -soil-gp Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi/cm?) specific calculator

tw Time - worker (years) 25 U.S. EPA 1991a (pg. 15)

IRS,, Composite Worker Soil Ingestion Rate 100 U.S. EPA 1991a (pg. 15)
(mg/day)

IRAy Composite Worker Inhalation Rate (m?/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m’/hour for 24 hours) 11)

EFy Composite Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)

EDw Composite Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)

ETw Composite Worker Exposure Time (hours/day) | 8 Eight Hours per 24 hour

Day
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Table E-7. Excavation Worker Soil

Symbol Definition (units) Default Reference
PRGew-soil-ing Excavation Worker Soil Radionuclide Contaminant- Determined in this
Ingestion (pCi/g) specific calculator
PRGew-soil-inh Excavation Worker Soil Radionuclide Contaminant- Determined in this
Inhalation (pCi/g) specific calculator
PRGew-soil-ext Excavation Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi/g) specific calculator
PRGew-soil-tot Excavation Worker Soil Radionuclide Total Contaminant- Determined in this
(pCi/g) specific calculator
tew Time - excavation worker (years) 1 U.S. EPA 2002 Exhibit
5-1
IRScw Excavation Worker Soil Ingestion Rate 330
(mg/day)
IRAcw Excavation Worker Inhalation Rate (m?/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m*/hour for 24 hours) 11)
EF.w Excavation Worker Exposure Frequency 20
(days/year)
EDew Excavation Worker Exposure Duration (years) | 1 U.S. EPA 2002 Exhibit
5-1
ETew-o Excavation Worker Exposure Time (hours/day) | 8 Eight Hours per 24 hour
Day
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Table E-8. Construction Worker Soil

Symbol Definition (units) Default Reference
PRGew-soil-ing Construction Worker Soil Radionuclide Contaminant- Determined in this
Ingestion (pCi/g) specific calculator
PRGew-soil-inh Construction Worker Soil Radionuclide Contaminant- Determined in this
Inhalation (pCi/g) specific calculator
PRGew-soil-ext Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi/g) specific calculator
PRGecw-soil-tot Construction Worker Soil Radionuclide Total Contaminant- Determined in this
(pCi/g) specific calculator
PRGew-soil-sv Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi/g) specific calculator
PRGew-soil-1em | Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi/g) specific calculator
PRGew-soil-sem | Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi/g) specific calculator
PRGew-soil-15em | Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi/g) specific calculator
PRGew-soil-gp Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi/cm?) specific calculator
tew Time - construction worker (years) 1 U.S. EPA 2002 Exhibit
5-1
IRScw Construction Worker Soil Ingestion Rate 330
(mg/day)
IRA .y Construction Worker Inhalation Rate (m*/day; | 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m’/hour for 24 hours) 11)
EFcw Construction Worker Exposure Frequency 250 U.S. EPA 2002 Exhibit
(days/year) 5-1
EWew Construction Worker Exposure Frequency 50 U.S. EPA 2002 Exhibit
(weeks/year) 5-1
DWew Construction Worker Exposure Frequency 5 U.S. EPA 2002 Exhibit
(days/week) 5-1
EDcw Construction Worker Exposure Duration 1 U.S. EPA 2002 Exhibit
(years) 5-1
ETcw Construction Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day
Table E-9. Recreator Soil/Sediment
Symbol Definition (units) Default Reference
PRGrec-soit-ing | Recreator Soil Radionuclide Ingestion (pCi/g) | Contaminant- Determined in this
specific calculator
PRGrec-soit-inn | Recreator Soil Radionuclide Inhalation (pCi/g) | Contaminant- Determined in this
specific calculator
PRGrec-soil-ext Recreator Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
PRGerec-soil-tot Recreator Soil Radionuclide Total (pCi/g) Contaminant- Determined in this
specific calculator
PR Grec-soil-sv Recreator Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
PRGrec-soi-1em | Recreator Soil Radionuclide External (pCi/g) Contaminant- Determined in this
specific calculator
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Table E-9. Recreator Soil/Sediment

Symbol Definition (units) Default Reference

PRGrec-soit-sem | Recreator Soil Radionuclide External (pCi/g) Contaminant- Determined in this

specific calculator

PRGrec-soi-15em | Recreator Soil Radionuclide External (pCi/g) Contaminant- Determined in this

specific calculator

PRGrec-soil-gp Recreator Soil Radionuclide External Contaminant- Determined in this

(pCi/cm?) specific calculator
trec Time - recreator (years) Site-specific Site-specific
IFSrec-adi Recreator Ingestion Fraction - age-adjusted 240,000 Calculated using the
(mg) age-adjusted intake
factors equation.

IR Srec-a Recreator Soil Ingestion Rate - adult (mg/day) | 100 U.S. EPA 1991a (pg. 15)

IR Srec-c Recreator Soil Ingestion Rate - child (mg/day) | 200 U.S. EPA 1991a (pg. 15)

IF Arec-agj Recreator Inhalation Fraction - age-adjusted 1,437.50 Calculated using the

(m?) age-adjusted intake
factors equation.

IRArcc-a Recreator Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg. 15)

IRArcc-c Recreator Inhalation Rate - child (m?/day) 10 U.S. EPA 1997a (pg. 5-
11

EFrec Recreator Exposure Frequency - (days/year) 75 Reasonable estimate

EFrcca Recreator Exposure Frequency - adult 75 Reasonable estimate

(days/year)
EFrecc Recreator Exposure Frequency - child 75 Reasonable estimate
(days/year)

EDyec Recreator Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

EDrec-a Recreator Exposure Duration - adult (years) 20 EDxes (26 years) - EDres-
¢ (6 years)

EDrec-c Recreator Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages
6and 15

ETrec Recreator Exposure Time (hours/day) 1 Reasonable estimate

ETreca Recreator Exposure Time - adult (hours/day) 1 Reasonable estimate

ETrecc Recreator Exposure Time - child (hours/day) 1 Reasonable estimate

Table E-10. Farmer Soil

Symbol Definition (units) Default Reference

PRGtur-soil-ing Farmer Soil Radionuclide Ingestion (pCi/g) | Contaminant- Determined in this

specific calculator

PRGtar-soil-inh Farmer Soil Radionuclide Inhalation Contaminant- Determined in this

(pCi/g) specific calculator

PRGtursoil-ext Farmer Soil Radionuclide External (pCi/g) | Contaminant- Determined in this

specific calculator

PRGyoil-far-produce-ing | Farmer Produce Radionuclide Back- Contaminant- Determined in this

calculated Concentration in Soil Ingestion | specific calculator
(pCi/g)

PRGyoil-far-poultry-ing | Farmer Poultry Radionuclide Back- Contaminant- Determined in this

calculated Concentration in Soil Ingestion | specific calculator

(pCi/g)
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Table E-10. Farmer Soil

Symbol Definition (units) Default Reference
PRGioil-far-egg-ing Farmer Egg Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil Ingestion (pCi/g) specific calculator
PRGioil-far-beef-ing Farmer Beef Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil Ingestion (pCi/g) specific calculator
PRGigoil-far-dairy-ing Farmer Dairy Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil Ingestion | specific calculator
(pCi/g)
PRGgoil-far-swine-ing Farmer Swine Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil Ingestion | specific calculator
(pCi/g)
PRGsoil-far-fish-ing Farmer Fish Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil Ingestion (pCi/g) specific calculator
PRGar-soil-tot Farmer Soil Radionuclide Total (pCi/g) Contaminant- Determined in this
specific calculator
PRGyw-far-produce-ing | Farmer Produce Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion
PRGyw-far-poulry-ing | Farmer Poultry Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion
PRGiw-far-egg-ing Farmer Egg Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil and Water Ingestion | specific calculator
PRGgw-far-beef-ing Farmer Beef Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil and Water Ingestion | specific calculator
PRGgw-far-dairy-ing Farmer Dairy Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion
PRGsw-far-swine-ing Farmer Swine Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion
PRGsw-far-fish-ing Farmer Fish Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil and Water Ingestion | specific calculator
Pm Density of milk (kg/L) 1.03 Milk Composition &
Synthesis Resource
Library
thar Time - farmer (years) 40 U.S. EPA 2005 (pg. C-
24/C-26)
Bvyet Soil to Plant Transfer Factor - wet (pCi/g- | Radionuclide- Hierarchy selection in
fresh plant per pCi/g-dry soil) specific Section 2.3.2
Bvary Soil to Plant Transfer Factor - dry (pCi/g- Radionuclide- Hierarchy selection in
dry plant per pCi/g-dry soil) specific Section 2.3.2
Rupv Wet root uptake for produce multiplier Radionuclide- Hierarchy selection in
(unitless) specific (=Bvwet) Section 2.3.2
Rupp Dry root uptake for pasture multiplier Radionuclide- Hierarchy selection in
(dimensionless) specific (=Bvar) Section 2.3.2
Res Soil resuspension multiplier =MLF (pasture or Hinton 1992
(dimensionless) produce)
TFoeef Beef Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TF dairy Dairy Transfer Factor (day/L) Radionuclide- Hierarchy selection in
specific Section 2.3.2
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Table E-10. Farmer Soil

Symbol Definition (units) Default Reference
TFswine Swine Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFpoultry Poultry Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFege Egg Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
MLFproduce Produce Plant Mass Loading Factor 0.26x 0.052 = Hinton, 1992. U.S.
(unitless) 0.0135 EPA SSG 1996 table
G-1. Dry weight to wet
weight conversion
equation from section
4.10.8.
MLFpasture Pasture Plant Mass Loading Factor 0.25 Hinton, T. G. 1992
(unitless)
Qp-beet Beef Fodder Intake Rate (kg/day) 11.77 U.S. EPA 2005 (pg. B-
138)
Qp-dairy Dairy Fodder Intake Rate (kg/day) 20.3 U.S. EPA 2005 (pg. B-
145)
Qp-swine Swine Fodder Intake Rate (kg/day) 4.7 U.S. EPA 2005 (pg. B-
152)
Qp-poultry Poultry Fodder Intake Rate (kg/day) 0.2 U.S. EPA 2005 (pg. B-
158/164)
Qs-beef Beef Soil Intake Rate (kg/day) 0.5 U.S. EPA 2005 (pg. B-
139)
Qs-dairy Dairy Soil Intake Rate (kg/day) 0.4 U.S. EPA 2005 (pg. B-
146)
Qs-swine Swine Soil Intake Rate (kg/day) 0.37 U.S. EPA 2005 (pg. B-
153)
Qs-poultry Poultry Soil Intake Rate (kg/day) 0.022 U.S. EPA 2005 (pg. B-
159/165)
fo-beet Fraction of Time Animal is On-Site - beef | 1 Developed for this
(unitless) calculator
Tp-dairy Fraction of Time Animal is On-Site - dairy | 1 Developed for this
(unitless) calculator
fo-swine Fraction of Time Animal is On-Site - swine | 1 Developed for this
(unitless) calculator
fo-poultry Fraction of Time Animal is On-Site - 1 Developed for this
poultry (unitless) calculator
fsbeer Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - beef (unitless) calculator
£s-dairy Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - dairy (unitless) calculator
fs-swine Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - swine (unitless) calculator
fs-poultry Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - poultry (unitless) calculator
IFStar-adj Farmer Soil Ingestion Fraction - age- 1,610,000 Calculated using the
adjusted (mg) age-adjusted intake
factors equation.
IRSfar-a Farmer Soil Ingestion Rate - adult 100 U.S. EPA 1991a (pg.

(mg/day)

15)




Table E-10. Farmer Soil

Symbol Definition (units) Default Reference

IF A far-adj Farmer Inhalation Rate - age-adjusted (m®) | 259,000 Calculated using the
age-adjusted intake
factors equation.

IRAfar-a Farmer Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg.
15)

IR Afar-c Farmer Inhalation Rate - child (m?/day) 10 U.S. EPA 1997a (pg. 5-
11)

IR Sfar-c Farmer Soil Ingestion Rate - child 200 U.S. EPA 1991a (pg.

(mg/day) 15)

EFfar Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg.
15)

EFfar-a Farmer Exposure Frequency - adult 350 U.S. EPA 1991a (pg.

(days/year) 15)
EFfar Farmer Exposure Frequency - child 350 U.S. EPA 1991a (pg.
(days/year) 15)

EDfur Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table
6-3)

EDfar-a Farmer Exposure Duration - adult (years) 34 U.S. EPA 1994a

EDfarc Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table
6-3)

ETtar Farmer Exposure Time - (hours/day) 24 24 Hours per 24 hour
Day

ETfura Farmer Exposure Time - Adult (hours/day) | 24 24 Hours per 24 hour
Day

ETtarc Farmer Exposure Time - Child (hours/day) | 24 24 Hours per 24 hour
Day

ETfar-i Farmer Exposure Time - indoor 10.008 1440 hrs/day - (ETfar-o0 +

(hours/day) ETfara)

ET far-away Farmer Exposure Time - away (hours/day) | 1.83 U.S. EPA 2011 (Tables
16-20 and 16-24 total
of time in vehicles, near
vehicles and outdoors
other than near
residence 25"%)

ETtur-o Farmer Exposure Time - outdoor 12.168 U.S. EPA 2011 (Table

(hours/day) 16-20 95%%))

Table E-11. Resident Tap Water

Symbol Definition (units) Default Reference

PRGuater-ing Resident Tap Water (Groundwater) Contaminant-specific Determined in this
Radionuclide Ingestion (pCi/L) calculator

PR Guyater-inh Resident Tap Water (Groundwater) Contaminant-specific Determined in this
Radionuclide Inhalation (pCi/L) calculator

PR Gyater-imm Resident Tap Water (Groundwater) Contaminant-specific Determined in this
Radionuclide Immersion (pCi/L) calculator

PRGyater-tot Resident Tap Water (Groundwater) Contaminant-specific Determined in this
Radionuclide Total (pCi/L) calculator

It Root uptake from irrigation multiplier Isotope-specific Calculated
(L/kg)




Table E-11. Resident Tap Water

Symbol Definition (units) Default Reference
Intres Resuspension from irrigation multiplier | Isotope-specific Calculated
(L/kg)
Irrgep Aerial deposition from irrigation Isotope-specific Calculated
multiplier (L/kg)
Bvyet Soil to Plant Transfer Factor - wet Radionuclide-specific Hierarchy selection in
(pCi/g-fresh plant per pCi/g-dry soil) Section 2.3.2
F Irrigation Period (unitless) 0.25 Personal communication
I Interception Fraction (unitless) 0.42 Miller, C. W. 1980
I Irrigation Rate (L/m?) 3.62 Personal communication
AHL Soil Leaching Rate (1/day) 0.000027 NCRP 1996
Ai Decay (1/day) 0.693/TR - NCRP 1996
radionuclides
AE Decay for Removal on Produce (1/day) Ai +(0.693/ty) NCRP 1996
AB Effective Rate for Removal (1/day) AHL - Ad NCRP 1996
T Translocation Factor (unitless) 1 NCRP 1996
th Long Term Deposition and Buildup 10950 NCRP 1996
(day)
ty Above Ground Exposure Time (day) 60 NCRP 1996
tw Weathering Half-life (day) 14 NCRP 1996
Yy Plant Yield - wet (kg/m?) 2 NCRP 1996
P Area Density for Root Zone (kg/m?) 240 Hoffman, F. O., R. H.
Gardner, and K. F.
Eckerman. 1982;
Peterson, H. T., Jr. 1983;
McKone, T. E. 1994
MLFproduce Produce Plant Mass Loading Factor 0.26 x 0.052 =0.0135 Hinton, 1992. U.S. EPA
(unitless) SSG 1996 table G-1. Dry
weight to wet weight
conversion equation from
section 4.10.8.
IFWies-adj Resident Tap Water Ingestion Rate - 19,138 Calculated using the age-
age-adjusted (L) adjusted intake factors
equation.
IRWiesa Resident Tap Water Ingestion - adult 2.5 U.S. EPA 2011a, Tables
(L/day) 3-15 and 3-33; weighted
average of 90th percentile
consumer-only ingestion
of drinking water (214)
IRWies-c Resident Tap Water Ingestion - child 0.78 U.S. EPA 2011a, Tables
(L/day) 3-15 and 3-33; weighted
average of 90th percentile
consumer-only ingestion
of drinking water (birth to
<6 years)
IF Ares-adj Resident Inhalation Rate - age-adjusted 161,100 Calculated using the age-
(m%) adjusted intake factors
equation.
DF A res-adj Resident Immersion Factor - age- 6104 Calculated using the age-
adjusted (hours) adjusted intake factors
equation.
IR Arcs-a Resident Inhalation Rate - adult (m?/day) | 20 U.S. EPA 1991a (pg. 15)




Table E-11. Resident Tap Water

Symbol Definition (units) Default Reference

IR Ares-c Resident Inhalation Rate - child (m*/day) | 10 U.S. EPA 1997a (pg. 5-
11

IF Viesadj Resident Vegetable Ingestion Fraction - | 989,870 Calculated using the age-

age-adjusted (g) adjusted intake factors
equation

IRVies-a Resident Vegetable Ingestion Rate - 128.9 U.S. EPA 2011 (Table

adult (g/day) 13-10)
IR Vies-c Resident Vegetable Ingestion Rate - 41.7 U.S. EPA 2011 (Table
child (g/day) 13-10)
IFF res-adj Resident Fruit Ingestion Fraction - age- 1,462,510 Calculated using the age-
adjusted (g) adjusted intake factors
equation
IRFres-a Resident Fruit Ingestion Rate - adult 188.5 U.S. EPA 2011 (Table
(g/day) 13-5)

IRFes-c Resident Fruit Ingestion Rate - child 68.1 U.S. EPA 2011 (Table
(g/day) 13-5)

EFres Resident Exposure Frequency - 350 U.S. EPA 1991a (pg. 15)
(days/year)

EFresa Resident Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)
(days/year)

EFresc Resident Exposure Frequency - child 350 U.S. EPA 1991a (pg. 15)
(days/year)
EDyes Resident Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile or
current residence time.
EDres-a Resident Exposure Duration - adult 20 EDxes (26 years) - EDres-
(years) ¢ (6 years)

EDres-c Resident Exposure Duration - child 6 U.S. EPA 1991a, Pages 6
(years) and 15

ETeventres-a Resident Tap Water Exposure Time - 0.71 U.S. EPA 1997a
Adult (hours/event)

ETeventres-c Resident Tap Water Exposure Time - 0.54 U.S. EPA 1997a
Child (hours/event)

EViesa Number of bathing events per day - adult | 1 U.S. EPA 2004 Exhibit 3-
resident (events/day) 2

EViesc Number of bathing events per day - child | 1 U.S. EPA 2004 Exhibit 3-

resident (events/day)

2




Table E-12. Indoor Worker Tap Water

Symbol Definition (units) Default Reference
PRGiw-water-ing | Indoor Worker Tap Water Radionuclide Contaminant- Determined in this
Ingestion (pCi/g) specific calculator
PRGiw-water-inn | Indoor Worker Tap Water Radionuclide Contaminant- Determined in this
Inhalation (pCi/g) specific calculator
PRGiw-water-ext | Indoor Worker Tap Water Radionuclide Contaminant- Determined in this
External (pCi/g) specific calculator
PRGiw-water-tot | Indoor Worker Tap Water Radionuclide Total Contaminant- Determined in this
(pCi/g) specific calculator
IRWiy Indoor Worker Tap Water Ingestion (L/day) 1.25 U.S. EPA 2014, FAQ
13
EFiw Indoor Worker Exposure Frequency 250 U.S. EPA 1991a (pg.
(days/year) 15)
EDiw Indoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg.
15)
ETiw Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24
hour Day
ETevent-iw Indoor Worker Tap Water Exposure Time - 0.71 U.S. EPA 1997a
adult (hours/event)
EViy Number of bathing events per day - Indoor 1 U.S. EPA 2004 Exhibit

Worker (events/day)

3-2




Table E-13. Recreator Surface Water

Symbol Definition (units) Default Reference
PRGrecwater- | Recreator Surface Water Radionuclide Contaminant- Determined in this
ing Ingestion (pCi) specific calculator
PRGrcc-water- | Recreator Surface Water Radionuclide Contaminant- Determined in this
imm Immersion (pCi/L) specific calculator
PRGrecwater- | Recreator Surface Water Radionuclide Contaminant- Determined in this
ot Total (pCi/L) specific calculator

IFWiec-agj Recreator Surface Water Ingestion - age- 131.4 Calculated using the

adjusted (L) age-adjusted intake
factors equation.

IRWieca Recreator Surface water Ingestion - adult 0.11 Time weighted

(L/hour) average was
calculated based on
the upper percentile
from Table 3.7 of
EFH 2019

IRWiec.c Recreator Surface water Ingestion - child 0.12 Table 3.5 in EFH

(L/hour) 2011

DF A rec-adj Recreator Immersion Factor - age-adjusted | 1170 Calculated using the

(hours) age-adjusted intake
factors equation.

EFec Recreator Exposure Frequency - 45 Region 4 Bulletin

(days/year)

EFrecc Recreator Exposure Frequency - child 45 Region 4 Bulletin

(days/year)

EFreca Recreator Exposure Frequency - adult 45 Region 4 Bulletin

(days/year)

EDrec Recreator Exposure Duration (years) 26 U.S. EPA 2011a,
Table 16-108; 90th
percentile or current
residence time.

EDreca Recreator Exposure Duration - adult 20 EDyes (26 years) -

(years) EDyes-c (6 years)

EDrcc-c Recreator Exposure Duration - child 6 U.S. EPA 1991a,

(years) Pages 6 and 15

ETeventrec-a Number of bathing events per day - adult 1 Reasonable estimate

recreator (events/day)

ETeventrec-c Number of hours per bathing event - child | 1 Reasonable estimate

recreator (hours/event)

EVieca Number of hours per bathing event - child | 1 Reasonable estimate

recreator (hours/event)

EViece Number of bathing events per day - child 1 Reasonable estimate

recreator (events/day)
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Table E-14. Farmer Tap Water

Symbol Definition (units) Default Reference

PRGuater-far-ing Farmer Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Ingestion (pCi/L) specific calculator

PRGuater-far-inh Farmer Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Inhalation (pCi/L) specific calculator

PRGyater-far-imm Farmer Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Immersion (pCi/L) specific calculator

PRGuater-far-produce- | Farmer Produce Radionuclide Back- Contaminant- Determined in this

ing calculated Concentration in Water specific calculator
Ingestion (pCi/L)

PRGater-far-poultry- Farmer Poultry Radionuclide Back- Contaminant- Determined in this

ing calculated Concentration in Water specific calculator
Ingestion (pCi/L)

PRGater-far-cgg-ing Farmer Egg Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Water Ingestion (pCi/L) | specific calculator

PRGuater-far-beet-ing | Farmer Beef Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Water specific calculator
Ingestion (pCi/L)

PRGuater-far-dairy-ing | Farmer Dairy Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Water specific calculator
Ingestion (pCi/L)

PRGuwater-far-swine-ing | Farmer Swine Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Water specific calculator
Ingestion (pCi/L)

PRGater-far-fish-ing Farmer Fish Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Water Ingestion (pCi/L) | specific calculator

PR Gyater-far-tot Farmer Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Total (pCi/L) specific calculator

PRGsw-far-produce-ing | Farmer Produce Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion

PRGsw-far-poultry-ing | Farmer Poultry Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion

PRGiw-far-egg-ing Farmer Egg Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil and Water Ingestion | specific calculator

PRGiw-far-beeteing Farmer Beef Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion

PRGiw-far-dairy-ing Farmer Dairy Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion

PRGsw-far-swine-ing Farmer Swine Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil and Water | specific calculator
Ingestion

PRGsw-far-fish-ing Farmer Fish Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil and Water Ingestion | specific calculator

Pm Density of milk (kg/L) 1.03 Milk Composition &

Synthesis Resource
Library
BCF Fish Transfer Factor (L/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
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Table E-14. Farmer Tap Water

Symbol Definition (units) Default Reference
TFoeer Beef Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TF qairy Dairy Transfer Factor (day/L) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFswine Swine Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFpoultry Poultry Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFegg Egg Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
Qw-beef Beef Water Intake Rate (L/day) 53 U.S. EPA 1999a (pg. 10-
23). U.S. EPA 1997b.
Quw-dairy Dairy Water Intake Rate (L/day) 92 U.S. EPA 1999a (pg. 10-
23). U.S. EPA 1997b.
Qw-swine Swine Water Intake Rate (L/day) 11.4 NEC, Swine Nutrition
Guide (pg. 19). U.S. EPA
1998 (pg. B-180)
Quw-poultry Poultry Water Intake Rate (L/day) 0.4 U.S. EPA 2005 (pg. B-
159/165), NRC 1994 pg.
15 (Qw=2xQy)
Irtrp Root uptake from irrigation multiplier Isotope-specific Calculated
InTres Resuspension from irrigation multiplier Isotope-specific Calculated
Irrgep Aerial deposition from irrigation Isotope-specific Calculated
multiplier
Bvyet Soil to Plant Transfer Factor - wet (pCi/g- | Radionuclide- Hierarchy selection in
fresh plant per pCi/g-dry soil) specific Section 2.3.2
F Irrigation Period (unitless) 0.25 Personal communication
I Interception Fraction (unitless) 0.42 Miller, C. W. 1980
I Irrigation Rate (L/m?) 3.62 Personal communication
AHL Soil Leaching Rate (1/day) 0.000027 NCRP 1996
Ai Decay (1/day) 0.693/TR - NCRP 1996
radionuclides
AE Decay for Removal on Produce (1/day) Ai +(0.693/ty) NCRP 1996
AB Effective Rate for Removal (1/day) AHL - M NCRP 1996
T Translocation Factor (unitless) 1 NCRP 1996
th Long Term Deposition and Buildup (day) 10950 NCRP 1996
ty Above Ground Exposure Time (day) 60 NCRP 1996
tw Weathering Half-life (day) 14 NCRP 1996
Yy Plant Yield - wet (kg/m?) 2 NCRP 1996
P Area Density for Root Zone (kg/m?) 240 Hoffman, F. O., R. H.
Gardner, and K. F.
Eckerman. 1982;
Peterson, H. T., Jr. 1983;
McKone, T. E. 1994
MLFproduce Produce Plant Mass Loading Factor 0.26x 0.052 = Hinton, 1992. U.S. EPA
(unitless) 0.0135 SSG 1996 table G-1. Dry
weight to wet weight
conversion equation from
section 4.10.8.
TFW tar-adj Farmer Water Ingestion Fraction - age- 31,388 Calculated using the age-

adjusted (L)

adjusted intake factors
equation.




Table E-14. Farmer Tap Water

Symbol Definition (units) Default Reference
IRWtara Farmer Water Ingestion Rate - adult 2.5 U.S. EPA 2011a, Tables
(L/day) 3-15 and 3-33; weighted
average of 90th percentile
consumer-only ingestion
of drinking water (21+)

IRWiar-c Farmer Water Ingestion Rate - child 0.78 U.S. EPA 2011a, Tables

(L/day) 3-15 and 3-33; weighted
average of 90th percentile
consumer-only ingestion
of drinking water (birth to
<6 years)

IF A far-adj Farmer Inhalation Rate - age-adjusted (m?) | 259,000 Calculated using the age-
adjusted intake factors
equation.

DFAfar-agj Farmer Immersion Factor - age-adjusted 9583 Calculated using the age-

(hours) adjusted intake factors
equation.

IRAfara Farmer Inhalation Rate - adult (m*/day) 20 U.S. EPA 1991a (pg. 15)

IR Afar-c Farmer Inhalation Rate - child (m?/day) 10 U.S. EPA 1997a (pg. 5-
11)

EFfar Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)

EFtar-a Farmer Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)

(days/year)

EFfar Farmer Exposure Frequency - child 350 U.S. EPA 1991a (pg. 15)

(days/year)

EDfar Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table 6-
3)

EDtur-a Farmer Exposure Duration - adult (years) 34 U.S. EPA 1994a

EDrar-c Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table 6-
3)

ETevent-far-c Farmer Tap Water Exposure Time - Child | 0.54 U.S. EPA 1997a

(hours/day)

ETevent-far-a Farmer Tap Water Exposure Time - Adult | 0.71 U.S. EPA 1997a

(hours/day)

EViara Number of bathing events per day - adult 1 U.S. EPA 2004 Exhibit 3-

farmer (events/day) 2

EViure Number of bathing events per day - child 1 U.S. EPA 2004 Exhibit 3-

farmer (events/day)

2




Table E-15. Resident Air

Symbol Definition (units) Default Reference
PRGres-air-inh-decay Resident Air Radionuclide Inhalation w/ Contaminant- Determined in this
Decay (pCi/m?) specific calculator
PRGies-air-sub-decay Resident Air Radionuclide Submersion w/ | Contaminant- Determined in this
Decay (pCi/m?) specific calculator
PRGeres-air-tot-decay Resident Air Radionuclide Total w/ Decay | Contaminant- Determined in this
(pCi/m?) specific calculator

PRGres-air-inh-nodecay | Resident Air Radionuclide Inhalation Contaminant- Determined in this

w/out Decay (pCi/m?) specific calculator

PRGres-air-sub-nodecay | Resident Air Radionuclide Submersion Contaminant- Determined in this

w/out Decay (pCi/m?) specific calculator

PRGres-air-tot-nodecay | Resident Air Radionuclide Total w/out Contaminant- Determined in this

Decay (pCi/m?) specific calculator

tres Time - resident (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

IF Ares-adj Resident Inhalation Rate - age-adjusted 161,100 Calculated using the

(m?) age-adjusted intake
factors equation.
IRAes-a Resident Inhalation Rate - adult (m*/day) 20 U.S. EPA 1991a (pg. 15)
IR Ares-c Resident Inhalation Rate - child (m?*/day) 10 U.S. EPA 1997a (pg. 5-
11)
EF,e Resident Exposure Frequency - 350 U.S. EPA 1991a (pg. 15)
(days/year)

EFres-c Resident Exposure Frequency - child 350 U.S. EPA 1991a (pg. 15)
(days/year)

EFres-a Resident Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)
(days/year)

EDres Resident Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

EDres-a Resident Exposure Duration - adult (years) | 20 EDxes (26 years) - EDres-
¢ (6 years)

EDres-c Resident Exposure Duration - child (years) | 6 U.S. EPA 1991a, Pages
6 and 15

ETres Resident Exposure Time (hours/day) 24 24 Hours per 24 hour
Day

ETiesa Resident Exposure Time - adult 24 24 Hours per 24 hour

(hours/day) Day
ETresc Resident Exposure Time - child 24 24 Hours per 24 hour
(hours/day) Day
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Table E-16. Indoor Worker Air

Symbol Definition (units) Default Reference
PRGiw-air-inh-decay Indoor Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator
PRGiw-air-sub-decay Indoor Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi/m?) specific calculator
PRGiw-air-tot-decay Indoor Worker Air Radionuclide Total w/ | Contaminant- Determined in this
Decay (pCi/m?) specific calculator
PRGiw-air-inh-nodecay | Indoor Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/out Decay (pCi/m®) specific calculator
PRGiw-air-sub-nodecay | Indoor Worker Air Radionuclide Contaminant- Determined in this
Submersion w/out Decay (pCi/m?) specific calculator
PRGiw-air-tot-nodecay | Indoor Worker Air Radionuclide Total Contaminant- Determined in this
w/out Decay (pCi/m?) specific calculator
IRAw Indoor Worker Inhalation Rate (m?/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m*/hour for 24 11)
hours)
EFi Indoor Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)
EDiw Indoor Worker Exposure Duration (years) | 25 U.S. EPA 1991a (pg. 15)
ETiw Indoor Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day
Table E-17. Outdoor Worker Air
Symbol Definition (units) Default Reference
PRGow-air-inh-decay Outdoor Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m®) specific calculator
PRGow-air-sub-decay Outdoor Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi/m?) specific calculator
PRGow-air-tot-decay Outdoor Worker Air Radionuclide Total Contaminant- Determined in this
w/ Decay (pCi/m?) specific calculator
PRGow-air-inh-nodecay | Outdoor Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/out Decay (pCi/m?) specific calculator
PRGow-air-sub-nodecay | Outdoor Worker Air Radionuclide Contaminant- Determined in this
Submersion w/out Decay (pCi/m?) specific calculator
PRGow-air-tot-nodecay | Outdoor Worker Air Radionuclide Total Contaminant- Determined in this
w/out Decay (pCi/m?) specific calculator
tow Time - outdoor worker (years) 25 U.S. EPA 1991a (pg. 15)
IRAow Outdoor Worker Inhalation Rate (m?*/day; | 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m*/hour for 24 11)
hours)
EFow Outdoor Worker Exposure Frequency 225 U.S. EPA 1991a (pg. 15)
(days/year)
EDow Outdoor Worker Exposure Duration 25 U.S. EPA 1991a (pg. 15)
(years)
ETow Outdoor Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day
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Table E-18. Composite Worker Air

Symbol Definition (units) Default Reference
PRG.air-inh-decay Composite Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator
PRGu.air-sub-decay Composite Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi/m?) specific calculator
PRG-air-tot-decay Composite Worker Air Radionuclide Total | Contaminant- Determined in this
w/ Decay (pCi/m?) specific calculator
PRGu-air-inh-nodecay | Composite Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/out Decay (pCi/m®) specific calculator
PRGy-air-sub-nodecay | Composite Worker Air Radionuclide Contaminant- Determined in this
Submersion w/out Decay (pCi/m?) specific calculator
PRG-air-tot-nodecay Composite Worker Air Radionuclide Total | Contaminant- Determined in this
w/out Decay (pCi/m?) specific calculator
tw Time - worker (years) 25 U.S. EPA 1991a (pg. 15)
IRAw Composite Worker Inhalation Rate 60 U.S. EPA 1997a (pg. 5-
(m?/day; based on a rate of 2.5 m’/hour for 11)
24 hours)
EF,, Composite Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)
EDy Composite Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
ET, Composite Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day
Table E-19. Excavation Worker Air
Symbol Definition (units) Default Reference
PRGew-air-inh-decay Excavation Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m®) specific calculator
PRGew-air-sub-decay Excavation Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi/m?) specific calculator
PRGew-air-tot-decay Excavation Worker Air Radionuclide Total | Contaminant- Determined in this
w/ Decay (pCi/m?) specific calculator
PRGew-air-inh-nodecay | Excavation Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/out Decay (pCi/m?) specific calculator
PRGew-air-sub-nodecay | Excavation Worker Air Radionuclide Contaminant- Determined in this
Submersion w/out Decay (pCi/m?) specific calculator
PRGew-uir-tot-nodecay | Excavation Worker Air Radionuclide Total | Contaminant- Determined in this
w/out Decay (pCi/m?) specific calculator
tew Time - excavation worker (years) 1 U.S. EPA 2002 Exhibit
5-1
IRAcw Excavation Worker Inhalation Rate 60 U.S. EPA 1997a (pg. 5-
(m?/day; based on a rate of 2.5 m3/hour for 11)
24 hours)
EF.y Excavation Worker Exposure Frequency 20
(days/year)
EDew Excavation Worker Exposure Duration 1 U.S. EPA 2002 Exhibit
(years) 5-1
ETew-o Excavation Worker Exposure Time 8 Eight Hours per 24
(hours/day) hour Day
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Table E-20. Construction Worker Air

Symbol Definition (units) Default Reference

PRGew-air-inh-decay Construction Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator

PRGew-air-sub-decay Construction Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi/m?) specific calculator

PRGew-air-tot-decay Construction Worker Air Radionuclide Contaminant- Determined in this
Total w/ Decay (pCi/m®) specific calculator

PRGew-air-inh-nodecay | Construction Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/out Decay (pCi/m®) specific calculator

PRGecw-air-sub-nodecay | Construction Worker Air Radionuclide Contaminant- Determined in this
Submersion w/out Decay (pCi/m?) specific calculator

PRGew-air-tot-nodecay | Construction Worker Air Radionuclide Contaminant- Determined in this
Total w/out Decay (pCi/m?) specific calculator

tew Time - construction worker (years) 1 U.S. EPA 2002 Exhibit

5-1

IRAcw Construction Worker Inhalation Rate 60 U.S. EPA 1997a (pg. 5-
(m?/day; based on a rate of 2.5 m3/hour for 11)
24 hours)

EFcw Construction Worker Exposure Frequency | 250 U.S. EPA 2002 Exhibit
(days/year) 5-1

EWcy Construction Worker Exposure Frequency | 50 U.S. EPA 2002 Exhibit
(weeks/year) 5-1

DW.w Construction Worker Exposure Frequency | 5 U.S. EPA 2002 Exhibit
(days/week) 5-1

EDw Construction Worker Exposure Duration 1 U.S. EPA 2002 Exhibit
(years) 5-1

ETcw Construction Worker Exposure Time 8 Eight Hours per 24
(hours/day) hour Day
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Table E-21. Recreator Air

Symbol Definition (units) Default Reference
PRGiec-air-inh-decay Recreator Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator
PRGrec-air-sub-decay Recreator Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi/m?) specific calculator
PRGerec-air-tot-decay Recreator Worker Air Radionuclide Total | Contaminant- Determined in this
w/ Decay (pCi/m?) specific calculator
PRGrec-air-inh-nodecay | Recreator Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/out Decay (pCi/m®) specific calculator

PRGrec-air-sub-nodecay | Recreator Air Radionuclide Submersion Contaminant- Determined in this

w/out Decay (pCi/m?) specific calculator

PRGrec-air-tot-nodecay | Recreator Air Radionuclide Total w/out Contaminant- Determined in this

Decay (pCi/m?) specific calculator
trec Time - recreator (years) Site-specific Site-specific
IF Arec-agj Recreator Inhalation Fraction - age- 1,437.5 Calculated using the
adjusted (m?) age-adjusted intake
factors equation.
IRAeca Recreator Inhalation Rate - adult (m*/day) | 20 U.S. EPA 1991a (pg.
15)
IRAecc Recreator Inhalation Rate - child (m*/day) | 10 U.S. EPA 1997a (pg. 5-
1)
EFrec Recreator Exposure Frequency - 75 Reasonable estimate
(days/year)

EFrec-a Recreator Exposure Frequency - adult 75 Reasonable estimate
(days/year)

EFrec-c Recreator Exposure Frequency - child 75 Reasonable estimate
(days/year)
EDrec Recreator Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.
EDrec-a Recreator Exposure Duration - adult 20 EDxes (26 years) - EDres-
(years) ¢ (6 years)

EDrec-c Recreator Exposure Duration - child 6 U.S. EPA 1991a, Pages
(years) 6and 15

ETrec Recreator Exposure Time (hours/day) 1 Reasonable estimate

ETreca Recreator Exposure Time - adult 1 Reasonable estimate
(hours/day)

ETrecc Recreator Exposure Time - child 1 Reasonable estimate

(hours/day)
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Table E-22. Resident Fish Consumption

Symbol Definition (units) Default Reference

PRGresfsh-ing Resident Fish Radionuclide (pCi) Contaminant- Determined in this

specific calculator

PRGres-fshw-ing Resident Surface Water Fish Radionuclide | Contaminant- Determined in this

(pCi) specific calculator
CFres-fish Fish Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
BCF Fish Transfer Factor (L/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2

IRFres Resident Fish Ingestion Rate (g/day) 54 U.S. EPA 1991a (page
15)

EF;es Resident Exposure Frequency - (days/year) | 350 U.S. EPA 1991a (pg.
15)

EDxes Resident Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

Table E-23. Recreator Game and Fowl Consumption
Symbol Definition (units) Default Reference
CDlec-fowl-rad-ing Recreator Fowl Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
CDIsoil-rec-fowl-rad-ing | Recreator Fowl Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil Ingestion specific calculator
(pCi)
CDlyater-rec-fowl-rad- | Recreator Fowl Radionuclide Back- Contaminant- Determined in this
ing calculated Concentration in Water Ingestion | specific calculator
(pCi)
CDlec-game-rad-ing Recreator Game Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
CDIoil-rec-game-rad-ing | Recreator Game Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil Ingestion specific calculator
(pCi)
CDlwater-rec-game-rad- | Recreator Game Radionuclide Back- Contaminant- Determined in this
ing calculated Concentration in Water Ingestion | specific calculator
(pCi)
CFrec-game Game Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFrec-fowl Fowl Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
Bvary Soil to Plant Transfer Factor - dry (pCi/g- Radionuclide- Hierarchy selection in
dry plant per pCi/g-dry soil) specific Section 2.3.2
Rupp Dry root uptake for pasture multiplier Radionuclide- Hierarchy selection in
(dimensionless) specific Section 2.3.2
(=Bvary)
TFoeer Game Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
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Table E-23. Recreator Game and Fowl Consumption

Symbol Definition (units) Default Reference
TFpoultry Fowl Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
Qw-game Game Water Intake Rate (L/day) Site-specific -
Quw-fowl Fowl Water Intake Rate (L/day) Site-specific -
Qp-game Game Fodder Intake Rate (kg/day) Site-specific -
Qp-fowl Fowl Fodder Intake Rate (kg/day) Site-specific -
Qs-game Game Soil Intake Rate (kg/day) Site-specific -
Qs-fowl Fowl Soil Intake Rate (kg/day) Site-specific -
fo-game Fraction of Time Animal is On-Site - game | Site-specific -
(unitless)
Tp-fowl Fraction of Time Animal is On-Site - fowl Site-specific -
(unitless)
fs-game Fraction of Animal's Food from Site when Site-specific -
On-Site - game (unitless)
fs-fowl Fraction of Animal's Food from Site when Site-specific -
On-Site - fowl (unitless)
EFrec Recreator Exposure Frequency - (days/year) | 75 Reasonable estimate
EDrec Recreator Exposure Duration (years) 26 Reasonable estimate
Table E-24. Farmer Direct Ingestion
Symbol Definition (units) Default Reference
PRGtar-produce-ing Farmer Produce Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator
PRGtar-poultry-ing Farmer Poultry Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator
PRGar-egg-ing Farmer Egg Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator
PRGtur-beet-ing Farmer Beef Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator
PRGtur-dairy-ing Farmer Dairy Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator
PRGtur-swine-ing Farmer Swine Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator
PRGtur-fish-ing Farmer Fish Radionuclide Ingestion Contaminant- Determined in this
(pCi/g) specific calculator
CFrur-produce Produce Contaminated Fraction - farmer 1 U.S. EPA 1994c¢. U.S.
(unitless) EPA. 1998. (pg. C-9)
CFrar-poultry Poultry Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFrar-cgg Egg Contaminated Fraction - Farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFrar-beet Beef Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFfar-dairy Dairy Contaminated Fraction - farmer 1 Developed for

(unitless)

Radionuclide Soil
Screening calculator
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Table E-24. Farmer Direct Ingestion

Symbol Definition (units) Default Reference
CFrfar-swine Swine Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFtar-fish Fish Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
IFVfar-adj Farmer Vegetable Ingestion Fraction - age- | 1,583,400 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRViara Farmer Vegetable Ingestion Rate - adult 125.7 U.S. EPA 2011 (Table
(g/day) 13-10)
IRViare Farmer Vegetable Ingestion Rate - child 41.7 U.S. EPA 2011 (Table
(g/day) 13-10)
IFF far-adj Farmer Fruit Ingestion Rate - age-adjusted | 2,246,930 Calculated using the
(2) age-adjusted intake
factors equation
IRFfar-a Farmer Fruit Ingestion Rate - adult (g/day) | 176.8 U.S. EPA 2011 (Table
13-5)
IRFfarc Farmer Fruit Ingestion Rate - child (g/day) | 68.1 U.S. EPA 2011 (Table
13-5)
IFPtar-adj Farmer Poultry Ingestion Fraction - age- 1,318,100 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRPfar-a Farmer Poultry Ingestion Rate - adult 106.6 U.S. EPA 2011 (Table
(g/day) 13-52)
IRPfar-c Farmer Poultry Ingestion Rate - child 23.6 U.S. EPA 2011 (Table
(g/day) 13-52)
IFEfar-adj Farmer Egg Ingestion Rate - age-adjusted | 658,455 Calculated using the
(2) age-adjusted intake
factors equation
IREfar-a Farmer Egg Ingestion Rate - adult (g/day) | 53.4 U.S. EPA 2011 (Table
13-40)
IREfar-c Farmer Egg Ingestion Rate - child (g/day) | 10.95 U.S. EPA 2011 (Table
13-40)
IFBfar-adj Farmer Beef Ingestion Fraction - age- 2,202,410 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRBfar-a Farmer Beef Ingestion Rate - adult (g/day) | 178.0 U.S. EPA 2011 (Table
13-33)
IRBrur-c Farmer Beef Ingestion Rate - child (g/day) | 40.1 U.S. EPA 2011 (Table
13-33)
IFDfar-adj Farmer Dairy Ingestion Fraction - age- 6,036,590 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRDfar-a Farmer Dairy Ingestion Rate - adult 445.6 U.S. EPA 2011 (Table
(g/day) 11-4)
IRDrar-c Farmer Dairy Ingestion Rate - child 349.5 U.S. EPA 2011 (Table
(g/day) 11-4)
TFSWar-adj Farmer Swine Ingestion Fraction - age- 1,203,860 Calculated using the

adjusted (g)

age-adjusted intake
factors equation
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Table E-24. Farmer Direct Ingestion

Symbol Definition (units) Default Reference
IRSWiar-a Farmer Swine Ingestion Rate - adult 97.9 U.S. EPA 2011 (Table
(g/day) 13-51)
IRSWiar-c Farmer Swine Ingestion Rate - child 18.5 U.S. EPA 2011 (Table
(g/day) 13-51)
IFFTtar-aq) Farmer Fish Ingestion Fraction - age- 1,918,140 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRFlfar-a Farmer Fish Ingestion Rate - adult (g/day) | 155.4 U.S. EPA 2011 (Table
13-20)
IRFlar-c Farmer Fish Ingestion Rate - child (g/day) | 32.8 U.S. EPA 2011 (Table
13-20)
CDlfar-produce-rad-ing | Farmer Produce Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator

E-28




Table E-25. Soil to Groundwater SSL Factor Variables

Symbol Definition (units) Default Reference

Cw Target soil leachate concentration (pCi/L) | Nonzero MCL or U.S. EPA. 2002
RSL x DAF Equation 4-14

DAF Dilution attenuation factor (unitless) 20 (or site-specific) | U.S. EPA. 2002
Equation 4-11

EDgw Exposure duration 70 U.S. EPA. 2002
Equation 4-14

I Infiltration Rate (m/year) 0.18 U.S. EPA. 2002
Equation 4-11

L Source length parallel to ground water Site-specific U.S. EPA. 2002
flow (m) Equation 4-11

i Hydraulic gradient (m/m) Site-specific U.S. EPA. 2002
Equation 4-11

K Aquifer hydraulic conductivity (m/year) Site-specific U.S. EPA. 2002
Equation 4-11

Ow Water-filled soil porosity (Lwater/Lsoil) 0.3 U.S. EPA. 2002
Equation 4-10

0a Air-filled soil porosity (Lair/Lsoit) =n-0y U.S. EPA. 2002
Equation 4-10

n Total soil porosity (Lpore/Lsoit) = 1-(pv/ps) U.S. EPA. 2002
Equation 4-10

Ps Soil particle density (kg/L) 2.65 U.S. EPA. 2002
Equation 4-10

Py Dry soil bulk density (kg/L) 1.5 U.S. EPA. 2002
Equation 4-10

Ky Soil-water partition coefficient (L/kg) = Ko *foc for U.S. EPA. 2002
organics Equation 4-10

da Aquifer thickness (m) Site-specific U.S. EPA. 2002
Equation 4-10

ds Depth of source (m) Site-specific U.S. EPA. 2002
Equation 4-10

d Mixing zone depth (m) Site-specific U.S. EPA. 2002

Equation 4-12
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Table E-26. Wind Particulate Emission Factor Variables

Symbol Definition (units) Default Reference
PEF,, Particulate Emission Factor - Minneapolis | 1.36 x 10°(region- | U.S. EPA 2002 Exhibit
(m*/kg) specific) D-2
Q/Cyind Inverse of the Mean Concentration at the 93.77 (region- U.S. EPA 2002 Exhibit
Center of a 0.5-Acre-Square Source (g/m?- | specific) D-2
s per kg/m?)
A% Fraction of Vegetative Cover (unitless) 0.5 U.S. EPA. 2002
Equation 4-5
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 2002
Equation 4-5
U Equivalent Threshold Value of Wind 11.32 U.S. EPA. 2002
Speed at 7 m (m/s) Equation 4-5
F(x) Function Dependent on Uy/U; (unitless) 0.194 U.S. EPA. 2002
Equation 4-5
A Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit
specific D-2
A Areal extent of the site or contamination 0.5 (range 0.5 to U.S. EPA 2002 Exhibit
(acres) 500) D-2
B Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit
specific D-2
C Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit

specific

D-2
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Table E-27. Mechanical Particulate Emission Factor Variables from Vehicle Traffic

Symbol Definition (units) Default Reference
PEFs. Particulate Emission Factor - (Site-specific) U.S. EPA 2002
subchronic (m*/kg) Equation 5-5
Q/Cq Inverse of the ratio of the 1-h geometric | 23.02 (for 0.5 acre site) | U.S. EPA 2002
mean concentration to the emission flux Equation 5-5
along a straight road segment bisecting
a square site (g/m>-s per kg/m?)
Fp Dispersion correction factor (unitless) 0.185 U.S. EPA 2002
Equation 5-5
T Total time over which construction 7,200,000 U.S. EPA 2002
occurs (s) Equation 5-5
Ar Surface area of contaminated road (AR=Lrx Wr x U.S. EPA 2002
segment (m?) 0.092903 m*/1t?) Equation 5-5
Lr Length of road segment (ft) Site-specific U.S. EPA 2002
Equation 5-5
Wr Width of road segment (ft) 20 U.S. EPA 2002
Equation E-18
w Mean vehicle weight (tons) (Number of cars x U.S. EPA 2002
tons/car + number of Equation 5-5
trucks x tons/truck) /
total vehicles)
p Number of days with at least 0.01 Site-specific U.S. EPA 2002
inches of precipitation (days/year) Exhibit 5-2
> VKT Sum of fleet vehicle kilometers traveled | > VKT = total vehicles | U.S. EPA 2002
during the exposure duration (km) x distance (km/day) x Equation 5-5
frequency (weeks/year)
X (days/year)
A Dispersion constant unitless 12.9351 U.S. EPA 2002
Equation 5-6
As Areal extent of site surface soil 0.5 (range 0.5 to 500) U.S. EPA 2002
contamination (acres) Equation 5-6
B Dispersion constant unitless 5.7383 U.S. EPA 2002
Equation 5-6
C Dispersion constant unitless 71.7711 U.S. EPA 2002

Equation 5-6

Table E-28. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
PEF Particulate Emission Factor - subchronic (Site-specific) U.S. EPA 2002
(m’/kg) Equation E-26
Q/Csa Inverse of the ratio of the 1-h geometric Site-specific U.S. EPA 2002
mean air concentration and the emission Equation E-15
flux at the center of the square emission
source (g/m?-s per kg/m?)
Fp Dispersion correction factor (unitless) 0.185 U.S. EPA 2002
Equation E-16
A Dispersion constant unitless 2.4538 U.S. EPA 2002
Equation E-15
B Dispersion constant unitless 17.5660 U.S. EPA 2002

Equation E-15
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Table E-28. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
C Dispersion constant unitless 189.0426 U.S. EPA 2002
Equation E-15
A Areal extent of site surface soil (Range 0.5 to 500) | U.S. EPA 2002
contamination (acres) Equation E-15
J7 (g/m3-s) Total time-averaged PM ;o unit emission Site-specific U.S. EPA 2002
flux for construction activities other than Equation E-25
traffic on unpaved roads
MPCind Unit mass emitted from wind erosion (g) Site-specific U.S. EPA 2002
Equation E-20
A% Fraction of Vegetative Cover (unitless) 0 U.S. EPA 2002
Equation E-20
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA 2002
Equation E-20
U Equivalent Threshold Value of Wind Speed | 11.32 U.S. EPA 2002
at 7 m (m/s) Equation E-20
F(x) Function Dependent on U/U; (unitless) 0.194 U.S. EPA 2002
Equation E-20
Asurt Areal extent of site surface soil (Range 0.5 to 500) | U.S. EPA 2002
contamination (m?) Equation E-20
ED Exposure duration (years) Site-specific U.S. EPA 2002
Equation E-20
Mexcay Unit mass emitted from excavation soil Site-specific U.S. EPA 2002
dumping (g) Equation E-21
0.35 PM particle size multiplier (unitless) 0.35 U.S. EPA 2002
Equation E-21
Un Mean annual wind speed during 4.69 U.S. EPA 2002
construction (m/s) Equation E-21
Min-excav Gravimetric soil moisture content (%) 12 (Mean value for | U.S. EPA 2002
municipal landfill Equation E-21
cover)
Psoil In situ soil density (includes water) (mg/m?) | 1.68 U.S. EPA 2002
Equation E-21
Acxcav Areal extent of excavation (m?) (Range 0.5 to 500) | U.S. EPA 2002
Equation E-21
dexcav Average depth of excavation (m) Site-specific U.S. EPA 2002
Equation E-21
Na-dump Number of times soil is dumped (unitless) 2 U.S. EPA 2002
Equation E-21
Mooz Unit mass emitted from dozing operations Site-specific U.S. EPA 2002
(g) Equation E-22
0.75 PM scaling factor (unitless) 0.75 U.S. EPA 2002
Equation E-22
Sdoz Soil silt content (%) 6.9 U.S. EPA 2002
Equation E-22
Min-doz Gravimetric soil moisture content (%) 7.9 (mean value for | U.S. EPA 2002
overburden) Equation E-22
> VKTo, Sum of dozing kilometers traveled (km) Site-specific U.S. EPA 2002
Equation E-22
Sdoz Average dozing speed (kph) 11.4 (mean value U.S. EPA 2002
for graders) Equation E-22
Na-doz Number of times site is dozed (unitless) Site-specific U.S. EPA 2002

Equation E-22
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Table E-28. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
By Dozer blade length (m) Site-specific U.S. EPA 2002 Page
E-28
Mgrade Unit mass emitted from grading operations | Site-specific U.S. EPA 2002
(2) Equation E-23
0.60 PM scaling factor (unitless) 0.60 U.S. EPA 2002
Equation E-23
> VKTgrade Sum of grading kilometers traveled (km) U.S. EPA 2002
Equation E-23
Serade Average grading speed (kph) 11.4 (mean value U.S. EPA 2002
for graders) Equation E-23
Na-grade Number of times site is graded (unitless) Site-specific U.S. EPA 2002
Equation E-23
B, Grader blade length (m) Site-specific U.S. EPA 2002 Page
E-28
M Unit mass emitted from tilling operations Site-specific U.S. EPA 2002
(g) Equation E-24
Siill Soil silt content (%) 18 U.S. EPA 2002
Equation E-24
Acill Areal extent of tilling (acres) Site-specific U.S. EPA 2002
Equation E-24
Ac-grade Areal extent of grading (acres) Site-specific Necessary to solve
> VKTgrade in U.S.
EPA 2002 Equation E-
23
Acdoz Areal extent of dozing (acres) Site-specific Necessary to solve
>VKTgo, in U.S. EPA
2002 Equation E-22
Na-il Number of times soil is tilled (unitless) 2 U.S. EPA 2002

Equation E-24
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APPENDIX F. RADIONUCLIDE PRG EQUATIONS

Resident Soil PRG Equations

Soil Ingestion
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pCi sk
pCi

9

)-[=

PRGyes-sol-inh (

where:

EFFES—C (

(EFFES—E] (

TFAres-agj (161,000 m?)

) X IFAves-q; (161,000 m?) x

1

1000 g

m
PEF(k—

350 days
" y ) % EDres-c(6 yr) x ETres—c (

350 days
yr

X
3
)

24 hrs

) % EDres-a (20 yr) x ETres-a (

(

kg

)+

day

24 hrs
day

)

t(yr) x A (ylr>

)|~

1 day
24 hrs

(

(

1 day
24 hrs

(1 _ expiA (y1r) xt(yr))

) % IRAres-c (1
) % IRAres-a (

om3

)):
)

day

20 m3
day

Soil External Exposure

risk/yr

TR
350 days 1yr

S FEX‘—SV (

(e

Ci
PRGreysoFext(%

1.752 hrs
day

)

pCi/g

) <ok (55%) < (
( | day ) X GSFofEfosv) + (ETres-i (

24 hrs

365 days

16,416 hrs
day

) x EDres (26 yr) x ACFeyt-sy x

1 day
24 hrs

)+

{

R

t(yr) < A (;—r)

(1 —exp_?‘(

1
yr

)xt(yr))

|
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Soil Contribution to Produce Ingestion

1
, PRG - t A —
p_CI) _ res—produce—ing(%o) » (r) > (yr)

I:’RGr@_-s—sol—[:}roduce—ing( g 1
(RUpV + Res) (1 exp_?\(W) xt(yr))

where:

pCi / g-fresh-plant
pCi / g-dry-sail

Rupv = BVwet(

0.0135 g-dry-saoil
) : Res = MLFy04uce ( )

g-fresh-plant

Direct Produce Ingestion

pCi TR
PRGres-produce-ing (F) - (spf (%) % (IFFres_adj(1,462,510 )+ IFV, o5 5;(989,870 g)) x cpres_pmduce(o.zs))

where:

350 days 68.1
EFres—c ( yr y ) % EDres-c (6 yr) x IRFres—c (ﬁyg)) +

IFFres_aq) (1,462,510 g) =

350 days 188.5
(EFres—a ( yr Y ) % EDres-a (20 yr) x IRFres-a ( day g))
and:
350 days 41.7
(EFres—c ( yr Y ) % EDres—c (6 yr) x IRVres—¢ ( dayg>) +
IFVres-aqj (989,870 g) =
350 days 128.9
(EFres—a ( yr Y ) % EDres-a (20 yr) x IRVres-a (Tyg))

Soil Total

1
Ci
PRGres sol-tot (pg) = ( ! + 1 1 1 )

+ +
F’RGres—soI—ing PRGres_sol-inh  PRGres-sol-ext PRGres—soI-produce—ing-tot

Resident Alternate External Sources PRG Equations

Direct External Exposure (sv)

TR
risk/yr 350 days 1yr 1
oRG pCiY _ SFext-sv ( oCilg ) x EFres ( o ) X (365 days * EDres (26 yr) x ACFeyt-sy x tyr) x A yr
res-sol-sv = X —(1) -
-A xt(yr
1.752 hrs 1da 16.416 hrs 1da ( - yr )
(e (537 () <G (T (2557 120 rta)] ) -0
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Direct External Exposure (1 cm)

TR
risk/yr 350 days 1yr 1
PRGres-sol-1cm p_G = SFerttem ( pCi/g ) < Efres ( yr ) . (365 days)  EDres (26 Y1 ACFext-1em % —t(yr) - (yr
e 1
1.752 hrs 1da 16.416 hrs 1da ( B} "‘(ﬁ)“‘y”)
[(ETres-n (d—ay) x (ﬁ) x GSFo—echm) + (ETres—\ (T) x (le—l"n'y;) = GSFl-total)} T-exp
Direct External Exposure (5 cm)
TR
risk/yr 350 days 1yr 1
PRGes-so-sem % ) = SFoson (‘g ) <65 (25 ) (355 dags ) 0@ A N LA VO Ny
S 1
1.752 hrs 1da 16.416 hrs 1da ( - "‘(F)“‘m)
KETres-n ( day ) % (24 hrys) x GSFo—ext—Scm) + (ETres—i (T) X (24 h:é) X GSFi-[otal)} T-exp
Direct External Exposure (15 cm)
TR
risk/yr 350 days 1yr 1
PRGes-sol-15 (p_c.) = SFextisem (m) ) EFFES( yr ) . (m)  EDres (26 1) ACFexc-15cm < x 7ﬂyr] M
res-sol=1acm 1
1.752 hrs 1da 16.416 hrs 1da ( - ‘“(W)““V”)
KETres—o ( day ) X (24 hrys) XGSFo-ext-wcm) + (ETres—i (T) X (24 hrys) XGSFi—tota\ﬂ T-exp
Direct External Exposure (ground plane)
TR
risk/yr 350 days 1yr 1
—_ (LC') _ SFext-gp (pCi/cmZ) % EFres ( o ) x (Tdays * EDres (26 Y1) % ACFet-gp ) tom A (o
res-sol-gp | 2 ( NE
1752 hrs\ _ (1da 16416 hrs\ _(1da —exp (W)”‘”’)
KETres—c ( day ) b (24 hry:;) ® GSFmext—gp) + (ETres-l (T) X (24 hrys) X GSFi—mtaI)] ! exp

Resident Air PRG Equations

Air Inhalation

1- exp_?\ ( yr

1
) TR t(yr)xh(—)
pCiy _ - yr
PRG es-air-i h(—) = risk 3y | %
res-air-inh | 13 SFi (i ) * FAves-acy (161,000m) ( 1)xt(yr))

where:

day 24 hrs day

350d 24 h 1d 20 m3
(s (7)o (42)« (1) v (557

350 days 24 hrs 1da 10 m3
EFres-c (Ty) % EDres-c(6 yr) x ETres-c ( ) X ( Y ) % IRAres-c ( )) +

IFAres-aqj (161,000 m?) =

Air Submersion

TR tyr) xi\(ylr) )

pCiy _ -
PRGres,aiHub(—a) = ( risk/yr 350 days 1yr 24 hrs 1 day x| —
m SFsub | pirma ) 7 BFres {3 ) * | 365 days )  EDres (28 Y0 x ETres { Z550™ )< 22 hrs ) ¥ 65Fa10) (1_exp—7\(;r)xttyr))
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Air Total

pCi !
PRGres-air-tot (ﬁ) = 1 1
PRG

+
res-air-inh PRGres—air—sub

Air Inhalation (without decay)

" TR
PRG P (7) = risk
res-air-inhnd { |3 (SFi (ﬁ) % IFAres_adj (161,000 m3))

where:

350 days 24 hrs 1da 10m3
yr Y ) % EDres—c (6 yr) x ETres-c (d—ay) X (M—hé) % IRAres-c ( day )) +

350 days 24 hrs 1 da 20 m3
(EFFES-a ( yr y ) % EDres-a (20 yr) x ETres-a ( day ) X (24 hry;) % IRAres-a (day ))

EFresc (
TFA es.adi (161 ,000 m3) =

Air Submersion (without decay)

TR
pCi -
PRG,ec_ai L) k/ 350d 1 24 h 1d
res—a'r-subnd(ms) (SFsub (;Zirﬁ;) « EFres ( yrays) % (365 é'rays) » EDres (26 yr)  ETres ( dayrs) x (24 'frys) % GSFa (1 .0))
Air Total (without decay)
. 1
pCi\ _
PRGyes-air-totnd ( m3 - 1 + 1
PRGres—air—inhnd PRGres—air—subnd

Resident Tap Water PRG Equations

Tap Water Ingestion

o TR
PRGres-wat—ing(L) - (SFW (;'_?:) % TFWgg_aq; (19,138 L))

where:

350 days 0.78 L
(EFres—c (TY) X EDres-c (6 yr) x IRWyes—c (W)> +

350 days 25L
(EFres—a (TY) % EDres-a (20 yr) x IRWres-a (d—ay))

IFWyes ag (19,138 L) =




Tap Water Inhalation

oCi TR
PRGes_wat-i h(—) = risk 3 05L
res-wat-inh { | S ( oa % TFAres_aqj (161,000 m?) x K —

where:

350 days
EFres-c ( r Y ) % EDres-c(6 yr) x ETres—c ( day

TFAres-aqj (161,000 m?) =

day

350 days 24 hrs 1da
(EFres—a ( yr y ) % EDres-a (20 yr) x ETres-a ( ) X ( y

24 hrs 1 day
“\2ahrs

10m3
x IRAres-c (d_ay)

Tap Water Immersion

oCi TR
PRG es-wat-imm (T) = SFimm (r;)sckl’;{r) X (8, 7163"}‘1!’5) X DFAres-adj (6,104 hI’S)

where:

day
DFAres_agj (6,104 hrs) =

day

event

event

350 days 1 events 0.71 hrs
(EFres—a ( yr Y ) % EDres-a (20 yr) x EVres-a (7) % ETevent-res-a (7

350 days 1 events 0.54 hrs
(EFres—c ( yr y ) % EDres—c (6 yr) x EVres—c (7) % ETevent-res-c (7)) +

)

Tap Water Contribution to Produce Ingestion

PRG

a

res-produce-ing ( p

where:

X

0.0135¢g —dry—soil)

Ci
PRGres—wat—produce—ing P2 = g)
. TR ) (g () + Irrres () + Irrge (5
1000 g P\ kg s\ kg dep | kg

*(me) (a5

pCi/ g-dry-soil

L ) < Ex BVwet(pCI /g—fresh—plant) N [1 _exp (_( A

day

) Xty (days))]

I —

Irr (L _ r(mz—day
res @ - kg AB
* () (a37)
and:
L A
I L _ Ir(mz-day)xFXIfXTX [']-exp(-(d—‘;’)xtv(days))]
mon (15 - v (ke (e
Y\ m2 day

L As
( . ) i 1 (mz—day> x Fx MLFpmduce( g~ fresh— plant [1 -exp (—(d—ay) % tp (days))]
Irrrup ko)~
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Direct Produce Ingestion

oci TR
PRGres-produce-ing (?) = (Spf (;‘%‘?) ¢ (FFpes-ag; (1,462,510 )+ TV, es_ag; (989,870 0)) CFres—produce(O'zs))

where:

(EFres-c (Ty) % EDresc (6 yr) x IRFres—c (Tyg)) +

350 days 188.5
(EFres_a (Ty) X EDreS_a (20 yr) X IRFres_a ( day 9 ))

IFFres-agj(1,462,510 ) =

and:

350 days 41.7
(EFres—c (Ty> % EDres—c (6 yr) x IRVres—c ( dayg)> +

IFVres_aqj (989,870 g) =

350d 128.9
(EFres—a (%) % EDres-a (20 yr) x IRVres-a ( day g ))
Tap Water Total
Ci !
PRG res-wat-tot (pT> = ( 1 + 1 + 1 + 1 )
F’Rc:'resi—wat—ing PRGres-wat-inh  PRGres-wat-imm  PRG res-wat-produce-ing

Resident Fish PRG Equations

Direct Fish Ingestion
pCi TR
PRG ac_fich_i (—) = risk 350 days 54,000 mg g
res-fish-ing g (SFf (7pCi) % EFres ( yr ) % EDres (26 yr) x IRFlres-a ( day ) X (1000 mg % CFres-fish (1)

Surface Water Contribution to Fish Ingestion

Ci
pCi I:)I:K-:'res—fish—ing (p?)

PRGres—fish—ingw(T) = BCF( L ) x( 1 kg )

kg 1000 g

Indoor Worker Soil PRG Equations

Soil Ingestion

pCi

TR t(yr)x?\(%)
PRGind-sol- — )= risk 250 days 50 m
e mg( g ) (SF“’(E) ) EF‘”“( o )X FDina (25 yr)xms"”d( dayg) : (1008 mg)) ' ( 'A(l)”(vn)
1-exp

yr
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Soil Inhalation

TR

risk 250 days 8 hrs
SF ( pCl ) EFlnd (7yl' ) X EDind (25 yr) X ETind (—day ) X tyr) A (%)

Ci
PRGind-sol-inh (%) =

X
1 day 60 m3 1 1000 g ( AL xt(yr))
(24 hrs)XIRAmd( day )X m3 ( kg ) 1-exp (yr)
PEF( 1

Soil External Exposure

TR

risk/yr (250 days 1yr _ t 7\( )

— ext(po) i SFext-sv( oCilg ) X EF,nd( yr ) X (365 days) % EDjng (25 yr)x . (yr) yr
’ 8 hrs 1 day 1 *K(;r) ><t(yr))
ETing (W) X (24 hrs) % ACFext-sv X GSFi_total ~oXp
Soil Total
Ci 1
PLIy _
PRGmd sol tot( g - 1 + 1 + 1
PRGind—soI—ing PRGjng-sol-inh  PRGind-sol-ext

Indoor Worker Alternate External Sources PRG Equations

Direct External Exposure (sv)

TR
PRGind-sol- sv(pgl) = PFertess (%)  EFing (250;:35/5) " (36; Z;ys) ¥ EDing (25 y1) « o XAE%)
Tind (%) ) (214dr:¥5> x ACFext-sv x GSFi_total (1 'EXP-A (W) xt(yr))
Direct External Exposure (1 cm)
TR
(1) | T (o) <€ (507 < (5 om0
Find (%) . (214dr?rys) % ACFext-1cm % GSFi_toal 1—exp4\()"r)xl(yr))
Direct External Exposure (5 cm)
TR
G o (p_CI) | SFexesem (%) < EFng (ZSOy?ayS) (36; ﬁ;ys) <EDng (25 | tyr) < ;\1( )
ETind (%;S) x (21 ﬂfﬁ;) % ACFaxtsem * GSFitoral (1 —exp. (e ) = yr’)
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Direct External Exposure (15 cm)

TR

risk/yr 250 days 1yr (1
SFext—‘IScm (m) X EFind ( yr ) X (365 days X EDmd(ZS yr)x t(yr) XA yr

X
1
8 hrs) " ( 1 day (1 _exp-l\(y—r)xt(yr))

“day 24 hrs) * ACFext-15cm % GSFi-total

Ci
PRGind-sol-15cm (_) =

ETind (

Direct External Exposure (ground plane)

TR
risk/yr (250 days 1yr ) _ t(yr x)\(l)
PRGind-coran | Pt ) = SFext-gp (pcvcmZ) * EFind ( yr ) ) (365 days ) * FPns @50 | SN,
9P\ em2 ( —7\(1 )xtcyr))
8 hrs 1 da - yr
*Tind ( day ) ) (24 hrys) » ACFext-gp % GSFitotal e

Indoor Worker Air PRG Equations

Air Inhalation

day day

TR )) ) t(yr)x)\(%)

pCi _ . 3
PRGind-air-inh (—3) = [ risk 250 days 8 hrs 1 day 60 m —_—
m SF; pal % EFing —yr x EDing (25 yr) x ETjng “\ 24 hrs | % IRAhg (1 _exp’“ (;r) xt(yr])

Air Submersion

o TR t(yr)x?\(%)
PRGind-air-sub (—3> = risk/yr (250 days 1yr ‘ ~(8hrs 1 day x|
m SFeub pCilm3 % EFing yr “ 365 days ) EDjng (25 yr) x ETing day )\ 3anes ) GSF4(1.0) (1 exp_?\(l) xt(y”)

yr

Air Total

pCi

m) 1 1

F’RGind—air—tC}t ¥
I:)RGind-air—inh I:)RGind-air—sub

Air Inhalation (without decay)

TR

o] i) _ - 3
PRGiq_air_i (— = risk 250 days 8 hrs 1 day 60 m
ind-air-inhnd | ‘)3 SF; (pri) % EFjng (7)” ) x EDjnq (25 yr) x ETjng ( ) X (24 hrs | = IRAng | =

day day

Air Submersion (without decay)

TR

pCiy\ _ -
PRGind-air-subnd(j) = ( risk/yr . 250 days 1yr ) . 8 hrs 1 day
m SFsub pCi/m3 x EFing o | 365 days % EDjng (25 yr) x ETng Tay “ 22 hrs ) GSF4(1.0)




Air Total (without decay)

pCi _
PRGind-air-totnd (ﬁ) B 1 + !
PRGing-air-inhnd  PRGind-air-subnd

Indoor Worker Tap Water PRG Equations

Tap Water Ingestion

pCi

TR
PRGg-wat-i (—) = risk 250 days 1.25L
ind-wat-ing \ (SFW (pCi) % EFing (yry) % EDjng (25 Y1) X IRWing_a (day) )

Tap Water Inhalation

TR
pCiy _ ; 3
PRGind—war-inh(*) = , risk . 250 days ) : 8 hrs 1 day ) 60 m 05L
L SF; —pCi % EFing yr % EDjnq (25 yr) x ETjng day “\ 24 hrs ) * IRAihd-a day x K e

Tap Water Immersion

. TR
pCi -
PRG,nd_Wat_‘mm(—) = ; risk/yr 250 days 1yr ] ‘ 1 events ] 0.71 hrs 1 day
L SFimm pGi/L % EFjng yr X 365 days % EDjng (25 yr) x EVjpg day % ETevent-ind-a event x 24 hrs

Tap Water Total

1

pCiy _
PRGind—wat—tot(T) = 1 + 1 + 1
I:’RGind—\J'\Jrat—ing PRGing-wat-inh  PRGind-wat-imm

Outdoor Worker Soil PRG Equations

Soil Ingestion

pCi TR t(yf)xk(%)
PRGoyt-sol-ing (—) = risk 225 days 100 mg g x| ——-—- 2
g SFsa oCi x EFout —yr x EDout (25 yr) x IRSout day “\ 7000 mg (1 _exp_k(%) xt(yr))
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Soil Inhalation

TR
risk) (225 days) (8 hrs)
SF [ — | < EF ——— | xED 25yr) < ET — | X
. i (pCI out yr out (25 Yr) out day tyr) X A 1
PRG (p—c') = x y
outsol-nh | g 1day) o, (60m) 1 /1000g ( (%) xt(yr))
24 hrs out| Tday m3 kg T-exp \Y
PEF g
Soil External Exposure
TR
risk/yr 225 days 1yr 1
- pCiY _ SFext_S\,( TG ) x EFout( e ) x (365 days) x EDout (25 yr) < t(yr)x?\(yr
out-sol-ext g x 7\(1) )
8 hrs 1da —exp ) yr)
ETout (W) X (24 h:/s) % ACFext-sv % GSFo-ext-sv 1-exp W
Soil Total
Ci 1
PLIy _
PRGout—sol—tot g - 1 + 1 + 1
PRGout—soI—ing PRGoyt-sol-inh  PRGout-sol-ext

Outdoor Worker Alternate External Sources PRG Equations

Direct External Exposure (sv)

TR
risk/yr 225 days 1yr 1
, SFext-sv (—) X EFout( ) X ( x EDgyt (25 yr)x tyr) <A —
PRGOUHO'?SV(LC') _ pCi/g yr 365 days % yr
g S
8 hrs 1 day (1 _exp ?\(yr)xt(yr))
ETout (Tay) X (24 hrs) x ACFext-sv % GSFo-ext-sv
Direct External Exposure (1 cm)
TR
risk/yr 225 days 1yr 1
oCi SFext1cm (pcii/{;) x EFOU[( o y ) x (365 é’ays) » EDout (25 yr)x t(yr) x A (ﬁ)
PRGuut—soI—‘lcm ? = x ( 1 )
-A xt(yr)
8 hrs 1da ( - yr )
ETout( day ) X (24 hrys) % ACFeyt-1cm % GSFo_ext-1cm 1-exp
Direct External Exposure (5 cm)
TR
risk/yr 225 days 1yr 1
oCi SFext_scm (pC—i/)(_;) X EFout( v y ) X (365 é’ays) « EDout (25 yr)x t(yr) x A (ﬁ)
PRGoyt-sol-5¢cm (?) = X 1
8 hrs 1 day (1 -exp_?\(yf) xt(yr))
ETout (Tay) x (24 hrs) % ACFeyt_5cm % GSFg_ext-5cm
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Direct External Exposure (15 cm)

TR
risk/yr 225 days 1yr 1
. SFext-15 (—) x EFDut( ) X ( x EDout (25 yr)x tyrn <A —
PRGout-so|—15cm(pFCI) = - - pC“‘g yr 365 days . ( 1 ;r
A — | xtyr)
8 hrs 1da ( - yr )
ETout (TBy) X (24 hrys> % ACFext-15¢m % GSFo-ext-15cm 1-exp
Direct External Exposure (ground plane)
TR
risk/yr 225 days 1yr 1
. SFext-gp (7) % EFout ( ) X ( x EDgut (25 yr)x tiyr) < A —
8 hrs 1 day (1 _expf?\(yr)xt(yrg
ETOUI d—ay X 24 hrs X ACFext—gp X GSFo—ext—gp

Outdoor Worker Air PRG Equations

Air Inhalation

day 24 hrs day

TR )) ) t(yr)xh(%)

. pCI _ . 3
PRGout-air-inn (ﬁ) - (SFi (”ik) x EFout (LS days) % EDout (25 yr)  ETout (Sihrs) X ( 1 day ) » IRAgut (60 m YRR A
pCi yr 1-exp. (W)x )

Air Submersion

1
. TR tlyr)x A <7)
PRGyt-air-su paiy ( risk/yr 225 days 1yr 8 hrs 1 day ) )| ——— Y
‘ b(ms) SFsup (pCilm3) x EFour( yr ) % (—365 days) * EDout (25 yr) x ETout (d_ay) x (—24 hrs) * GSFa(1.0) (1 —expi?\(yl’) xt(yr))
Air Total
Ci
PRGout-air-tot | = | = 1 1
out-air-tot m3 +
I:'R(-T'out—air—inh PRGOUt—air—SUb
Air Inhalation (without decay)
TR
pCiy _ - 3
PRGqut-air-inhnd (—3) = (risk 225 days 8 hrs 1 day 60 m
m SF; oCi x EFgut 7)”' % EDout (25 yr) x ETout day X 24 hrs x IRAgut Tay
Air Submersion (without decay)
oCi TR
PRG,yt-air-sub d(—) = risk/yr 225 days 1yr 8 hrs 1 day
out-air=subnd\ m3 SFeub oCi/m3 x EFgut yr * | 3¢5 days % EDout (25 yr) x ETout day *“\ 52 hrs x GSF4(1.0)




Air Total (without decay)

pCi 1

1

)=

I:’R(-:'out—air—totnd (m

+
I:)R(-T'out—;;air—inhncl I:)RGf:tut—air—sul:}nd

Composite Worker Soil PRG Equations

Soil Ingestion

Z

pCi
pCi P

PRGcom—sol—inh (?

)z

1 day 60 m3

) « EFcom (%‘:”‘ys) % EDcom (25 Y1) % ETcom (

1000 g

)

day

24 hrs

(45

day

m3 kg

)l

)

ocl TR tlyr) x ?\(%)
PRGcom-sal-ing (—) = ( (risk) (250 days) (‘00 ’“9) ( 9 )) o IV RN
g SFsa | — ) < EF S92 ) % EDcom (25 yr) x IRS x EYARW
sa pCI com yr com com day 1000 mg (" _exp A(yr) t(yr))
Soil Inhalation
TR
risk 8 hrs

t(yr)x?\(%)

(1 - exp_A(l> Xt(m)

yr

Soil External Exposure

TR

risk/yr
pCi/g

250 days
yr

1yr
365 days

Ci
PRGmm-so\-ext L

SFeXt*SV (

(e

=
)

)

8 hrs
day

1 day
24 hrs

) x GSFD-ext—sv) + (ETcom—\ (

0 hrs
day

)(

1 day
24 hrs

) % EDcom (25 Y1) x ACFext_sy

) % GSF ot

1

yr) xt(yr))

1—exp7?\(

S

1
t(yr)x?\(ﬁ)

|

Soil Total

pCi

1

1

g

)

PRGCOFﬂ—SO|—tOt (

PRGcom—soI—ing

+
I:’R(-:'cum—sul—inh

F’RGcom—soI—ext

Composite Worker Alternate External Sources PRG Equations

Direct External Exposure (sv)

TR

risk/yr
pCi/g

250 days
yr

1yr
365 days

Ci

SFext—sv (

(e

=
)

)+

PRGcom-so\-sv

8 hrs
day

1 day
24 hrs

) x GSFD-éxt—sv) + (ETcom—l (

0 hrs
day

)+

1 day
24 hrs

) % EDcom (25 yr) x ACFaxt-sy x

) % GSF,cota

1

yr) xt(yr))

T-exp (

S

1
t(yr) x A (F)

|
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Direct External Exposure (1 cm)

TR
riskfyr 250 days 1yr yr A (l)
RO 1cm(LO) i SFext-Tem ( oCilg ) X EFcom( o ) X (365 days % EDcom (25 Yr) % ACFext_qcm % § (yr) = "
- 9 ( -F\(—)xt(yr))
8 hrs 1da 0 hrs 1da - yr
[(Ercomo (%) % (31 ) % 65Fo-omctam ) + (ETcom-s (e ) (g ) *85Fisou) | | AN 70%P
Direct External Exposure (5 cm)
TR
risk/yr 250 days 1yr 1
PRGeory <t Scm(LG) - SFext-Scm ( pCi/)s; ) % EFcom ( yr y > X (365 Zays) % EDcom (25 yr) XACFext-ScmX y tyr) x A (ﬁ)
- 9 ( -A(l)xt(yr))
8 hrs 1da Ohrs 1da - yr
{(Echm-u (W) * (24 h:;) x GSFo—ext~5cm) + (ETcom-i (Tay) x (24 hrys) X GSFHOta\)} 1-exp
Direct External Exposure (15 cm)
TR
risk/yr 250 days 1yr 1
PRG oo op150m (LC') B SFext-15cm ( pCilg ) % EFcom ( yr ) X (365 days % EDcom (25 yr) x ACFext-15¢m * y tlyr) <A yr
-sol- 1
-A| = ) xtyn)
8 hrs 1da 0 hrs 1da ( - (w) )
{(ETcomfo (W) x (24 hrys) X GSFo—ext—15cm) + (ETcom—i (W) x (24 thS) X GSFi—mta\)] T-ep
Direct External Exposure (ground plane)
TR
risk/yr 250 days 1yr 1
oRG | (Lo) ) SFext-gp (pcwmz) x EF(om( yr ) x (355 days ) EDcom (25 Yr) x ACFext-gp § tyr) xA yr
com-sol-gp sz ( ]\( 1 ) t )
Ao )=t
8 hrs 1da 0 hrs 1da - yr
(e (35 (2 ) (e (1) (182) ]| -0

Composite Worker Air PRG Equations

Air Inhalation

pCi TR t(yr)xh(ylr)
PRGmm,a‘r,mh(—B) = (risk 250 days 8 hrs 1 day 60m3\ | x| —— L
m SF; pCi x EFcom 7}” % EDcom (25 yr) x ETcom day X 24 hrs x IRAcom Tay (1 -exp_?\(%) xl(yr))

Air Submersion

pCi TR t(yr)x)\(;—r)
FRGCDm,M,SUb(—E) = risk/yr 250 days 1yr 8 hrs 1 day x| —
m SFsub oci/m3 ) * EFcom v *( 365 days ) * EDcom (25 yr) = ETcom day ) \2anrs ) * GSFa(1.0) (1 _exp"\(;r) XW,)

Air Total

pCi\ _
m3 ) = 1 1

PRGcom-air-tot +
PRGcom—air—inh PRGcom—air—sulo
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Air Inhalation (without decay)

TR

risk

Ci
PRGcom—air—inhnd(p )= SF:
"\ pCi

m3

E

8 hrs
day

1 day
24 hrs

60 m3
day

)

EFcom (%‘:ays) « EDcom (25 yr) % ETcom ( ) x ( ) « IRAcom (

Air Submersion (without decay)

TR
pCi) ~ :
PRGom-air— — | = risk/yr 250 days 1yr 8 hrs 1 day
com-air-subnd (ma (SFsub(pCi/mg) x Eme( o ) x (365 days) x EDcom (25 Yr) x ETcom (Tay) x (m) xGSFa(1.0))
Air Total (without decay)
: 1
pCiY _
PRGcom-air-totnd ( m3 - 1 + 1
PRGcom—air—inhnd PRGcom—air—subnd

Excavation Worker Soil PRG Equations

Soil Ingestion

PRG.yc—col-i — | =
exc-sol mh( g ) 1day
24 hrs

(

pCi TR tlyr)x A (%)
PRG.yr_cali — | = isk 20d 330
e L (2 P 2 et oy o ) B it 1
-exp
Soil Inhalation
TR

SF, (@)  EFexc (20 days) % EDexc (1 yr) % ETexc (%) x 1
: pCi day tyr) x A (—)

pCi yr

1
yr

60 m3
day

1000 g
kg

(1 _exp—x( )xt(yr))

)leAexc( )

1
m?3

(%

)XPEF )(

Soil External Exposure

TR
risk/yr 20 days Tyr V) % A (l)
PRGexc-sol_ext(p_Ci) = SFeXtiSV( pCi/g ) ) EFEXC( yr ) . (365 days *EPexc(Tyn)x P v yr
J 8 hrs 1 day 1 -A(%)n(m)
ETexc day ) X (24 hrs) % ACFext-sv % GSFo-ext-sv “exp

Soil Total

Ci
PRGexc—sol—tot (%

)=

1
1 1 1

+ +
I:’R(-:'exc—sol—ing PRGexc-sol-inh  PRGexc-sol-ext
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Excavation Worker Air PRG Equations

Air Inhalation

pCi

TR Tyr) x A (%)
PRGexc.air-mh(—g) . (risk) (20 days) (s hrs) ( 1 day) (60 m3) Y N 7
m SFi [ —= ) = EFexc % EDexc (1 Y1) % ETexc [ o ) { 52520 ) 5 IRAgxe | N
pCi yr day 24 hrs day (1 _exp K(yr) /E(yr))

Air Submersion

1
™ t(yr)x)\(ﬁ) )

pCiy _ -
PRGexc—aur—sub(ﬁ) = risk/yr 20 days 1yr 8 hrs 1 day x| 0—---—2L 7
m SFeub ocims3 ) - EFexc )\ se5days ) EDexc(1 yr) % ETexc Ty ) \3ahrs % GSFa(1.0) (1 —exp%(;’)x{(yn)

Air Total
. 1
pCi _
PRGexc—air—tot ( m3 - 1 + 1
IDRGF_'xc—air—inh PRGe:-cc—air—sub
Air Inhalation (without decay)
. TR
pLry _ ; 3
PRGeyc_air-i =) = k 20d gh 1d 60
exc-air mhnd(ms) SF, (%) x EFEXC( yfys) % EDexc (1 yr) % ETexc (F;S) x (24 :rys) « IRAexc ( dar; )
Air Submersion (without decay)
oci TR
PRGexc-air-subnd | —% | = risk/yr 20 days 1yr 8 hrs 1 day
a3 (SFsub (eims ) *EFexe (572 ) * (Sgaiags ) * EDoc ¥ < o (G ) 5 ) xGSFamm)
Air Total (without decay)
: 1
pCiy _
PRGexc-air-totnd (—m3 - 1 + 1
I:'R(-T'exc—air—inhnd PR(-T'exc—air—subnd

Construction Worker Soil Exposure to Unpaved Road Traffic PRG Equations

Soil Ingestion - Unpaved Road Traffic

pCi TR t(yr)x?\(;—r)
PRG¢gn-sol-i (—) = risk 50 wks 5 days 330 mg g x| —m— L
con-sol-ing | “g SFsa E % EFcon | EWeon yr % DWecon wh x EDcon (1 yr) % IRScon 7day X 7000 ma mg (1 _exp,;\ (;r) xt(yr))
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Soil Inhalation - Unpaved Road Traffic

TR

risk

SF; (

50 wks
) % EFcon (EWcon (T) x DWeon (

5 days

)) « EDcon (1 y)x

risk 1
Ci wk =
oRG (pCi) ) p t(yr)x)\(yr)
con-sol-inh\ —= | ~
! 8 hrs 1 day 60 m3 1 1000 g ( af L xt(yr,)
ETcon (d—ay) x (24 hrs) % IRAGon ( oy ) x o ( © ) e )
PEFsc o
Soil External Exposure - Unpaved Road Traffic
TR
isk/ 50 wk 5d 1 1
£ . SFext-sv (rFI)SCi/)g) % EFcon (EWcon ( v: S) x DWeon ( WEII(YS)) x (365 Z;ys) X tyr) x A (ﬁ)

PRGcon-sol-ext ( Pg )
8 hrs
day

1 day

EDcon (1 yr) x ETeon (

)

24 hrs

) % ACFext-sv % GSFo-ext-sv

1
. expih (yr) xt(yr))

Soil Total - Unpaved Road Traffic

pCi
PRC"con—sol—tot 1

+

1

Kl

I:’R(-:'con—sol—ing

+
PRGcon-sol-inh  PRGeon-sol-ext

Construction Worker Soil Exposure to Other Construction Activities PRG Equations

Soil Ingestion - Other Construction Activities

(=) L twn <A ()
PRGcon-sol-ingsal ~— | = risk 50 wks 5 days 330 mg g |
I-ing g SFsa (ﬁ) % EFcon (EWch ( ) % DWeon ( wk )) % EDeon (1 yr) » IRScon (Tay) x (m) (1 _expi}\(;r ) "1()”))
Soil Inhalation - Other Construction Activities
TR
risk 50 wks 5 days
SF [ %) % EFcon [ EWeon % DWeon Y31 ) « EDcon (1 yr)x 1
oCi pCi wk t(yr) XA(W
PRGeon <ol (7) -
con-sol-inhsa | “g e (8hrs\ (1dayy o (eomd) 1 L (1000g ( A( 1r)xt(yr)>
€N\ “day 24 hrs on | “day o (m3 kg T-exp Y
PEFL. kg
Soil External Exposure - Other Construction Activities
TR
risk/yr 50 wks 5 days 1yr 1
s [ () rovien () ()| (002

PRGcon-sol-extsa (

)

8 hrs

EDcon (1 yr) x ETcon (d—ay

)x

1 day
24 hrs

(

) % ACFext-sv x GSFo-ext-sv

(1 _ exp_l(;r‘) xt(yr))
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Soil Total - Other Construction Activities

PR(-:'con—sol-totsa

pCi

9

1

1

PRGcon—soI—ingsa

PRGcon—sol—inhsa

PRGCOH—SO|—EXISE

Construction Worker Soil Alternate External Sources PRG Equations

Direct External Exposure (sv)

TR

Ci
PRGcon-sol-sv (%) =

SFext- (
ext-sv p

day 24 hrs

8 hrs 1da
EDcon (1 yr) % ETcon ( ) x ( y

) % ACFext-sy x GSFo-ext-sv

50 wks 5 days Tyr
) <€ (B (5552 ) 0 (228 ) (35555

t(yr)x?\(ylr)

(1 _ exp_h (%) xt(yr))

X

Direct External Exposure (1 cm)

TR

" SF
Ci ext-1cm (
PRGcon-sol-1cm(pg ) =

50 wks 5 days 1yr
) < (2 (2] <o () (5

8 hrs 1da
EDcon (1 yr) % ETcon ( ) x (24 hrys) 3¢ ACF gyt tem ¥ GSFo_extoicm

day

)x t(yr)xi\()%)

X

(1 _ expi)\ (;r) xt(yr))

Direct External Exposure (5 cm)

Ci
PRG on-sol-1cm (?) =

TR

SFextf‘I cm (

50 wks 5 days 1yr
) o () o ()

8 hrs 1 da
EDcon(1 Y1) % ETcon ( ) x ( Y ) % ACFaxt1cm * GSFo-ext-1cm

day 24 hrs

).

1
t(yr) < A ()W)
1
(1 —expi)\ (yr‘) xt(yr))

Direct External Exposure (15 cm)

Ci
PRGon-sol-15cm (%) =

TR

SFext—1 5cm (

day 24 hrs

8 hrs 1da
EDcon (1 yr) % ETcon ( ) = ( y ) % ACFext-15cm = GSFg_ext-15cm

50 wks 5 days 1yr
) x EFcon (EWCQH( yr ) XDWcon( wk )) x (355 days) x

tyr) < A (%)
1
(1 _ exp_?\(ﬁ) xt(yr))

x

Direct External Exposure (ground plane)

Ci
PRG¢on-sol-gp (cpmiz) =

TR

SFext-gp (

day 24 hrs

50 wks 5 days Tyr
) % EFcon (Ewcon( yr ) X DWCD”( wk )) % (365 days

8 hrs 1 da
EDcon (1 yr) x ETcon ( ) X ( y ) x ACFext-gp % GSFo-ext-gp

)

t(yr) x?\(;—r)

(1 _ exp-?\ (%) xt(yl’))

X
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Construction Worker Air PRG Equations

Air Inhalation

TR

risk 50 wks 5 days 1

pcry _ | 5 (i ) B (BWean (55755 ) <0Weon (%)) | (e (5)
PRGon-air-inh m3 = X )\(1 )
8 hrs 1 day 60 F'ﬂ3 (‘] _exp_ % xt(yr))
EDcon(1 yr) X ETch (d—ay) X (24 hrs) X IRAcgn ( day )
Air Submersion

TR

risk/yr 50 wks 5 days 1yr 1
: SFsub ( - ) % EFcon (E\an ( ) x DWeon ( )) x ( X tiyr)x A —
PRGon-air-sub (LCI) = *> \pCirm? yr wk 365 days U S LV

m’ ( -A 1 xt(yr))
EDcon (1 yr) x ETcon (8 hrs) X ( ! day) x GSF3(1.0) 1-exp (yr)

day 24 hrs

Air Total

pCi\ _
PRGcon—air—tot(ﬁ> - 1 + !
PRGeon-air-inh  PRGcon-air-sub

Air Inhalation (without decay)

TR
risk 50 wks 5 days
|5 e () e ()

m3
8 hrs 1 day 60 m3
EDcon (1 yr) X ETcon (d—ay) X (m) X IRAcon ( day )

I:’R(—:'cr.m—air—inhnd (

Air Submersion (without decay)

TR

risk/yr 50 wks 5 days ) 1yr )
i Fsub | === ) % EFcon  EW DW,
PRG¢on-air-subnd (p_cgl) = ° P (pCi/m3> reen ( con ( yr ) . con ( wk ) * 365 days x

8 hrs 1 da
EDcon (1 ) % ETcon ( day ) x (24 hrys) « GSF4(1.0)

Air Total (without decay)

pCiy _
PRGcon—air—totnd(ﬁ> - 1 + 1
PRGcon-air-inhnd  PRGcon-air-subnd
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Recreator Soil PRG Equations

Soil Ingestion

1
TR yr
PRG (pc‘) = risk 9 8 S (yr)
rec-sol-ing\ | ~ — i 1000 mg
g >Fo (PCi ) *IFSrec-aqj (240,000 mg) x (1000 mg) (1 —exp_A(%)Xt(m)

where:

75 days 200m
IFS ec_aqj (240,000 mg) =

75 days 100 m

(El:rec—a ( yr : ) % EDrec-a (20 yl’) *IRSrec-a (Tyg))

Soil Inhalation

TR 1
. : A —
Ci ~(risk _ 3 1 1000 g tlyr) x ( r)
PRGrec-soI—inh(p?) _ | sk (ﬁ) % IFArec_ad) (1,437.5 m ) x —+ % (kg . S,
PEF| — —}\( )xt(yr)
kg T-exp YT
where:
75 days 1 hrs 1da 10 m3
EFrec—c ( yr y ) % EDrec-c (6 yr) x ETrec—c (W) X (24 hlys) x IRArec—c (day)) +
IFArec_ad (1 ,437.5 m3) =
75 days 1 hrs 1 da 20 m3
(EFrec—a ( yr y ) % EDrec-a (20 yr) x ETrec-a (Tay) x (24 hr);) x IRArec-a (day))
Soil External Exposure
TR
risk/yr 75 days 1yr R (l)
oRG LO ) SFext-sv (W) % EFrec ( yr ) X (365 days % EDrec (26 yr)x s (yr) yr
rec-sol-ext g ?\( 1 ) t(yr))
1 hrs 1da —exp  \yr/)”
ETrec (T&y) X (24 hr);) % ACFext-sv < GSFo-ext-sv 1-exp

Soil Total

pCi

1

1

)

PRG rec-sol-tot (F

+ +
F’RC']rec—soI—ing PRGrec-sol-inh  PRGrec-sol-ext
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Recreator Alternate External Sources PRG Equations

Direct External Exposure (sv)

TR
risk/yr 75 days 1yr tivr x?\(l)
PRG l p_c|> - SFEXFSV( pCI/g ) x EFrec( yr ) X (365 days x EDrec (26 yr)x . (y ) yr
rec-sol-sv
g Al 1)«
1 hrs 1 day (1—exp A(YF) t(yr))
ETrec Tay X 24 hrs % ACFext-sv % GSFo-ext-sv
Direct External Exposure (1 cm)
TR
risk/yr 75 days 1yr ——— (l)
oRG . (p_cl. ) SFext-1cm (W) X EFrec( yr ) % (365 days )~ EDrec (26 yr)x . (yr) yr
rec-sol-1cm
9 A1)«
1 hrs 1 day (1 -exp A(yr) t(yr))
ETrec d—ay X 24 hrs % ACFext-1cm * GSFo_ext-1cm
Direct External Exposure (5 cm)
TR
risk/yr 75 days 1yr o (1_)
oRG . (LG ) SFext_5(m( oCilg ) x EFrec( yr ) x (365 days ) * EDrec(26 yr)x . (yn yr
rec-sol->cm
g Al
1 hrs 1 day (1 -exp A(yr)myr))
ETrec Tzay X 24 hrs % ACFext-5cm % GSFg_ext-5cm
Direct External Exposure (15 cm)
TR
risk/yr 75 days 1yr Evr) A (l)
PRG . LO - SFext—1Scm (m) X EFrec ( yr ) X (365 days X EDrec(zs yr)x 5 (y ) yr
rec-sol-1ocm
9 EYRAW
1 hrs 1 day (1 -exp A(yr) t(y”)
ETrec d—ay x 24 hrs % ACFext-15¢m % GSFo_ext-15¢m
Direct External Exposure (ground plane)
TR
risk/yr 75 days 1yr I (l)
oRG ‘ (LCI) i} SFext—gp (m) X EFrec ( yr ) X (365 days X EDrec (26 yr)x y (y ) yr
rec-sol-gp\ -2 ( )\( 1) . )
A oo )t
1 hrs 1da - yr
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Recreator Air PRG Equations

Air Inhalation

oCi TR t(yr)x)\(}%)
PRG ec-air-i h(—) = risk 3\ | %
rec-air-inh | -3 SF, (ﬁ % IFAvec-aq; (1,437.5 m?) ( 1 )xt{yr))

_;\(
T-exp Y

where:

75 days 1 hrs 1da 10 m?3
(EFrec-c ( yr y ) % EDrec-c(6 yr)>< ETrecc (d_ay) X (24 h?ls) % IRArec—c (d—ay)) +

IFAec_ad (1,437.5 m3) =
75 days 1 hrs 1da 20 m3
(EFrec-a ( yr Yy ) % EDrec-a (20 yr) x ETrec-a (Tﬁy) X (24 h:;) x IRArec-a (day))

Air Submersion

- TR t(yr)x?\(%)
PRGrec,air,sub(—J = risk/yr 75 days 1yr 1 hrs 1 day x|
m SFsub pCi/m3 % EFrec yr *\ 365 days * EDrec(26 yr) x ETrec day “\24hrs ) © GSFa(1.0) (1 B expih(l) x((yr))

yr

Air Total

pCiy _
PRGrec-air-tot ﬁ - 1 + L
PRGrec-air-inh  PRGrec-air-sub

Air Inhalation (without decay)

oCi TR
PRGec-air-i == risk
rec-air-inhnd (mg) (SFi (E) % IFArec-adj (1,437.5 m3))

where:

75 days 1 hrs 1 da 10 m3
(EFrec-c ( yr y ) % EDrec-c (6 yr) x ETrec-c (W) X (24 hlys) x IRArec-c (W)) +

IFArec-aqj (1,437.5m?) =
75 days 1 hrs 1 da 20m3
(EFrec—a ( yr Y ) % EDrec-a (20 yr) x ETrec-a (?EW) X (24 hr);) * IRArec-a (ckay))

Air Submersion (without decay)

TR

pCi -
PRGrec-air-subnd (—3) = risk/yr 75 days Tyr 1 hrs 1 day
m SFeub pCi/m3 x EFrec ¥ | 3¢8 days x EDrec (26 yr) x ETrec “day “\ 52 hrs ) * GSF4(1.0)
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Air Total (without decay)

pCi _
PRGrec-air-totnd (ﬁ) - 1 + 1
PRGrec-air-inhnd  PRGrec-air-subnd

Recreator Consumption of Fowl and Game PRG Equations

Direct Fowl Ingestion

. TR
pCI) _ -
PRGrec—fowl-ing| — | = risk days
rec-fow '”9( 9 (SFf (pCi) x EFrec (yi’) x EDrec (26 yr) x IRGFrec (dgy> x CFrec_fowlm)

Soil Contribution to Fowl Ingestion

Ci
PRGr(—:‘c-fowI—lng (%)

1
k (1)
(Qp-fowl (Tg{) x f-p-fowl(” % fs_fowl (1) % (Rupp + Res)) + X ( yr

1
kg (‘l —expih(yr)myr))
(Qs—fowl (d_ay) x fp—fowl (1))

Ci
PRGrecsol-fowl-ing (L

) - da
9 TFfuw\ (J) x

where:

- pCi/ g-dry-planty . _ 0.25 g-dry-sail
Rupp Bvdry( pCi / g-dry-soil i Res = MLFpasture g-dry-plant

Surface Water Contribution to Fowl Ingestion

Ci
pCi PRGrec—fowI—ing (%)

PRGrec-wat-fowl-ing (—) =
L da L 1k

Direct Land Game Ingestion

. TR
pCi 0
PRGrec Zingl — | = risk days
rec-game mQ( g ) (SFf (plcl) X EFrec ( yg ) X EDrec (26 yr) X IRGLreC (dgay) X CFrec_game“))
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Soil Contribution to Land Game Ingestion

PRGrec-game-ing (%CI) 1
; t A —
PRG (PG _ (Qp—game (k_g) x fp-game (1) % fs-game (1)  (Rupp *+ ReS)) +H | (yr)x—(yr)
rec-sol-game-ing 9 - day day 7?\(17) o
game (E) x kg (1—e><p M )
(Qs—game (@) X fpfgame('] ))
where:
_ pCi/ g-dry-planty _ 0.25 g-dry-soil
Rupp = BVdrv(m) ¢ Res = MLFpasture (W)
Surface Water Contribution to Land Game Ingestion
pCi
Ci PRGrec—game—ing <_
Pty _ g
I:’RGrec—w.':lt—g.':\me—ing - | - k
L day L 1 kg
TFgame kg X Qu-game day % fw-game (1) x 1000 g

Recreator Surface Water PRG Equations

Surface Water Ingestion

oci R
PRGrec—Waf—mg (T) = SFw (';icll() % IFWrec—adj(131 AL
where:
45 days 1 events 1 hrs 0.12L
EFrec—c ( yr y ) % EDrec-c (6 yr) x EVrec—c ( day ) % ETevent-rec-c (m) * IRWrec-¢ (Tay)) +

IFWiecaqi(131.4 1) =

45 days 1 events 1hrs 0.11L
(EFrec—a ( yr ¥ ) % EDrec-a (20 yr) x EVrec-a ( day ) % ETevent-rec-a (m) % IRWrec-a (Tw))

Surface Water Immersion

pCi TR
PRGrec-wat-imm (—) = _ risk/yr 1yr _ )
L SFimm sae ) < \g760mrs ) DFArec-agj (1,170 hrs)

where:

45 days 1 events 1 hrs
(EFrec—c ( yr Yy ) % EDrec—c (6 yr) x EVrec—c (Ty) % ETevent-rec-c (m)) +

45 days 1 events 1 hrs
(EFFEC—E ( yr y ) X EDI’EC—E (20 yl’) X EVrec—a (Tay) X ETevent—rec—a (m))

DFAecaqj (1,170 hrs) =
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Surface Water Total

PRGrec-wat-tot (

pCi
)

1

1

PRGI’EC—Wat—ing

PRGFEC—Wat—imm

Farmer Direct Consumption of Agricultural Products PRG Equations

Direct Produce Ingestion

TR

where:

IFFfar_ad; (2,246,930 g)

and:

IFVfar-aq; (1,583,400 g)

pCi
PRG'f.'ar—;:»roduce |ng( ) ( risk
g SFf pC

350 days

350 days

350 days) % EDgyr_s (34 yr) % IRViars (125'7 g))

68.1
) » EDfar-c (6 yr)  IRFgar_c (Tyg)) +

) % EDfyr_a (34 yr) x IRFrar s (176'8 9))

day

% EDfar-c (6 yr) x IRVfar_c (41 7 g)) +

day

day

) % (IFFfar-a) (2,246,930 @)+ IFVgar_aq; (1,583,400 9)) x CFrar_produce (1)

)

Direct Egg Ingestion

TR

where:

IFEfar—adj (658,455 g) =

350 days
EFfar—c (y

yr

pCiY _
PRGfar-egg- mg( g ) (SFf (:Sck) % IFEfar_aq; (658,455 Q) x CFfar_egg(n)

day

350 days 53.4
(EFfar—a (yry) X EDfar-a (34 yr) x IRE¢,,_4 (g

day

10.95
) X EDfar—c (6 yr) x IREf,,_c ( ? ))

)
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Direct Poultry Ingestion

i TR
PRGfar—pouItry—ing (g) = (SFf (I;_Scl':) X IFPfar—adj (1,318,100 g) X CFfar—pouItry(1))

where:

350 days 236
(EFfar—c (Ty) X EDfar-c (6 yr) x IRPg5,_¢ (Tg)) +

IFPfal’—adj“' 318,100 g) =

350 days 106.6 g
(EFfar-a (T) % EDfar-a (34 yr) x IRPg,r_4 ( day ))
Direct Fish Ingestion
. TR
o (PCY i
PRGfarﬂshmg( g ) (SFf (g—ilf) x IFFlfar_agj (1,918,140 g) x CFfar_fish(1))

where:

350 days 32.8
(EFfar—c (yry) X EDfar—c(6 yr) x IRFIfar—c (dayg)) +

350 days 155.4
(EFfar—a (TY) % EDfar-4 (34 yr) x IRFlg,r_5 (Tﬁ))

IFFIfar—adj (1 ,918,140 g) =

Direct Beef Ingestion

pCi

TR
PRGfar-peet-ing (3) - (spf (';_SC'I‘) # IFBfar_aq; (2,202,410 g) CFfar—beef“))

where:

day

350 days 178
(EFfar—a (Ty) x EDfar-a (34 yr) x IRBrar_, (Fyg))

350 days 40.1
(EFfar—c (Ty) * EDfar-c (6 yr) x IRBgar ( 2 )) +

IFBfar-adj (2,202,410 g) =
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Direct Dairy Ingestion

PRG pCIY _ risk T
far-dairy-ing { "¢ SF¢ ( oCi ) x IFDfar-adj (6,036,590 g) x CFfar_gairy (1)
where:
350 days 349 5
EFfar—c (yry) X EDfar-c (6 yr) x IRDgar_¢ (dayg>) +
IFDfar_aqj (6,036,590 g) =
350 days 4456 g
(EFfar'a (T) % EDfar-a (34 yr) x IRDg5,_4 ( day ))
Direct Swine Ingestion
TR
pCi\ _
PRGfar-swine- mg( R ) (SFf (g‘zk) % TFSWiyr_aq; (1,203,860 ) xCFfar_swine(‘]))

where:

IFSWfaI‘—adj (1,203,860 qg) =

350 days 18.5
EFfar-c (er) X EDfar_c (6 yr) x IRSWgy_¢ ( J

350 days
(EFfar—a (Ty) x EDfar-a (34 yr) x IRSWsz,_5 (

)

day

)
)

Farmer Direct Consumption

of Agricultural Products

- Back-calculated to Soil PRG Equations

Soil Ingestion

pCi

TR

1
tyr) < A (W)

PRGfar_sol- |ng( g

where:

IFStar_ag) (1,610,000 mg) =

) ] (SF"(pC

9
1000 mg

)

200 mg
day

100 mg
day

rlsli() < TFStyr_aq; (1,610,000 mg) x (

350 days

(EFfar—c (
(EFfar—a (

) X EDfar—c (6 yr) X IRSfar—c (

)
))

350 days
yr Y ) % EDfar-a (34 yr) x IRS¢ar_5 (

(1 —exp_A(%) xt(yr))
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Soil Inhalation

TR 1
Al —
Gi risk 3 1 1000 g tyr) x ( )

PRGrar <ol mh(P ) - | sk (ﬁ) % TFAfar-agj (259,000 m?) x ; ( o . yr
9 pEF [ T —7\( )xt(yr)
kg 1-exp \Yf

where:

350 days 24 hrs 1 da 10 m3
(EFfar—c ( yr Y ) % EDfar-c (6 Y1) % ETgar-c (Tay) (24 hr{‘.) % IRAgyr (day)) +

IFAfar-ad) (259 000 m ) -
350 days 24 hrs 1da 20 m3
(EFfar—a ( yr Y ) % EDfar_a(34 yr) x ETfara (Tay) X (24 hl}(s) % IRAfar-a (day))

Soil External Exposure

TR

risk/yr 350 days Tyr l
- (po) i SFM_SV( g ) x EFfa,( o ) x (365 days ) " EDrar (40 Y1) X ACFexi sy x tyr) x A
far-sol-ext *

-A xt(yr)
12.168 hrs 1da 10.008 hrs 1da ( - (yr) )
[(Ereaa (P25™) < () 05 )+ (s (G5 ) * (s ) <SP )| | 1172

Soil Contribution to Produce Ingestion

1
PRG . ) Nal
pCI) - far—produce—ing<%c') y (yr) x (yr)

PRG¢,/-s0l- produce- mg( g N 1
(Rupv * Res) ('I _exp. (W)Xt(yr))

where:

pCi / g-fresh-plant
pCi / g-dry-sail

0.0135 g-dry-soil
Rupv = BVwet( 2 Y )

Res = MLF
) e pmduce( g-fresh-plant

Direct Produce Ingestion

. TR
PRGfar-produce-ing = risky qrf 2,246,930 g)+IFV 1,583,400
g SF¢ x (IFFgar-adj( 9) far-adj (1, 9) x CFtar_produce (1)

pCi
where:
- 350 days 68.1
(EFfar c ( Y ) % EDfar—c (6 yr) x IRFfar_¢ (Tyg)) *
IFFtar-adj(2,246,930 g) = 350 d 176.8
ays :
(e (B2 o (57
and:
- 350 days 479
(EFfar_ ( y ) x EDfar—c(6 yr) X IRVfar—C ( dayg)) *
IFVfar_aqj (1,583,400 g) = 350 d 125.7
ays :
(EFfar— ( y ) x EDfar-5 (34 yr) x IRVg,_4 (?yg))
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Soil Contribution to Egg Ingestion

Ci
|DRGfar-egg-ing (p?)

0.2k
(Qp—poultry (?yg) x fp—poultry“) x fs—poultry(” X (RUPp * Res)) +

0.022 k
(Qs—poultry (Tyg) x fp—poultry(‘I ))

Ci
PRGfar—soI—egg—ing(%) = day
TFegg ( ) X

where:

_ pCi/ g-dry-plant _ 0.25 g-dry-soil
Rupp = Bvdry( pCi / g-dry-soil ¢ Res = MLFpasture g-dry-plant

Soil Contribution to Poultry Ingestion

Ci
PRGfar—pouItr'y—ing (P?)

1
0.2k t(yr)xk(f)
(Qp-poultry ( g) ><fp-|:nou|try'(1) X fs-puultry“) X (RUPP + R"—‘S)) + X ((—yr

;17
ay 1 expﬂ\(;r ) xt(yr)) )

0.022 kg
(Qs-poultry (Ty) * fo-pouitry (1 ))

Ci
PRGfar_sol-poultry-ing (%) = day
poultry (E) s
where:

_ pCi/ g-dry-planty | _ 0.25 g-dry-soil
Rupp Bvdry( pCi / g-dry-soil i Res = MLFpasture g-dry-plant

Soil Contribution to Fish Ingestion

Ci L
oCi I:)RGfar—fish—irlg (p?) x Ky (k—g)

PRGfar-sol-fish-ing (_) =
J BCF( . )

kg

Soil Contribution to Beef Ingestion

Ci
PRGfar~beef-ing (p?)

1
11.77 k t(yr)x?\(f)
(prbeef (—yg) x fp—beet‘(‘I ) fs_peer(1) x (RUPP + RES)) + % S

d
a (1 _Expf)\(%)xt(yr))

Ci
PRGfar-sol-beef-ing (%) = day
TFpeef ( ) X
“\ kg 0.5 kg
Qs-peef “day )” fo-beer(1)

where:

_ pCi/ g-dry-planty _ 0.25 g-dry-soil
Rupp BVdry(m 7 Res MLFpasture W
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Soil Contribution to Dairy Ingestion

Ci
PRGfar—dairy—ing (%)
day 1.03 kg -1
- TFdaifY(L—miIk) Xpm(L—miIk) x t(yr)x;\(%)
PRGf _sol-dairy- (7) = x
ar-sol-dairy-ing | “g Q ) 20.3 kg of ) xf (1)x(R +R ) N —A(W)xt(yr)
p-dairy day p-dairy s-dairy upp es 1-exp '
0.4k
(Qs—dair’y (?yg) x fp—dairy(1 ))

where:

pCi / g-dry-plant

0.25 g-dry-soil
pCi/ g-dry-soil ) : Res = MLFpasture (M)

Rupp = Bvd'y( g-dry-plant

Soil Contribution to Swine Ingestion

Ci
PRGfar—swine—ing (%) 1
; 47K t(yr)xh(—)
PRG¢3r_sol-swine—in p_CI = (Qp—swine (Tg) x fp—swine('l) * fs_swine (1) % (RUPD * RES)) + X Y
-sol-swine-ing{ “¢g day ay AL
TFswine (T) X (1 _ K (y_r) xt(yr))
9 0.37 kg €xp
(Qs-swime ( day ) * fp-swine”))

where:

_ pCi/ g-dry-plant) _ 0.25 g-dry-soil
Rupp Bvdry(m ; Res = MLFpasture W

Soil Total

1
1 1 1 1 1
Ci

+ + + +
PRGfar—soI-tot(p?)= PRG{&r—soHng PRGfar—soljlinh PRGfar-sol-ext 1PRGfar—sol—produce—in%—tot PRGfar—soI—egg—i]ng

+

+ +
PRGfar—sol—poultry—ing PRGfar—soI—ﬂnfishfing PRGfarfsol—beef—ing PRGfar—sol—dairy—ing PRGfar—so\—swine—ing

Farmer Direct Consumption of Agricultural Products - Back-calculated to Water PRG Equations

Tap Water Ingestion

TR

. pCiy _ :
PRGfar—wat—lﬂg (T) SFW (LI—SCll() X IFWfar—adj (31 ,388 L)

where:

350 days 0.78 L
(EFfar—c (Ty) X EDfar-c (6 yr) x IRWgy_ (Tay)) +

350 days 25L
(EFfar—a (Ty) x EDfar-a (34 yr) x IRWgy,_4 (d—ay))

IFWfar—adj (31,388 L) =
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Tap Water Inhalation

o TR
PRGf —wat-i h(i) = risk 3 05L
ar-wat-inh { 7 SFi ( oy ) * FAvar-adi (259.000 m?) K (==

where:

350 days 24 hrs 1da 10 m?
(EFfar—c( yr Y ) * EDfar—c (6 yr) x ETar-c ( day ) X (24 h:;) x IRAgar_c (m)) +

350 days 24 hrs 1 da 20 m3
(EFfar-a ( yr Y ) % EDfar-a (34 yr) < ETar_5 (d—ay) X (24 h:;) % IRAfar_a (d—ay))

IFAfar-a) (259,000 m?) =

Tap Water Immersion

oCi R
PRGtar-mat-imm L ) = ( —(riskiy\ (T | )
C SFimm (5t ) * (5760 frs ) * DFArar-ao; (9,583 hrs)

where:

350 days 1 events 0.54 hrs
EFfar—c ( yr Y ) % EDgar_c (6 yr) x EVegr_ (Ty) % ETevent-far—c (m)) +

DFAfar—adj (9,583 hrs) =

350 days 1 events 0.71 hrs
(EFfar—a ( yr ¥ ) % EDfar-a (34 yr) x EViar_a (W) % ETevent-far-a ( event ))
Tap Water Contribution to Produce Ingestion
PRG i
: far—produce—ing(p—o)
pCiy _ g9
I:’R(-:'far—wat—produce-ing N
L 71 kg x [ Irr L + Irr L + Irr L
1000 g P\ kg e\ kg dep \ kg

where:

L 0.0135 g-dry-sail _ (A
L\ Ir (n‘ﬂ—day) x Fx MLFpmduce( g~ fresh— plant ) X [1 exp( (d—ay x ty, (days)
Irrrup k_ = k A
p( X9, (B
m?2 day

L pCi/ g-fresh-plant _ (A
LY Ir(m?—da\y)XFXBVWEt( oCi/ g-dry—soil ) " ' P\~ Gay ) * b (d¥5)
Irrres @ =

*(me)  (a)

and:

L Ag
L\ I (nﬂ-daw) X FxIgxTx [1 -exp (_(dT\y) x ty (days))]
Irrdep @ - Y kg Ae
() (55)
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Direct Produce Ingestion

pCi

TR

risk

) (SFf ( pCi
e,

PRGf.’ar—produce |ng( g

where:
350 days

IFFfar-adj (2,246,930 g) =
350 days

N

and:
350 days

N

IFVf:‘ar—adj (1,583,400 g) =
350 days

/—\

)
)

) X EDfar C 6yr XIRFfar c (

) » EDfar_a (34 yr) x IRFfar_, (

% EDfar-c (6 yr) x IRVgar_¢ (

X EDfar a 34 yl' X IRVfar —a (

68.1g

"))

da

176.8 g
day

)

)"
)

41749
day

125.7 g
day

) % (IFFfar-a) (2,246,930 @)+ IFVfar_aq; (1,583,400 9)) x CFrar_produce (1)

)

Tap Water Contribution to Egg Ingestion

pCi

PRGfar—egg—ing ( N

pCi

)

g

)-

PRGfar-wat- -egg- |ng(

L day 0.4L 1 kg
TFegg ( kg ) X Qw—poultry (day) X fw—poultry(” X (1000 g)
Tap Water Contribution to Poultry Ingestion
Ci
PRG pCI _ PRGfaf poultry- |ng(pg )
far-wat-poultry-ing{ |~ | TF day 0.4 L ‘ ] 1 kg
poultry kg % Qw-poultry day X Tw-poultry (1) % 1000 g
Tap Water Contribution to Fish Ingestion
pCi
Ci PRGfar_fish- mg(
PRG P~ 9
far-wat-fish-ing - k
L BCF( = 1 kg
I >< —_——
kg 1000 g
Tap Water Contribution to Beef Ingestion
Ci
Ci PRGfar- beef-ing (p )
PRGfar-wat-beef-in s 2
ar-wat-beef-ing | | - TE day «Q 53L < (1) 1 kg
beef kg w-beef | "q5/ ay w-beef 1000 g
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Tap Water Contribution to Dairy Ingestion

PRGfar—wat -dairy-ing (

pCi

L

)-

PRG¢,- dalry-mg( )

day

1.03 kg

1kg

TFdairy (L milk

)x

( .

L-milk

) % Qu- dairy

(

(

1000 g

)

Tap Water Contribution to Swine Ingestion

pCi

PRGfar-swine- |ng(

T) X fw—dalry(” X
pCi

5)

)

PRGfar-wat-swine- |ng(
TFswine (

day
k

—g) % Qu-swine (

1M4L

day

) x fu-swine (1) x (

1 kg
1000 g

)

Tap Water Total

1

1 1

Ci

1

1 1

+

P_>=

PRGfar—wat-tot( L PRGf‘lar-wat

-ing

PRGfar-wat-{nh

PRGfar_wat-imm

+
1 PRGfar-wat-produce-ir]lg-tot PRGfar-wat-egg]—ing

PRGfar—wat—pouItry—ing

PRGfar—wat-finfish-ing

PRGfar—wat-heef—ing

PRGfar—wal—dairy-ing

PRGfar—wat—swine—ing

Farmer Direct Consumption of Agricultural Products

- Back-calculated to Soil and Water PRG

Equations

Soil and Tap Water Contribution to Produce Ingestion

y-INTERCEPT =

PRG
pCi

far-produce-ing (%CI)

)=

PRGfg- sw-produce- mg( g

and:

x-INTERCEPT =

pCi

(Rupv * Res)

PRG

X

far-produce-ing ( pC

t(yr) x A (;r)

(1 _ exp—?\ (%) xt(yr))

PRGfar sw-produce- mg(

L 1 kg

1000

"

0g)

(Irrrup (

9
ol I Irr -
g res @

) won(5)
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Soil and Tap Water Contribution to Egg Ingestion

y-INTERCEPT =

Ci
|:)RG'far—(-:gg-ing (%)
Ci 0.2 ki
PRGfar—soiI—egg-ing(%) = day (Qp—poultry (Tyg) ><fp—poultry(‘l)st—poultry(”X (Rupp *+ Res)) +
TFeqgg (E) X

0.022 k
(Qs-PouItry (Tyg) x fp—poultry” ))

and:

x-INTERCEPT =

pCi
pCi PF«-'-'far—egg—ing (?)

PRGfar_wat-egg-ing (T) = day 04L 1kg
TFegg W X Qw_pou|try d—ay X fw—poultry (1) X 1000 g

and:

04L
Quw-poultry (Tay) X fw—poultry“)
SLOPE = 0.2 kg 0.022 kg
(Qp-poultry (d—ay) X fp—poultry(1 ) % fs—poultryﬂ ) % (RUPD + Res)) + (Qs—poultry (Tﬂ) X 1:p-pnultry“ ))
where:

_ pCi/ g-dry-planty _ 0.25 g-dry-soil
Rupe = BVary (B Foary s ) e~ MFssre (75”200

Soil and Tap Water Contribution to Poultry Ingestion

y-INTERCEPT =
Ci
PRGfar-pouItry-mg (pg ) 1
0.2 kg tyr) <A (ﬁ)
day) |i(Qppoultry (Tay) "fp—poultry“)x fs—poultry”:’ x (Rupp + Res)) 1 X |
x

T
A x
0.022 kg (1—exp () uyr))
Qs-poultry W Xfp-p0u|try(1)

Ci
l:‘RGfar—soil—poultr),'—ing (%) =
TF

and:

Xx-INTERCEPT =

pCi
Ci F‘RGfar—pt:vultry—ing (?)

F.RGfar—wat—poultry—ing(pT) = day 04L Tkg
TFpouI[ry E X Qw—poultry d_ay >‘f\.\d—poultry(‘” X m

and:
04L
Qw—poultry (T},‘) x fw—poultry(”
SLOPE = 0.2 kg 0.022 kg
(Qp—poultry (W) x fp—pn:vultry(1 ) fs—poultry(” x (Rupp + Res)) + (Qs—poultry (Tay) x fp—poultrym )>
where:
_ pCi/ g-dry-plant _ 0.25 g-dry-soil
Rupp Bvdw( pCi/ g-dry-soil /' Res = MLFpasture g-dry-plant
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Soil and Tap Water Contribution to Fish Ingestion

y-INTERCEPT =

pCI ) I:’RGfar fish-ing %) K
g L

o (1)

PRG¢ar_soil-fish- mg(

and:

X-INTERCEPT =

Ci
PRG¢,r—fish- -ing (p )

Ci
PRGfar-wat-fish- lng(pL ) - L 1 I?g
BCF (@) g (1000 g)
and:
L
 (5)
SLOPE = i

1000
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Soil and Tap Water Contribution to Beef Ingestion

y-INTERCEPT =

Ci
I:'RGfar—l:\eef-ing (p_)

9
11.77 k
day) (QP—bEEf (Tyg) X fp—beef“ ) * fs—beef (1) X (RUPP + RES)) +

0.5k
(Qs—beef (?yg) X fp—beef (1 ))

Ci
PRGfar—soil—beef—ing (%) =

and:
X-INTERCEPT =

Ci
PRGfar—beef—ing ( % )

da 53L 1k
TFpeef (k_gy) % Qu-beef (d_ay) % fuy-peef (1) x (ﬁ)

pCi
PRGtar-wat-beef-ing (T) =

and:
53L
Quw-beef (E) % fiy-peer (1)
SLOPE = 11.77 kg 0.5 kg
(Qp-beef (Tﬂy) X fp—beef“)x fs-beef (1) (RUPP + RES)) + (Qs-beef (d—ay) x fp—beef“))
where:

_ pCi/ g-dry-plant\ _ 0.25 g-dry-soil
Rupp Bvdry( pCi / g-dry-soil + Res = MLFpasture g-dry-plant
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Soil and Tap Water Contribution to Dairy Ingestion

y-INTERCEPT =

PRGfar—dairy—ing ( )
. day 1.03 kg
TFdalw(m)xp (L mllk) ( “yr)“(%) )
X

20.3 k EYAAW
(Qp—dairy (Tyg) X fp—r:lairy('l )% fs—dairy(” X (RUPP + Res)) + (1 -exp A(yf) t(yr))

0.4 k
(Qs—dairy (Tyg) x fp—dairy(1))

Ci
PRGfar_soil-dairy-ing (pg ) =

and:
x-INTERCEPT =

PRGfar -dairy-ing (p_

9
day 1.03 2 1kg
TFdalry (L mﬂk) X Pm (L mﬂk) % Qu- —dairy (T) Xfw dalry(”x (1000 g>

Ci
PRGfar—wat—dairy—ing (pT) =

and:
92 L
Quw-dairy (Tay) * fu-dairy (1)
SLope = 203kg 0.4 kg
(Qp—dairy (Tﬁy) x fp—dairy” ) % fs—dairy(‘l) % (Rupp + RES)) * (Qs—dairy (Tay) X fp—cl.':ziry(’l))
where:

_ pCi/ g-dry-plant\ | _ 0.25 g-dry-soil
Rupp BV‘"V( pCi/ g-dry-soil )+ Res = MtFpasture { = 5 ot

Soil and Tap Water Contribution to Swine Ingestion

oCi TR
PRGfar-swine- Ing( g ) - (SFf (g:—(’:k> x IFSWe,r_aqj (1,203,860 g)xCFfar_swine(‘l))

where:

350 days 18.5
EFfar_c ( yr Y ) < EDfar_c (6 yr) x IRSWg,_c ( J ))
IFSWfar—adj (1,203,860 qg) =
99

350 days
(EFfar—a (Ty) x EDfar_a (34 yr) x IRSWg,r_5 ( day ))
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Soil to Groundwater PRG Equations

Method 1 for SSL Determination

0.3 Lwater 1
. . BW( ) t(yr)x)\(—)
SSL p—CI = Cwater p—CI X 7kg X Kd L + —LSOH X yr
9 , kg VAELS A1) rom
A 1-exp

where:

Cwater (pTC') = MCL (pTC') « DAF

or:

Cuwater (pTC'> = PRG (pTC') « DAF

Method 2 for SSL Determination

. Cwater p—CI x 1 0.18m x ED(70 yr) t(yr) x A l

SSL(p—CI) - . r . yr
g 1.5 kg mg 1,000 g al
o (V1) < () < (Mg ) (1 -exp A(’”)W)
where:
Cwater (p_o) = MCL (p—c') « DAF
L L

or:
Cwater (pTC') = PRG (pTC') « DAF
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APPENDIX G. TABLES OF RECOMMENDED DEFAULT EXPOSURE PARAMETERS FOR

RADIONUCLIDE RISK CALCULATOR

Table G-1. Slope Factors (SFs)

Symbol Definition (units) Default Reference

SF; Soil Ingestion Slope Factor - population Isotope-specific ORNL 2014c¢
(risk/pCi)

SFsa Soil Ingestion Slope Factor - adult only Isotope-specific ORNL 2014c¢
(risk/pCi)

SF¢ Food Ingestion Slope Factor (risk/pCi) Isotope-specific ORNL 2014c

SFw Water Ingestion Slope Factor (risk/pCi) Isotope-specific ORNL 2014c¢

SF; Slope Factor - inhalation (risk/pCi) Isotope-specific ORNL 2014c¢

SFext-sv Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)

SFext-1em Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)

SFext-sem Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)

SFext-15cm Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c¢
pCi/g)

SFext-gp Slope Factor - external exposure (risk/yr per Isotope-specific ORNL 2014c
pCi/cm?)

SFsub Slope Factor - submersion (risk/yr per pCi/cm?) | Isotope-specific ORNL 2014c¢

SFimm Slope Factor - immersion (risk/yr per pCi/L) Isotope-specific ORNL 2014c¢
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Table G-2. Miscellaneous Variables

Symbol Definition (units) Default Reference
Cioil Concentration of contaminant in soil (pCi/g) User-input
Ce-water Concentration of contaminant in groundwater User-input
(pCi/L)
Cis-water Concentration of contaminant in surface water | User-input
(pCi/L)
Cair Concentration of contaminant in air (pCi/m?) User-input
Ciish Concentration of contaminant in fish (pCi/g) User-input
Coroduce Concentration of contaminant in produce User-input
(pCi/g)
Chilk Concentration of contaminant in milk (pCi/g) User-input
Cheer Concentration of contaminant in beef (pCi/g) User-input
Cooultry Concentration of contaminant in poultry User-input
(pCi/g)
| Cege Concentration of contaminant in egg (pCi/g) User-input
Cswine Concentration of contaminant in swine (pCi/g) | User-input
A Decay constant = 0.693/half-life (year!) where | Isotope-specific Developed for
0.693 =In(2) Radionuclide Soil
Screening calculator
K Andelman Volatilization Factor (L/m?) 0.5 U.S. EPA 1991b (pg. 20)
ACFextsv Area Correction Factor - soil volume (unitless) | Isotope-specific ORNL 2014a
ACFext-1cm Area Correction Factor — 1 cm (unitless) Isotope-specific ORNL 2014a
ACF ext-5cm Area Correction Factor — 5 cm (unitless) Isotope-specific ORNL 2014a
ACF ext-15¢m Area Correction Factor — 15 cm (unitless) Isotope-specific ORNL 2014a
ACFext-gp Area Correction Factor - ground plane Isotope-specific ORNL 2014a
(unitless)
GSF; Gamma Shielding Factor - Indoor (unitless) 0.4 U.S. EPA 2000a. (pg. 2-
22). U.S. EPA 2000b.
(pg. 2-18)
GSFext-sv Gamma Shielding Factor - soil volume Isotope-specific ORNL 2014a
(unitless)
GSFext-1cm Gamma Shielding Factor — 1 cm (unitless) Isotope-specific ORNL 2014b
GSFext-5cm Gamma Shielding Factor — 5 cm (unitless) Isotope-specific ORNL 2014b
GSFext-15em Gamma Shielding Factor — 15 cm (unitless) Isotope-specific ORNL 2014b
GSFext-gp Gamma Shielding Factor - ground plane Isotope-specific ORNL 2014b
(unitless)
GSF, Gamma Shielding Factor - Air (unitless) 1 Developed for
Radionuclide Soil
Screening calculator
Table G-3. Resident Soil
Symbol Definition (units) Default Reference
CDles-soil-rad- Resident Soil Radionuclide Ingestion (pCi) Contaminant- Determined in this
| ing specific calculator
CDles-soil-rad- Resident Soil Radionuclide Inhalation (pCi) Contaminant- Determined in this
inh specific calculator
CDlLes-soil-rad- Resident Soil Radionuclide External (pCi- Contaminant- Determined in this
ext year/g) specific calculator
CDles-soil-rad-sv | Resident Soil Radionuclide External (pCi- Contaminant- Determined in this
year/g) specific calculator
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Table G-3. Resident Soil

Symbol Definition (units) Default Reference
CDlLes-soil-rad- Resident Soil Radionuclide External (pCi- Contaminant- Determined in this
lem year/g) specific calculator
CDlLes-soil-rad- Resident Soil Radionuclide External (pCi- Contaminant- Determined in this
S5em year/g) specific calculator
CDles-soil-rad- Resident Soil Radionuclide External (pCi- Contaminant- Determined in this
15cm year/g) specific calculator
CDles-soit-rad-gp | Resident Soil Radionuclide External (pCi- Contaminant- Determined in this
year/cm?) specific calculator
tres Time - resident (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.
CFres-produce Produce Contaminated Fraction - resident 0.25 U.S. EPA 1990. U.S.
(unitless) EPA. 1998. (pg. C-9)
Bvyet Soil to Plant Transfer Factor - wet (pCi/g-fresh | Radionuclide- Hierarchy selection in
plant per pCi/g-dry soil) specific Section 2.3.2
Rupv Wet root uptake for produce multiplier Radionuclide- Hierarchy selection in
(unitless) specific (=Bvwer) Section 2.3.2
Res Soil resuspension multiplier (dimensionless) =MLF (pasture or | Hinton 1992
produce)
IFSres-adj Resident Ingestion Fraction - age-adjusted 1,120,000 Calculated using the
(mg) age-adjusted intake
factors equation.
IR Sres-a Resident Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IR Sres-c Resident Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IF Ares-adj Resident Inhalation Rate - age-adjusted (m?) 161,100 Calculated using the
age-adjusted intake
factors equation.
IR Arcs-a Resident Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg. 15)
IR Ares-c Resident Inhalation Rate - child (m*/day) 10 U.S. EPA 1997a (pg. 5-
11)
IFV s adj Resident Vegetable Ingestion Fraction - age- 989,870 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRVies-a Resident Vegetable Ingestion Rate - adult 128.9 U.S. EPA 2011 (Table
(g/day) 13-10)
IRViesec Resident Vegetable Ingestion Rate - child 41.7 U.S. EPA 2011 (Table
(g/day) 13-10)
IFF e adj Resident Fruit Ingestion Fraction - age- 1,462,510 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRFres-a Resident Fruit Ingestion Rate - adult (g/day) 188.5 U.S. EPA 2011 (Table
13-5)
IRFes-c Resident Fruit Ingestion Rate - child (g/day) 68.1 U.S. EPA 2011 (Table
13-5)
EFes Resident Exposure Frequency - (days/year) 350 U.S. EPA 1991a (pg. 15)
EFres-a Resident Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)
(days/year)
EFres-c Resident Exposure Frequency - child 350 U.S. EPA 1991a (pg. 15)
(days/year)
EDres Resident Exposure Duration (years) 26 U.S. EPA 2011a, Table

16-108; 90th percentile
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Table G-3. Resident Soil

Symbol Definition (units) Default Reference
or current residence
time.

EDyes-a Resident Exposure Duration - adult (years) 20 EDyes (26 years) - EDres.
¢ (6 years)

EDres-c Resident Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages
6and 15

ETres Resident Exposure Time (hours/day) 24 24 Hours per 24 hour
Day

ETres-a Resident Exposure Time - adult (hours/day) 24 24 Hours per 24 hour
Day

ETres-c Resident Exposure Time - child (hours/day) 24 24 Hours per 24 hour
Day

ETres-i Resident Exposure Time - indoor (hours/day) 16.416 U.S. EPA 2011 (Table
16-16 50"%)

ETres-o Resident Exposure Time - outdoor (hours/day) | 1.752 U.S. EPA 2011 (Table
16-20 50"%))

CDlLes-soil-rad- Resident Soil Radionuclide Ingestion (pCi) Contaminant- Determined in this

ing specific calculator

CDlLes-soil-rad- Resident Soil Radionuclide Inhalation (pCi) Contaminant- Determined in this

inh specific calculator

CDlLes-soil-rad- Resident Soil Radionuclide External (pCi- Contaminant- Determined in this

ext year/g) specific calculator
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Table G-4. Indoor Worker Soil

Symbol Definition (units) Default Reference

CDliy-rad-ing Indoor Worker Soil Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator

CDliw-rad-inh Indoor Worker Soil Radionuclide Inhalation Contaminant- Determined in this
(pCi) specific calculator

CDliw-sol-rad-ext | Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi-year/g) specific calculator

CDliw-sol-radsv | Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi-year/g) specific calculator

CDliw-sol-rad- Indoor Worker Soil Radionuclide External Contaminant- Determined in this

lem (pCi-year/g) specific calculator

CDliw-sol-rad- Indoor Worker Soil Radionuclide External Contaminant- Determined in this

Sem (pCi-year/g) specific calculator

CDliw-sol-rad- Indoor Worker Soil Radionuclide External Contaminant- Determined in this

15cm (pCi-year/g) specific calculator

CDliw-sol-radgp | Indoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi-year/cm?) specific calculator

tiw Time - indoor worker (years) 25 U.S. EPA 1991a (pg. 15)

IRSiw Indoor Worker Soil Ingestion Rate (mg/day) 50 U.S. EPA 2001 (pg. 4-3)

IRAiw Indoor Worker Inhalation Rate (m3/day; based | 60 U.S. EPA 1997a (pg. 5-
on a rate of 2.5 m*/hour for 24 hours) 11)

EFiw Indoor Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)

EDiw Indoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)

ETiw Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour

Day
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Table G-5. Outdoor Worker Soil

Symbol Definition (units) Default Reference

CDIw-soil-rad- Outdoor Worker Soil Radionuclide Ingestion Contaminant- Determined in this

ing (pCi) specific calculator

CDIow-soil-rad- Outdoor Worker Soil Radionuclide Inhalation Contaminant- Determined in this

inh (pCi) specific calculator

CDIow-soil-rad- Outdoor Worker Soil Radionuclide External Contaminant- Determined in this

ext (pCi-year/g) specific calculator

CDlow-soil-rad-sv | Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi-year/g) specific calculator

CDIow-soil-rad- Outdoor Worker Soil Radionuclide External Contaminant- Determined in this

lem (pCi-year/g) specific calculator

CDIow-soil-rad- Outdoor Worker Soil Radionuclide External Contaminant- Determined in this

Sem (pCi-year/g) specific calculator

CDIow-soil-rad- Outdoor Worker Soil Radionuclide External Contaminant- Determined in this

15cm (pCi-year/g) specific calculator

CDlow-soil-rad-gp | Outdoor Worker Soil Radionuclide External Contaminant- Determined in this
(pCi-year/cm?) specific calculator

tow Time - outdoor worker (years) 25 U.S. EPA 1991a (pg. 15)

IRSow Outdoor Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)

IRAow Outdoor Worker Inhalation Rate (m?/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m’/hour for 24 hours) 11)

EFow Outdoor Worker Exposure Frequency 225 U.S. EPA 1991a (pg. 15)
(days/year)

EDow Outdoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)

ETow Outdoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour

Day
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Table G-6. Composite Worker Soil

Symbol Definition (units) Default Reference
CDly-soil-rad-ing | Composite Worker Soil Radionuclide Ingestion | Contaminant- Determined in this
(pCi) specific calculator
CDly-soil-rad-inn | Composite Worker Soil Radionuclide Contaminant- Determined in this
Inhalation (pCi) specific calculator
CDly-soil-rad-ext | Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/g) specific calculator
CDly-soil-rad-sv | Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/g) specific calculator
CDI-soil-rad- Composite Worker Soil Radionuclide External | Contaminant- Determined in this
lem (pCi-year/g) specific calculator
CDI-soil-rad- Composite Worker Soil Radionuclide External | Contaminant- Determined in this
Sem (pCi-year/g) specific calculator
CDI-soil-rad- Composite Worker Soil Radionuclide External | Contaminant- Determined in this
15cm (pCi-year/g) specific calculator
CDly-soil-rad-gp | Composite Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/cm?) specific calculator
tw Time - worker (years) 25 U.S. EPA 1991a (pg. 15)
IRS,, Composite Worker Soil Ingestion Rate 100 U.S. EPA 1991a (pg. 15)
(mg/day)
IRAy Composite Worker Inhalation Rate (m?/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m’/hour for 24 hours) 11)
EFy Composite Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)
EDw Composite Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
ETw Composite Worker Exposure Time (hours/day) | 8 Eight Hours per 24 hour
Day
Table G-7. Excavation Worker Soil
Symbol Definition (units) Default Reference
CDlew-sol-rad-ing | Excavation Worker Soil Radionuclide Contaminant- Determined in this
Ingestion (pCi) specific calculator
CDlew-sol-rad-inn | Excavation Worker Soil Radionuclide Contaminant- Determined in this
Inhalation (pCi) specific calculator
CDlew-sol-rad-ext | Excavation Worker Soil Radionuclide External | Contaminant- Determined in this
(pCi-year/g) specific calculator
tew Time - excavation worker (years) 1 U.S. EPA 2002 Exhibit
5-1
IRSew Excavation Worker Soil Ingestion Rate 330
(mg/day)
IRA.y Excavation Worker Inhalation Rate (m3/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m’/hour for 24 hours) 11)
EF.y Excavation Worker Exposure Frequency 20
(days/year)
EDew Excavation Worker Exposure Duration (years) | 1 U.S. EPA 2002 Exhibit
5-1
ETew-o Excavation Worker Exposure Time (hours/day) | 8 Eight Hours per 24 hour
Day
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Table G-8. Construction Worker Soil

Symbol Definition (units) Default Reference

CDlIcw-sol-rad-ing | Construction Worker Soil Radionuclide Contaminant- Determined in this
Ingestion (pCi) specific calculator

CDlcw-sol-rad-inn | Construction Worker Soil Radionuclide Contaminant- Determined in this
Inhalation (pCi) specific calculator

CDlew-sol-rad-ext | Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi-year/g) specific calculator

CDlew-sol-rad-sv | Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi-year/g) specific calculator

CDlew-sol-rad- Construction Worker Soil Radionuclide Contaminant- Determined in this

lem External (pCi-year/g) specific calculator

CDlew-sol-rad- Construction Worker Soil Radionuclide Contaminant- Determined in this

S5em External (pCi-year/g) specific calculator

CDlew-sol-rad- Construction Worker Soil Radionuclide Contaminant- Determined in this

15cm External (pCi-year/g) specific calculator

CDlew-sol-rad-gp | Construction Worker Soil Radionuclide Contaminant- Determined in this
External (pCi-year/cm?) specific calculator

tew Time - construction worker (years) 1 U.S. EPA 2002 Exhibit

5-1

IRScw Construction Worker Soil Ingestion Rate 330
(mg/day)

IRA .y Construction Worker Inhalation Rate (m*/day; | 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m’/hour for 24 hours) 11)

EFcw Construction Worker Exposure Frequency 250 U.S. EPA 2002 Exhibit
(days/year) 5-1

EW.y Construction Worker Exposure Frequency 50 U.S. EPA 2002 Exhibit
(weeks/year) 5-1

DWew Construction Worker Exposure Frequency 5 U.S. EPA 2002 Exhibit
(days/week) 5-1

EDcw Construction Worker Exposure Duration 1 U.S. EPA 2002 Exhibit
(years) 5-1

ETcw Construction Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day
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Table G-9. Recreator Soil/Sediment

Symbol Definition (units) Default Reference

CDlec-soil-rad- Recreator Soil Radionuclide Ingestion (pCi) Contaminant- Determined in this

ing specific calculator

CDlIec-soil-rad- Recreator Soil Radionuclide Inhalation (pCi) Contaminant- Determined in this

inh specific calculator

CDlec-soil-rad- Recreator Soil Radionuclide External (pCi- Contaminant- Determined in this

ext year/g) specific calculator

CDlrec-soil-rad-sv | Recreator Soil Radionuclide External (pCi- Contaminant- Determined in this

year/g) specific calculator

CDlec-soil-rad- Recreator Soil Radionuclide External (pCi- Contaminant- Determined in this

lem year/g) specific calculator

CDlec-soil-rad- Recreator Soil Radionuclide External (pCi- Contaminant- Determined in this

S5em year/g) specific calculator

CDlec-soil-rad- Recreator Soil Radionuclide External (pCi- Contaminant- Determined in this

15cm year/g) specific calculator

CDlec-soil-rad-gp | Recreator Soil Radionuclide External (pCi- Contaminant- Determined in this

year/cm?) specific calculator

trec Time - recreator (years) Site-specific Site-specific

IFSrec-adi Recreator Ingestion Fraction - age-adjusted 240,000 Calculated using the

(mg) age-adjusted intake
factors equation.

IR Srec-a Recreator Soil Ingestion Rate - adult (mg/day) | 100 U.S. EPA 1991a (pg. 15)

IR Srec-c Recreator Soil Ingestion Rate - child (mg/day) | 200 U.S. EPA 1991a (pg. 15)

IF Arec-adi Recreator Inhalation Fraction - age-adjusted 1,437.50 Calculated using the

(m?) age-adjusted intake
factors equation.

IRAcc-a Recreator Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg. 15)

IRArec-c Recreator Inhalation Rate - child (m?/day) 10 U.S. EPA 1997a (pg. 5-
11)

EFrec Recreator Exposure Frequency - (days/year) 75 Reasonable estimate

EFrcc-a Recreator Exposure Frequency - adult 75 Reasonable estimate

(days/year)
EFrec-c Recreator Exposure Frequency - child 75 Reasonable estimate
(days/year)

EDrec Recreator Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

EDrec-a Recreator Exposure Duration - adult (years) 20 EDxes (26 years) - EDres-
¢ (6 years)

EDrecc Recreator Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages
6 and 15

ETrec Recreator Exposure Time (hours/day) 1 Reasonable estimate

ETreca Recreator Exposure Time - adult (hours/day) 1 Reasonable estimate

ETrec-c Recreator Exposure Time - child (hours/day) 1 Reasonable estimate
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Table G-10. Farmer Soil

Symbol Definition (units) Default Reference
CDlfar-soil-rad-ing Farmer Soil Radionuclide Ingestion (pCi) Contaminant- Determined in this
specific calculator
CDlIfur-soil-rad-inh Farmer Soil Radionuclide Inhalation (pCi) | Contaminant- Determined in this
specific calculator
CDlfur-soil-rad-ext Farmer Soil Radionuclide External (pCi- Contaminant- Determined in this
year/g) specific calculator
CDIsoil-far-produce-rad- | Farmer Produce Radionuclide Back- Contaminant- Determined in this
ing calculated Concentration in Soil Ingestion | specific calculator
(pCi)
CDIoil-far-poultry-rad- | Farmer Poultry Radionuclide Back- Contaminant- Determined in this
ing calculated Concentration in Soil Ingestion | specific calculator
(pCi)
CDoil-far-cgg-rad-ing | Farmer Egg Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil Ingestion (pCi) specific calculator
CDIsoil-far-beef-rad-ing | Farmer Beef Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil Ingestion (pCi) specific calculator
CDIsoil-far-dairy-rad-ing | Farmer Dairy Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil Ingestion | specific calculator
(pCi)
CDIsoil-far-swine-rad- Farmer Swine Radionuclide Back- Contaminant- Determined in this
ing calculated Concentration in Soil Ingestion | specific calculator
(pCi)
CDIoil-far-fish-rad-ing | Farmer Fish Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Soil Ingestion (pCi) specific calculator
Pm Density of milk (kg/L) 1.03 Milk Composition &
Synthesis Resource
Library
thar Time - farmer (years) 40 U.S. EPA 2005 (pg. C-
24/C-26)
Bvet Soil to Plant Transfer Factor - wet (pCi/g- | Radionuclide- Hierarchy selection in
fresh plant per pCi/g-dry soil) specific Section 2.3.2
Bvary Soil to Plant Transfer Factor - dry (pCi/g- Radionuclide- Hierarchy selection in
dry plant per pCi/g-dry soil) specific Section 2.3.2
Rupv Wet root uptake for produce multiplier Radionuclide- Hierarchy selection in
(unitless) specific (=Bvwer) Section 2.3.2
Rupp Dry root uptake for pasture multiplier Radionuclide- Hierarchy selection in
(dimensionless) specific (=Bvary) Section 2.3.2
Res Soil resuspension multiplier =MLF (pasture or | Hinton 1992
(dimensionless) produce)
TFoeer Beef Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TF gairy Dairy Transfer Factor (day/L) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFswine Swine Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFpoultry Poultry Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFege Egg Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
MLFproduce Produce Plant Mass Loading Factor 0.26x 0.052 = Hinton, 1992. U.S.
(unitless) 0.0135 EPA SSG 1996 table

G-1. Dry weight to wet
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http://ansci.illinois.edu/static/ansc438/Milkcompsynth/milkcomp_density.html
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Table G-10. Farmer Soil

Symbol Definition (units) Default Reference
weight conversion
equation from section
4.10.7.

MLF pasture Pasture Plant Mass Loading Factor 0.25 Hinton, T. G. 1992

(unitless)
Qp-beet Beef Fodder Intake Rate (kg/day) 11.77 U.S. EPA 2005 (pg. B-
138)
Qp-dairy Dairy Fodder Intake Rate (kg/day) 20.3 U.S. EPA 2005 (pg. B-
145)
Qp-swine Swine Fodder Intake Rate (kg/day) 4.7 U.S. EPA 2005 (pg. B-
152)
Qp-poultry Poultry Fodder Intake Rate (kg/day) 0.2 U.S. EPA 2005 (pg. B-
158/164)
Qs-beef Beef Soil Intake Rate (kg/day) 0.5 U.S. EPA 2005 (pg. B-
139)
Qs-dairy Dairy Soil Intake Rate (kg/day) 0.4 U.S. EPA 2005 (pg. B-
146)
Qs-swine Swine Soil Intake Rate (kg/day) 0.37 U.S. EPA 2005 (pg. B-
153)
Qs-poultry Poultry Soil Intake Rate (kg/day) 0.022 U.S. EPA 2005 (pg. B-
159/165)
fo-beet Fraction of Time Animal is On-Site - beef | 1 Developed for this
(unitless) calculator

fo-dairy Fraction of Time Animal is On-Site - dairy | 1 Developed for this
(unitless) calculator

fp-swine Fraction of Time Animal is On-Site - swine | 1 Developed for this
(unitless) calculator

To-poultry Fraction of Time Animal is On-Site - 1 Developed for this

poultry (unitless) calculator
fs-beef Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - beef (unitless) calculator

fs-dairy Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - dairy (unitless) calculator

fs-swine Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - swine (unitless) calculator

fs-poultry Fraction of Animal's Food from Site when | 1 Developed for this
On-Site - poultry (unitless) calculator

IFStar-adj Farmer Soil Ingestion Fraction - age- 1,610,000 Calculated using the
adjusted (mg) age-adjusted intake

factors equation.
IRStar-a Farmer Soil Ingestion Rate - adult 100 U.S. EPA 1991a (pg.
(mg/day) 15)

IF A far-adj Farmer Inhalation Rate - age-adjusted (m®) | 259,000 Calculated using the
age-adjusted intake
factors equation.

IRAfar-a Farmer Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg.
15)

IR Afar-c Farmer Inhalation Rate - child (m?/day) 10 U.S. EPA 1997a (pg. 5-
11)

IR Sfar-c Farmer Soil Ingestion Rate - child 200 U.S. EPA 1991a (pg.

(mg/day)

15)
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Table G-10. Farmer Soil

Symbol Definition (units) Default Reference

EF¢ar Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg.
15)

EFtara Farmer Exposure Frequency - adult 350 U.S. EPA 1991a (pg.

(days/year) 15)
EFfar Farmer Exposure Frequency - child 350 U.S. EPA 1991a (pg.
(days/year) 15)

EDfar Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table
6-3)

EDfur-a Farmer Exposure Duration - adult (years) 34 U.S. EPA 199%4a

EDrar-c Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table
6-3)

ET¢ar Farmer Exposure Time - (hours/day) 24 24 Hours per 24 hour
Day

ETfar-a Farmer Exposure Time - Adult (hours/day) | 24 24 Hours per 24 hour
Day

ETfar-c Farmer Exposure Time - Child (hours/day) | 24 24 Hours per 24 hour
Day

ETfari Farmer Exposure Time - indoor 10.008 1440 hrs/day - (ETfar-o +

(hours/day) ETtara)

ETtar-away Farmer Exposure Time - away (hours/day) | 1.83 U.S. EPA 2011 (Tables
16-20 and 16-24 total
of time in vehicles, near
vehicles and outdoors
other than near
residence 25"%)

ETfar-o Farmer Exposure Time - outdoor 12.168 U.S. EPA 2011 (Table

(hours/day) 16-20 95"%))
Table G-11. Resident Tap Water
Symbol Definition (units) Default Reference
CDlyater-rad-ing Resident Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Ingestion (pCi) specific calculator
CDlvater-rad-inh Resident Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Inhalation (pCi) specific calculator
CDlvater-rad-imm Resident Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Immersion (pCi-year/L) specific calculator
Irtrp Root uptake from irrigation multiplier Isotope-specific Calculated
(L/kg)
Intres Resuspension from irrigation multiplier Isotope-specific Calculated
(L/kg)

Irrgep Aerial deposition from irrigation Isotope-specific Calculated

multiplier (L/kg)

Bvuet Soil to Plant Transfer Factor - wet (pCi/g- | Radionuclide- Hierarchy selection in

fresh plant per pCi/g-dry soil) specific Section 2.3.2

F Irrigation Period (unitless) 0.25 Personal

communication

I Interception Fraction (unitless) 0.42 Miller, C. W. 1980

I Irrigation Rate (L/m?) 3.62 Personal

communication
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Table G-11. Resident Tap Water

Symbol Definition (units) Default Reference
AHL Soil Leaching Rate (1/day) 0.000027 NCRP 1996
Ai Decay (1/day) 0.693/TR - NCRP 1996
radionuclides
AE Decay for Removal on Produce (1/day) Ai + (0.693/tw) NCRP 1996
AB Effective Rate for Removal (1/day) AL - A NCRP 1996
T Translocation Factor (unitless) 1 NCRP 1996
to Long Term Deposition and Buildup (day) | 10950 NCRP 1996
ty Above Ground Exposure Time (day) 60 NCRP 1996
tw Weathering Half-life (day) 14 NCRP 1996
Yy Plant Yield - wet (kg/m?) 2 NCRP 1996
P Area Density for Root Zone (kg/m?) 240 Hoffman, F. O., R. H.
Gardner, and K. F.
Eckerman. 1982;
Peterson, H. T., Jr.
1983; McKone, T. E.
1994
MLFproduce Produce Plant Mass Loading Factor 0.26 x 0.052 = Hinton, 1992. U.S.
(unitless) 0.0135 EPA SSG 1996 table
G-1. Dry weight to
wet weight conversion
equation from section
4.10.7.
IFWies-adj Resident Tap Water Ingestion Rate - age- 19,138 Calculated using the
adjusted (L) age-adjusted intake
factors equation.
IRWies-a Resident Tap Water Ingestion - adult 2.5 U.S. EPA 2011a,
(L/day) Tables 3-15 and 3-33;
weighted average of
90th percentile
consumer-only
ingestion of drinking
water (21+)
IRWiesc Resident Tap Water Ingestion - child 0.78 U.S. EPA 2011a,
(L/day) Tables 3-15 and 3-33;
weighted average of
90th percentile
consumer-only
ingestion of drinking
water (birth to <6
years)
IF Ares-adj Resident Inhalation Rate - age-adjusted 161,100 Calculated using the
(m?) age-adjusted intake
factors equation.
DF A res-adj Resident Immersion Factor - age-adjusted | 6104 Calculated using the
(hours) age-adjusted intake
factors equation.
IRArcs-a Resident Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg.
15)
IR Ares-c Resident Inhalation Rate - child (m*/day) 10 U.S. EPA 1997a (pg.

5-11)
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Table G-11. Resident Tap Water

Symbol Definition (units) Default Reference
IF Viesadj Resident Vegetable Ingestion Fraction - 989,870 Calculated using the
age-adjusted (g) age-adjusted intake
factors equation
IRVies-a Resident Vegetable Ingestion Rate - adult | 128.9 U.S. EPA 2011 (Table
(g/day) 13-10)
IR Vies-c Resident Vegetable Ingestion Rate - child | 41.7 U.S. EPA 2011 (Table
(g/day) 13-10)
IFF res-adj Resident Fruit Ingestion Fraction - age- 1,462,510 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRFres-a Resident Fruit Ingestion Rate - adult 188.5 U.S. EPA 2011 (Table
(g/day) 13-5)

IRFres-c Resident Fruit Ingestion Rate - child 68.1 U.S. EPA 2011 (Table
(g/day) 13-5)

EF,e Resident Exposure Frequency - 350 U.S. EPA 1991a (pg.
(days/year) 15)

EFies-a Resident Exposure Frequency - adult 350 U.S. EPA 1991a (pg.
(days/year) 15)

EFres-c Resident Exposure Frequency - child 350 U.S. EPA 1991a (pg.
(days/year) 15)
EDyes Resident Exposure Duration (years) 26 U.S. EPA 2011a,
Table 16-108; 90th
percentile or current
residence time.
EDres-a Resident Exposure Duration - adult (years) | 20 EDxes (26 years) -
EDres-c (6 years)
EDres-c Resident Exposure Duration - child (years) | 6 U.S. EPA 1991a,
Pages 6 and 15
ETeventres-a Resident Tap Water Exposure Time - 0.71 U.S. EPA 1997a
Adult (hours/event)

ETeventres-c Resident Tap Water Exposure Time - 0.54 U.S. EPA 1997a
Child (hours/event)

EVies-a Number of bathing events per day - adult 1 U.S. EPA 2004
resident (events/day) Exhibit 3-2

EViesc Number of bathing events per day - child 1 U.S. EPA 2004
resident (events/day) Exhibit 3-2
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Table G-12. Indoor Worker Tap Water

Symbol Definition (units) Default Reference
CDliw-water-ing | Indoor Worker Tap Water Radionuclide Contaminant- Determined in this
Ingestion (pCi) specific calculator
CDliy-water-inn | Indoor Worker Tap Water Radionuclide Contaminant- Determined in this
Inhalation (pCi) specific calculator
CDIiw-water-imm | Indoor Worker Tap Water Radionuclide Contaminant- Determined in this
Immersion (pCi/L-year) specific calculator
IRWiy Indoor Worker Tap Water Ingestion (L/day) 1.25 U.S. EPA 2014, FAQ
13
EFiw Indoor Worker Exposure Frequency 250 U.S. EPA 1991a (pg.
(days/year) 15)
EDiw Indoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg.
15)
ETiw Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24
hour Day
ETevent-iw Indoor Worker Tap Water Exposure Time - 0.71 U.S. EPA 1997a
adult (hours/event)
EViy Number of bathing events per day - Indoor 1 U.S. EPA 2004 Exhibit

Worker (events/day)

3-2
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Table G-13. Recreator Surface Water

Symbol Definition (units) Default Reference

CDliec-water-rad- | Recreator Surface Water Radionuclide Contaminant- Determined in this

ing Ingestion (pCi) specific calculator

CDlec-water-rad- | Recreator Surface Water Radionuclide Contaminant- Determined in this

imm Immersion (pCi-year/L) specific calculator

IFWiec-adi Recreator Surface Water Ingestion - age- 131.4 Calculated using the

adjusted (L) age-adjusted intake
factors equation.

IRWieca Recreator Surface Water Ingestion - adult 0.11 Time weighted average

(L/hour) was calculated based on
the upper percentile
from Table 3.7 of EFH
2019

IRWiee-c Recreator Surface Water Ingestion - child 0.12 Table 3.5 in EFH 2011

(L/hour)

DF Arec-adj Recreator Immersion Factor - age-adjusted 1170 Calculated using the

(hours) age-adjusted intake
factors equation.

EFrec Recreator Exposure Frequency - (days/year) 45 Region 4 Bulletin

EFrecc Recreator Exposure Frequency - child 45 Region 4 Bulletin

(days/year)

EFreca Recreator Exposure Frequency - adult 45 Region 4 Bulletin

(days/year)

EDrec Recreator Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

EDrec-a Recreator Exposure Duration - adult (years) 20 EDxes (26 years) - EDres-
¢ (6 years)

EDrec-c Recreator Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages
6 and 15

ETevent-rec-a Number of bathing events per day - adult 1 Reasonable estimate

recreator (events/day)

ETeventrec-c Number of hours per bathing event - child 1 Reasonable estimate

recreator (hours/event)

EVieca Number of hours per bathing event - child 1 Reasonable estimate

recreator (hours/event)

EVicce Number of bathing events per day - child 1 Reasonable estimate

recreator (events/day)

Table G-14. Farmer Tap Water
Symbol Definition (units) Default Reference
CDlwater-rad-far-ing Farmer Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Ingestion (pCi) specific calculator
CDIvater-rad-far-inh Farmer Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Inhalation (pCi) specific calculator
CDIvater-rad-far-imm Farmer Tap Water (Groundwater) Contaminant- Determined in this
Radionuclide Immersion (pCi-year/L) specific calculator

CDlwater-far-produce- Farmer Produce Radionuclide Back- Contaminant- Determined in this

rad-ing calculated Concentration in Water specific calculator

Ingestion (pCi)

G-16



https://www.epa.gov/sites/production/files/2019-02/documents/efh_-_chapter_3_update.pdf
https://www.epa.gov/sites/production/files/2019-02/documents/efh_-_chapter_3_update.pdf
https://www.epa.gov/sites/production/files/2019-02/documents/efh_-_chapter_3_update.pdf
https://www.epa.gov/sites/production/files/2019-02/documents/efh_-_chapter_3_update.pdf
https://www.epa.gov/sites/production/files/2019-02/documents/efh_-_chapter_3_update.pdf
https://rais.ornl.gov/documents/EFH_2011.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf
https://rais.ornl.gov/documents/hhra_regional_supplemental_guidance_report-march-2018_update.pdf

Table G-14. Farmer Tap Water

Symbol Definition (units) Default Reference

CDlIwater-far-poultry- Farmer Poultry Radionuclide Back- Contaminant- Determined in this

rad-ing calculated Concentration in Water specific calculator
Ingestion (pCi)

CDlyater-far-ege-rad-ing | Farmer Egg Radionuclide Back-calculated | Contaminant- Determined in this
Concentration in Water Ingestion (pCi) specific calculator

CDlyater-far-beef-rad- | Farmer Beef Radionuclide Back- Contaminant- Determined in this

ing calculated Concentration in Water specific calculator
Ingestion (pCi)

CDlyater-far-dairy-rad- | Farmer Dairy Radionuclide Back- Contaminant- Determined in this

ing calculated Concentration in Water specific calculator
Ingestion (pCi)

CDlyater-far-swine-rad- | Farmer Swine Radionuclide Back- Contaminant- Determined in this

ing calculated Concentration in Water specific calculator
Ingestion (pCi)
CDIwater-far-fish-rad- Farmer Fish Radionuclide Back-calculated | Contaminant- Determined in this
ing Concentration in Water Ingestion (pCi) specific calculator
Pm Density of milk (kg/L) 1.03 Milk Composition &
Synthesis Resource
Library
BCF Fish Transfer Factor (L/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2

TFoeef Beef Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2

TF dairy Dairy Transfer Factor (day/L) Radionuclide- Hierarchy selection in
specific Section 2.3.2

TFswine Swine Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2

TFpoultry Poultry Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2

TFege Egg Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2

Qw-beef Beef Water Intake Rate (L/day) 53 U.S. EPA 1999a (pg.
10-23). U.S. EPA
1997b.

Quw-dairy Dairy Water Intake Rate (L/day) 92 U.S. EPA 1999a (pg.
10-23). U.S. EPA
1997b.

Qw-swine Swine Water Intake Rate (L/day) 11.4 NEC, Swine Nutrition
Guide (pg. 19). U.S.
EPA 1998 (pg. B-180)

Quw-poultry Poultry Water Intake Rate (L/day) 0.4 U.S. EPA 2005 (pg. B-
159/165), NRC 1994
pg. 15 (Qw=2xQy)

11y root uptake from irrigation multiplier Isotope-specific Calculated

I1Tres resuspension from irrigation multiplier Isotope-specific Calculated

Ir1gep aerial deposition from irrigation multiplier | Isotope-specific Calculated

Bvet Soil to Plant Transfer Factor - wet (pCi/g- | Radionuclide- Hierarchy selection in

fresh plant per pCi/g-dry soil) specific Section 2.3.2

F Irrigation Period (unitless) 0.25 Personal
communication

I Interception Fraction (unitless) 0.42 Miller, C. W. 1980
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Table G-14. Farmer Tap Water

Symbol Definition (units) Default Reference

I Irrigation Rate (L/m?) 3.62 Personal
communication

AL Soil Leaching Rate (1/day) 0.000027 NCRP 1996

Ai decay (1/day) 0.693/TR - NCRP 1996

radionuclides

AE Decay for Removal on Produce (1/day) Ai +(0.693/ty) NCRP 1996

AB Effective Rate for Removal (1/day) AHL - M NCRP 1996

T Translocation Factor (unitless) 1 NCRP 1996

th Long Term Deposition and Buildup (day) 10950 NCRP 1996

ty Above Ground Exposure Time (day) 60 NCRP 1996

tw Weathering Half-life (day) 14 NCRP 1996

Yy Plant Yield - wet (kg/m?) 2 NCRP 1996

P Area Density for Root Zone (kg/m?) 240 Hoffman, F. O., R. H.
Gardner, and K. F.
Eckerman. 1982;
Peterson, H. T., Jr.
1983; McKone, T. E.
1994

MLFproduce Produce Plant Mass Loading Factor 0.26x 0.052 = Hinton, 1992. U.S. EPA

(unitless) 0.0135 SSG 1996 table G-1.
Dry weight to wet
weight conversion
equation from section
4.10.7.

TFW tar-adj Farmer Water Ingestion Fraction - age- 31,388 Calculated using the

adjusted (L) age-adjusted intake
factors equation.

IRWiara Farmer Water Ingestion Rate - adult 2.5 U.S. EPA 2011a, Tables

(L/day) 3-15 and 3-33; weighted
average of 90th
percentile consumer-
only ingestion of
drinking water (21+)

IRWiarc Farmer Water Ingestion Rate - child 0.78 U.S. EPA 2011a, Tables

(L/day) 3-15 and 3-33; weighted
average of 90th
percentile consumer-
only ingestion of
drinking water (birth to
<6 years)

IFAfar-adj Farmer Inhalation Rate - age-adjusted (m?) | 259,000 Calculated using the
age-adjusted intake
factors equation.

DFA far-adj Farmer Immersion Factor - age-adjusted 9583 Calculated using the

(hours) age-adjusted intake
factors equation.

IRAfar-a Farmer Inhalation Rate - adult (m?/day) 20 U.S. EPA 1991a (pg.
15)

IR Afar-c Farmer Inhalation Rate - child (m*/day) 10 U.S. EPA 1997a (pg. 5-
11)

EF¢ar Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg.

15)
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Table G-14. Farmer Tap Water

Symbol Definition (units) Default Reference
EFtara Farmer Exposure Frequency - adult 350 U.S. EPA 1991a (pg.
(days/year) 15)
EF¢a Farmer Exposure Frequency - child 350 U.S. EPA 1991a (pg.
(days/year) 15)
EDfar Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table
6-3)
EDftur-a Farmer Exposure Duration - adult (years) 34 U.S. EPA 199%4a
EDrar-c Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table
6-3)
ETevent-far-c Farmer Tap Water Exposure Time - Child | 0.54 U.S. EPA 1997a
(hours/day)
ETevent-far-a Farmer Tap Water Exposure Time - Adult | 0.71 U.S. EPA 1997a

(hours/day)

EViara Number of bathing events per day - adult 1 U.S. EPA 2004 Exhibit
farmer (events/day) 3-2
EViarc Number of bathing events per day - child 1 U.S. EPA 2004 Exhibit

farmer (events/day)

3-2
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Table G-15. Resident Air

Symbol Definition (units) Default Reference

CDlies-air-rad-inh-decay | Resident Air Radionuclide Inhalation w/ Contaminant- Determined in this
Decay (pCi) specific calculator

CDlies-air-rad-sub-decay | Resident Air Radionuclide Submersion w/ | Contaminant- Determined in this
Decay (pCi-year/m?) specific calculator

CDles-air-rad-inh- Resident Air Radionuclide Inhalation Contaminant- Determined in this

nodecay w/out Decay (pCi) specific calculator

CDles-air-rad-sub- Resident Air Radionuclide Submersion Contaminant- Determined in this

nodecay w/out Decay (pCi-year/m?) specific calculator

tres Time - resident (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

IF Ares-adj Resident Inhalation Rate - age-adjusted 161,100 Calculated using the

(m?) age-adjusted intake
factors equation.
IRAres-a Resident Inhalation Rate - adult (m*/day) 20 U.S. EPA 1991a (pg. 15)
IR Ares-c Resident Inhalation Rate - child (m?*/day) 10 U.S. EPA 1997a (pg. 5-
11)
EF,e Resident Exposure Frequency - 350 U.S. EPA 1991a (pg. 15)
(days/year)

EFres-c Resident Exposure Frequency - child 350 U.S. EPA 1991a (pg. 15)
(days/year)

EFies-a Resident Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)
(days/year)

EDres Resident Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.

EDres-a Resident Exposure Duration - adult (years) | 20 EDxes (26 years) - EDres-
¢ (6 years)

EDres-c Resident Exposure Duration - child (years) | 6 U.S. EPA 1991a, Pages
6and 15

ETres Resident Exposure Time (hours/day) 24 24 Hours per 24 hour
Day

ETiesa Resident Exposure Time - adult 24 24 Hours per 24 hour

(hours/day) Day
ETresc Resident Exposure Time - child 24 24 Hours per 24 hour
(hours/day) Day
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Table G-16. Indoor Worker Air

Symbol Definition (units) Default Reference

CDliw-air-rad-inh-decay | Indoor Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator

CDliw-air-rad-sub-decay | Indoor Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi-year/m?) specific calculator

CDliw-air-rad-inh- Indoor Worker Air Radionuclide Contaminant- Determined in this

nodecay Inhalation w/out Decay (pCi/m®) specific calculator

CDIiw-air-rad-sub- Indoor Worker Air Radionuclide Contaminant- Determined in this

nodecay Submersion w/out Decay (pCi-year/m?) specific calculator

IRAw Indoor Worker Inhalation Rate (m?/day; 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m*/hour for 24 11)
hours)

EFiw Indoor Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)

EDiw Indoor Worker Exposure Duration (years) | 25 U.S. EPA 1991a (pg. 15)

ETiw Indoor Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day

Table G-17. Outdoor Worker Air

Symbol Definition (units) Default Reference

CDlow-sir-rad-inh-decay | Outdoor Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator

CDlow-sir-rad-sub-decay | Outdoor Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi-year/m?) specific calculator

CDIow-air-rad-inh- Outdoor Worker Air Radionuclide Contaminant- Determined in this

nodecay Inhalation w/out Decay (pCi/m®) specific calculator

CDIow-air-rad-sub- Outdoor Worker Air Radionuclide Contaminant- Determined in this

nodecay Submersion w/out Decay (pCi-year/m?) specific calculator

tow Time - outdoor worker (years) 25 U.S. EPA 1991a (pg. 15)

IRAow Outdoor Worker Inhalation Rate (m?*/day; | 60 U.S. EPA 1997a (pg. 5-
based on a rate of 2.5 m*/hour for 24 11)
hours)

EFow Outdoor Worker Exposure Frequency 225 U.S. EPA 1991a (pg. 15)
(days/year)

EDow Outdoor Worker Exposure Duration 25 U.S. EPA 1991a (pg. 15)
(years)

ETow Outdoor Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day
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Table G-18. Composite Worker Air

Symbol Definition (units) Default Reference
CDly-sir-rad-inh-decay | Composite Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator
CDly-sir-rad-sub-decay | Composite Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi-year/m?) specific calculator
CDIy-air-rad-inh- Composite Worker Air Radionuclide Contaminant- Determined in this
nodecay Inhalation w/out Decay (pCi/m®) specific calculator
CDIy-air-rad-sub- Composite Worker Air Radionuclide Contaminant- Determined in this
nodecay Submersion w/out Decay (pCi-year/m?) specific calculator
tw Time - worker (years) 25 U.S. EPA 1991a (pg. 15)
IRAw Composite Worker Inhalation Rate 60 U.S. EPA 1997a (pg. 5-
(m?/day; based on a rate of 2.5 m’/hour for 11)
24 hours)
EF. Composite Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)
EDw Composite Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
ETy Composite Worker Exposure Time 8 Eight Hours per 24 hour
(hours/day) Day
Table G-19. Excavation Worker Air
Symbol Definition (units) Default Reference
CDlew-air-rad-inh-decay | Excavation Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator
CDlew-air-rad-sub-decay | Excavation Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi-year/m?) specific calculator
CDlew-air-rad-inh- Excavation Worker Air Radionuclide Contaminant- Determined in this
nodecay Inhalation w/out Decay (pCi/m®) specific calculator
CDIew-air-rad-sub- Excavation Worker Air Radionuclide Contaminant- Determined in this
nodecay Submersion w/out Decay (pCi-year/m?) specific calculator
tew Time - excavation worker (years) 1 U.S. EPA 2002 Exhibit
5-1
IRAcw Excavation Worker Inhalation Rate 60 U.S. EPA 1997a (pg. 5-
(m?/day; based on a rate of 2.5 m’/hour for 11)
24 hours)
EF.y Excavation Worker Exposure Frequency 20
(days/year)
EDew Excavation Worker Exposure Duration 1 U.S. EPA 2002 Exhibit
(years) 5-1
ETew-o Excavation Worker Exposure Time 8 Eight Hours per 24
(hours/day) hour Day
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Table G-20. Construction Worker Air

Symbol Definition (units) Default Reference

CDlew-air-rad-inh-decay | Construction Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator

CDlew-air-rad-sub-decay | Construction Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi-year/m?) specific calculator

CDlew-air-rad-inh- Construction Worker Air Radionuclide Contaminant- Determined in this

nodecay Inhalation w/out Decay (pCi/m®) specific calculator

CDIcw-air-rad-sub- Construction Worker Air Radionuclide Contaminant- Determined in this

nodecay Submersion w/out Decay (pCi-year/m?) specific calculator

tew Time - construction worker (years) 1 U.S. EPA 2002 Exhibit

5-1

IRAcw Construction Worker Inhalation Rate 60 U.S. EPA 1997a (pg. 5-
(m?/day; based on a rate of 2.5 m’/hour for 11)
24 hours)

EF.w Construction Worker Exposure Frequency | 250 U.S. EPA 2002 Exhibit
(days/year) 5-1

EWcy Construction Worker Exposure Frequency | 50 U.S. EPA 2002 Exhibit
(weeks/year) 5-1

DW.w Construction Worker Exposure Frequency | 5 U.S. EPA 2002 Exhibit
(days/week) 5-1

EDw Construction Worker Exposure Duration 1 U.S. EPA 2002 Exhibit
(years) 5-1

ETew Construction Worker Exposure Time 8 Eight Hours per 24
(hours/day) hour Day
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Table G-21. Recreator Air

Symbol Definition (units) Default Reference

CDliec-vir-rad-inh-decay | Recreator Worker Air Radionuclide Contaminant- Determined in this
Inhalation w/ Decay (pCi/m?) specific calculator

CDliec-air-rad-sub-decay | Recreator Worker Air Radionuclide Contaminant- Determined in this
Submersion w/ Decay (pCi-year/m?) specific calculator

CDliec-air-rad-inh- Recreator Worker Air Radionuclide Contaminant- Determined in this

nodecay Inhalation w/out Decay (pCi/m®) specific calculator

CDlec-air-rad-sub- Recreator Air Radionuclide Submersion Contaminant- Determined in this

nodecay w/out Decay (pCi-year/m?) specific calculator

trec Time - recreator (years) Site-specific Site-specific

IF Arec-agj Recreator Inhalation Fraction - age- 1,437.5 Calculated using the

adjusted (m?) age-adjusted intake
factors equation.
IRAcc-a Recreator Inhalation Rate - adult (m*/day) | 20 U.S. EPA 1991a (pg.
15)
IRArcc-c Recreator Inhalation Rate - child (m*/day) | 10 U.S. EPA 1997a (pg. 5-
11)
EFrec Recreator Exposure Frequency - 75 Reasonable estimate
(days/year)

EFrec-a Recreator Exposure Frequency - adult 75 Reasonable estimate
(days/year)

EFrec-c Recreator Exposure Frequency - child 75 Reasonable estimate
(days/year)
EDyec Recreator Exposure Duration (years) 26 U.S. EPA 2011a, Table
16-108; 90th percentile
or current residence
time.
EDrec-a Recreator Exposure Duration - adult 20 EDyes (26 years) - EDres.
(years) ¢ (6 years)

EDrec-c Recreator Exposure Duration - child 6 U.S. EPA 1991a, Pages
(years) 6and 15

ETrec Recreator Exposure Time (hours/day) 1 Reasonable estimate

ETreca Recreator Exposure Time - adult 1 Reasonable estimate
(hours/day)

ETrecc Recreator Exposure Time - child 1 Reasonable estimate

(hours/day)
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Table G-22. Resident Fish Consumption

Symbol Definition (units) Default Reference
CDlies-fsh-rad-ing Resident Fish Radionuclide (pCi) Contaminant- Determined in this
specific calculator
CDlLes-fshw-rad-ing Resident Surface Water Fish Radionuclide | Contaminant- Determined in this
(pCi) specific calculator
BCF Fish Transfer Factor (L/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
IRFres Resident Fish Ingestion Rate (g/day) 54 U.S. EPA 1991a (page
15)
EF;es Resident Exposure Frequency - (days/year) | 350 U.S. EPA 1991a (pg.
15)
EDres Resident Exposure Duration (years) 26 U.S. EPA 2011a, Table

16-108; 90th percentile
or current residence
time.
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Table G-23. Recreator Game and Fowl Consumption

Symbol Definition (units) Default Reference
CDliec-fowl-rad-ing Recreator Fowl Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
CDIsoil-rec-fowl-rad-ing | Recreator Fowl Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil Ingestion | specific calculator
(pCi)
CDlyater-rec-fowl-rad- | Recreator Fowl Radionuclide Back- Contaminant- Determined in this
ing calculated Concentration in Water specific calculator
Ingestion (pCi)
CDlec-game-rad-ing Recreator Game Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
CDIsoil-rec-game-rad-ing | Recreator Game Radionuclide Back- Contaminant- Determined in this
calculated Concentration in Soil Ingestion | specific calculator
(pCi)
CDlwater-rec-game-rad- | Recreator Game Radionuclide Back- Contaminant- Determined in this
ing calculated Concentration in Water specific calculator
Ingestion (pCi)
CFrec-game Game Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFrec-fowt Fowl Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
Bvary Soil to Plant Transfer Factor - dry (pCi/g- Radionuclide- Hierarchy selection in
dry plant per pCi/g-dry soil) specific Section 2.3.2
Rupp Dry root uptake for pasture multiplier Radionuclide- Hierarchy selection in
(dimensionless) specific (=Bvary) Section 2.3.2
TFoeef Game Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
TFpoultry Fowl Transfer Factor (day/kg) Radionuclide- Hierarchy selection in
specific Section 2.3.2
Qw-game Game Water Intake Rate (L/day) Site-specific -
Qw-fowl Fowl Water Intake Rate (L/day) Site-specific -
Qp-game Game Fodder Intake Rate (kg/day) Site-specific -
Qp-fowl Fowl Fodder Intake Rate (kg/day) Site-specific -
Qs-game Game Soil Intake Rate (kg/day) Site-specific -
Qs-fowl Fowl Soil Intake Rate (kg/day) Site-specific -
fp-game Fraction of Time Animal is On-Site - game | Site-specific -
(unitless)
fo-fowl Fraction of Time Animal is On-Site - fowl | Site-specific -
(unitless)
fs-game Fraction of Animal's Food from Site when | Site-specific -
On-Site - game (unitless)
fs-fowt Fraction of Animal's Food from Site when | Site-specific -
On-Site - fowl (unitless)
EFrec Recreator Exposure Frequency - 75 Reasonable estimate
(days/year)
EDyec Recreator Exposure Duration (years) 26 Reasonable estimate
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Table G-24. Farmer Direct Ingestion

Symbol Definition (units) Default Reference
CDlIfar-produce-rad-ing | Farmer Produce Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
CDIfur-poultry-rad-ing Farmer Poultry Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
CDlfar-cgg-rad-ing Farmer Egg Radionuclide Ingestion (pCi) Contaminant- Determined in this
specific calculator
CDlfar-beef-rad-ing Farmer Beef Radionuclide Ingestion (pCi) | Contaminant- Determined in this
specific calculator
CDlIfar-dairy-rad-ing Farmer Dairy Radionuclide Ingestion (pCi) | Contaminant- Determined in this
specific calculator
CDlfar-swine-rad-ing Farmer Swine Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
CDlIfar-fish-rad-ing Farmer Fish Radionuclide Ingestion (pCi) | Contaminant- Determined in this
specific calculator
CFrur-produce Produce Contaminated Fraction - farmer 1 U.S. EPA 1994c¢. U.S.
(unitless) EPA. 1998. (pg. C-9)
CFfar-pouliry Poultry Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFrar-cgg Egg Contaminated Fraction - Farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFrar-beet Beef Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFrur-dairy Dairy Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CF tar-swine Swine Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
CFtar-fish Fish Contaminated Fraction - farmer 1 Developed for
(unitless) Radionuclide Soil
Screening calculator
IFVar-adj Farmer Vegetable Ingestion Fraction - age- | 1,583,400 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRVitura Farmer Vegetable Ingestion Rate - adult 125.7 U.S. EPA 2011 (Table
(g/day) 13-10)
IRViare Farmer Vegetable Ingestion Rate - child 41.7 U.S. EPA 2011 (Table
(g/day) 13-10)
IFF far-adj Farmer Fruit Ingestion Rate - age-adjusted | 2,246,930 Calculated using the
(2) age-adjusted intake
factors equation
IRFfar-a Farmer Fruit Ingestion Rate - adult (g/day) | 176.8 U.S. EPA 2011 (Table
13-5)
IRFfar-c Farmer Fruit Ingestion Rate - child (g/day) | 68.1 U.S. EPA 2011 (Table
13-5)
IFPfar-adj Farmer Poultry Ingestion Fraction - age- 1,318,100 Calculated using the

adjusted (g)

age-adjusted intake
factors equation
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Table G-24. Farmer Direct Ingestion

Symbol Definition (units) Default Reference
IRPfar-a Farmer Poultry Ingestion Rate - adult 106.6 U.S. EPA 2011 (Table
(g/day) 13-52)
IRPfarc Farmer Poultry Ingestion Rate - child 23.6 U.S. EPA 2011 (Table
(g/day) 13-52)
IFEfar-adj Farmer Egg Ingestion Rate - age-adjusted | 658,455 Calculated using the
(2) age-adjusted intake
factors equation
IREfar-a Farmer Egg Ingestion Rate - adult (g/day) | 53.4 U.S. EPA 2011 (Table
13-40)
IREfar-c Farmer Egg Ingestion Rate - child (g/day) 10.95 U.S. EPA 2011 (Table
13-40)
IFBfar-adj Farmer Beef Ingestion Fraction - age- 2,202,410 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRBfar-a Farmer Beef Ingestion Rate - adult (g/day) | 178.0 U.S. EPA 2011 (Table
13-33)
IRBrur-c Farmer Beef Ingestion Rate - child (g/day) | 40.1 U.S. EPA 2011 (Table
13-33)
IFDfar-adj Farmer Dairy Ingestion Fraction - age- 6,036,590 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRDtar-a Farmer Dairy Ingestion Rate - adult 445.6 U.S. EPA 2011 (Table
(g/day) 11-4)
IRDrar-c Farmer Dairy Ingestion Rate - child 349.5 U.S. EPA 2011 (Table
(g/day) 11-4)
TFSWar-adj Farmer Swine Ingestion Fraction - age- 1,203,860 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRSWiar-a Farmer Swine Ingestion Rate - adult 97.9 U.S. EPA 2011 (Table
(g/day) 13-51)
IRSWiar-c Farmer Swine Ingestion Rate - child 18.5 U.S. EPA 2011 (Table
(g/day) 13-51)
IFFTtar-aq) Farmer Fish Ingestion Fraction - age- 1,918,140 Calculated using the
adjusted (g) age-adjusted intake
factors equation
IRFlfar-a Farmer Fish Ingestion Rate - adult (g/day) | 155.4 U.S. EPA 2011 (Table
13-20)
IRFlfar-c Farmer Fish Ingestion Rate - child (g/day) | 32.8 U.S. EPA 2011 (Table
13-20)
CDlIfar-produce-rad-ing | Farmer Produce Radionuclide Ingestion Contaminant- Determined in this
(pCi) specific calculator
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Table G-25. Soil to Groundwater SSL Factor Variables

Symbol Definition (units) Default Reference

Cw Target soil leachate concentration (pCi/L) | Nonzero MCL or U.S. EPA. 2002
RSL x DAF Equation 4-14

DAF Dilution attenuation factor (unitless) 20 (or site-specific) | U.S. EPA. 2002
Equation 4-11

EDgw Exposure duration 70 U.S. EPA. 2002
Equation 4-14

I Infiltration Rate (m/year) 0.18 U.S. EPA. 2002
Equation 4-11

L Source length parallel to ground water Site-specific U.S. EPA. 2002
flow (m) Equation 4-11

i Hydraulic gradient (m/m) Site-specific U.S. EPA. 2002
Equation 4-11

K Aquifer hydraulic conductivity (m/year) Site-specific U.S. EPA. 2002
Equation 4-11

Ow Water-filled soil porosity (Lwater/Lsoil) 0.3 U.S. EPA. 2002
Equation 4-10

0a Air-filled soil porosity (Lair/Lsoit) =n-0y U.S. EPA. 2002
Equation 4-10

n Total soil porosity (Lpore/Lsoit) = 1-(pv/ps) U.S. EPA. 2002
Equation 4-10

Ps Soil particle density (Kg/L) 2.65 U.S. EPA. 2002
Equation 4-10

Py Dry soil bulk density (kg/L) 1.5 U.S. EPA. 2002
Equation 4-10

Ky Soil-water partition coefficient (L/kg) = Ko *foc for U.S. EPA. 2002
organics Equation 4-10

da Aquifer thickness (m) Site-specific U.S. EPA. 2002
Equation 4-10

ds Depth of source (m) Site-specific U.S. EPA. 2002
Equation 4-10

d Mixing zone depth (m) Site-specific U.S. EPA. 2002

Equation 4-12
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Table G-26. Wind Particulate Emission Factor Variables

Symbol Definition (units) Default Reference
PEF,, Particulate Emission Factor - Minneapolis | 1.36 x 10°(region- | U.S. EPA 2002 Exhibit
(m*/kg) specific) D-2
Q/Cyind Inverse of the Mean Concentration at the 93.77 (region- U.S. EPA 2002 Exhibit
Center of a 0.5-Acre-Square Source (g/m?- | specific) D-2
s per kg/m?)
A% Fraction of Vegetative Cover (unitless) 0.5 U.S. EPA. 2002
Equation 4-5
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 2002
Equation 4-5
U Equivalent Threshold Value of Wind 11.32 U.S. EPA. 2002
Speed at 7 m (m/s) Equation 4-5
F(x) Function Dependent on Uy/U; (unitless) 0.194 U.S. EPA. 2002
Equation 4-5
A Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit
specific D-2
A Areal extent of the site or contamination 0.5 (range 0.5 to U.S. EPA 2002 Exhibit
(acres) 500) D-2
B Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit
specific D-2
C Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit

specific

D-2
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Table G-27. Mechanical Particulate Emission Factor Variables from Vehicle Traffic

Symbol Definition (units) Default Reference
PEFs. Particulate Emission Factor - (Site-specific) U.S. EPA 2002
subchronic (m*/kg) Equation 5-5
Q/Cq Inverse of the ratio of the 1-h geometric | 23.02 (for 0.5 acre site) | U.S. EPA 2002
mean concentration to the emission flux Equation 5-5
along a straight road segment bisecting
a square site (g/m>-s per kg/m?)
Fp Dispersion correction factor (unitless) 0.185 U.S. EPA 2002
Equation 5-5
T Total time over which construction 7,200,000 U.S. EPA 2002
occurs (s) Equation 5-5
Ar Surface area of contaminated road (AR=Lrx Wr x U.S. EPA 2002
segment (m?) 0.092903 m*/1t?) Equation 5-5
Lr Length of road segment (ft) Site-specific U.S. EPA 2002
Equation 5-5
Wr Width of road segment (ft) 20 U.S. EPA 2002
Equation E-18
w Mean vehicle weight (tons) (Number of cars x U.S. EPA 2002
tons/car + number of Equation 5-5
trucks x tons/truck) /
total vehicles)
p Number of days with at least 0.01 Site-specific U.S. EPA 2002
inches of precipitation (days/year) Exhibit 5-2
> VKT Sum of fleet vehicle kilometers traveled | > VKT = total vehicles | U.S. EPA 2002
during the exposure duration (km) x distance (km/day) x Equation 5-5
frequency (weeks/year)
X (days/year)
A Dispersion constant unitless 12.9351 U.S. EPA 2002
Equation 5-6
As Areal extent of site surface soil 0.5 (range 0.5 to 500) U.S. EPA 2002
contamination (acres) Equation 5-6
B Dispersion constant unitless 5.7383 U.S. EPA 2002
Equation 5-6
C Dispersion constant unitless 71.7711 U.S. EPA 2002

Equation 5-6

Table G-28. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
PEF Particulate Emission Factor - subchronic (Site-specific) U.S. EPA 2002
(m’/kg) Equation E-26
Q/Csa Inverse of the ratio of the 1-h geometric Site-specific U.S. EPA 2002
mean air concentration and the emission Equation E-15
flux at the center of the square emission
source (g/m?-s per kg/m?)
Fp Dispersion correction factor (unitless) 0.185 U.S. EPA 2002
Equation E-16
A Dispersion constant unitless 2.4538 U.S. EPA 2002
Equation E-15
B Dispersion constant unitless 17.5660 U.S. EPA 2002

Equation E-15
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Table G-28. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
C Dispersion constant unitless 189.0426 U.S. EPA 2002
Equation E-15
A Areal extent of site surface soil (Range 0.5 to 500) | U.S. EPA 2002
contamination (acres) Equation E-15
J7 (g/m3-s) Total time-averaged PM ;o unit emission Site-specific U.S. EPA 2002
flux for construction activities other than Equation E-25
traffic on unpaved roads
MPCind Unit mass emitted from wind erosion (g) Site-specific U.S. EPA 2002
Equation E-20
A% Fraction of Vegetative Cover (unitless) 0 U.S. EPA 2002
Equation E-20
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA 2002
Equation E-20
U Equivalent Threshold Value of Wind Speed | 11.32 U.S. EPA 2002
at 7 m (m/s) Equation E-20
F(x) Function Dependent on U/U; (unitless) 0.194 U.S. EPA 2002
Equation E-20
Asurt Areal extent of site surface soil (Range 0.5 to 500) | U.S. EPA 2002
contamination (m?) Equation E-20
ED Exposure duration (years) Site-specific U.S. EPA 2002
Equation E-20
Mexcay Unit mass emitted from excavation soil Site-specific U.S. EPA 2002
dumping (g) Equation E-21
0.35 PM particle size multiplier (unitless) 0.35 U.S. EPA 2002
Equation E-21
Un Mean annual wind speed during 4.69 U.S. EPA 2002
construction (m/s) Equation E-21
Min-excav Gravimetric soil moisture content (%) 12 (Mean value for | U.S. EPA 2002
municipal landfill Equation E-21
cover)
Psoil In situ soil density (includes water) (mg/m?) | 1.68 U.S. EPA 2002
Equation E-21
Acxcav Areal extent of excavation (m?) (Range 0.5 to 500) | U.S. EPA 2002
Equation E-21
dexcav Average depth of excavation (m) Site-specific U.S. EPA 2002
Equation E-21
Na-dump Number of times soil is dumped (unitless) 2 U.S. EPA 2002
Equation E-21
Mooz Unit mass emitted from dozing operations Site-specific U.S. EPA 2002
(g) Equation E-22
0.75 PM scaling factor (unitless) 0.75 U.S. EPA 2002
Equation E-22
Sdoz Soil silt content (%) 6.9 U.S. EPA 2002
Equation E-22
Min-doz Gravimetric soil moisture content (%) 7.9 (mean value for | U.S. EPA 2002
overburden) Equation E-22
> VKTo, Sum of dozing kilometers traveled (km) Site-specific U.S. EPA 2002
Equation E-22
Sdoz Average dozing speed (kph) 11.4 (mean value U.S. EPA 2002
for graders) Equation E-22
Na-doz Number of times site is dozed (unitless) Site-specific U.S. EPA 2002

Equation E-22
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Table G-28. Mechanical Particulate Emission Factor Variables from other than Vehicle Traffic

Symbol Definition (units) Default Reference
By Dozer blade length (m) Site-specific U.S. EPA 2002 Page
E-28
Mgrade Unit mass emitted from grading operations | Site-specific U.S. EPA 2002
(2) Equation E-23
0.60 PM scaling factor (unitless) 0.60 U.S. EPA 2002
Equation E-23
> VKTgrade Sum of grading kilometers traveled (km) U.S. EPA 2002
Equation E-23
Serade Average grading speed (kph) 11.4 (mean value U.S. EPA 2002
for graders) Equation E-23
Na-grade Number of times site is graded (unitless) Site-specific U.S. EPA 2002
Equation E-23
B, Grader blade length (m) Site-specific U.S. EPA 2002 Page
E-28
M Unit mass emitted from tilling operations Site-specific U.S. EPA 2002
(g) Equation E-24
Siill Soil silt content (%) 18 U.S. EPA 2002
Equation E-24
Acill Areal extent of tilling (acres) Site-specific U.S. EPA 2002
Equation E-24
Ac-grade Areal extent of grading (acres) Site-specific Necessary to solve
> VKTgrade in U.S.
EPA 2002 Equation E-
23
Acdoz Areal extent of dozing (acres) Site-specific Necessary to solve
>'VKTgo, in U.S. EPA
2002 Equation E-22
Na-il Number of times soil is tilled (unitless) 2 U.S. EPA 2002

Equation E-24
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APPENDIX H. RADIONUCLIDE CDI AND RISK EQUATIONS

Resident Soil CDI Equations

Soil Ingestion

(1 _ exp_h (%) xt(yr))

A ci
CDlres-so1-ing(PC) = (CSO" (Pg_) % IFSes_agj (1,120,000 mg) x ( 1 oog mg)) x :
tlyr) x A ye

where:

350 days 200 m
EFres—c (yry) X EDres-c(6 yr) x IRSres—c (dayg)) +

350 days 100 m
(EFres—a (Ty) % EDres-a (20 yr) x IRSres-a ( day g))

IFSres_agj (1,120,000 mg) =

Soil Inhalation

pCl 3 1 1000 g -?\(l)xt(yr)
~c .|(_)><IFA _aq; (161,000 m3) x X( oM
CDlres-sol-inh(PCI) = ( g e ( ) PEF (m3) kg X P

1
kg t(yr)x?\(y—r)

350 days 24 hrs 1da 10m3
EFres-c ( yr y ) % EDres—c (6 yr) x ETres—¢ ( day ) X ( y) % IRAres—¢ (—)) +

350 d 24 h 1d 20 m3
(EFres—a ( yrays) x EDres-a (20 yr) x ETres-a (_dayrs) X (—24 ::;) x IRAres-a ( dar; ))

where:

IFAres-ag) (161 ,000 m3) =

Soil External Exposure

Ci 350 days Tyr
- Csoil (%) % EFyes (—yr Y ) x (—365 ﬁays) % EDres (26 yr) x ACFext-sy (1 7exp—)\(;r)xl(yr))
CD[rgs-sDI—ext( g = 1752 h 1d 16.416 h 1d N (D)
. rs a K rs a r
[(ETres—o ( day ) X (24 h:’s) X GSFQ—E)(t—SV) + (ETIGS—I ( day ) x (24 hrys) = GSFi—total)] tyn A (yr)

H-1



Soil Contribution to Produce Ingestion

(1 -exp_]\ (;') d(yr)) J

. Ci
CDI;es-sol-produce-ing(PCH) = (Csoil(p I) % (Rupv + Res) x (IFFres-adj (1,462,510 g) +IFVies_aq; (989,870 g)) x CFres_pdeuce(OAZS)) X 3
S Ty xA (}W)

where:

pCi/ g-fresh-plant

0.0135 g-dry-soil
pCi/ g-dry-soil

) 7 Res = MLFproduce ( g-fresh-plant

Rupv = BVwet(

and:

350d 68.1
(EFres—( (%) % EDres—c (6 yr) = IRFres—c (ﬁyg)) +

350d 188.5
(EFresfa (y—fys) = EDres-a (20 yr) x IRFres-a ( day g))

IFFres_agj (1,462,510 g) =

and:

350 days 41.7
EFres-c (Ty) % EDres-c(6 yr) x IRVres—c ( dayg)) +

IFV,es_4qj (989,870 g) =

128.9
% EDres-a (20 yr) % IRVres-a ( g) )

day

350 days
(eres (25222)

Direct Produce Ingestion

. Ci
CDlyes—produce-ing(PCi) = (Cproduce (%) x (IFFres_adj(1,462,510 g) +IFVies_54;(989,870 g)) x CFres—produce (0.25))

where:

350d 68.1
(EFres—c (%) % EDres-c(6 yr) x IRFres-—c ( dayg )) +

350 days 188.5
(EFres_a (T”) x EDres-a (20 yr) x IRFres-a ( — g ))

IFFres-agj (1,462,510 g) =

and:

350 days a1.7
EFres—c (Ty) % EDres-c (6 yr) x IRVres—c ( dayg)) +

IFVres-a0j (989,870 g) =
350 days 128.9
(EFres—a (Ty) % EDres-a (20 yr) x IRVres-a (Tyg))

Resident Alternate External Sources CDI Equations

Direct External Exposure (sv)

pCi 350 days 1yr
Csuil(?>XEFres( yr ) * | 365 days )  EDres 26 Y1) x ACFext-syx ((Fepr(;)awﬂ))
o M-exp VYT

1
1.752 hrs 1da 16.416 hrs 1da =
{(ETres-o ( day ) X (24 hrys) x GSFO—exbsv) + (ETresfi ( day ) x (24 h:;) X GSFi-total toym A (yr)

Ci-yr
CDIres-soI-sv(%) =
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Direct External Exposure (1 cm)

pCi 350 days 1yr
Ciovr Csoil (?) * EFres ( yr ) X (365 days) % EDres (26 yr) x ACFeyt_1cm % (1 ex -?\(%) xt(yr))
CDlres-sol-1cm (u) = * R
9 ET 1.752 hrs 1 day GSF +(ET 16.416 hrs 1 day GSE t(yr)x)\(l)
K rES-O( day ) % (24 hrs) s ofexmcm) ( resf\( day ) * (24 hrs) ® |-tc(al)} yr
Direct External Exposure (5 cm)
Ci 350 days 1yr
, Cooil (%) % EFres (Ty) X (365 ﬁays) % EDres (26 yr) x ACFext_5cm % ( ) -A(%) xt(yr))
cmres—sol—scm(pc' yr) = * L
9 - 1.752 hrs Tday) ¢ +(e1 (16416 hrs Tday) o ) x)\(l)
( res-o ( day ) x (24 hrs) x u—ext—Scm) ( res-i ( day ) % (24 hrs) LS I-thaI) yr
Direct External Exposure (15 cm)
Ci 350d 1
Cioyr Csoil(%) X EFres( yrays) X (365—3,;)[5) % EDres (26 yr) x ACFaxt_15¢m < (1 —ex -)\(%)\t(yr))
CDlyes-s0l-15cm (u) = X ALl B 4
9 1.752 hrs 1 day 16.416 hrs 1 day tyr) x A 1
KETreH ( day ) X (24 hrs) x GSFG—ex[—‘\S(m) + (ETres—i ( day ) x (24 hrs) X GSFiftotal)] yr
Direct External Exposure (ground plane)
pCi. 350 days Tyr 1
o (pCi—yr) ) CS"“(cm?) % EFres ( W ) X (365 days) % EDres (26 yr) x ACFext-gp * ) ((1 EXDAG")XNYU)J
res-sol-gp cm2 - N
1.752 h 1d 16.416 h 1d —
[(ETres—o ( day rs) X (24 f‘?l’ys) X GSFn.ext-gp) + (ETres_\ ( day rs) X (24 ;rys) x GSFI—tctal)] tlyr) x A (yr)
Resident Air CDI Equations
Air Inhalation
—?\(1—) *xt(yr)
o pCi 3 1-exp V'
CDles-air-inh(PCi) = (Cair (ﬁ % IFAres-adj (1 61,000 m X 1
tyr) x A (—)
yr
where:
350 days 24 hrs 1 day 10 m3
EFres-c | ————— | X EDres—c (6 yr) x ETres—c | ——— | x x IRAres—c | —— +
resc( yr ) res-c (6 yr) resc( day ) (24 hrs res-c day

IFAres-aq; (161,000 m?) =

350d 24 h 1d 20 3
(EF"ESH (%) < EDres-a (20 yr) x ETres-a (—dayrs) X (24 h?;) % IRAres-a ( dar; ))

Air Submersion

1
-A xt(yr)
Ci-yr Ci 350 days 1yr 24 hrs 1da (1 -ex (W) )
CDIres—airfsub(p may ) = (cair(%a) % EFres( o Y ) x (365 ﬁays)  EDres (26 YT) % ETres (Tay ) x (724 hg’g) x GSF3(1.0)) | 2z M S 3
t(yr) < A ﬁ
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Air Inhalation (without decay)

_ Ci
CDXec-air-inhnd(PCi) = (cai, x (%3) % IFAes_adj (161,000 m3))

where:
350 days 24 hrs 1da 10m3
EFres—c ( yr Y ) % EDres-c (6 yr) x ETres—c ( day ) X (24 hI}/S) % IRAres—c (d—ay)) +
TFAes_agj (161 ,000m?) =
350 days 24 hrs 1da 20 m3
(EFres—a ( yr y ) x EDres-a (20 yr) x ETres-a ( day ) X (24 hry'ls) % IRAres-a (d—ay))

Air Submersion (without decay)

Ci-yr Ci 350 days 1yr 24 hrs 1da
COlesai-suoma ( Bzt ) = (Carx (B ) xEbres (5022 ) o (¥ ) x EDves 26 90 x s 2502 ) (37 ) < GSFal1.0))

Resident Tap Water CDI Equations

Tap Water Ingestion

: Ci
CDIres-wat-ing(PCi) = (Cwater (pT) X IFWyes_aqj (19,138 L))

where:

day

350 days 25L
(EFI’ES—EI (Ty) x EDres-a (20 yr) x IRWres-a (d—ay))

350 days 0.78 L
EFres—c (Ty) % EDres-c (6 yr) x IRWres—¢ ( )) +

IFW,es agj(19,138 L) =

Tap Water Inhalation

. Ci 0.5L
CDLes-wat-inh (PCI) = (cwate, (pT) % IFAres_qqj (161,000 m?) x K (F))

where:

350 days 24 hrs 1da 10 m3
EFres—c ( yr L ) % EDres-c (6 yr) x ETres—c (Tay) X (24 hI}/S) % IRAres—c (Cmy)) +

TFA es_agj (161 ,000m?) =
350 days 24 hrs 1da 20 m3
(EFres—a ( yr y ) * EDres-a (20 yr) x ETres-a ( ) X (24 hry'ls) x IRAvres-a (—day ))

day
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Tap Water Immersion

Ci-yr Ci 1yr
CDI,ES_Wat_imm(p - y ) - (cwater(pT) v (Wghrs) X DFArgs_qq; (6,104 hrs))

where:

350 days 1 events 0.54 hrs
EFres—c (Ty) % EDras-c (6 yr) x EVres—c ( day ) % ETevent-res-c (W)) +

350 days 1 events 0.71 hrs
(EFres—a (Ty) % EDres-a (20 yr) x EVres-a ( day ) % ETevent-res-a ( event ))

DFAres_agj (6,104 hrs) =

Tap Water Contribution to Produce Ingestion

ci
Cwater (pT> % (IFFres-adj (1,462,510 9) + IFV a5 5;(989,870 0)) x CFres_roduce (0-25)

1 kg Irrrup () + Trrres () + Trrgen |
1000 g X rup @ res @ dep @

CDIres—wat-produce—ing(pCi) =

where:

L 0.0135 g-dry-soil A
Ly Ir(imz—day) X FxMLFp,Dduce( g-fresh—plant ) X [1 -exp (_(dTy) X tp (days))
Irreup a) = k X
p( X9, ("8
m2 day

L pCi / g-fresh-plant _ (_ Ag
LY _ ‘f(m)”xf“’wet( pCi /7 g-dry-sail ) *|""®P | day ) ¥ (d2¥s)
Irrres @ =

*(me)* (e

and:

L Ae
) <P e (-5 <o)
o (1) = e

and:

350 days 68.1
(EFres-c (TY) % EDres-c (6 yr) x IRFres—c ( dayg)) +

350 days 188.5
(EFres—a (Ty) x EDres-a(20 yr) x IRFres-a (Tyg))

IFF es_aqj (1,462,510 g) =

and:

350d 41.7
(EFres—c (%) X EDres-c (6 yr) x IRVyes—c (?yg)) +

350 days 128.9
(EFres—a (Ty) % EDres-a (20 yr) x IRVres-a (Tyg))

IFVres—adj (989,870 g) =

H-5



Direct Produce Ingestion

. Ci
CDlyes—produce-ing(PCi) = (Cproduce (%) % (IFFres_adj(1,462,510 g) +IFVies_54;(989,870 g)) x CFres—produce (0.25))

where:

350d 68.1
(EFres_c (%) X EDres_c (6 yl’) X IRFI’ES-C ( dayg )) +

350 days 188.5
(EFres—a (Ty) * EDres-a (20 yr) x IRFres-a (Tyg) )

IFFres_agj (1,462,510 g) =

and:

350 days 41.7
(EFres—c (Ty) % EDres-c (6 yr) x IRVyes—¢ (Tyg)) +

350d 128.9
(EFres—a (%) % EDres-a (20 yr) x IRVres-a (Tyg))

IFVres-20j (989,870 g) =

Resident Fish CDI Equations

Direct Fish Ingestion

. Ci 350 days 54,000 m
Ot 0 (e 7)< (P02 s e (5979) 18 ) )

Surface Water Contribution to Fish Ingestion

Ci Ci 350 days 54,000 m L 1k
CDIresffishfingw(pT) = (Cwater x (DT) x EFres (Ty) % EDres (26 yr) x IRFlres-a ( day g) X (1008 mg)BCF (@) X (100099) X CFresffish(”)

Indoor Worker Soil CDI Equations

Soil Ingestion

pCi 250 days 50 mg g (1 —exp-A (%) Xt(yr))
0 (6 (°2) 8 (E2) 0y (508 « ) <[ 22
tyr) x A yr

Soil Inhalation

Ci 250 days 8 hrs
Csoil (%) EFing (Ty) % EDjng (25 yr) x ETing (d—ay) x

(1 ~ exp_)\(ﬁ%) xt(yr)>

CDling-sol-inn(PCi) = ( 1 day (60 m3) 1 1000 g X
IRA, x X 1
24 hrs) *ind | 743 3 ( k ) tyr) <A (*)
y PEF (m ) 9 yr
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Soil External Exposure

([ pCi : 250 days 1yr ) ’
oCi _yr) Csoil (T\) x EFing ( yr *\ 365 days % EDjng (25 yr)x (1 —exp_h(ﬁ> xt(yr))
P - .

g 8 hrs 1 da (l)
ETing (W) x ( - hi) « ACFext-sv X GSFi_otal tyn <A { o

CDIind—soI—ext(

Indoor Worker Alternate External Sources CDI Equations

Direct External Exposure (sv)

_(pCi : 250 days 1yr . 1
CSOI|( 9 ) % EFjng ( yr X 365 days % EDjng (25 yr)x (1 —exp_?\(ﬁ> xt(yr))
X

]
8 hrs 1da ¢ A
ETind (Tay) X (24 hrys) x ACFext-sv X GSFi_total (yr) x (yir)

Ci-yr
CDIind—soI-sw(p g y ) =

Direct External Exposure (1 cm)

pCi) (250 days) ( 1yr ) 1

C (— x EF; x X EDjng (25 yr)x af ).

pC| _yr soil g ind yr 365 days md( y ) (1 —exp A (yr) t(yr))
= X

9 8 hrs 1da 1
€Tind (5o ) * (3 bz ) % ACFext-1em * GSFi ot tom <A 5

CDlind-sol-1cm (

Direct External Exposure (5 cm)

Ci 250 days 1yr
C.(pi)xEF. ( )x( )xED‘ 25 yr)x ()
pci_yr soil g ind yr 365 dayS Ind( y ) 1 _exp A (yl’) tyr)
CDling-sol-5¢cm g = 8h 1d * 1
rs d —
€Tins (“gay ) * (22 re ) *ACPexcscm  G5Frcoa (o0 (5

Direct External Exposure (15 cm)

pCi) (250 days) ( 1yr ) ]

Ceoi (— x EF; X x EDjng (25 yr)x - x
oCicyr soil 9 ind yr 365 days ind y (1 —exp '\(yr) t(yr))
CDIing-sol-15cm = X

9 8 hrs 1da (l)
Fling (W) 8 (24 hrys) % ACFext-15cm % GSFitotal tom <A (5

Direct External Exposure (ground plane)

~( pCi _ 250 days 1yr _ j
pcicyry _ [~ (et ) 00 (5%) (563 s ) <E0ma25 30 (1™ ()07
CDI d-sol- (—) = X
ind-sol-gp | ~ 2 er (8hrs\ (1day) L GSE t(yr)x?\(l)
ind \ “day 24 hrs ext-gp i~total yr
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Indoor Worker Air CDI Equations

Air Inhalation

DL . ciy=(c, pCi < EF 250 days ED, (25 yr) x ET. 8 hrs . 1 day IRA 60 m3 (1—exp_ (Y")X[(yr))
ind-air-inh(P air\ 3 ind yr * Elind y ind Tay 24hrs )~ ind day x

tlyr) x A (%)

Air Submersion

(1 —exp_)\(;”) xt(yr))

Ci-yr Ci 250 days 1yr 8 hrs 1 da
CDImdfairfsuh(p mgy ) = (Cair(ia) % EFing ( yr y ) X (365 zays> % EDjng (25 yr) x ETing ( day ) X (24 hr);) x GSFa(1.0)) X 3
tyr) x A r

Air Inhalation (without decay)
. Ci 250 days 8 hrs 1 da 60 m3
CDIind-air-inhnd(PCI) = (Cair S (%) % EFing (Ty) % EDjng (25 yr) x ETing (Tay) X (24 hrys) % IRAjng (day))

Air Submersion (without decay)

Ci-yr Ci 250 days 1yr 8 hrs 1da
CDling-air-subnd (p mgy ) = (Cair X (%) % EFjng ( yr Y ) X (365 ﬁays) % EDjng (25 yr) x ETjng (W) X (24 hr?(s) X GSFa(1.0))

Indoor Worker Tap Water CDI Equations

Tap Water Ingestion

. Ci 250 days 1.25L
CDIing-wat-ing(PCi) = (Cwater(pl_) x EFjng (yry) x EDjnq (25 yr) x IRWjng-a (day))

Tap Water Inhalation

) Ci 250 days 8 hrs 1da 60 m? 05L
CDling-wat-inh(PCi) = (Cwater (pT) % EFjng ( yr Y ) x EDjng (25 yr) x ETjng (d—ay) X (Ztl—hr};) * IRAjnd-a (d—ay) x K (F))

Tap Water Immersion

Ci-yr Ci 250 days 1yr 1 events 0.71 hrs 1da
CDIind—wal—imm(p L Y ) = (Cwater(pT) % EFing ( yr Y ) X (365 zays) % EDjng (25 yr) % EVing ( day ) ><E-|—event—ir\d—a\( event ) X (24 h:;))
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Outdoor Worker Soil CDI Equations

Soil Ingestion

pCi 225 days 100 mg g (1 - exp_?\(%) Xt(yr))
CDIgyt-sol-ing(PCi) = (Csoil (F) x EFgut (T) x EDout (25 yr) x IRSgut ( day ) X (1000 mg)) X 7
t(yr) x A yr

Soil Inhalation

Ci 225 days 8 hrs
Csoil (%) EFout (Ty) x EDout (25 yr) x ETout (d—ay) x

(1 —exp_]\ (%) xt(yr))

CDloyt-sol-inh (PCH) = ( 1 day 60 m3 1 1000 g X
) xIRA X x 1
24 hrs) *out | 75 3 ( k ) t(yr)xh(f)
y PEF (m ) g yr

Soil External Exposure

_(pCi 225 days 1yr 1
oCi-yr Csowl( g ) x EFout ( yr X 365 days x EDout (25 yr)x (1 —exp-}\(ﬁ) xt(yr))
CDIout—soI—ext( g ) = 8h 14 ® 1
rs a _
ETout (d_ay) X (Thrys) % ACFext-sv X GSFo_ext-sv tyn = A (yr)

Outdoor Worker Alternate External Sources CDI Equations

Direct External Exposure (sv)

pCi) (225 days) ( 1yr ) :
Cooi (— x EF X x EDout (25 yr)x EVARW
pCi-yr =l g out yr 365 days out{£2Y (1 —exp A(yr) t(yr))
CDIgyt-sol-sv g = gh . 1
rs a 1
ETout (Tay) X (24 hl}(s) x ACFext-svy %X GSFo-ext-sv tyr) <A (y,—)

Direct External Exposure (1 cm)

. pCi 225 days 1yr ]
oCioyr\ Csoil (?) X EFout( yr * | 365 days ) EDout (25 yr)x (1 _exp—)\(y—r)xr(yr))

X

9 8 hrs 1 da 1
ETout (W) . (24 hl?ls) % ACFexi-1cm % GSFo-ext-1em tlyn <A yr

CDIoyt-sol-1cm (

Direct External Exposure (5 cm)

Ci 225 days 1yr
C -(p—)xEF ( )x( )xED (25 yr)x af 1)«
oCioyr soil q out yr 365 days out y 1-exp A(yr) tyr)
CDIyyt-sol-5¢m g = 8h 1d x 1
rs a —
“Tou (“gay ) (28 o) * ACFerc5em * G5 r e oA ()
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Direct External Exposure (15 cm)

pCi) (225 days) ( 1yr ) 1

Ceoi (— x EF x x EDgut (25 yr)x _ «
pci_yr soil g out yr 365 dayS out y (1 —exp )\(yr) t(yr))
CDIsut-sol-15¢m X

g /) 8 hrs 1da 1
ETout (d—ay) X (24 h:’S) % ACFext-15cm % GSFo-ext-15¢m tyn <A yr

Direct External Exposure (ground plane)

pCi 225 days Tyr
Cool (W) EFour ( v )" \365days ) * FPow(@5 90 (1 e () ’“(yr))
X

1
8 hrs 1da -
Flout (Tay) i (24 hrys) * ACFext-gp » G5Fo-ext-gp o (yr)

CDI

pCi-yry _
out-sol-gp CT -

Outdoor Worker Air CDI Equations

Air Inhalation

Ci 225d 8h 1d 60 m3 (1 -A(%)XI(W)
. i ays rs Lcay m =
COlyyeairin(PCI) = (%n(%) xEFout( -y ) % EDout (25 yr) ETout( T ) x (24 hrys) X[RAout( Ty )) x P

tyr) < A y_r

Air Submersion

1
-\ xt(yr)
Ci-yr Ci 225 days 1yr 8 hrs 1da (1—ex (W) )
cmowa,,,sub(p may ) = (cai,(';ﬁ) x EFM( o y ) x (365 zays) % EDout (25 yr) ETM( Ty ) x (24 hrys) xGSFa(LO)) x ( t(er)XA(l)
yr

Air Inhalation (without decay)

. Ci 225 days 8 hrs 1da 60 m3
CDIout-air—inhnd(pC') = (Cair x (;73) x EFout (TY) % EDout (25 yr) x ETout (Tay) X (24 hIYS) % IRAout (dw))

Air Submersion (without decay)

Ci-yr Ci 225 days 1yr 8 hrs 1da
CDI,yt-air-subnd (P mgy ) = (Cair X (%) x EFout ( yr Y ) X (365 Zays) % EDout (25 yr) x ETout (Tay) x (24 h:;) x GSFa (1 0))

Composite Worker Soil CDI Equations

Soil Ingestion

pCi 250 days 100 mg g (1 —expi)\(;r)xr(yr))
CDIcom-sol-ing(PCi) = (Csoil(F) % EFcom (T) % EDcom (25 yr) x IRScom ( day ) X (1000 mg)) X 7
t(yr) x A ¥r
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Soil Inhalation

CDIcom-sol-inh(PCi) =

Ci
(5

250 days
yr

) X EDcom (25 yr) X ETcom (

8 hrs
day

)

1 1000 g

(%)

kg

X

1

(1 _ expi?\ (yr) xt(yr))

t(yr)x?\(%)

Soil External Exposure

pCi

C””( g
(e

pCi-yr

CDIccm—su\—ext( g

8 hrs
day

|

)

250 days

) % EFcom (

1yr

yr

1 day
24 hrs

)*(
) x GSFD-M-SV) + (Echmfl (

365 days

) % EDcom (25 yr) x ACFext-sv x

)+

0 hrs
day

1 day
24 hrs

) )

(1 B exp—?\ (%) xt(yr))

t(yr) x 7\(%)

s

Composite Worker Alternate External Sources CDI Equations

Direct External Exposure (sv)

pCi-yr
g

CDleom-sol-sv (

ot

ETcom o (

)
)

250 days

1yr

)+

yr

1 day
24 hrs

365 days

) x GSFo-ext.sV) . (ETcom (

) % EDcom (25 Y1)  ACFext-sy x

)(

0 hrs
day

1 day
24 hrs

) % GSF.sora

1
Al =)=t
1-exp (Y')X (er)

)]H( w2 ()

|

8 hrs
Direct External Exposure (1 cm)

day
Ci
Csoil ( Pg
{(ETCOITPO (

pCi-yr _

CDIcom-sol-1cm ( g

8 hrs
day

)+

250 days
yr

) % EFcom (

1 day
24 hrs

)

1yr
365 days

) x GSFD—ext—Mm) + (ETcom—\ (

) % EDcom (25 yr) x ACFext-1cm

)+

0 hrs
day

1 day
24 hrs

) % GSFi_total

1
yr

)xt(yr))
)

yr

1—exp_;\(
t(yr) x?\(

n]"(( |

Direct External Exposure (5 cm)

pCi-yr
9

CDIcom-sol-5cm ( 8h
rs

day

2ty

)
) (

250 days) y (
yr

1 day

24 hrs

1yr
365 days

) x GSFD—EXI—EEW) * (ETcom—\ (

) % EDcom (25 yr) x ACFext-5cm

)+(

0 hrs
day

1 day
24 hrs

) x GSF\_mtaIH

(1 —exp_)\ (l) xt(yrj)

yr
t A !
1) % (yr)

s

Direct External Exposure (15 cm)

Ci
Csoil (P?

8 hrs
(Erems (ay

pCi-yr _

)|

CDleom-sol-15¢cm (

) (222).
)(

1 day
24 hrs

_yr
365 days

) x GSFo—ext—‘\Scm) + (Echm—i (

) % EDcom (25 yr) x ACFeyt_15¢m %

) (zi)

0 hrs
day

1 day

GSF,
24hrs )~

i-total

1
(1 —exp_h (yr) x((yr))
tyr) x A (%)

n]*( |
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Direct External Exposure (ground plane)

pCi 250 days Tyr
o Ceoil (W) x EFcam ( yr * ( 365 days ) * EOcom (25 Y7) x ACFext-gp (1 _exp,ﬁ(%) y_t(m)
CDIegm-sol- (—> = g [ S e —A
oM em2 8 hrs 1 day 0 hrs 1 day tyr) x A 1
ETcom-o d—ay x 54 hrs X GSFo—ext—gP +( ETcom-i W X 54 hrs % GSFi_total yr

Composite Worker Air CDI Equations

Air Inhalation

(1 _ exp—?\ (;r) xt(yr))

1
tlyr) x A (;)

60 m3

)|

8 hrs
day

1 day
24 hrs

Ci 250 days
fna) % EFcom (Ty) % EDcom (25 yr) x ETcom ( ) x ( ) % IRAcom (

|

CDIcom-air-inh(PCi) = (Ca\r(

Air Submersion

8 hrs
day

1 day
24 hrs

pCi

) (e

m3

250 days
yr

1yr
365 days

pCi-yr
m3

)<(

) % EDcom (25 yr) % ETcom (

)(

CDlcom-air-sub (

) X GSFa(‘LU)) % (

Air Inhalation (without decay)

60 m3
day

8 hrs
day

1 day
24 hrs

3]
)

pm_C;) % EFcom (%ﬁlays) % EDcom (25 yr) x ETcom ( ) X ( ) x IRAcom (

CDIcom-air-inhnd(PCH) = (Cair X (

Air Submersion (without decay)

8 hrs
day

250 days
yr

1 day
24 hrs

1yr
365 days

pCi-yr
m3

cmwm_air_subnd( ) % EFcom ( ) X ( ) % EDcom (25 Y1) x ETcom ( ) x ( ) x GSFaH.O))

) e 5

Excavation Worker Soil CDI Equations

Soil Ingestion

(1 —exp-)\ (;r) xt(yr))

1
t(yr)xh(w)

pci

pg ) x EFexc(

20 days 330 mg

day

9
1000 mg

) x EDexc (1 yr) % IRSexc ( ) x ( )) x

CDleyc-sol-ing(PCi) = (Csoi\(

Soil Inhalation

8 hrs
day

20 days

Ci
Csoil (%) EFexc ( ) X

) X EDexc(1 yr) X ETexc ( ;

yr

1 day

CDIexc—sol—inh(pCi) =
24 hrs

60 m3

1

1000 g

day

) X IRAexc (

) ;
PEF

(

m3

7'l

|

kg

(1 -eXP_?\(

) xt(yr))

t(yr) x A (%)
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Soil External Exposure

pCi) (20 days) ( 1yr ) 1

Cepi (— x EF X x EDexc (1 yr)x af L
oCi-yr soil 9 exc yr 365 days exc(l Y (1 Cexp A (yr) xt(yr))
CDlIexc-sol-ext| ——— | = X

g 8 hrs 1da 1
ETexc (—) x ( 54 hrys) % ACFext-sv X GSFo_ext-sv tyr) x A yr

Excavation Worker Air CDI Equations

Air Inhalation

ci 20 days ghrs\ (1da 60 m? (1 o () myr}>
CDlaycair-inn(PCi) = (Ca”(ETB) x EFex:( Y ) % EDexc (1 yr) x ETexc( ) X ( y) xIRAexc( m )) X P

yr day I
tlyr) < A (yr)

Air Submersion

Ci-yr Ci 20 days 1yr 8 hrs 1da (1 _exp—?\(;r)xt(yr))
CDIexc—air—sub(p m3y ) = (Ca\r(l:n_B> XEFEXC( yr Y ) X (Fﬂays) % EDexc(1 yr) x ETexc (d_ay) X (24—hry5) X GSFa“‘U)) X —1
t(yr) x A ﬁ

Air Inhalation (without decay)

, Ci 20 days 8 hrs 1da 60 m3
CDlIexc-air-inhnd (PCI) = (Cair(%) % EFexc ( yr Y ) % EDexc (1 yr) x ETexc (d_ay) X (24—}_"};) x IRAexc (W))

Air Submersion (without decay)

Ci-yr Ci 20 days 1yr 8 hrs 1da
cmexeair,subnd(%) . (Cair(%) x EFEKC( = y ) “ (355 ﬁays) % EDexc (1 Y1)  ETexc ( oy ) x (24 hrys) X GSFa(1.0))

Construction Worker Soil Exposure to Unpaved Road Traffic CDI Equations

Soil Ingestion - Unpaved Road Traffic

T
- xt(yr)
. Ci 50 wk 5d 330 ('I - (yr) )
CDI:Dn—sol—mg(pC” = (Csow(%) x EFcon (Ewcon ( ;: S) *x DWeon ( Wiys)) x EDcon (1 yr) x IRS¢on ( mg) X ( 9 )) X ( exp

day 1000 mg 1
tyr) x A (W)

Soil Inhalation - Unpaved Road Traffic

Ci 50 wks 5 days
Csoil(p—) % EFcon (EWcon ( ; ) x DWcon ( ka )) % EDcon (1 yr)=
g y -A (l) > t(yr)
1-exp Y

CDIon-sol-inh(PCi) = 8 hrs 1 day 60 m3 1 1000 g\ | * 1
o gz ) (2ame) * R4 Gy ) () t <A ()
PEFsc | g
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Soil External Exposure - Unpaved Road Traffic

CDIcon-sol-ext (

pCi-yr
g

)=

50 wks

Ci
Csoil (%) x EFcon (EWcon (

8 hrs

) x DWecon (

1 day

5 days

1yr

wk

))<(

365 days

EDcon (1 yr) x ETcon ( 54 hrs

)

day

) % ACFext-sy % GSFo-ext-sv

)

1

(1 —exp_?\(yf) xt(yr))

1
t(yr) x)\(y—r)

Construction Worker Soil Exposure to Other Construction Activities CDI Equations

Soil Ingestion - Other Construction Activities

50 wks 5 days

330 mg

9

(1 -expi)\(;r) xt(yl‘))

. Ci
CD]con—sul—mgsa(pC') = (Csoil (%) % EFcon (Ewﬂon (

) x DWeon (

)) % EDcon (1 yr) % IRScon (

wk day

)+

1000 mg

|

t(yr) x?\(%)

|

Soil Inhalation - Other Construction Activities

50 wks

o
Ceoi (%) x EFcon (EWcon ( ) x

CDI¢on-sol-inhsalPCi) = 8 hrs 1 day

ETcon( ) x (

day 24 hrs

) x IRAcon (

1

(1 _ EXp-A (yr) xt(yr))

1
t(yr) x A (ﬁ)

Soil External Exposure - Other Construction Activities
50 wks

5 days

1yr

wk )) : (
Ci-yr
CDIcon-sol-extsa (%

G
) Cso‘\l(—pg I) x EFcon (EWcon ( yr ) x DWeon (
8 hrs) (

X

day

1 day

EDcon (1 yr) x ETcon ( 54 hrs

365 days

) % ACFext-sy x GSFo-ext-sv

)x

1
yr

(1 —exp-i\( )X”y”)

t(yr) x A (%)

Construction Worker Soil Alternate External Sources CDI Equations

Direct External Exposure (sv)

5 days

Tyr

by w )

g

Ci 50 wk
) Csoil (%) * EFcon (EWcon (y—v:s) x DWeon (

)

CDIcon—soI—sv( 8 h
rs

day

1 day

EDcon(1 yr) < ETcon ( 24 hrs

365 days

> % ACFext-sv x GSFo-ext-sv

)

(1 _ exp_)\ (%) xt(yr))

7
t(yr) x A (W)

Direct External Exposure (1 cm)

50 wks 5 days

1yr

Ci
Csoil (%) % EFcon (EWcon (

8 hrs
day

) % DWeon (

1 day
24 hrs

pCi-yr wk )) ) (

g

CD[cc'n-sol-nm(
EDcon (1 yr) x ETeon (

)

) % ACFaxt-1¢m % GSFq_

365 days

ext-1cm

)

X

1

(1 —exp_}\ (yr)xt(yr))

t(yr) x?\(%)




Direct External Exposure (5 cm)

pCi-yr
9

CD[con-so\-km( 1d
ay

1yr

Ci 50 wks 5 days
(55 6m e (5) < (*327)) (1

8 hrs
EDcon (1 yr) x ETcon (d—ay) X (Zd—hrs) % ACFext_1cm % GSFo_ext-1cm

)4

(1 ~ exp-;\ (% ) xt(yr))

X

tlyr) < A (%)

Direct External Exposure (15 cm)

Ci-yr
CDIcon—soMSCm(p Y

9 1 day

8 hrs
EDcon (1 yr) x ETcon (d—ay) X (m

1yr

Gi 50 wks 5 days
Csoil (%) *EFcon (EW[OH ( yr ) 7 DWeon ( ka )) (365 days

)

) % ACFext-15¢m * GSFo_ext-15em

1
(1 —expiA (yr) xt(yr))
tyr) x A (;r)

Direct External Exposure (ground plane)

DI pCl—yr) -

con-sol-gp (W 1 day

day 24 hrs

EDcon (1 Y1) » ETcon (@) x (

Tyr

pCi 50 wks 5 days
Cei (W) % EFcon (EWcom ( )X DWeon | — 365 days

) x ACFext-gp X GSFo-ext-gp

)-

(1 —exp-]\(&%) xt(yt‘])

1
t(yr) x A (W)

Construction Worker Air CDI Equations

Air Inhalation

Ci 50 wks
cair(p )EFcon (Ewcon ( )
CDIcon-air-inn(PCI) =

8 hrs
EDcon (1 yr) X ETcon (7> (

day 24 hr

day

5 days
DWcon( ky ))X

60 m3
) (52

(1 _ exp-;\(;—r) xt(yr))

]
t(yr)xh(ﬁ)

Air Submersion

Ci-yr
CDIcon-air-sub (pm—gy) =

8h
EDcon (1 yr) x ETcon (wgfs) X (

1 day

54 hrs) % GSFa(1.0)

Ci 50 wks 5 days 1yr
C"’”(%)  EFcon (EW“’” ( yr ) * DWeon ( Wk )) ) (365 Zays} )

(1 _ exp_h (%) xt{yr))

X

t(yr)x?\(%)

Air Inhalation (without decay)

CDIcon—air—inhnd(pcn =

1 day

EDcon (1 Y1) x ETcon (

8hm)
day

Ci 50 wks
Cair X (I:n )EFcon (EWcon (T) x DWeon (

24 hrs) * IRAcon (

%)
)

60 m3
day




Air Submersion (without decay)

. pCi 50 wks 5 days 1yr
pCi—y") o (ﬁ) 7 EFeon (EW“’"( yo )Pl “wic ) ) * (365 days )

m3
8 hrs 1 day
Echn (1 yl’) X ETcon ( day ) X (24 hrs) X GSFa(1.0)

CDIcon—air—subnd (

Recreator Soil CDI Equations

Soil Ingestion

()

, Ci
CDrec-sol-ing(PCi) = (CSO”(%) % IFSrec_adj (240,000 mg) x (—1000 g

tyr) x A (%)
where:
FFrecc (75 ;i?ys> > EDrec-c (6 yr) x IRSrec—c (ZOC?a;ng)> +
IFSrec-adj (240,000 mg) = 75 days oo
(EFrec—a ( or ) % EDrec-a (20 yr) x IRSrec-a ( oy ))

Soil Inhalation

pCi 3 1 1000 g _;\(l>xt(yr)
~|c r|(—)xIFA ai (1,437.5m3) x x( ) (1_ex -
CDlrec-sol-inh(PCi) = ( N e ( ) PEF (m_B) kg X P

kg

1

75 days 1 hrs 1 da 10 m3
(EFrec_c ( yr y ) X EDrec_C(G yr)X ETrec_c (d—ay) X (24 hrys) X IRArec-c (d—ay)) +

75 days 1 hrs 1 da 20 m3
(EF"“ (P5r") < Eoracazoyn < e (T ) = (35 s ) v (dy))

where:

IFAec_adj (1,437.5 m3) =

Soil External Exposure

pCi) (75 days) ( 1yr ) 1

C.. EF EDrec (26 af =

pCi-yr S°"( g ) Freel Ty ) ¥\ 365 days ) * FPrec(e0 ¥ (1-exp"(yr)"wn)
= X

CD]rec-sol—ext (

9 1 hrs 1da 1
ETrec (Tay) X (24 hé) % ACFext-sv x GSFo_ext-sv tyn <A yr
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Recreator Alternate External Sources CDI Equations

Direct External Exposure (sv)

CDIrec—soI—sv ( g

24 hrs

Ci 75 days 1yr
Ci Csoil (p?) % EFrec ( yr y ) X (365 Zays) % EDrec (26 yr)x
p l—yr) -

1 hrs 1da
ETrec (7) X ( Y ) % ACFext-sv x GSFo-ext-sv

(1 ~ exp_;\ (%) xt(yr))

t(yr)xA(%)

Direct External Exposure (1 cm)

1yr

CDlrec—sal-km ( g

day

[ pCi 75 days
pci_yr CSO'I( g ) * FFrec ( yr ) : (365 days

) % EDrec (26 yr)x

1 hrs 1 da
ETrec ( ) X (24 hri) % ACFext-1cm % GSFo_ext-1cm

(1 _exp—?\ (%) xt(yr))

tlyr) x A (%)

Direct External Exposure (5 cm)

CDIrec—soI—Scm (

[ pCi 75 days 1yr
pCi_yr C50||( g ) x EFrec ( yr ) X (365 days) X EDrec (26 yr)X

g 1 hrs 1da
ETrec (—) X (24 hrgs) % ACFext-5cm % GSFo_ext-5cm

(1 —exp_?\ (y;r) xt(yr))

tyr) x A (%)

Direct External Exposure (15 cm)

CDIrec-sol-15cm (

Ci 75 days 1yr
Ci Csoil (%) % EFrec ( yr L ) X (365 )d!ays) % EDrec (26 yr)x
pli-yry _

9 1 hrs 1da
ETrec (—) X (24 thS) X ACFext-15cm x GSFo—ext—15cm

1
(1 —exp_A (F) xt(yr))
1
t(yr) x A (W)

Direct External Exposure (ground plane)

CDIrec—soI—gp (

day 24 hrs

Ci 75 days 1yr
Ci Csoil (cpﬁ) % EFrec ( yr L ) X (365 zays) % EDrec (26 yr)x
p l—yr) _

cm? 1 hrs 1 da
ETrec ( ) x ( y) % ACFext_gp X GSFo_ext_gp

(1 —exp_?\ (}%) xt(yr))

t(yr)x}\(%r)
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Recreator Air CDI Equations

Air Inhalation

(1 —exp_)\ (;—r) xt(yr))

1

1h 1d 10 m?
(EF"“( i) xEDreccto < ETrec (7 ) < (5aes ) IRA““( day )) '

75d 1h 1d 20 m3
(EFrec—a ( yrayS) x EDrec-a (20 yr) x ETrec-a (F;s) X (24 ha:;) x IRArec-a (—d;; ))

. Ci
CDlec_sirinn(PCi) = (cair(%) % IFAec_ad) (1,437.5 m?3 ) x

where:

IFAec_adj (1,437.5 m?) =

Air Submersion

1
SA [ — ) xtiyn)
Ci-yr Ci 75 days 1yr 1hrs 1 da (1-ex (W) )
Olecrn(P) = (Con (75 8 (257 « (i) < Eorcown <€ (57 ) < (e )« 7a0) (W
r

Air Inhalation (without decay)

. Ci
CDlrec-air-inhnd (PCI) = (Cair x (%) * IFAec_adj (1.437-5 m3))

where:

75 days 1 hrs 1da 10 m3
(EFrec—c ( yr y ) % EDrec-c (6 Y1) x ETrec—c (d—ay) X (24 hrys) x IRArec-c (d—ay)) +

IFAec_adj (1,437.5 m3) =
75 days 1 hrs 1da 20 m3
(EFrec—a ( yr Y ) % EDrec-a (20 yr) x ETrec-a (d—ay) X (24 h:;) % IRArec-a ( day ))

Air Submersion (without decay)

Ci-yr Ci 75 days 1yr 1 hrs 1 da
CDI\ec-air-subnd (p m3y ) = (Cair X (%) % EFrec ( yr y ) X (365 zays) % EDrec (26 yr) x ETrec( day ) X (24 h:’S) % GSFa(1.U))

Recreator Consumption of Fowl and Game CDI Equations

Direct Fowl Ingestion

) days
CDIrec—fowI—ing(pc') = (Cfowl x EFrec (y?,,) % EDrec (26 yr) x IRGFrec (dgay> X CFrec—fowl (1))
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Soil Contribution to Fowl Ingestion

r Ci days
Ceol (pg) x EFrec (yf) » EDrec (yr) x IRGFrec (dgy) % CF rectout (1)

day) (Qp fowl (day) x fo-fowl (1) % fs_fowi (1) % (Rupp + Res)) +

%
k
i (Qs—fowl (T‘i{) % fp—fowl (1 )) |

CDlrec-sol-fowl-ing(PCi) =

where:

_ pCi/ g-dry-planty _ 0.25 g-dry-soil
Runp = BVary (i rgatyso )+ Fes = MUEasure (%5 S0t

Surface Water Contribution to Fowl Ingestion

ci da L 1kg

CDIrec—wat—fo»f\.'I-ing(pCi) =
EF days % EDrec (yr) x IRGF 9 ) cr (M
e yr recy rec day rec-fowl

Direct Land Game Ingestion

. days
CDIrec—game—ing(pO) = (Cgame % EFrec (;) % EDrec (26 yr) x IRGLyec (d.gay) % CFrec-game (1 ))

Soil Contribution to Land Game Ingestion

days

Ci
Csoil (p?) X EFrec (y—f) % EDrec (yr) x IRGFrec (diay) % CFrec-game (1) %

k
(Qp-game (dT?y) % fp-game (1) % fs_game (1) x (Rupp + Res)) +

k
(Qs—game (d—;y) X fp—game(”)

CDIec-sol-game-ing(PCi) = day
TFgame( kg ) X

where:

pCi/g—dry—pIant) (0.25 g—dry—soil)
R = BV, Res = MLF, ST e
upp dry( pCi / g-dry-soil es — Vi-Tpasture | Tg _dry - plant

Surface Water Contribution to Land Game Ingestion

Ci day L 1k
Cwater(pT) ><TFgame( kg ) ><Qw—game (d—ay) X Xfw—game(”(ﬁ) X

CDIrec—wat—game—ing(pCi) =
EF y % EDrec (yr) x IRGL —; x CFrec-game (1)
rec y rec(y rec rec-game
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Recreator Surface Water CDI Equations

Surface Water Ingestion

. Ci
CDlrec-wat-ing(PCI) = (Cwater (P ) % IFWirec-agj(131.4 L))

where:
45 days 1 events 1 hrs 0.12L
EFrec-c ( yr ¥ ) * EDrec-c (6 yr) x EVrec-c ( day ) % ETevent-rec-c (m) x IRWrec-¢ ( ))
IFWiec-agj(131.4 L) =
45 days 1 events 1 hrs 0.111L
(EFrec-a ( yr Y ) % EDrec-a (20 yr) x EVrec-a ( day ) % ETevent-rec-a (event) % IRWrec-a ( day ))

Surface Water Immersion

Ci-yr Ci 1yr
CDIrec—wat—imm (%) = (Cwater (pT) (WghS) X DFArec—adj (1 , 170 hrs))

where:

45 days 1 events 1hrs
(EFrec—c ( i Yy ) X EDrec-c (6 yr) x EVyec—c (Tﬂ) x ETevent-rec-c (event))

45 days 1 events 1 hrs
(EFrec—a ( yr y ) % EDrec-a (20 yr) x EVrec-a (d—ay) % ETevent-rec-a (m))

DFArec_aqj (1,170 hrs) =

Farmer Direct Consumption of Agricultural Products CDI Equations

Direct Produce Ingestion

. Ci
CDXfar-produce-ing(PCi) = (cpmduce (%) x (IFFar_aqj (2,246,930 @)+ IFVgar_oq; (1,583,400 G)) x CFear_proguce (1 ))

where:

350 days 68.1
(EFfar c y ) % EDgar—c (6 yr) x IRFfar_c (ﬁ)) +
IFFfar-aqj (2,246,930 g) =

350 days 176.8
(EFfar_ ( Y2} < EDtar_a (34 yr) % IRFrar_a (79))

day
and:
[ 350 days 41.7
(EFfar— ( y ) % EDfar-c (6 ¥r) x IRVfar_c (Tyg)) +
IFVfar_aqj (1,583,400 g) =
350 days 125.7
(EFfar_ ( y ) % EDfar_s (34 yr) ¥ IRV ar_s (Tyg))
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Direct Egg Ingestion

. Ci
CDltzr_eqq-ing(PCI) = (cegg (p?) % IFEgar_aqj (658,455 g) x CFfar_eggm)

where:

350 days 10.95
(EFfar—C (Ty) X EDfar_C (6 yr) X IREfar—c (?ﬁ)) +

IFEfar_aqj (658,455 g) =
350 days 53.4
(EFfar—a (Ty> % EDfar_a (34 yr) x IREf4r_5 (?yg))

Direct Poultry Ingestion

o pCi
CDIfar—pouItry—ing(pO) - (Cpoultry (?) x IFPfar—adj('I ,318,100 g) X (:Ffar—poultry('I ))

where:;

350 days 23.6
(EFfarc (Ty) * EDfar_c (6 yr) x IRPgar_c (79)> +

IFPfar—adj (1,318,100 g) =
350 days 106.6
(EFfar—a (Ty) x EDfar-a (34 yr) x IRP¢,,_5 (—g))

Direct Fish Ingestion

. Ci
CDIfar-fish-ing(PCI) = (Cfish (%) % IFFlfar_adj (1,918,140 g) x CFear_fish (1 ))

where:

350 days 32.8
(EFfar—c (Ty) * EDfar-c (6 yr) x IRFIgyr_c ( dayg)) +

350 days 155.4
(EFfar—a (Ty> x EDfar_a (34 yr) x IRFlgy_5 ( day J ))

IFFlfar_agj(1,918,140 g) =
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Direct Beef Ingestion

. Ci
CDIfar_peef-ing(PCi) = (Cbeef(%) % IFBfar_adj(2,202,410 g) x CFfar_peer (1 ))

where:
350 days 40.1
(EFfarc (Ty) x EDfar-c (6 yr) x IRBryrc (?yg)) +

350 days 178
(EFfar—a (Ty) X EDfar-a (34 yr) x IRBgar_a (Fyg))

IFBfar-agj (2,202,410 g) =

Direct Dairy Ingestion

. pCi
CDIfar_dairy-ing(PCi) = (Cdairy(?) % IFD¢ar_aqj (6,036,590 g) x CFfar—dairy“))

where:

350 days 349 5
(EFfarc (Ty) X EDfar-c (6 yr) x IRDgyr_¢ (dTyg)) +

IFDfar-aqj (6,036,590 g) =
350 days 445.6
(EFfar—a (Ty) % EDfar-a (34 yr) x IRDgyr_5 (Tyg))

Direct Swine Ingestion

o pCi
CDIfar-swine-ing(PCi) = (Cswine (?) % IFSWegar_adj (1,203,860 g) x CFfar_swine (1))

where:

day

350 days 97.9
(EFfar—a (Ty) X EDfgp_a (34 yr) x IRSWg5,_5 (Tﬁ))

350 days 18.5
EFfar—c (Ty) % EDfar-c (6 yr) x IRSWiyr_ ( g)) +

IFSWr,,_aqj(1, 203,860 g) =
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Farmer Direct Consumption of Agricultural Products - Back-calculated to Soil CDI Equations

Soil Ingestion

g ))X (1-exp"‘(g‘r)“‘“’)

o pCi
CDIfar_SO|_ing(pC|) = (Cson (E) X IFSfar_adj(1,610, 000 mg) x (—1 000 mg

t(yr) x A (%)
where:
IFSfar-agj (1,610,000 mg) = 350 days 100 mg
(Epfar_a (T> % EDfar_g (34 yr) < IRS¢4r_5 ( day ))

Soil Inhalation

. 1
[ Cooi (p_c'> % TFAar-ad] (259,000 m?) x ! - x (10:()0 g) (1 _exp_}\(ﬁ)xuyr))
CDlfar_sol-inn(PCi) = g PEF ( ) 9 x

m~ 1
kg t(yr) < A (W)
where;
350 days 24 hrs 1da 10 m3
(EFfar—c ( yr y ) % EDfar-c (6 Y1) % ETgar_c (Tay) X (24 hrys) % IRAfar_c (day)) A
IFAfar_adj (259, 000 m?) =
350 days 24 hrs 1 day 20 m3
(EFfar—a ( yr y ) % EDfar_a (34 yr) x ET¢ar_a (d—ay) X (24 hrs) % IRAfar-a (d—ay))
Soil External Exposure
pCi 350 days 1yr
(pci'yr Cool (5) 5 EFFE’( yr ) 5 (365 days) P A ((1 —epr(Jr)"“yr)))
CDlrar_sol-ext = XN
9 ) .008 h d 1
[(ETiro () < (571 ) * GSFo-entae )+ (ETears (G ) * (34785 ) % S5Ficora) | ()
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Soil Contribution to Produce Ingestion

where:

pCi/ g-fresh-plant

Rupv = BVwet( ) i Res = MLFproguce (

pCi / g-dry-soil
and:
[ 350 da S
(EFfar C ( Y
IFFfar_aq; (2,246,930 g) =
350 days
(EFfar-a ( Y ) % EDfar-a

and:

(EFfar C

IFVar_agj(1,583,400 g) =

. Ci
CD[far—so\—produce—ing(pc') = (Qoil(%) % (Rupv + Res) x (IFFfar_adj (2,246,930 g)+IFVi,_5qj(1,583,400 g)) x CFfar—produce“)) x (

0.0135 g-dry-soil
g-fresh-plant

)  EDfar_c (6 Y1) < IRFpar_c (68'1 9)) N

day

(34 yr) x IRFgar_5 (176 89 ))

350 days 417
y ) % EDjgar.c (6 Y1) Ivaar_c( 9))

350 da 125.7
(EFfar a ( ys) % EDfar_a (34 yr) x IRVpa 5 ( g))

day

(1 cexp” (ylr) xmm) ]

tyr) x )\(;—r)

Direct Produce Ingestion

where:

I 350
(EFfar -C

IFFfar_aqj (2,246,930 g)

and:

IFVar_aqj (1,583,400 g)

days 68.1¢g
% EDfar-c (6 yr) < IRFey_c (Tw)) +

days 176.8 g
) x EDfar-a (34 yr) x IRFgar_, (Tw))

41.7
% EDfgr—c (6 yr) x IRVa_¢ (Wyg)) +

da s 125.7
=2 cays ) % EDfar-a (34 yr) x IRVear_g (Tyg))

. Ci
CDIfar—produce—ing(pO) = (Cproduce (%) X (IFFfar—adj (2,246,930 g)+IFVfar—adj (1,583,400 g)) X CFfar—produce (1 ))
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Soil Contribution to Egg Ingestion

Ci da
Ceoi (%) X TFE{ay-aq; (658,455 ) x CFrar_egq (1) x TFegg (k—gy) «

0.2k
dayg) ><1:p—poultry(’l)><fs—poultry(1) x (RUPP + RES)) +

0.022 k
(Qs—poultry (dayg) x fp—poultry('I ))

CDIfar—soI—egg—ing(pCi) = (Qp—poultry (

_ pCi / g-dry-planty _ 0.25 g-dry-sail
Rupp Bvdry( pCi / g-dry-soil ' Res = MLFpasture g-dry-plant

350 days 10.95
(EFfar—c (Ty) X EDfar_c (6 yr) x IREfar_c ( g)) +

day
IFEfar-adj (658,455 g) =

350 days 53.4
(EFfar—a (Ty) % EDfar_a (34 yr) x IREgyr_4 (Tyg))

Soil Contribution to Poultry Ingestion

Ci da
Csoil (%) % IFPfar_adj(1,318,100 g) x CFear_poultry (1) % TFpoultry (k_gy) X

, 0.2k
CDIfar_sol-poultry-ing(PCi) = (Qp—poultry (?yg) x 1:p—pcvultry(‘l) X 1:s—poultry(‘l) X (RUPP + Res)) +

0.022 k
(Qs—poultry (Tyg) X fp—pc-ultry(‘I ))

where:

_ pCi/ g-dry-planty _ 0.25 g-dry-soil
Rupp Bvdry( pCi / g-dry-soil + Res = MLFpasture g-dry-plant

and:

350 days 23.6
(EFfar—c (Ty) % EDfgar—c (6 Yr) x IRPgar_¢ (—dayg>) +

350 days 106.6
(EFfar—a <yry) % EDfar-a (34 yr) x IRPgy_4 (dayg>>

IFF'far—adj (1,318,100 g) =
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Soil Contribution to Fish Ingestion

Ceo (ﬂ) « BCF (%)
CDIfar-sol-fish-ing(PCi) = x IFFIfar_agj (1,918,140 g) x CFear_fish (1)

(o)

350 days 32 8
(EFfar—c (yry> % EDfar—c (6 yr) x IRFlgyr ¢ (dayg)) +

350 days 155.4
(EFfar—a (Ty) X EDfar-a (34 yr) x IRFIgyr_4 (Tﬁ))

where:

IFFlgar_a; (1,918,140 g) =

Soil Contribution to Beef Ingestion

Ci da
Csoil (%) x IFBfar-adj (2,202,410 g) x CFpar_peef (1) X TFpeer (k_gy) <

11.77 k
Tﬁ) Xfp—beef('l)X]cs—beef“)>< (Rupp + Res)) +

0.5k
(Qs—beef (Tﬁ) x fp—beef“))

CDIfar—sol—beef—ing(pCi) = (Qp—beef (

where:

: pCi/ g-dry-planty _ 0.25 g-dry-sail
Rupp = BVdry( pCi / g-dry-soil ' Res = MLFpasture g-dry-plant

and:

350 days 40.1
(EFfar—c (Ty) x EDfar—c(6 yr) x IRBfar—c (Tﬁ)) +

350 days 178
(EFfar—a (Ty) x EDfar_a (34 yr) x IRBg,r_5 (Wyg))

IFBfar_aqj(2,202,410 g) =
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Soil Contribution to Dairy Ingestion

da

203 k
Tyg> X fpfdalry(” X fS*daII'y(‘l) X (Rupp +

0.4 k
(Qs-dairy (Tﬁ) X fp—da\ry“))

CDIfar-sol-dairy-ing(PCI) = (Qp—dairy (

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 349.5
(EFfar—c ( yr Y ) % EDfar—c (6 yr) x IRDfar—¢ (Tyg)) +

350 days 445.6
(EFfar—a ( yr y ) * EDfar_a (34 yr) x IRDfar_5 ( day g))

IFDfy-aqj (6,036,590 g) =

Res)) +

Ci 1.03kg\™
Csoil (%) % IFDfar-aqj (6,036,590 g) % CFrar_gairy (1) X TFgairy (L_—n.ﬁ”() X Pm (L_—ml“%) X

Soil Contribution to Swine Ingestion

_ pCi / g-dry-plant) _ 0.25 g-dry-sail
Rupp Bvdry( pCi/ g=dry-soil ) * es = MbFpasture |~ ant

and:

350 days
(EFfar—c (Ty) % EDfar_c (6 yr) x IRSWgy_c (
IFSWar_aqj(1,203,860 g) =

350 days
(EFfar—a (yr)/) x EDfar_5 (34 yr) x IRSWs5,_5 (

Csoil (%Ci) x IFSWear_agj(1, 203,860 g) x CFar_swine (1) % TFspine (d_a;
(Qs-swine (2572 )  Fp-swine (1)
where:

18549 +
day

97.9g
day

)=
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Farmer Direct Consumption of Agricultural Products - Back-calculated to Water CDI Equations

Tap Water Ingestion

. Ci
CDIfar—wat—ing(pQ) = (Cwater<pT) X IFV\"far—adj (31,383 L))

where;

350 days 0.78 L
(EFfar—c (TY) < EDfar_c (6 yr) x IRWgap_ (Tay)) +

350 days 25L
(EFfar—a (Ty) X EDfar_a (34 yr) x IRWe_5 (FN))

IFWiyy_aqj(31,388 L) =

Tap Water Inhalation

. Ci 05L
CDIfar-wat-inh(PCI) = (Cwater (pT) % IFAfar_adj (2594 000 m3) xK (F))

where:

350 days 24 hrs 1da 10 m3
EFfar—c ( yr y ) % EDfar_c (6 Y1) x ETgar_c (Tay) X (24 hrys> % IRAfar_c (day)) +

TFAar-a) (259, 000 m?) =
350 days 24 hrs 1da 20 m3
(EFfar—a ( yr Y ) * EDfar-a (34 yr) x ETgar5 (d—ay) X (24 h:/s) % IRAgar5 (d—ay))

Tap Water Immersion

Ci-yr Ci 1yr
CDIfariwatiimm(p - y ) - (Cwatel’(pT) x (Wghrs) % DFAfar_a; (9,583 hrs))
where:

1 events 0.54 hrs
(EFfar-c ( ) % EDfar-c (6 yr) x EViarc ( day ) % ETevent-far—c ( event )) +

350 days 1 events 0.71 hrs
(EFfar—a ( yr Y ) % EDfar-a (34 yr) x EVear_4 ( day ) x ETevent-far-a (m))

350 days
yr

DFAfar—adj (9,583 hrs) =
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Tap Water Contribution to Produce Ingestion

Ci
Cwater(pL ) (IFFfar- adj(z 246,930 g)ﬂl:vfar"'idl(1 583,400 g)) x CFyy produce (1)

1kg Irr L + Irr L + Irr L
1000 g * P\ kg e\ kg dep | kg

CDItar-wat-produce-ing(PCi) =

where:

L 0.0135 g-dry-soil As
Irr (L) _ Ir(m) ) FXMLFP"’d“ce( g-fresh-plant ) * {1 ~&Xp (_(dTy) *Tp (days))
Ak p(kj) (?\B )
m? day

L pCi / g-fresh-plant _ (_ Ag
LY _ ‘f(m)””"w( pCi /g-dry-sail ) *|""®P | day ) * % (42¥5)
Irrres @ =

*(me) * (amy)

and:

L Ae

Irr L ) Ir (deay) XFXIfXTX |:1—EX|3 (‘(@) Xtv (days))]

dep kg y (kg) (k)
" X

m? ay

and:

IFFfar_adj (2,246,930 g) =

i 350 days 68.1
(EFfar_ ( y ) % EDpar_c (6 yr) % IRFarc (Tyg)) .

350 days 176.8
(EFfar— ( y X EDfar—_3(34 yr) x IRFe5,_5 ( day g))

and:

350 da S 417
(EFfar— 220 CAYS ) S EDfaroc (6 yr) x IRVpyrc (?yg)) +

350 days 125.7
(EFfar -2 ( y ) % EDfar_a (34 y1) x IRVpyy_y (TygD

IFVfar_ag; (1,583,400 g) =
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Direct Produce Ingestion

. Ci
CDtar-produce-ing(PC) = (cpmduce (%) x (IFFar_aqj (2,246,930 Q)+ IFVgar_oq; (1,583,400 Q) x CFear_proguce (1 ))

where:

IFFgar-aqj (2,246,930 g) =

350 days 68.1
(EFfa, C( y ) % EDfar-c (6 Y1) % IRFpar_c (ﬁ)) +
(350 days)

176.8
(EFfar-  EDfar-a (34 yr) < IRFg,r_5 (Tyg))

and:

350 days

41.7
(EFfar— X EDfar—c (6 Y1) x IRVfar_¢ (Tyg)) +

IFVfar_agj (1,583,400 g) =
(EFfar— (350 days) x EDfar—a (34 yr) x IRVg,r_o (@))

Tap Water Contribution to Egg Ingestion

. pCi day 04L 1 kg
CDIfar-wat-egg-ing(PCi) = Cwater (T) % IFEfar-adj (658,455 ) x CFrar_egq (1) % TFegg (E) % Qu-poultry (Tay * fuw-pouttry (1) % 1000 g

where:

350 days 10.95
(EFfar—c ( yr y ) % EDfar-c (6 yr) x IRE¢,rc (Tyg)) +

350 days 53.4
(EFfar—a ( yr Y ) % EDfar_5 (34 yr) % IREgar_a ( dayg))

IFEfar—adj (658,455 qg) =

Tap Water Contribution to Poultry Ingestion

. Ci day 0.4L 1k
C'lear—wat—poult:ry—ing(F‘Cl) = Cwater (pT) x Iprar—adj (1,318,100 g) x CFfar—poultry(” X TFpouItry ( kg ) Qw—pou\try ( day ) % fw—poultry“) X (100[;39)

where:

day

350 days 236

(EFfar-c ( yr Y ) % EDfar-c (6 yr) x IRPgar_¢ ( 9)) +
350 days 106.6

(EFfar—a ( vr Y ) % EDfar_a (34 yr) < IRPgar_5 (Tyg))

IFPaagj(1,318,100 g) = l

Tap Water Contribution to Fish Ingestion

. Ci L 1k
CDIfar—wat—fish-ing(pC') = Cwater ( pL ) x BCF (@) (7‘] Ooogg) X IFFIfar-adj (1 ,918,140 g) X CFfar-fish (1)

where:
350 days 32.8
(EFfar—c (Ty) % EDfap-c (6 yr) x IRFlg,._¢ ( dayg )) +

IFFlfar_agj(1.91 8,140 g) =
350 days 155.4
(EFfar—a (Ty) % EDfar-a (34 yr) x IRFlfar_5 (79))

day
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Tap Water Contribution to Beef Ingestion

) Ci da 53L 1k
CDItar_wat-beef-ing(PC) = Cwater (pT) % IFBfar-adj (2,202,410 g) x CFear_peef (1) X TFpeef (k_gy) % Qu-beef (d_ély) * fyy-peef (1) % ( J )

1000 g
where:
(Eltfa,_c (350;:33’5) % EDfarc (6 yr) % IRBpyy_c (A'E'Tbg)) +
IFBfar_agj(2.202,410 g) = {(EFQH (350yl;|ays) « EDyara (34 yr) % IRByar_s (1;’5;;))]

Tap Water Contribution to Dairy Ingestion

Ci
Coter(°C ) % TPt (6,036,590 0 CFrr_sry (1
CDIfar—wat—dairy—ing(PG) =

day 1.03 kg™ 92 L 1 kg
TFdairy (L—milk) XPm (L—milk) % Qu-dairy (Tay) < Fo-cairy (1) (1000 g)

where:

350 days 349.5
(EFfar—c (Ty) » EDfar-c (6 yr) x IRDfar_c (Tyg)) +

IFDsar_aqj (6,036,590 g) =
350 days 445.6
(EFfar—a (Ty) % EDgzra (34 y1) x IRDfyy (Tyg))

Tap Water Contribution to Swine Ingestion

} i . ki
Clear—wat—smne—\ng(po) = CWE[EF(%O) x [FSWfar—adj“ +203,860 g) x CFrar_swine (1) % TFswine (dk%) % Qu-swine (%) * fiy-swine (1) (1;0099)
where:

(EFfarfC (350 days) % EDgarc (6 yr) = IRSWiqp ¢ (18.5 J )) +
_ yr day
IFSWyay_a; (1,203,860 g) = 350 days 9794
(EF,M( o ) % EDfar-a (34 yr) < IRSWiyy_s (W))
Soil to Groundwater CDI Equations
Method 1: Concentration in Groundwater from Concentration in Soil
-A (l) xt(yr)
pCi T-exp \Y'
pCi CS{Jil F
. water
B (7) t(yr)x)\(—)
DAFx (X9 Vo fkg (L) + Lsoil yr
1,000 g 4\ kg 1.5 kg
Pl
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Method 2: Concentration in Groundwater from Concentration in Soil

. —?\(l)xt(yr)
c. pCi § 1,000 g y 1.5kg < d. (™9 T-exp YT
(pCi)_ soil g kg Pb 7L S kg
Cwater | —— | =

X
L 1(0'18m) « ED(70 yr) x DAF t(yr)x?\(%)
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APPENDIX 1. SUPPORTING TABLES

General excess lifetime cancer risk (ELCR) equation

ELCR = CDI( ”93) > IUR( “%)
m m

General hazard quotient (HQ) equation

CDI( g)
HQ = m

g9
ric( 73

Miscellaneous Equations

Determination of the Dilution Attenuation Factor (DAF)

":) i (2) w d(m)

K(
Dilution Attenuation Factor (DAF) = 1 + y
0.18 m
I x L(m)
yr

where:

—L(m)xl(0'18 m)
yr

K(%) X i (%) x da (m)

5 0.5
d(m)= (0.0112><|. (m)) + da(m)x [1-exp
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Soil Saturation Limit (Csa) Equation

mg
s{—=2
m = (7L) L 1'5 g 0‘15 LWater / 0.28 Lair
Coat ( kg ) P (1‘—5 g) ’ (Kd (kg “Po cm3 ' BW I-soil o ea I-soil
b

cm3
where:
LYy 0.006 g-carbon L . )
Kq (kg) =foc ( g-so ) % Koc (kg) , for organic compounds;
Ky (kLg) values for inorganic compounds are listed in the user guide.
o 1549
0.28 L; 0.43 Lpore 0.15 Lwater 0.43 Lpore b\ cm3
(3] (—alr):n(—p)_e (—Wa and:n| ———= | =1
? Lsoil Lsoil " Lsoil Lsoil (2'65 g)
Ps 3
cm

Soil to plant transfer factor-wet (BVy.:) Equation

BV = BV < (100 - MC)

100

where:

MC = percent moisture content (%)

Soil to plant transfer factor-dry (BVay) Equation

100
BVdry = BVwer (100 . IVIC)

where:

MC = percent moisture content (%)
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Trichloroethylene Adjustment Factor Derivation Equations

-1 1
-2 _3
CSFq (%) NHL + Liver Oral Slope Factor CSFo (%) Kidney Oral Slope Factor
CAF(0.804) = - : MAF(0.202) = ~
-2 -2
CSFo 46x10MG ) aguic - Based Oral Slope Factor CSFo 46102 Mg ) 441t - Based Oral Slope Factor
kg -day kg-day
3.1x10° - 1.0x 1076 -
IUR (7 kgiday“g) NHL + Liver Unit Risk Estimate IUR (Waym) Kidney Unit Risk Estimate
CAF{(0.756) = & ; MAF;{(0.244) = —
-6 -6
R (2110719 aGuit - Based Unit Risk Estimate R (3119719} A - Based Unit Risk Estimate
kg-day kg-day

Particulate Emission Factor (PEF)

Wind Particulate Emission Factor (PEF) Equation

(=)

Q m2-s
3 Cwind (k_g)

PEF (La" ) = m3

K9soil Um (m)
0.036x(1 - V)x | —22 | xF(x)

where:

g
Q (mz-s) [(In(A (acre)) - B)z]
= A S
Coinc ( kg P c
m3
and:

if x <2, F(x)=1.91207-0.0278085 +0.48113x2 - 1.09871x> +0.335341x%

ifx >2, F(x)=0.18 (8x3 +1 2x) e(?)
where:

m
x = 0.886 x M
Un ()
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Vehicle traffic-driven Particulate Emission Factor (PEFs)

[ g
o (@=)). :
. 5 X 018584 * Tt(7:200,000 5) x Ag (m )
3 m3
air —
PEFsc (kgson) - 26 ( s )UB y (W(tons))o'4 (365 days) . (days)
' 12 3 yr yr
X % 281.9 x Y VKT (km
Mary 0.3 (365 days) L (km)
I 0.2 yr

where:

o [(7=)

Csr kg
m3
m2

AR (mz) = Lg (ft) x Wg (20 ft) x 0.092903 ()

= Axexp [(In(As(acre)) - B)Z}

C

ft2

tons tons
number of cars x —— + number of trucks x
car truck

W (tons) =

total vehicles

: . km 50 wk 7 days
EVKT(km) = total vehicles x distance (d—ay) x EWeon (T) x DWeon (W)

250 days 8 hrs 3,600 s
Tt(7,200,000 S) = EDcon(1 year) X EFCOI"I (Ty) X ETcon ( day ) X ( hr )

Fp(0.18584)=0.1852 + [ — 2002/ ) , (20318

tc (8,400 hrs) = EDcon (1 year) x EWcon (SOy:vk> y ( 7 \cjlviys) x (ZJaBr)
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Other than vehicle traffic-driven Particulate Emission Factor (PEF's)

9
, 9
, (m*) _ Q (mz—s) 1 1
P (E) " Gal| (kg | “Fomssea” (g
m3 > s

where:

9
Q (mz_s) [(In(A (acre)) - B)Z]
S AMEESS L 2 A c
o (kj) X exp -

m3

s ( g ) M{iing (@ + Mexcav (@) + Mgoz (9) + Mgrade (@) + M (9)
T Am2-s Asurt (M?) % Ti(7,200,000 5)

m
MPS (g)=0.036x (1 - V) x un (5)
Wmdg .

8,760 h
% F(X) % Agurs (M?)  EDcon (1 year) ( d r)

yr

1.3
Mexcav(g) = 0.35 x 0.0016 x (2-2)14 X sl (m—g) % Aexcay (M2 ) x dexcay (M) X NAgump x (
(Mm—exﬂa\f(%)) : m
2

1,000 g
kg

1.5
Mgoy (9) = 0.75 0.45 x Sgq, (%) EVKTdDZ (km) . (1,000 g)

1.4
(Mm—doz(%)) Sdoz (l;n:) kg
km?\2 1,000 g
Magrage (Q) = 0.60 x 0.0056 x Sgrage (W) % ¥ VKTgrage (km) x (T)
and:
4047 m? 10"* ha\ /1,000
Meit (@)= 1.1 5¢i5 (%)% x Ac_gy (acres) x ( acre ) * ( m2 ) ( kg 9) N
where: =
4047 m? 1 1
L VKTgrade (kM) = Ac.grage (acres) x ( acre ) * Brgrade(m) (1,000 my *NAgrade
km
4047 m? 1 1
Y VKTgo; (km) = Ac_gq, (acres) x ( acre ) X Bgos (M) X (1,000 m) % NAgoz
km

250 days 8 hrs 3,600 s
T¢(7,200,000 5) = EDcon (1 year) x EFcon (Ty) * ETeon ( oy ) “ ( < )

Fo(0.18584)=0.1852 + ( 5.3537 ) + ( -9.6318 )

tc (8,400 hrs) tc (8,400 hrs)

tc (8,400 hrs) = EDcon (1 year) x EWon (Soy:"k) (7 days)

oo )

and:

ifx <2, F(x)=1.91207-0.0278085+0.48113x2 - 1.09871x> +0.335341x*
ifx >2 F(x)=0.18 (8x3 +12x) o)

where:

n |3

x = 0.886 x UK( )

un (3)

w|3




Volatilization Factor (VFuiim)

Unlimited Source Volatilization Factor (VFuim) Equation

Q ( 29 ) cm? 2 (104 m2
m<-S
C— T X (314X DA (T) XT(S)) x ( sz )

where:
() 2
% E]T;B = Axexp[(ln(As(acEe)) - B) }
m3
and:

N 1073 2 2
ea (0.28 Lan’) % Dla cm % H, + ew (015 Lwater) « DIW cm /nz (0.43 Lpore)
cm? Lsoil s Lsoil s Lsoil
DA —S =

1.5 g) cm? (0.1 5 Lwater) (0.28 Lair) ,
—= | xKg|— | + Ow| ———— ) + B2 ——— | xH
Pb ( cm3 d ( g ) " Lsoil 2 Lsoil

1.5 g)
0, (0.28 Lair) —n (0-43 Lpore) By (0-15 Lwater) and: n (0-43 Lpore) - Pb ( cm3

Lsoil ) Lsoil Ps (2-65 g)
cm3

|—soil I-soil

cm? 0.006 g-carbon cm?3 .
Kq (g) =foc (W) x Koc e only for organics.
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Diffusivity in Water (Diy)

298.16

where:
T typically = 25°C

If density is not available use,

2 -23)
Diw(cr:) = 0.000222 x (Mw(ﬁ) )

2 o
Diw(cr:) = 0.0001518 x (T €+ 273‘16) x
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Diffusivity in Air (Dj.)

1
0.00229 x (T°C + 273.16)' x \l 0.034 + (‘MW( g )) x MWcor

D. cm? _ mole
4l s 0.333 2
MW( g
mole +18
g
2.5 —
><p(cm-'f)
where:

T typically = 25°C

g 2
MWeor = (1 - 0.000015x|\/|w(m0|e) )

If MWcor is less than 0.4, then MWcqr is set to 0.4,

If density is not available use,

cm? ~(2/3)
Dia (s) = 1.9 (Mw(mgle) )

For dioxins, furans, and dioxin-like PCBs always use,

0.5
0u(T) 154 mole) <oues( <)
)T (9 S

I-8



Volatilization Factor (VF)

Mass-limit Chronic Volatilization Factor (VFniim)

o (mis) X(T(yr)(3-15x(1gfis)))

3 Cvol (_)
VFs (maif ) = m3

KQcqi 6
Gsoil oL (%) « ds (M) x (13199)

where:

(s

Q m2-s

Cyol (k_9>
m3

(In(As(acre)) - B)2]

= Axexp[
C
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Unlimited Source Subchronic Volatilization Factor for Construction Worker (VFuiim-sc)

Q (ng—s> 1 cm? V21904 m2
. C—ﬁ (kj) X F5(0.18584) X (3.14XDA(T) xT(s)) X (7cm2 )
m3. m3
VE air -
Sc(kgsoil) 2%p 15g¢ <D ﬂ
b\ em3 AlTs

where;

g
Q (mZ—S) _ A><Ekxp[(ln(As(acre)) - B)Z]

Csa (Lg) c
m3

N\ 10/3 2 2
6, (0.28 La,r> o[ h 1 6 (0.15 Lwater> <Dy, [ ™ /n2 (0.43 Lpore)
D (sz) _ I-soil S I-soil 5 |-soil
A =

S 2 .
o0 (1.539) kg (™) (0.1?_L\,Ivater> .6, (0{8 I._a'r> e
am g soil soil

1.5 g)
6, (0.28 Lair) h (0.43 Lpore) 8y (0.15 Lwater) and: 1 (0.43 Lpore) . Pb ( om3

Lsoil Lsoil

Lsoil Lsoil

cm? )\ 0.006 g-carbon cm? .
Kq (g) =foc (W) x Koc g only for organics.

_ 50 wk 7 days 24 hr 3,600 s
T(30,240, 000 S)— EDcon (1 year) X EWcon ( yr ) X ( wk ) X ( day ) X ( hr )

5.3537 -9.6318
Fp(0.18584)=0,1852 + [ 22227 ) 4 (22218
b (tc (8,400 hrs)) (tc (8,400 hrs)z)

tc (8,400 hrs) = EDcon (1 year) x EWcon (SOy‘rNk) X (7 \?Viys) * (Zga;q
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Mass-limit Subchronic Volatilization Factor for Construction Worker (VFmiim-sc)

(s)
Q m2-s 1

3 Cea ( kg ) “F5(0.18584) < 1 ©)
m3, m3
VFE alr -
b 3 S M
m g

where:

o ()

=)
m3

B 50 wk 7 days 24 hr 3,600 s
T(30, 240,000 s) = EDcon (1 year) x EWcon (T) X ( Wk ) X ( day ) X ( Fr )

- Axexp[(ln(As(acre)) - B)z]
C

Fo(0.18584)=0.1852 + (ﬂ) N ( -9.6318 2)

50 wk 7 days 24 hr
tC (8,400 hI‘S) = EDcon (1 yeal') X EWcon ( yr ) X ( wk ) X ( day )
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Dermal Contact with Water Supporting Equations

Effective Predictive Domain (EPD)
EPD boundaries of MW and log Kow :

~0.06831 < -5.103x 104 x MW + 0.05616 x log Kow < 0.5577
and:

-0.06831 < -5.103x10™* x MW + 0.05616 x log Kow < 0.1758
where:

log Kow =log octanol/water partition coefficient (dimensionless);

MW = Molecular Weight (mgle)

Dermal permeability constant (K;)

Kp = 10109 K
where:

log Kp = -2.805063 + r? x log Kow -0.0056118 x MW

where:
. . . cm
log Kp = log dermal permeability coefficient of compound in water (hr);

r? = 0.6645865
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Fraction absorbed water (FA)

IfB <0.1,
FA=0.9589849087 - (0.0163393790 x log B) - (0.1451565908 x l0g Tevent | — - ) ) - (0.0534664095 x log B x 10g Tevent [ - ) ):

' ) : event event : event\ event /
IfB >0.1and <1,
FA=1.051232292 + (0.091016187 x log B) - (0.286735467 xlog T s VY - (0180504367 x log B x log © _hrs Y.

. - . event event . event event "
IfB > 1,
FA=0.992336792 + (0.479643809 x log B) - (0.114381522 % log t S NN _ (1.263647642 % log B x log © _hrs VY,

. - . event event . event event I
where:

[gc(cm)
cm? fMW( 9 )
hrs 6 x Dsc “hr K (@)X\/ mole
tevent(m) =10 ; logB=10 P\hr 2.6
MW = Molecular Weight ( 9 )
mole

and:
IfFA > 1,thenFA=1;
IfFA < 0,thenFA=0;
Else, FA is rounded to the nearest tenth.
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The dimensionless value (B)

cm g
B= Kp (W) K. (€M W(mole imati
= ——mv ~Kp ( hr ) X 26 (as an approximation)
ove (hr)
where:
cm?
Kew % De (h—
Kowe () = ]
PVE hr Le (cm)
where:

Kew =1 (assuming epidermis behaves essentially as water);

Le(cm) = 10‘2(cm)

2

AR 10-6(%) ,

De (cm ) = 3 (assumes De =107° (%) when MW = 50)
\/ Mw(mole)
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t* = Time to reach steady-state

hrs
IfB< 0.6, thent*(hrs)= 24xTt
< ( ) event | ovent
or:
fB> 0.6, then t* (hrs) = 6 x Tevent [ e ) x (b = /b2 - 2
event
where:
2% (1 + B)? 1+ 3xB + 3xB?
b= ( ) - ¢c and c=
T 3x(1 + B)
Tevent = Lag time per event
. hrs \ 12.(cm)
event (event) = o2
6XD5C W
where:
2 2
o« (57 > (F7) :
log ———% = -2.80 - 0.0056 x MW( 9 ) or ——~= 107280 - 0.0056 MW ()
IS (cm) mole I5c(cm)
thus:
10—2.80—0.0056xMW(mg|e) om? )50 - 0.0056 g
12.(cm) = and Dsc (—) = I2.(cm)x 107" > XMW(mole)
cm? hr
DSC(W)
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Mass Loading Factor (MLF) Conversion Equations

MLFdry

100
MLFgry = MLFyet X (100 - MC)

where:

MC = percent moisture content (%)

MLFwet

MLFwet = MLFgyy x (100 _ MC)

100

where:

MC = percent moisture content (%)
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Henry's Law Constant and Vapor Pressure Determination at Temperature Other Than 25°C
Equations

Derivation of Henry's Law Constant (H')

cal
) AHV,QW(m—OI) ( . ) 1 )
Re (1.9872( cal )) Tow (K Tp (298.15K)
H'Tgw (K) = | exp mol -k

_m3
«HLC (&m-m~
mol-k

_m3
R (8.205E—05 (M)) «Tgw (K)

where:

Tqw (K)= °C + 273.15

cal cal
AHV'gW(mol) = AHV'b(mol) X

n

T - Tgw (K)/Tc (K)

1-Tp (K)/Tc (K)

where:
If Ty (K)/Tc (K) < 0.57,n =023,
If T, (K)/Tc (K)>071,n =041,

If (0.57 < Tp (K)/Tc (K) < 0.71) ,n= (0.74><Tb (K)/Tc (K) - 0.116)
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Derivation of Vapor Pressure (VP'Tgw)

cal
AHV,QW(H) ( ] : )
X -
Rc (1.9872( cal )) Tgw (K) Tg (298.15K)
VP'Tgw (mmHg) = VP(mmHg) x exp mol-k

where:

Tgw (K)= °C + 273.15

n
1= Tow (/T (9
AHV,QW(C—E"> = My (%) x

mol 1Ty (K) / Te (K)

where:
If Ty (K)/Tc (K) < 0.57,n = 0.3,
If T, (K)/Tc (K) > 071, n =041,

If (0.57 <T, (K)/Tc (K) < 0.71) N = (0.74be (K)/Tc (K) - 0.116)
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APPENDIX J. EQUATION AND MODEL REFERENCE DOCUMENTS

This appendix consists of a list of documents that contain the source of the equations and models used in
RAIS PRG and risk calculations.

Year

Reference Document

1985

Water Quality Assessment: A Screening Procedure for Toxic and Conventional Pollutants
in Surface and Ground Water-Part I. EPA/600/6-85/002a. Environmental Research
Laboratory, Office of Research and Development, U.S. Environmental Protection
Agency, Athens, GA 30613. Revised September 1985.

1986

Guidelines for Mutagenicity Risk Assessment. EPA/630/R-98/003. Risk Assessment
Forum, U.S. Environmental Protection Agency, Washington, D.C. September 24 1986.

1986

Guidelines for the Health Risk Assessment of Chemical Mixtures. EPA/630/R-98/002.
Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, D.C.
September 24 1986.

1988

Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (Interim Final). OSWER Directive 9355.3-01. EPA/540/G-89/004. Office of
Emergency and Remedial Response. U.S. Environmental Protection Agency, Washington,
D.C. October 1988.

1988

Superfund Exposure Assessment Manual. EPA/540/1-88/001, OSWER directive 9285.5-
1. Office of Remedial Response, U.S. Environmental Protection Agency, Washington,
D.C. 1988.

1989

Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual
(Part A) (Interim Final). EPA/540/1-89/002. Office of Emergency and Remedial
Response, U.S. Environmental Protection Agency, Washington, D.C. December 1989.

1991

Alpha 2u-Globulin: Association with Chemically Induced Renal Toxicity and Neoplasia
in the Male Rat. EPA/625/3-91/019F. Risk Assessment Forum, U.S. Environmental
Protection Agency, Washington, D.C. September 1991.

1991

Guidance for Data Useability in Risk Assessment (Part A). EPA/540/R-92/003. Office of
Research and Development, U.S. Environmental Protection Agency, Washington, D.C.
December 1991.

1991

Guidelines for Developmental Toxicity Risk Assessment. EPA/600/FR-91/001. Risk
Assessment Forum, U.S. Environmental Protection Agency, Washington, D.C. December
51991.

1991

Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual
Supplemental Guidance Standard Default Exposure Factors (Interim Final). OSWER
Directive 9285.6-03. Office of Emergency and Remedial Response, Toxics Integration
Branch, U.S. Environmental Protection Agency, Washington D.C. March 25, 1991.

1991

Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual

(Part B, Development of Risk-based Preliminary Remediation Goals) (Interim). OSWER

Directive 9285.7-01B. EPA/540/R-92/003. Office of Emergency and Remedial Response,
U.S. Environmental Protection Agency, Washington, D.C. December 1991.

1991

Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation Manual
(Part C, Risk Evaluation of Remedial Alternatives) (Interim). OSWER Directive 9285.7-
01C. EPA/540/R-92/003. Office of Emergency and Remedial Response, U.S.
Environmental Protection Agency, Washington, D.C. December 1991.

1992

Dermal Exposure Assessment: Principles and Application (Interim Report). EPA/600/8-
91/011B. Exposure Assessment Group, Office of Health and Environmental Assessment,
U.S. Environmental Protection Agency, Washington, D.C. January 1992.
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Year

Reference Document

1992

Guidance for Data Useability in Risk Assessment (Part B). Publication 9285.7-09B,
PB92-963362. Office of Emergency and Remedial Response, U.S. Environmental
Protection Agency, Washington, D.C. May 1992.

1992

Guidelines for Exposure Assessment. EPA/600/Z-92/001. Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, D.C. May 29 1992.

1992

Supplemental Guidance to RAGS: Calculating the Concentration Term, Intermittent
Bulletin, Volume 1, Number 1. Publication Number 9285.7-081. Office of Solid Waste
and Emergency Response, U.S. Environmental Protection Agency, Washington, D.C.
May 1992.

1993

U.S. EPA. Provisional Guidance for Quantitative Risk Assessment of Polycyclic
Aromatic Hydrocarbons (PAH). U.S. Environmental Protection Agency, Office of
Research and Development, Office of Health and Environmental Assessment,
Washington, DC, EPA/600/R-93/089 (NTIS PB94116571).

1994

Guidance for Performing Screening Level Risk Analyses at Combustion Facilities
Burning Hazardous Wastes Attachment C (Draft). PX #175. Office of Emergency and
Remedial Response, Office of Solid Waste, U.S. Environmental Protection Agency,
Washington, D.C. December 14, 1994.

1994

Radiation Site Cleanup Regulations: Technical Support Document For The Development
Of Radionuclide Cleanup Levels For Soil (Review Draft). EPA 402-R-96-011A. Office of
Radiation and Indoor Air, U.S. Environmental Protection Agency, Washington, DC.
September 1994. View PDF here: https://epa-
prgs.ornl.gov/radionuclides/RadiationRegulations.pdf; View Appendix C here:
https://epa-prgs.ornl.gov/radionuclides/APPC.pdf.

1994

Region 8 Superfund Technical Guidance: Evaluating and Identifying Contaminants of
Concern for Human Health. SOP# 8RA-03. Region 8, U.S. Environmental Protection
Agency, Washington, D.C. September 1994.

1994

Region 8 Superfund Technical Guidance: Model Site Conceptual Model for RI/FS
Baseline Risk Assessments of Human and Ecological Health. SOP# 8RA-05. Region 8,
U.S. Environmental Protection Agency, Washington, D.C. December 1994,

1994

Region 8 Superfund Technical Guidance: Model Statement of Work for RI/FS Baseline
Risk Assessments of Human Health. SOP# 8RA-01. Region 8, U.S. Environmental
Protection Agency, Washington, D.C. September 1994.

1995

Region 8 Superfund Technical Guidance: Criteria for Evaluating Blood Lead Data
Quality and Use. SOP# 8RA-07. Region 8, U.S. Environmental Protection Agency,
Washington, D.C. September 1995.

1995

Region 8 Superfund Technical Guidance: Estimating Site-Specific Exposure to
Contaminants in Indoor Dust. SOP# 8RA-06. Region 8, U.S. Environmental Protection
Agency, Washington, D.C. September 1995.

1996

Guidelines for Reproductive Toxicity Risk Assessment. EPA/630/R-96/009. Risk
Assessment Forum, U.S. Environmental Protection Agency, Washington, D.C. October
31, 1996.

1996

NCRP 1996. Screening Models for Releases of Radionuclides to Atmosphere, Surface
Water, and Ground, Vols. 1 and 2, NCRP Report No. 123. National Council on Radiation
Protection and Measurements.

1996

Sampling Manual for IEUBK Model (Draft). Prepared for US Environmental Protection
Agency Region 8 by Roy F. Weston Inc. December 31, 1996.

1996

Soil Screening Guidance: Technical Background Document. Publication 9355.4-17A,
EPA/540/R95/128. Office of Solid Waste and Emergency Response, U.S. Environmental
Protection Agency, Washington, D.C. May 1996.
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Year

Reference Document

1996

Soil Screening Guidance: User's Guide (Second Edition). Publication 9355.4-23.
EPA/540/R-96/018. Office of Solid Waste and Emergency Response, U.S. Environmental
Protection Agency, Washington, D.C. July 1996.

1996

U.S. EPA. PCBs: Cancer Dose-Response Assessment and Application to Environmental
Mixtures (1996). U.S. Environmental Protection Agency, Office of Research and
Development, National Center for Environmental Assessment, Washington Office,
Washington, DC, EPA/600/P-96/001F, 1996.

1997

Guidance on Cumulative Risk Assessment: Part 1. Planning and Scoping. Science Policy
Council, U.S. Environmental Protection Agency, Washington, D.C. July 3, 1997.

1997

Guiding Principles for Monte Carlo Analysis. EPA/630/R-97/001. Risk Assessment
Forum, U.S. Environmental Protection Agency, Washington, D.C. March 1997.

1997

U.S. EPA (Environmental Protection Agency). 1997. The Parameter Guidance Document.
A Companion Document to the Methodology for Assessing Health Risks Associated with
Multiple Pathways Exposure to Combustion Emissions. Internal Draft. NCEA-0238.
National Center for Environmental Assessment, Cincinnati, OH.

1997

U.S. EPA. Health Effects Assessment Summary Tables (Heast). U.S. Environmental
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