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Disclaimer

The information and procedures set forth here are intended as a technical resource to those
conducting air toxics risk assessments. This Technical Resource Document does not constitute
rulemaking by the Agency, and cannot be relied on to create a substantive or procedural right
enforceable by any party in litigation with the United States. As indicated by the use of non-
mandatory language such as “may” and “should,” it provides recommendations and does not
impose any legally binding requirements.

The statutory provisions and EPA regulations described in this document contain legally binding
requirements. This document is not a regulation itself, nor does not it change or substitute for
those provisions and regulations. While EPA has made every effort to ensure the accuracy of the
discussion in this guidance, the obligations of the regulated community are determined by
statutes, regulations, or other legally binding requirements. In the event of a conflict between the
discussion in this document and any statute or regulation, this document would not be
controlling.

The general description provided here may not apply to a particular situation based upon the
circumstances. Interested parties are free to raise questions and objections about the substance of
this guidance and the appropriateness of the application of this guidance to a particular situation.
EPA and other decision makers retain the discretion to adopt approaches on a case-by-case basis
that differ from those described in this guidance where appropriate. EPA may take action that is
at variance with the recommendations and procedures in this document and may change them at
any time without public notice. This is a living document and may be revised periodically. EPA
welcomes public input on this document at any time.

Reference herein to any specific commercial products, process, or service by trade name,

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government.
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1.1 Introduction

The mission of the United States Environmental Protection Agency (EPA) is to protect human
health and to safeguard the natural environment — air, water, and land — upon which life
depends.” Following this mission, the Agency has implemented a variety of laws and programs
that require and encourage the safe use and management of toxic chemicals. Many of these
programs focus on understanding the consequences of releasing chemicals to the air, land, and
water and working to reduce those releases when they pose too great a risk (see Glossary for
definition of risk in this Reference Library). This manual describes the programs and technical
tools that EPA uses to evaluate and address chemicals that are released to the air from many
different types of sources, and which have the potential to harm people and the environment.

The potential impacts of chemicals released to the air depend on a number of factors, including
the quantity of chemicals in the air, how the chemicals move and transform in the environment,
the length of time people or the environment is exposed, and the toxic nature of the chemicals.
The human health effects of exposure to air pollutants can range from no response, responses that
are relatively minor and reversible (such as mild eye irritation), responses that are more serious
and debilitating (such as aggravation of asthma) and, in some cases, fatal responses. Air
pollution also can cause negative impacts on the environment, including distress and death in
plants and animals, as well as damage to buildings and important cultural sites.

In the mid-20" century, Congress recognized the potential for air pollution to cause these kinds
of problems and responded by enacting the Clean Air Act (CAA). Since that time, this Act, as
amended, has provided the primary authority that EPA uses to develop programs for protecting
people and the environment from the harmful effects of air pollution across the United States.

A key component of the current version of the CAA (most recently amended by the 1990 CAA
Amendments) is the requirement that EPA significantly reduce emissions to the air of chemicals
that are known or suspected to cause serious health problems, such as cancer or birth defects. As
a starting point in this effort, the Act explicitly identifies 188 hazardous air pollutants
(HAPs)® for regulation. This group of chemicals is also commonly referred to as the HAPs,
toxic air pollutants or, simply, air toxics. (The CAA also covers another important group of
chemicals, known as criteria air pollutants; these are discussed in Chapter 2.)

Many different types of sources can release air toxics. These sources include stationary facilities
that release large quantities of HAPs to the air (known as major sources); stationary facilities
that release smaller amounts of HAPs to the air (known as area sources); on-road and nonroad
mobile sources (such as cars, trucks, and construction equipment) that release HAPs to the air;
indoor sources of air toxics (such as paint and cleaning products); and natural seurces of air
toxics (such as volcanoes). Chapter 4 provides a detailed description of how EPA identifies and,
in the case of anthropogenic (manmade) sources, regulates each of the various types of sources of
air toxics.

Since the original Act, which listed 189 chemicals, one chemical (caprolactam) has been delisted, leaving
188 HAPs. EPA is also in the process of considering proposals to delist methyl ethyl ketone (MEK and ethylene
glycol butyl ether (EGBE)). EPA has the authority to add and delete chemicals from the original list based on
specified criteria [CAA Section 112(b)(3)].
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1.2 The Special Concerns of Urban Areas

In urban areas, toxic air pollutants are of particular concern because people and sources of
emissions are concentrated in the same geographic area. Since most people live in urban areas,
this proximity leads to the potential for large numbers of people to be exposed to numerous air
pollutants. While some of these urban chemical exposures tend to be fairly similar across the
country (e.g., ambient air concentrations of benzene from petroleum use tend to be similar across
the lower 48 states), studies also indicate that the concentrations of air toxics in many urban (and
some nonurban) areas can vary significantly from one location to the next (e.g., concentrations in
areas with petroleum refineries may be higher than in areas that do not have petroleum
refineries). The sources of urban emissions tend to be relatively small in size but large in
number, such as gas stations or mobile sources. In addition, these emissions are typically found
at ground level where people are more likely to be exposed to them.

Urban air toxics also have a potential to elevate health risks among particular urban sub-
populations, including children, the elderly, and persons with existing illnesses. In addition, the
prevalence of minority and low-income communities in urban industrial and commercial areas,
where concentrations of air toxics may be greatest, increases the likelihood of elevated exposures
among these subpopulations.

Considering the large number of people potentially at risk from air toxics exposures, Congress
directed in the 1990 CAA amendments that elevated outdoor (also called ambient)
concentrations of air toxics in large urban areas be substantially reduced. In response to this
mandate, EPA developed an Integrated Urban Air Toxics Strategy. This Urban Strategy,
which was published in the Federal Register on July 19, 1999, has since become EPA’s Air
Toxics Strategy (The Strategy) and is part of the overall national effort to reduce air toxics.
The Strategy attempts to address all the significant stationary, mobile, and indoor sources
necessary to achieve protection of public health and the environment. The specific goals of the
Strategy are to:

» Attain a 75 percent reduction in incidence of cancer attributable to exposure to HAPs emitted
by stationary sources;

* Attain a substantial reduction in public health risks posed by HAP emissions from area
sources; and

*  Address disproportionate impacts of air toxics hazards across urban areas.
The Strategy identifies four main areas of action to help achieve these goals:

*  Develop regulations addressing sources of air toxics at the national and local levels.
Pursuant to this effort, the Agency will continue its work to develop rules that require
reductions in air toxics emissions from stationary facilities (such as manufacturing plants,
electric power plants, gas stations, and dry cleaners), as well as from cars, trucks, and other
mobile sources and their fuels. EPA has historically developed and implemented many such
standards over the years, and the Strategy indicates the need for additional standards to
reduce risks in urban areas.
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* Initiate local and community-based projects to address specific multi-media pollutants
(e.g., mercury) and cumulative risks within urban areas. The CAA requires EPA to
“encourage and support area-wide strategies developed by the state or local air pollution
control agencies” to address air toxics in urban arcas. EPA is developing tools (such as this
Reference Library) and is working with communities to assess and reduce risks at the
community level.

~

The Strategy also recognizes the need to . ,
g_y N g - . /In risk assessment, the term “receptor”
assess the risks from exposures to indoor air

) generally refers to an individual person or
toxics and to develop non-regulatory, ecological component that is potentially

voluntary programs to address those risks. exposed to a stressor (air toxic). In
The Strategy also points out that air pollutants | modeling, the term sometime refers to the
may move into other environmental media Q)cation where impacts are predicted. .

such as soil and water resulting in multimedia
(i.e., more than just air) concerns. EPA is
engaged in a number of activities that recognize the ability of many air toxics to deposit out
of the air and bioaccumulate in biota consumed by humans and ecological receptors (e.g.,
deposition of mercury in watersheds, with subsequent uptake by fish).

* Conduct air toxics assessments to identify areas of concern, prioritize efforts to reduce
risks, and track progress. The Strategy identifies a variety of national-level assessment
activities that will help EPA identify urban areas of particular concern, characterize the risks
that air toxics pose, and track the progress toward meeting overall air toxics program goals.
EPA is implementing the National Air Toxics Assessment (NATA) to address this goal.
NATA includes:

— Expanding air toxics monitoring;

— Improving and periodically updating emissions inventorics;

— Assessing national- and local-scale air quality by using multimedia and exposure
modeling;

— Continuing to research the exposures to, and health effects of, toxic chemicals in ambient
and indoor air; and

— Using and improving exposure and assessment tools.

These activities will help EPA and other stakeholders™ better understand air toxics risks, as
well as risk reductions associated with emissions control standards and other initiatives
aimed at reducing emissions. A particularly high-profile aspect of NATA has been the
national-scale assessment of 1996 emissions that produced predictions of county-level
estimates of air toxics concentrations and calculated risks for a subset of HAPs that EPA
believes pose most of the urban area risk. For additional information this particular analysis,
see EPA’s The National-Scale Air Toxics Assessment.”) The national scale assessment of
1999 emissions is currently being performed and will be released in 2004 (see Chapter 2).

®This reference manual uses the term “stakeholder” bro adly to include all parties with a potential interest in
a given air toxics risk assessment, including regulators, the regulated community, community partners, and individual
members of the public.
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*  Perform education and outreach. Given the scientific complexity inherent in air toxics
issues, EPA recognizes that the success of the overall air toxics program depends on the
public’s understanding of the nature of air toxics risks and the activities that can help reduce
those risks. To further this understanding, EPA will support education and outreach efforts at
the national level and through its state, local, and tribal (S/L/T) partners (e.g., government,
industry, community). This reference manual, for example, is an outgrowth of this
educational/outreach effort.

For additional information on the Integrated Urban Strategy see EPA’s Air Toxics Strategy:
Overview™®.

1.3  Promoting Localized Assessment

While substantial reductions have been achieved through federal standards, EPA is evaluating the
need for additional emissions controls at the national level. However, since the mix of sources
and pollutants in specific geographic areas can be quite variable, one element of an effective
approach for reducing any remaining unacceptable risks is to understand the cumulative impacts
at the local level, target the problem areas, and tailor risk reduction strategies to the local
circumstances in those areas.

To encourage reductions of air toxics emissions at the local community level, EPA Headquarters
and Regional Offices are working collaboratively with S/L/T and community partners. This team
effort has focused on education/information exchanges, identification and assessment of
pollution prevention and control options, and promotion of voluntary measures and innovative
solutions to assess and address community air pollution problems.

While EPA has the authority to issue standards to address certain air toxics risks, in many cases
these risks may be more appropriately and more effectively addressed at the S/L/T level, rather
than at the federal level. Specifically, S/L/T air agencies may wish to address issues that are of
concern on a state-wide, area-wide, community-wide, or individual neighborhood basis, and for
areas in the immediate vicinities of specific air toxics sources. Some S/L/T governments are
already addressing some of these issues; others are just beginning to develop their own programs.

1.4  The Risk-Based Approach

While there are several methodologies to assess potential health impacts of air toxics on
populations at the local level, the risk-based approach is perhaps the most effective.

The methodology described here, called risk assessment, is the process for evaluating:

e The sources of air toxics released to the environment;

* How the released chemicals move and change in the environment;

*  Who may be exposed to the chemicals and at what levels;

*  How exposures may occur;

» The toxic effects of the chemicals in question and how potent; and

« How likely it is that the potentially exposed people will experience harm because of the
exposures.
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This manual also discusses the ecological risk assessment process, which assesses the impact of
air toxics on ecological receptors such as aquatic organisms and terrestrial mammals.

This kind of information can be extremely helpful to decision makers as they try to balance the
competing concerns of protecting public health, fostering economic development, and evaluating
issues of fairness and equity, among others. Specifically, risk assessment can provide:

* A predictive estimate of the potential health risks posed by air toxics, which may help
determine the need for action;

* A basis for determining the levels of chemicals that can be released to the air without posing
unacceptable risks to public health and the environment;

* A basis for comparing potential health impacts of various pollution reduction alternatives;

» A consistent process for evaluating and documenting threats to public health and the
environment from toxic air pollution; and

* A basis for comparing risks from various exposure scenarios (e.g., the risk from breathing
contaminated air compared to the risk from eating contaminated food).

Performing an air toxics risk assessment is often challenging. Risk assessments can be resource
and time-intensive, depending on the specific questions being asked and the level of detail
needed for informed decision making. Risk assessments usually require input from a number of
scientists and engineers with a variety of skills (e.g., chemistry, toxicology, statistics, modeling,
meteorology, monitoring). Decision makers may also need to acquire new skills in order to
understand and use the risk assessment results. Finally, although they are based on science, risk
assessments often rely on the best judgment of the analysts in the face of various uncertainties.

There has not been, up to this point, a unified and comprehensive reference manual on the
methods and tools that are currently available to perform air toxics risk assessments per se. This
document is EPA’s attempt to fill that void.

1.5  The Purpose of this Reference Manual

The primary purpose of this reference manual (Volume 1) is to provide, in one single place,
descriptions of the major methods and technical tools that are commonly used to perform air
toxics risk assessments. Specifically, the manual attempts to cover all the common basic
technical approaches that are used to evaluate: how people in a particular place (e.g., a city or
neighborhood) may be exposed; what chemicals they may be exposed to and at what levels; how
toxic those chemicals are; and how likely it is that the exposures may result in adverse health
outcomes. Topics include uncertainty and variability, basic toxicology and dose-response
relationships, air toxics monitoring and modeling, emissions inventory development, and risk
characterization. This manual also discusses approaches for using the results of a risk
assessment in the risk management decision-making process. Links to more detailed references
on each subject are presented, along with EPA contacts. Additionally, EPA’s Fate, Exposure,
and Risk Analysis (FERA) web site (www.epa.gov/ttn/fera) provides up-to-date tools for air
toxics risk assessment, including computer models, databases, and other information used by
EPA and others for air pollutant human exposure modeling, multimedia modeling, and risk.

To provide readers with a broad perspective on the potential impacts of air toxics (in addition to
information on the risk assessment process), this manual also includes a discussion of a
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complementary process called a public health assessment (PHA). One of the objectives of a
PHA is to evaluate whether existing cases of illness in a community may possibly have resulted
from past exposures to particular toxins (based on epidemiological principles). This process is
routinely carried out at Superfund sites by the Agency for Toxic Substances and Disease Registry
(ATSDR) in addition to EPA’s Superfund risk assessment process. PHAs often involve the use
of capabilities beyond those required for risk assessment, including medical skills. S/L/T air
agencies generally will not perform such assessments themselves; however, because questions
about current or past illnesses and deaths in communities often arise during the risk assessment
process, information about the PHA process is offered to help S/L/T air agencies and other
stakeholders understand the rudiments of the process and whom to contact for more information
and help.

1.6  The Layout of this Reference Manual

This reference manual is divided into six Parts, each of which are divided further into three or
more chapters. Chapters are numbered consecutively. A number of Appendices provide more
detailed reference materials.

« Part I (Background) provides a general introduction to air toxics risk assessment and is
divided into four chapters.

— Chapter 1 (this chapter) provides an introduction to the manual.

— Chapter 2 begins with an overview of the CAA as well as major regulations, programs,
and initiatives that relate to air toxics risk reduction.

— Chapter 3 provides an overview of risk assessment and the risk-based decision making
framework, including an introduction to tiered approaches to risk assessment.

— Chapter 4 identifies the set of chemical pollutants that are the focus of this manual and
describes the general categories of air toxics sources and the primary emissions
inventories (which contain information on the nature and magnitude of emissions
released from various sources).

*  Part Il (Human Health Risk Assessment: Inhalation) provides a discussion of the
methods and tools used to evaluate risks to human health via the inhalation pathway. It is
divided into nine chapters.

— Chapter 5 provides an overview of the inhalation risk assessment process, discusses the
initial planning and scoping process that needs to be completed before the risk assessment
begins, and describes the exposure assessment, which will usually comprise the bulk of
the effort for most air toxics risk assessments.

—  Chapter 6 describes the problem formulation phase which results in the development of
the conceptual model and analysis plan for the risk assessment.

— Chapter 7 describes how to develop an emissions inventory for the risk assessment.

— Chapter 8 discusses the factors that affect the movement and, in some cases, chemical
transformation of chemicals in the atmosphere following release (i.e., the fate and
transport of chemicals in the atmosphere).

—  Chapter 9 provides an overview of the use of computer modeling to predict the
movement, fate, and transport of air toxics in the atmosphere. It also describes the major
computer models that are commonly used for this purpose.

— Chapter 10 provides an overview of monitoring methods that are commonly used to
measure ambient concentrations of air toxics in the atmosphere.
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Chapter 11 provides information for estimating exposure concentrations for inhalation
analyses, including exposure modeling.

Chapter 12 provides an overview of toxicity assessment for air toxics.

Chapter 13 provides information for completing the risk characterization, including
uncertainty analysis and how to present the results of the risk assessment.

«  Part III (Human Health Risk Assessment: Multipathway) provides a discussion of the
methods and tools used to evaluate risks to human health when air toxics that are highly
persistent or bioaccumulative are present in emissions. The focus of the multipathway risk
assessment is to evaluate the potential exposures associated with ingesting soil, food, and
water that has become contaminated with these chemicals after deposition from the
atmosphere to surfaces, such as soils and surface waters. This Part is divided into nine
chapters.

Chapter 14 provides an overview of the multipathway risk assessment process, discusses
the initial planning and scoping process that needs to be completed before the risk
assessment begins, and describes the multipathway exposure assessment.

Chapter 15 describes problem formulation for the multipathway risk assessment.
Chapter 16 describes how to develop an emissions inventory for the multipathway risk
assessment.

Chapter 17 discusses the factors that affect the movement and, in some cases, chemical
transformation of air toxics in soil, water, sediment, and biota.

Chapter 18 provides an overview of the computer modeling used to predict the
movement, fate, and transport of toxics in soil, water, sediment, and biota and describes
the major multimedia computer models commonly used by risk assessors.

Chapter 19 provides an overview of monitoring methods used to measure ambient
concentrations of air toxics in soil, water, sediment, and biota.

Chapter 20 provides a summary of the process and assumptions used to estimate chemical
intake rates — the key measure of exposure used to assess ingestion risks — including
exposure modeling.

Chapter 21 provides an overview of the toxicity assessment for air toxics that are
persistent and which may also have a high potential to bioaccumulate in food chains.
Chapter 22 provides information on how to complete the risk characterization for the
multipathway risk assessment, including uncertainty analysis and how to present the
results of the risk assessment.

«  Part IV (Ecological Risk Assessment) provides an overview of the methods and tools used
to evaluate risks to ecological receptors (e.g., birds, mammals, plants, and ecological
communities) due to exposure to air toxics. This Part is divided into four chapters.

Chapter 23 provides an overview of the ecological risk assessment process and discusses
the initial planning and scoping process that needs to be completed before the risk
assessment begins.

Chapter 24 provides information on characterizing exposure for the ecological risk
assessment.

Chapter 25 provides information on characterizing ecological effects, including
development of the stressor-response profile.

Chapter 26 provides information on how to complete the risk characterization for the
ecological risk assessment, including the analysis of uncertainty, and how to present the
results of the ecological risk assessment.
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+  Part V (Risk-Based Decision Making) discusses the process by which the information from
the risk assessment can be used to inform risk management decisions and two important
aspects of that process. This Part is divided into three chapters.

— Chapter 27 provides an overview of the risk management process, including the types of
decisions that may need to be made and how the risk assessment informs the decision-
making process.

— Chapter 28 provides an overview of the importance of stakeholder involvement in the risk
assessment and management process and provides information for developing and
implementing a stakeholder involvement plan.

— Chapter 29 provides information for developing and implementing a risk communication
strategy for helping members of the community and the media understand the risk
assessment results and how they are being used in the decision-making process.

*  Part VI (Special Topics) provides an overview of three tools or procedures that may be used
as part of performing or reporting a risk assessment.

—  Chapter 30 provides an overview of the process by which public health agencies may
evaluate the public health implications posed by the emissions from air toxic sources in a
community. The public health assessment, if performed, is a complementary process to
risk assessment.

— Chapter 31 discusses probabilistic risk assessment, which is aimed at describing risks as a
distribution (or range) of potential outcomes.

— Chapter 32 provides an overview of the use of Geographical Information System (GIS)
tools in the process of conducting risk assessments and reporting results.

* The Glessary defines key terms and acronyms.

« Appendix A provides a listing of all HAPs along with their status as a Toxics Release
Inventory (TRI) chemical, a Section 112(k) high priority urban toxic, and a Mobile Source
Air Toxic.

« Appendix B provides a guide to the agencies and organizations that oversee air toxics
regulations.

+ Appendix C provides recommended dose-response values for cancer and noncancer effects
for all HAPs.

» Appendix D presents the decision process by which the persistent, bioaccumulative HAP
compounds (PB-HAPs) were selected.

* Appendix E provides an overview of all CAA designated air toxics Source Categories,
including the most common HAPs in emissions, typical industries, and applicable maximum
achievable control technology (MACT) standards.

» Appendix F provides a list of all of the specific pollutants and compound groups included in
the 1999 National Emissions Inventory (NEI) along with their Chemical Abstract Services
(CAS) numbers.
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« Appendix G provides an overview of meteorology as it relates to the movement of air toxics
in the atmosphere. This appendix also provides information on sources of meteorological
data for modeling air toxics dispersal and transport.

» Appendix H discusses the process of evaluating and reducing a monitoring data set (e.g., air,
water, soil sample results) into a grouping of data that are useable for exposure evaluation.

» Appendix I provides a general overview of how a reduced monitoring data set (developed by
the methods in Appendix H) may be used to estimate exposure concentrations.

» Appendix J provides an overview of available air toxics monitoring methods.

« Appendix K provides the equations for calculating the concentrations of PB-HAPs in non-air
media (e.g., soil, food, water).

1.7  The Relationship of this Manual to Volumes 2 and 3

This manual is the first volume of a three-volume set. Volume 1: Technical Resource Manual
discusses the overall air toxics risk assessment process and the basic technical tools needed to
perform these analyses. The manual addresses both human health and ecological analyses. It
also provides a basic overview of the process of managing and communicating risk assessment
results. Other evaluations (such as the public health assessment process) are described to give
risk assessors, risk managers, and other stakeholders a more holistic understanding of the many
issues that may come into play when evaluating the potential impact of air toxics on human
health and the environment.

Volume 2: Facility-Specific Assessment builds on the technical tools described in Volume 1 by
providing an example set of tools and procedures that may be used for source-specific or
facility-specific risk assessments, including tiered approaches to source- or facility-specific risk
analysis.

Volume 3: Community-Level Assessment builds on the information presented in Volume 1 to
describe to communities how they can evaluate and reduce air toxics risks at the local level. The
volume will include information on screening level and more detailed analytical approaches, how
to balance the need for assessment versus the need for action, and how to identify and prioritize
risk reduction options and measure success. Since community concerns and issues are often not
related solely to air toxics, the document will also present readily available information on
additional multimedia risk factors that may affect communities and strategies to reduce those
risks. The document will provide additional, focused information on stakeholder involvement,
communicating information in a community-based setting, and resources and methodologies that
may play a role in the overall process. Note that EPA’s Office of Pollution Prevention and
Toxics has also developed a “Community Air Screening How To Manual” that will be available
in 2004 and will be discussed in Volume 3 (Volume 3 will be available in late 2004).
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2.1 Introduction

In a general sense, an air pollutant is any substance
introduced into the air by human activities (currently,
approximately 75,000 industrial chemicals are produced or
imported into the United States,” and science knows many
millions more). Some air pollutants may take the form of
solid particles, liquid droplets, or gases. Many different types

/ Common Air Pollutants

acid aerosols

asbestos

carbon monoxide (CO)
carbonyl compounds

of air pollutants can injure health and/or harm the
environment (see Common Air Pollutants box).

In early versions of the Clean Air Act (CAA), Congress
identified six criteria air pollutants for regulation. In addition
to these pollutants, the1990 CAA Amendments focused
EPA’s efforts on another group of pollutants, the 188
Hazardous Air Pollutants (HAPs)."” Additionally, EPA has
identified 21 mobile source air toxics, 20 of which are also
HAPs and the other one is “diesel particulate matter and

diesel exhaust organic gases” (see Chapter 4).

The group of six criteria air pollutants occur
commonly throughout the U.S. and are derived
from numerous and diverse mobile and stationary
sources. EPA has set National Ambient Air
Quality Standards (NAAQS) for these pollutants
based on health and welfare-related criteria (see
Section 2.4.1 and http://www.epa.gov/ttn/naags/).
No such national ambient air quality standards
currently exist for HAPs, although regulatory
programs are in place to address emissions of
HAPs. In addition, air pollutants from indoor
sources are of concern (with many of the
chemicals emitted indoors overlapping with the
criteria and HAP lists). EPA, however does not
currently regulate indoor air.

The CAA is the primary federal law that regulates
air emissions of HAPs. The Act applies to a
number of different types of sources; these include
small and large stationary facilities such as
factories and neighborhood dry cleaners, as well
as mobile sources such as cars and trucks. The
original CAA was passed in 1963 and has been

ground level ozone
metals
nitrogen oxides (NO,)
particulate matter (PM)
propellants
radon
refrigerants
semivolatile organic compounds
sulfur dioxide (SO,)
Qolatile organic compounds /

4 )

A Note on Terminology

The terms “air toxics” and “toxic air pollutants”
are often used interchangeably with “hazardous
air pollutants” (which is a Clean Air Act phrase
specific to the 188 pollutants that are the focal
point of section 112 of the Act — see
http://www.epa.cov/ttn/atw/188polls.html). For
the purposes of this reference library, however,
the term “air toxics” is used in the more general
sense to refer generally to any air pollutant (other
than criteria pollutants) that has the potential to
cause adverse impacts to human health or the
environment.

Criteria air pollutants are six common air
pollutants determined to be hazardous to human
health and for which EPA has established
National Ambient Air Quality Standards
(NAAQS). The six criteria air pollutants are
carbon monoxide, lead, nitrogen dioxide, ozone,

sulfur dioxide, and particulate matter. /

*TSCA Chemical Substance Inventory, http://www.epa.goviopptintr/newchems/invatory.htm

"CAA section 1 12(b)(1) lists 189 HAPs, but since the original Act, one chemical (caprolactam) has been

delisted, leaving 188 HAPs (61 FR 30816, June 18, 1996).
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amended since that time on a number of occasions, most recently in 1990. Congress intended the
1990 amendments to resolve unaddressed or insufficiently addressed air pollution problems such
as acid rain, ground-level ozone, and stratospheric ozone depletion. The 1990 amendments also
dramatically affected how EPA was to approach the issue of air toxics. For example, previous
versions of the Act required EPA itself to identify pollutants as HAPs one-by-one and to set
health-based standards for each. Given the problems that arose in working to implement this
approach, Congress restructured the approach for air toxics in the 1990 amendments. The
discussion below describes this current approach.

Specifically, this chapter provides an overview of the CAA requirements that are specific to
HAPs, with emphasis on stationary sources, mobile sources, and indoor sources of HAPs.

The chapter also provides insight into other aspects of air quality that play a role in understanding
the air toxics problem. The chapter concludes with a brief description of some of the important
studies EPA was required to perform under the Act to better understand the nature of the air
toxics problem. The full text of the Act can be accessed at http:/www.epa.gov/oar/caa. EPA has
also developed a plain English guide to the Act that can be accessed at
http://www.epa.gov/oar/oagps/peg_caa/pegcaain.html.

2.2 HAPs and their Sources: Stationary, Mobile, and Indoor Seurces

2.2.1 Hazardous Air Pollutants (HAPs)

~

Hazardous air pollutants (HAPs) are those 188

. Major Source — Any source or group of
listed pollutants and groups of pollutants® that ! Y SToUp

stationary sources located within a

EPA knows or suspects cause cancer or other contiguous area and under common control
serious human health effects, such as reproductive | that emits or has the potential to emit
effects or birth defects, or adverse environmental considering controls, in the aggregate, 10
effects (Appendix A presents the full list)."” tons per year (tpy) or more of any hazardous
Examples of HAPs include benzene, which is air pollutant or 25 tpy or more of any

found in gasoline; perchloroethlyene, which is combination of hazardous air pollutants

emitted by most dry cleaning facilities; methylene [CAA section 112(a)(D)].

chloride, which is used as a solvent and paint

stripper by a number of industries; dioxin;

asbestos; toluene; and compounds of metals such . . i
source ... not includ[ing] motor vehicles or

as cadmium, mercury, chromium, and lead. nonroad vehicles subject to regulation under

Congress has given EPA the authority to add and title 1 [CAA section 112(a)(2)].
subtract chemicals from that list, following - /

established criteria [CAA Section 112(b)(3)].
According to summary data compiled by EPA, an estimated 5.1 million tons of HAPs were
released from stationary and mobile sources in the U.S. in 1999.

Area Source — any stationary source of
hazardous air pollutants that is not a major

People exposed to HAPs at sufficient concentrations and for a sufficient duration of time may
have an increased chance of developing cancer or experiencing other serious health effects.
These health effects can include damage to the immune system, as well as neurological,

‘CAA section 112(b)(1) lists 189 HAPs, but since the original Act, one chemical (caprolactam) has been
delisted, leaving 188 HAPs (61 FR 30816, June 18, 1996)
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reproductive (e.g., reduced fertility), developmental, respiratory, and other health effects. In
addition to exposure from breathing air toxics, some HAPs such as mercury compounds can
deposit onto soils or surface waters, where they can be taken up by plants and animals (see
Chapter 4). Like humans, ecological systems may experience adverse health problems if exposed
to sufficient quantities of HAPs over time (ecological risk assessment is discussed in Part IV of
this reference manual).

People may be exposed to HAPs in many ways, including:

* Breathing contaminated air;

» Eating contaminated food products, such as fish from contaminated waters; meat, milk, or
eggs from animals that fed on contaminated plants; and fruits and vegetables grown in
contaminated soil on which HAPs have been deposited;

* Drinking water contaminated by HAPs;

* Ingesting contaminated soil. Young children are especially vulnerable because they often
ingest soil from their hands or from objects they place in their mouths; and

* Touching (making skin contact with) contaminated soil, dust, or water (for example, during
recreational use of contaminated water bodics).

Anthropogenic sources of HAPs include stationary sources (e.g., factories, refineries, power
plants), mobile sources (e.g., cars, trucks, buses), and indoor sources (e.g., some building
materials and cleaning solvents). Some HAPs are also released from natural sources such as
volcanoes.

-

The Urban Air Toxics \

In 1999, EPA identified a group of 33 HAPs (the Urban Air Toxics) as those most important to
health risks in urban areas (see Section 1.1).

beryllium compounds
1,3-butadiene
cadmium compounds
carbon tetrachloride
chloroform

chromium compounds

ethylene dichloride®

ethyene oxide
formaldehyde
hexachlorobenzene
hydrazine

lead compounds

acetaldehyde coke oven emissions manganese compounds

acrolein dioxin mercury compounds

acrylonitrile 1, 2-dibromoethane methylene chloride®™

arsenic comounds propylene dichloride nickel compounds

benzene 1, 3-dichloropropene polychlorinated biphenyls (PCBs)

polycyclic organic mater (POM)
quinoline

1,1, 2, 2-tetrachlorethane
tetrachloroethylene'
trichloroethylene

vinyl chloride

@ also represented as 1,2-dichlorocthane

® also represented as dichloromethane

© also represented as perchloroethylene

- J
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2.2.2 Stationary Sources: The Pre-1990 CAA “Risk-Only” Approach

Prior to 1990, the CAA directed EPA to regulate toxic air pollutants from stationary sources
based on the risks each pollutant posed to human health. Specifically, the Act directed EPA to:

» Identify all pollutants that caused “serious and irreversible illness or death,” and

» Develop standards to reduce emissions of these pollutants to levels that provided an “ample
margin of safety” for the public.

In other words, EPA was tasked with identifying the chemicals to be considered HAPs and
setting standards for chemical emissions that would not only be “safe,” but would be safe with an
“ample margin” to the public. (A discussion of what the term “ample margin of safety” means is
presented in Chapter 27. A discussion as how to interpret risk levels such as “one in a million” is
provided in Chapter 13.) EPA turned to a method called “risk assessment” in performing this
task because it provided the tools necessary to evaluate the potential risks posed by hazardous
chemicals released to the air.¥

While attempting to understand and control air toxics during the 1970s and 1980s, EPA became
involved in many legal, scientific, and policy debates over which pollutants to regulate and how
stringently to regulate them. Much of the debate focused on what kinds of risk assessment
methods to use, what assumptions in the process were appropriate, the amount of data needed to
justify regulation, questions about the costs to industry and benefits to human health and the
environment, and decisions about “how safe is safe” (see additional discussion in Chapter 3).

While EPA and the scientific community gained valuable knowledge about risk assessment
methods during this time, the chemical-by-chemical regulatory approach — an approach based
solely on risk — proved difficult. In fact, between 1970 and 1990 EPA regulated only seven
pollutants (asbestos, benzene, beryllium, inorganic arsenic, mercury, radionuclides, and vinyl
chloride) in this manner. Standards for sources of HAPs, known as the National Emissions
Standards for Hazardous Air Pollutants or NESHAPs, cut annual air toxics emissions by an
estimated 125,000 tons. However, the process did not work quickly enough to address pressing
air pollution concerns.

2.2.3 Stationary Sources and the 1990 Clean Air Act Amendments: A “Technology First,
Then Risk” Approach

Realizing the shortcomings of the “chemical-by-chemical” risk-based decision framework for
stationary sources and acknowledging the gaps in scientific and analytical information, Congress
adopted a new strategy in 1990. Specifically, Congress revised section 112 of the Act to mandate
a more practical, phased approach to reducing emissions of toxic air pollutants.

dPeople have been assessing risk in various ways for thousands of years, so in one sense, “risk assessment”
is an ancient practice. However, methods to quantitatively assess risk for specific applications are a more recent
development. As noted above, the methods necessary to assess the risks posed by air toxics are an even more recent
development and are the subject of this discussion.
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2.2.3.1 Step 1: The Technology-based Approach

This new approach has two components. In the first phase, EPA identifies categories of
stationary sources that emit large amounts of HAPs and then develops pollution reduction
regulations — called Maximum Achievable Control Technology or MACT standard - for those
sources.” The MACT standards adopted by EPA are technology-based (not risk-based), which
means EPA requires emission reductions based on an evaluation of the emission reductions that
the best-performing similar sources are already achieving.

Specifically, when developing a MACT standard for a particular source category, EPA looks at
the level of emissions already being achieved by the best-performing similar sources through
clean processes, control devices, work practices, or other methods. The CAA specifies baselines
(often referred to as the “MACT floors”) for the new standards. At a minimum, a MACT
standard must achieve, throughout the industry, a level of emissions control that is at least
equivalent to the MACT floor. EPA can establish a more stringent standard after considering

cost, non-air quality and environmental impacts, and energy requirements (section 112(d)(2) of
the CAA).

The MACT floors specified in the CAA are different for existing sources and new sources. For
existing sources, the MACT floor must equal the average emissions limitations achieved by the
best-performing 12 percent of sources in that source category, if there are 30 or more existing
sources. If there are fewer than 30 existing sources, then the MACT floor must equal the average
emissions limitation achicved by the best-performing five sources in the category. For new
sources, the MACT floor must equal the level of emissions control achieved in practice by the
best-controlled similar source.

EPA has issued MACT standards for a variety of industrial source categories, including chemical
plants, oil refineries, aerospace manufacturers, and steel mills, and smaller sources, such as dry
cleaners, commercial sterilizers, secondary lead smelters, and chromium electroplating facilities.
EPA has also issued standards pursuant to section 129 of the Clean Air Act to control emissions
of certain toxic pollutants from solid waste combustion facilities. A comprehensive list of final
MACT rules and regulations for the MACT program can be found at http://www.epa.gov/ttn/atw/
mactfnl.html. EPA’s proposed timetable for finalizing the remaining standards is available at
http://www.epa.gov/ttn/atw/mactprop.html. When fully implemented, all of these standards will
reduce air toxics emissions by several million tons per year — more than 10 times the reductions
achieved prior to 1990.

2.2.3.2 Step 2: The Risk-based Approach

In the second phase of the process, EPA reviews the technology-based MACT standards to
ensure that these standards have adequately reduced risk within an “ample margin of safety.” In
this second assessment, the Agency must adopt additional standards to address any significant
risks remaining (also called residual risks) after the first phase implementation of the
technology-based standards (section 112(f)(2)(A) of the CAA). This time lag between the

*MACT standards are also considered NESHAPs.
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technology and risk-based phases allows EPA to evaluate the best way to use risk assessment as a
tool for assessing residual risks (see Chapter 3).

Within eight years after promulgation of MACT standards for each category or subcategory of
sources, EPA must promulgate standards for such category or subcategory if the MACT standard
for the category or subcategory does not protect public health with an ample margin of safety or
to prevent, taking into consideration costs, energy, safety, and other relevant factors, an adverse
environmental effect (section 112(f)(2)(A)). In 1999, EPA reported to Congress on its residual
risk assessment framework and included a discussion of its methods, data, and tools.?

EPA has begun to assess residual risk for several source categories, including coke ovens, dry
cleaning, gasoline distribution Stage I, commercial ethylene oxide sterilizers, halogenated solvent
cleaning, industrial cooling towers, and magnetic tape manufacturing.

2.2.4 Mobile Sources of Air Toxics Rule

Mobile sources is a term used to describe a wide variety of vehicles, engines, and equipment that
generate air pollution and that move, or can be moved, from place to place. Mobile sources
pollute the air through combustion and fuel evaporation. These emissions contribute greatly to
air pollution nationwide and are the primary cause of air pollution in many urban areas. EPA has
identified 21 mobile source air toxics (MSATSs) (see box below). Twenty of these are also listed
as HAPs in CAA section 112(b); the remaining one (diesel particulate matter and diesel exhaust
organic gases) is a mixture that includes many HAPs.®) The two major divisions or types of
mobile sources include:

*  On-road (highway) sources include vehicles used on roads for transportation of passengers
or freight. These include passenger cars, light-duty trucks (pickup trucks, minivans,
passenger vans, and sport-utility vehicles), heavy-duty vehicles, and motorcycles. On-road
vehicles may be fueled with gasoline, diesel fuel, or alternative fuels such as alcohol or
natural gas.

» Nonroad (off-road) sources include vehicles, engines, and equipment used for construction,
agriculture, transportation, recreation, lawn and garden care, and many other purposes. These
include equipment and vehicles fueled with diesel fuel, gasoline, propane, or natural gas.
Mobile sources include boats, aircraft, and locomotives. Not all mobile sources are
“self-propelled.” They can include portable generators, air compressors, chainsaws,
trimmers, and shredders.

EPA uses an integrated approach (including regulations) to reduce pollution from mobile
sources. From better engine design to better transit options, EPA’s approach addresses:

+ Vehicles, engines, and equipment;

¢ The fuels they use; and
*  The people who operate them.
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4 Mobile Source Air Toxics Listed in 2001 Rule® \

» acetaldehyde » dioxin/furans® * naphthalene
¢ acrolein » cthylbenzene + nickel compounds®
* arsenic compounds'® » formaldehyde * polycyclic organic
* benzene * n-hexane matter (POM)®
+ 1,3-butadiene * lead compounds® * styrene
+ chromium compounds® » manganese compounds® ¢ toluene
» diesel particulate matter and diesel » mercury compounds®® * xylene

exhaust organic gases (DPM + DEOG) « methyl tertiary butyl

ether (MTBE)

@ Although the different metal compounds may differ in their toxicity, the on-road mobile source inventory
contains emissions estimates for total metal compounds (i.e., the sum of all forms).

® This entry refers to two large groups of chlorinated compounds. In assessing their cancer risks, their
quantitative potencies are usually derived from that of the most toxic, 2.3,7,8-tetrachlorodibenzodioxin.

@ polycyclic organic matter includes organic compounds with more than one benzene ring, and which have a
boiling point greater than or equal to 100 degrees Celsius. A group of seven polynuclear aromatic hydrocarbons,
which have been identified by EPA as probable human carcinogens (benz(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, chrysene, 7,12-dimethylbenz(a)anthracene, and indeno(1,2,3-cd)pyrene)

Q’(—: used here as surrogates for the larger group of POM compounds. J

This approach includes national engine and fuel standards, as well as state requirements (e.g.,
engine maintenance, traffic flow/roadway design) established to enable attainment of the
NAAQS for the criteria pollutants. The approach also involves extensive collaboration among
EPA, state local and tribal (S/L/T) governments, transportation planners, individual citizens, and
vehicle, engine, and fuel manufacturers and has been responsible for greatly reducing mobile
source air pollution during the last 30 years.

In addition to achieving air toxics emissions reductions as a result of actions aimed at reductions
in criteria pollutants, the 1990 CAA Amendments contain provisions specific to air toxics.
These amendments direct EPA to address emissions of air toxics from motor vehicles and their
fuels. Specifically, section 202(1) of the Clean Air Act instructs EPA to:

»  Study the need for and feasibility of controlling emissions of toxic air pollutants associated
with motor vehicles and their fuels. This section identifies benzene, 1,3-butadiene, and
formaldehyde for particular consideration. EPA completed this study in 1993 and updated it
in 1999.

» Set standards for HAPs from motor vehicles, their fuels, or both. Those standards are to be
promulgated under section 202(a) or section 211(c) of the Act and must address at least
benzene and formaldehyde. EPA is to base these standards on available technology, taking
into account existing standards; costs, noise, energy, and safety factors; and lead time. EPA
promulgated a rulemaking in accordance with CAA section 202(1) on March 29, 2001 (66 FR
17230).
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The many vehicle and fuel changes in the
last 25 years have greatly reduced air
toxics emissions from highway vehicles.
For example, the removal of lead from
gasoline has essentially eliminated on-
road mobile source emissions of this
highly toxic substance in the United
States. In addition, results of recent
modeling indicate that current and
planned programs will reduce emissions

/

MSATSs and other Air Pollutants

» Tier 2 gasoline/sulfur rulemaking
(http://www.epa.goviotag/tr2home. hitm)

* Reducing nonroad diesel emissions
(http://www.epa.gov/nonroad/)

* Voluntary diesel retrofit program
(http://www.epa.gov/otag/retrofit)

» Best Workplaces for Commuters
(hitp://www.commuterchoice.gov)

Rulemakings and Voluntary Efforts to Reduce

~

of mobile source air toxics by about one
million tons (about 35 percent) between
1996 and 2007; on-highway emissions of .
benzene, formaldehyde, 1,3-butadiene,
and acetaldehyde by 67 to 76 percent
between 1990 and 2020; and on-highway
diesel particulate matter by 94 percent between 1990 and 2020.” New cars using reformulated
gasolines are capable of emitting more than 90 percent less air toxics on a per-mile basis than the
uncontrolled models of 1970; new trucks and buses are designed to emit less than half the air
toxics of their 1970 counterparts. Overall air toxics emissions will continue to decrease as older
vehicles leave the fleets and as new regulatory programs take effect. However, the number of
vehicles on the road and the number of miles they travel is continuing to grow. Without
additional controls, growth in vehicle travel will offset progress in reducing air toxics.

* Clean School Bus USA

(http://www.epa.gov/cleanschoolbus.

It All Adds Up to Cleaner Air
http://www.italladdsup.gov)

N J

2.2.5 Indoor Air and Indoor Air Toxics

Indoor pollution sources that release gases or particles into the air are the primary cause of indoor
air quality problems in homes and other buildings. Inadequate ventilation can increase indoor
pollutant levels by not bringing in enough outdoor air to dilute emissions from indoor sources
and by not carrying indoor air pollutants out of the building. High temperature and humidity
levels can also increase concentrations of some pollutants.

The importance of indoor air exposures to the total risk from air toxics is a relatively new
finding. The contribution of indoor sources was not really recognized until the early 1980s when
EPA performed the Total Exposure Assessment Methodology (TEAM) studies, which showed
that the indoor concentrations of some air toxics can be significantly higher than outdoor
concentrations. Since that time, numerous studies have confirmed that finding. In addition, the
fact that Americans spend about 90 percent of their times indoors makes these exposures even
more important
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2.2.5.1

There are many potential sources
of indoor air toxics in any home or
building. These sources include
combustion sources such as oil,
gas, kerosene, coal, wood, and
tobacco products; building
materials and furnishings as
diverse as deteriorated, asbestos-
containing insulation, and
cabinetry or furniture made of
certain pressed wood products;
products for household cleaning
and maintenance (e.g., pesticides),

Potential Sources of Indoor Air Toxics

-

Sources of Indoor Air Toxics

Indoor air can
become
contaminated
from numerous
sources.

Indoor air can
have significantly
higher
concentrations of
air toxics than
outdoor air.

EPA currently
does not regulate
indoor sources of

personal care, or hobbies; and
outdoor sources such as radon and

-

air toxics.

/

other air pollution that penetrate
into the indoor space.

The relative importance of any single source depends on how much of a given pollutant it emits
and how hazardous those emissions are. In some cases, factors such as the age of the source and
whether it is properly maintained are significant. For example, an improperly adjusted gas stove

can emit significantly more carbon monoxide
than one that is properly adjusted.

Some sources, such as building materials,
furnishings, and household products like air
fresheners, release pollutants more or less
continuously (usually at a decreasing rate
with age). Other sources, related to activities
carried out in the home, release pollutants
intermittently. These include smoking, the use
of unvented or malfunctioning stoves,
furnaces, or space heaters, the use of solvents
in cleaning and hobby activities, the use of
paint strippers in redecorating activities, and
the use of cleaning products and pesticides in
housekeeping. High pollutant concentrations
can remain in the air for long periods after
some of these activities.

2.2.5.2  Indoor Air Toxics

Although EPA does not regulate indoor air
pollution levels, it does take a proactive
approach. The Agency provides a broad
range of information about indoor air-related

April 2004
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How Does Outdoor Air Enter a House?

Outdoor air enters and leaves a house by:
infiltration, natural ventilation, and mechanical
ventilation. In a process known as infiltration,
outdoor air flows into the house through
openings, joints, and cracks in walls, floors, and
ceilings, and around windows and doors. In
natural ventilation, air moves through opened
windows and doors. Air movement associated
with infiltration and natural ventilation is caused
by air temperature differences between indoors
and outdoors and by wind. Finally, there are a
number of mechanical ventilation devices, from
outdoor-vented fans that intermittently remove
air from a single room, such as bathrooms and
kitchens, to air handling systems that use fans
and duct work to continuously remove indoor air
and distribute filtered and conditioned outdoor air
to strategic points throughout the house. The rate
at which outdoor air replaces indoor air is
described as the air exchange rate. When there is
little infiltration, natural ventilation, or
mechanical ventilation, the air exchange rate is
low, and pollutant levels can increase.

/
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risks, as well as the steps to reduce them, through the use of public awareness campaigns,
guidance document dissemination, training course delivery, the operation of several linked
hotlines and clearinghouses, and other outreach efforts. Useful resources on indoor air quality
from the Agency are also available online.”® EPA’s activities to reduce exposures to indoor air
toxics are many and include publishing guidelines about radon testing and result interpretation;
persuading parents and caregivers of young children not to smoke indoors; and providing
information to homeowners, school administrators, and office managers on the proper use of
products and materials indoors, including appropriate maintenance and ventilation.

In 2001, EPA issued the Healthy Buildings, Healthy People (HBHP) report, a vision for indoor
environmental quality in the 21st century.” The report covers three general areas: (1) why
human health indoors deserves the scrutiny, concern, and action of policy makers; (2) a vision
statement of EPA’s vision, goals, broad strategies, and guiding principles to address indoor air
quality issues; and (3) potential actions that EPA or others may pursue. The report also provides
an overview of current indoor environmental program priorities in various offices within EPA
and examines the roles of the Agency's partners in indoor environmental protection, including
Federal, S/L/T organizations, and stakeholders.

EPA’s objective is to realize major human health gains over the next 50 years by upgrading
indoor environments. The Agency has set five goals and strategies to accomplish this objective:

* Achieve major health gains and improve professional education;

» Foster arevolution in the design of new and renovated buildings;

+ Stimulate nationwide action to enhance health in existing structures;

» Create and use innovative products, materials, and technologies; and

» Promote health-conscious individual behavior and consumer awareness.

In addition to providing information on actions and strategies that can be taken to protect people
indoors, EPA’s vision acknowledges the important role individuals play in protecting their own
health and the health of those around them.

EPA’s specific goals to reduce the health risks from indoor air for 2005 include:

* 700,000 homes with high radon levels will be mitigated and 1 million homes with radon-
resistant construction techniques will be constructed;

» The proportion of households in which children ages six and under are regularly exposed to
smoking will be reduced from 27 percent in 1994 to 15 percent;

» Five percent of office buildings will be managed with indoor air quality practices consistent
with EPA’s Building Air Quality guidance;®

» Fifteen percent of the nation’s schools will adopt good indoor air quality practices consistent
with EPA’s Indoor Air Quality Tools for Schools guidance;®

*  One million children with asthma will have reduced exposure to indoor asthma triggers; and

* 200,000 low-income adults with asthma and 2.5 million people with asthma overall, will
have reduced exposures to indoor asthma triggers.

Additional information on EPA’s indoor air programs can be found EPA’s Indoor Air Toxics
web site.”
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2253 Health Risks and Indoor Pollutants

The health risks from a few indoor air toxics (e.g., radon, environmental tobacco smoke,
benzene, lead, and asbestos) are well known and have been the subject of risk assessments both
within and outside EPA. EPA’s best estimate of annual lung cancer deaths from radon is
currently about 21,000 (with an uncertainty range of 8,000 to 45,000). Environmental tobacco
smoke is estimated to cause an additional 3,000 lung cancer deaths in non-smokers each year.
EPA estimates that environmental tobacco smoke may also significantly aggravate symptoms of
asthma for 200,000 children and may affect as many as 1,000,000 children to some extent. A
California report estimates that environmental tobacco smoke causes 9,700 to 18,600 cases of
low birth weight in infants each year and 35,000 to 62,000 cardiovascular deaths among non-
smokers."'?

~

To prioritize activities for other chemicals typically 4
found in indoor air, EPA’s Office of Radiation and
Indoor Air (ORIA) is sponsoring a screening-level,

Some Pollutants of Potential
Concern Indoors

risk-based analysis, which is currently in draft form and « Formaldehyde
being revised. Some of the chemicals that may be of * Heptachlor

concern in indoor air, based on the draft ranking, are » 1,4-Dichlorobenzene
provided in the box to the right. However, it should be  Aldrin

noted that the final results of this analysis may be *  Chloroform

» Dicldrin

* Benzene

» Chlordane

» Tetrachloroethylene
»  Acetaldehyde

*  Trichloroethylene

» Dichlorvos

significantly different. It should also be noted that,
because monitoring data were only available for 112
chemicals and only 59 chemicals could be ranked, many
chemicals found indoors might rank higher, given more
complete information.

Both acute and chronic cancer and noncancer health «  Methylene chloride
effects were addressed in the analysis, which focused on \ Lindane /

inhalation exposure only. Ten monitoring studies
provided 213 concentration records for 112 air toxics
including metals, aldehydes, volatile organic compounds (VOCs), and semivolatile organic
compounds (SVOCs). Studied microenvironments included office buildings, residences, and
schools. The general methodology used in the analysis echoed that used by the stationary source
program to choose a list of urban HAPs for the Integrated Urban Air Toxics Strategy (64 FR
38706).

The study also estimated the indoor source contribution to indoor concentrations by subtracting
associated outdoor concentrations from indoor concentrations. The listed pollutants were found
to have large indoor source components. Note, however, that four of the listed pollutants (i.c.,
heptachlor, aldrin, dieldrin, and chlordane) are pesticides that are no longer in use but may
continue to be of concern due to their persistence in the environment and the presence of unused
and uncollected stocks."')
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2.3  Progress in Understanding and Reducing Toxic Air Pollution

While monitoring data is critical to understanding
and reducing toxic air pollution, EPA and S/L/T
governments do not currently maintain as
extensive a nationwide monitoring network for @ o
outdoor concentrations of air toxics as they do for E 5
many of the other pollutants (such as ozone and g 40

National Afr Toxics Emissions

20
a0

particulate matter). And, while EPA and S/L/T 3.0
regulatory agencies do collect monitoring data for 2.0
a number of toxic air pollutants, both the L.d
chemicals monitored and the geographic coverage 0.0
of the monitors vary among individual S/L/T

partners. EPA is working with these regulatory

partners to build upon the existing monitoring

sites to create a national outdoor monitoring network for a number of toxic air pollutants. The
Agency’s goal is to improve the scientific and technical competency of existing outdoor air
monitoring networks in order to be more responsive to the public and the scientific and health
communities; in this way, EPA can accommodate future needs in the face of scarce resources.

1930 1299
Year

2.3.1 Trends

Monitoring data that are available can help air pollution control agencies track local trends in
toxic air pollutants around the country. EPA began a pilot city monitoring project in 2001 with
the intention to help answer several important national network design questions (e.g., sampling
and analysis precision, sources of variability, and minimum quantitation levels). Based on the
results of this year-long study and an analysis of historical monitoring data, the Agency is
establishing a network of 22-city National Air Toxics Trends Sites (NATTS) that will help
develop national trends for several pollutants of concern. For the latest information on national
air toxics monitoring, see www.epa.gov/ttn/amtic/airtxfil.html.

As shown in this pie chart, based on 1999 _ o o

. . National Air Toxzics Emissions, 1999
estimates (the most recent year of available data 6.1M Tanx
in the National Emissions Inventory (NEI) for air
toxics), the emissions of HAPs are relatively
equally divided between four types of sources: on
road, non road, major, and area/other sources.
However, this distribution varies from city to city.

Mok pad (16%

oyread 21%) /,"
;

AN

Based on the data in the NE], estimates of BRaOte

nationwide outdoor air toxics emissions have i

dropped approximately 29 percent between

baseline (1990-1993) and 1999. Thirty-three of

these air toxics (the Urban Air Toxics), which are considered to pose the greatest threat to public
health in most urban areas, have similarly dropped 31 percent. Although changes in how EPA
compiled the national inventory over time may account for some differences, EPA and S/L/T
regulations, as well as voluntary reductions by industry have also achieved large reductions in air
toxic emissions.
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January 2003 Startup

January 2004 Startup

Pilot Programs

Providence, RI

Roxbury, MA

New York, NY
Washington, DC

Decatur (Atlanta), GA
Hazard, KY**

Detroit, MI

Deer Park (Houston), TX
St. Louis, MO

Bountiful, UT

Chittenden County, VT**
Rochester, NY

Tampa, FL

Chesterfield, SC**
Chicago, IL

Mayville, W1

Harrison County, TX**
Phoenix, AZ

La Grande, OR**

Barcelona/San Juan, PR
Providence, R1

Keeney Knob, WV
Tampa, FL

Detroit, MI

Rio Rancho, NM

Cedar Rapids, IA

San Jacinto, CA

Grand Junction, CO
Seattle, WA

Grand Junction, CO**
San Jose, CA

Seattle, WA ** rural site

Source: EPA’s Latest Findings on National Air Quality™®

Trends for individual air toxics vary from
pollutant to pollutant. Benzene, the most
widely monitored toxic air pollutant, is emitted
from cars, trucks, oil refineries, and chemical
processes. The graph at right shows
measurements of benzene taken from 95 urban
monitoring sites around the country. These
urban areas generally have higher levels of
benzene than other areas of the country. These
site measurements show, on average, a 47
percent drop in benzene levels from 1994 to
2000 (see adjacent graph). During this period,

Ambient Benrens, Aneual Avergoe Urban
Doncentrations, Nationwide, 198942000

siniardariuny Bedi s e

1RG0 47% devreane
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EPA phased in new (so-called “tier 1"} car emission standards, implemented the federal
reformulated gasoline program in several parts of the country, and required reductions in
emissions of benzene and other HAPs from oil refineries and chemical manufacturers. EPA
estimates that, nationwide, benzene emissions from all sources dropped 20 percent from 1990 to
1996.

2.3.2 NATA National Scale Assessment

As part of its National Air Toxics Assessment (NATA)® activities, EPA has developed a
national-scale risk characterization for 33 toxic air pollutants (Exhibit 2-1), based on 1996
emissions data. This set of pollutants is similar to the list of 33 Urban Air Toxics except that
diesel particulate matter is included and dioxin is not. EPA used computer modeling of the 1996
NETI air toxics data as the basis for developing health risk estimates. The goal of the
national-scale assessment risk characterization is to identify those air toxics which may be of
potential concern in terms of contribution to population risk. The results are being used to,
among other things, set priorities for the collection of additional air toxics data (e.g., emissions
data and ambient monitoring data). EPA plans to update the national scale assessment every
three years.

A number of important limitations and uncertainties are associated with the national scale
assessment (see Summary of Limitations, Variability, and Uncertainty in the 1996 National-Scale
Air Toxics Assessment box). Nonetheless, the results provide important information for priority
setting. For example, the following map shows the distribution of relative predicted cancer risk
attributed to exposures to outdoor sources of air toxics across the continental United States as
estimated by the national-scale assessment. The highest ranking 20 percent of counties in terms
of risk (622 counties) contain almost three-fourths of the U.S. population. Three air toxics
(chromium, benzene, and formaldehyde) appear to pose the greatest nationwide carcinogenic
risk. This map does not include the potential risk from diesel exhaust emissions because the
existing health data were not deemed sufficient to develop a numerical estimate of cancer risk for
this pollutant. However, exposure to diesel exhaust is widespread, and EPA has concluded that
diesel exhaust is a likely human carcinogen and ranks it with the other substances that the
national-scale assessment suggests pose the greatest relative risk. One toxic air pollutant,
acrolein, is estimated to pose the highest potential nationwide for chronic adverse effects other
than cancer. For more information about NATA activitics, see www.cpa.gov/ttn/atw/nata.

This technical assessment represents an important step toward characterizing air toxics
nationwide. It is designed to help identify general pattemns in air toxics exposure and risk across
the country, but is not recommended as a tool to characterize or compare risk at local levels (e.g.,
to compare risks from one part of a city to another). More localized assessments, including
monitoring and modeling, provide a more appropriate way to accurately characterize local-scale
risk.

'NATA is EPA’s ongoing comprehensive evaluation of air toxics in the U.S. These activities include
expansion of air toxics monitoring, improving and periodically updating emission inventories, improving national-
and local-scale modeling, continuing research on health effects and exposures to both ambient and indoor air, and
improving assessment tools (http://www .epa.govitm/atw/nata/index. html).
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acetaldehyde
acrolein

acrylonitrile

arsenic compounds
benzene

beryllium compounds
1,3-butadiene
cadmium compounds
carbon tetrachloride
chloroform

chromium compounds

coke oven emissions
1,3-dichloropropene
diesel particulate matter
ethylene dibromide
ethylene dichloride
ethylene oxide
formaldehyde
hexachlorobenzene
hydrazine

lead compounds
manganese compounds

mercury compounds

methylene chloride

nickel compounds
perchlorothylene

polychlorinated biphenyls (PCBs)
polycyclic organic matter (POM)®
propylene dichloride

quinoline
1,1,2,2-tetrachloroethane
trichloroethylene

vinyl chloride

®Also represented as 7-PAH

EPA plans eventually to include all 188 HAPs in the NATA national-scale assessment
Source: http://www.epa.gov/ttn/atw/nata/34pollhtml

1996 Estimated County Median Cancer Risk
All Carcinogens — United States Counties

Upper==Bound Litelime Cumulative Cancer Risk
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Summary of Limitations, Variability, and Uncertainty in the
1996 National-Scale Air Toxics Assessment®

« Limitations. The NATA results provide macro-level data on emissions, ambient air
concentrations, exposures, and risks across broad geographic areas (such as counties, states and the
nation) at a moment in time. As such, they help the EPA identify specific air toxics compounds,
and specific source sectors such as stationary sources or mobile sources, which generally produce
the highest exposures and risks in the country. But the results are also based on assumptions and
methods that limit the range of questions that can be answered reliably. The data cannot be used to
identify exposures and risks for specific individuals, or even to identify exposures and risks in
small geographic regions such as a specific census tract. Also, these data are not appropriate for
determining impacts close to particular facilities. These limitations, or caveats, must always be
kept in mind when interpreting the results, and the results should be used only to address questions
for which the assessment methods are suited.

* Variability. Emissions, air concentrations, exposures and risks are not the same throughout the
U.S., and are not the same for every person. Some geographic areas have higher concentrations
than others; there are some periods of time when the concentration is higher at a given location
than at other times. Some individuals have an exposure and/or risk below the national average,
while others have an exposure and/or risk above the national average. It is necessary, therefore, to
have some idea of how the ambient air toxics concentrations, exposures, and risks vary throughout
the U.S. Such a process is called a variability analysis.

» Uncertainty. EPA seecks to protect health with reasonable confidence. Scientific estimates of air
concentrations, exposures, and risks, however, always involve simplifying assumptions that make
the assessment possible given available information and resources. These assumptions introduce
uncertainties into the results, since there is never complete confidence that the assumptions are
entirely correct. It is necessary to understand the size of these uncertainties, the level of
confidence that can be placed in any statement related to the assessment, and how this confidence
affects the ability to make reasoned decisions. Such a process is called an uncertainty analysis.

®More detailed discussion of specific limitations, variability, and uncertainty associated with the 1996 national-
scale assessment is provided in three individual pages accessed by links from

\http JIwww.epa.gov/itn/atw/nata/natsalim?2 html. /

2.4 Other Air Pollutants of Potential Concern

As previously noted, there are many other air pollutants that may be harmful to public health and
the environment and, for some of these chemicals, other programs may already be in place to

help control them. This section discusses several groups of air pollutants, some of which overlap
with the list of 188 HAPs.

2.4.1 Criteria Air Pollutants

Pursuant to the CAA, EPA has set standards, also known as National Ambient Air Quality
Standards (NAAQS), for six criteria pollutants (Exhibit 2-2). The Clean Air Act requires
these standards to be set at levels that protect public health with an adequate margin of safety and
without consideration of cost. These standards serve two important purposes: first, they provide
information to the public about whether the air in their community is healthful; and second, they
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present state and local governments with the targets they must meet to achieve clean air. EPA

requires that each state containing areas that do not attain the standards develop a written plan for
cleaning the air in those areas. The plans developed are called state implementation plans (SIPs).
Through these plans, the states outline efforts that they will make to try to correct the levels of air
pollution and bring their areas back into attainment.

Pollutant Standard Value* Standard Type
Carbon Monoxide (CO)
8-hour Average 9 ppm (10 mg/m’) Primary
1-hour Average 35 ppm (40 mg/m’) Primary

Nitrogen Dioxide (NO,)
Annual Arithmetic Mean
Ozone (0,)

1-hour Average

8-hour Average

Lead (Pb)

Quarterly Average

Particulate (PM,,) Particles with diameters of 10 micrometers or less

Annual Arithmetic Mean

24-hour Average

Particulate (PM, ;) Particles with diameters of 2.5 micrometers or less

Annual Arithmetic Mean
24-hour Average

Sulfur Dioxide (80,)
Annual Arithmetic Mean
24-hour Average

3-hour Average

* Parenthetical value is an approximately equivalent concentration

0.053ppm (100 pg/m’)

0.12ppm (235 pg/m’)
0.08 ppm (157 pg/m’)

1.5 pg/m’

50 pg/m’

150 pg/m’

15 ug/m’
65 pg/m’

0.030 ppm (80 pg/m’)
0.140 ppm (365 pg/m’)

0.500 ppm (1300 pg/m’)

Primary & Secondary

Primary & Secondary

Primary & Secondary

Primary & Secondary

Primary & Secondary

Primary & Secondary

Primary & Secondary

Primary & Secondary

Primary
Primary

Secondary
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Four of these pollutants (CO, Pb, NO,, and SO,) result primarily through direct emissions from a
varicty of sources. PM results from direct emissions, but is also commonly formed from
emissions of nitrogen oxides (NO,), sulfur oxides (SO,), ammonia, organic compounds, and
other gases in the atmosphere. Sources of fine particles (PM, ;) include many types of
combustion activities (e.g., motor vehicles, power plants, wood burning) and certain industrial
processes. Ozone is not directly emitted from sources, but is formed when NO, and VOCs react
in the presence of sunlight.

Exposure to the criteria pollutants is associated with numerous effects on human health,
including increased respiratory symptoms, hospitalization for heart or lung diseases, and even
premature death. The CAA established two types of NAAQS for the criteria pollutants:

* Primary standards are designed to establish limits to protect public health, including the
health of sensitive populations such as asthmatics, children, and the elderly.

* Secondary standards set limits to protect public welfare, including protection against
visibility impairment and adverse effects on crops, vegetation, and building materials.

Many of the health effects associated with /

the criteria pollutants can happen within a Air Quality Index

few hours or days after breathing polluted

air. Thus, EPA has developed an index, Air Quality Index | Levels of Health | .\
called the Air Quality Index or AQL for (AQL) Values Concern

reporting daily air quality. The AQI can be 0 to 50 Good Green
thought of as a yardstick that runs from 0 to S1to 100 Moderate Vellow
500. The higher the AQI value, the greater

the level of air pollution and the greater the 101 to 150 Unhealthy for Orange
health danger. For example, an AQI value sensifive groups

of 50 represents good air quality and little 151 to 200 Unhealthy Red
potential to affect public health, while an

AQI value over 300 represents hazardous 201 to 300 Very Unhealthy | Purple
air quality. Most States now provide this 301 to 500 Hazardous Maroon
information to their citizens on either their

own website or through the EPA’s AirNow \ /
website (http://www.epa.gov/airnow/

where/).

Despite the progress made in the last 30 years, millions of people live in counties in which
monitoring data show unhealthy air for one or more of the six criteria pollutants. EPA’s most
recent evaluation of air pollution trends for these six pollutants can be found at http://www.
epa.gov/airtrends/. General information on the criteria pollutants can be found at
http://www.epa.gov/air/urbanair/6poll.html.
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2.4.2 Chemicals on the Toxics Release Inventory

In 1984, a cloud of methyl isocyanate released from an accident at a pesticide plant in Bhopal,
India, killed thousands of people. Shortly thereafter, there was a serious chemical release at a
sister plant in West Virginia. These incidents underscored the needs of industrial workers and
communities for more complete information on hazardous materials. Public interest and
environmental organizations around the country increased demands for information on toxic
chemicals being released “beyond the fence line” — outside of the facility. In response, Congress
enacted the Emergency Planning and Community Right-to-Know Act (EPCRA) in 1986. Shortly
thereafter, the CAA Amendments of 1990 required EPA to publish regulations and guidance for
chemical accident prevention at facilities using extremely hazardous substances (see box below).

4 Risk Management Planning: Accidental Release Prevention \

The CAA Amendments of 1990 required EPA to publish regulations and guidance for chemical
accident prevention at facilities using extremely hazardous substances. The Risk Management
Program Rule was written to implement section 112(r) of these amendments. The rule, which built
upon existing industry codes and standards, requires companies of all sizes that use certain flammable
and toxic substances to develop a Risk Management Program, which includes a(n):

* Hazard assessment that details the potential effects of an accidental release, an accident history of
the last five years, and an evaluation of worst-case and alternative accidental releases;

» Prevention program that includes safety precautions and maintenance, monitoring, and employee
training measures; and

* Emergency response program that spells out emergency health care, employee training measures,
and procedures for informing the public and response agencies (e.g., the fire department) should an
accident occur.

A summary of each facility's risk management program (known as a “Risk Management Plan” or
“RMP”) was to be submitted to EPA by 1999 and must be revised and resubmitted every five years.

The List of Regulated Substances under section 112(r) of the Clean Air Actis found in 40 CFR Part

68 and lists the regulated substances, including their synonyms, and threshold quantities (in pounds) to
help facilities assess if they are subject to the RMP rule or the general duty clause (see
http://www.access.gpo.gov/nara/cfr/cfrhtml 00/Title 40/40cfr68 00.html). Note that pursuant to
section 112(r), threshold quantities for RMPs, are of amounts stored on site and not emissions.
Additional information on the Risk Management Program can be found at:

\http ://yosemite.epa.gov/oswer/ceppoweb.nsf/content/RMPS .htm /

EPCRA’s primary purpose is to inform communities and citizens of chemical hazards in their
areas. Sections 311 and 312 of EPCRA require businesses to report the locations and quantities
of chemicals stored on-site as a means of helping communities prepare for chemical spills and
similar emergencies. EPCRA section 313 requires EPA and the states to annually collect data on
releases and transfers of listed toxic chemicals from certain industrial facilities, and make the
data available to the public in the Toxics Release Inventory (TRI). In 1990, Congress passed the
Pollution Prevention Act which required that additional data on waste management and source
reduction activities also be reported in the TRI. One of the goals of the TRI is to empower
citizens, through information, to hold companies and local governments accountable for the
management of toxic chemicals.
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The TRI program has expanded significantly since its inception in 1987. The Agency has issued
rules to roughly double the number of chemicals that the TRI includes to over 650. The TRI has
added seven new industry sectors, expanding coverage significantly beyond manufacturing
industries. Most recently, the Agency has reduced the reporting thresholds for certain persistent,
bioaccumulative, and toxic (PBT) chemicals (discussed in Chapter 4) in order to provide
additional information to the public on these chemicals. A full list of the TRI chemicals, along
with information on accessing the database and health and environmental effects information,
can be found at http://www.epa.gov/tri/.

2.4.3 Toxic Chemicals that Persist and Which Also May Bioaccumulate

Toxic chemicals that persist and which also may bioaccumulate are compounds that can build up
in the food chain to levels that are harmful to human and ecosystem health. Such chemicals,
commonly called PBT chemicals, may be associated with a range of adverse human health
effects, including effects on the nervous system, reproductive and developmental problems,
cancer, and genetic impacts. EPA’s challenge in reducing risks from these chemicals stems from
the pollutant’s ability to transfer easily between air, water, and land; to linger for generations in
people and the environment; and in some cases to travel long distances. A number of “lists” of
these chemicals have been developed through international and EPA efforts (see Chapter 4).

Over the years, much work has been done to reduce the risk associated with these chemicals.
However, the nation still finds PBT chemicals in the air, water, land, and, as a result, food. For
example, the total number of advisories for eating contaminated fish in the United States
increased by 93 percent from 1993 to 2002."® Although there are advisories for a total of 39
chemical contaminants, most advisories involve five primary contaminants: mercury, PCBs,
dioxins, DDT, and chlordane. Almost 75 percent of the advisories have been issued at least in
part because of mercury contamination. The 2,800 advisories issued in 2002 represent
approximately 33 percent of the nation’s total lake acreage and over 15 percent of the nation’s
total river miles.

Until the late 1990s, EPA actions to reduce emissions of toxic chemicals that persist and which
also may bioaccumulate have been separate regulatory activities aimed at pollutant releases to
individual environmental media (air, water, or land). In 1998, EPA developed a PBT Strategy
to better coordinate these actions and to assure, for example, that regulations removing a
pollutant from the air do not inadvertently result in transferring it to the land or water
(http://www.cpa.gov/opptintr/pbt/). The main goals of the strategy are to:

* Develop and implement national action
plans to reduce priority PBT pollutants,
utilizing the full range of EPA tools;

+ Continue to screen and select more
priority PBT pollutants for action;

*  Prevent new PBTs from entering the
marketplace; and

» Measure progress of these actions
against the Government Performance
and Results Act (GPRA) goals and
national commitments.
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The Agency-wide strategy enables EPA to hamess all of its tools — voluntary, regulatory,
international, enforcement, compliance, and research — and direct them at a set of priority
pollutants of common concem to all EPA program offices. Implementing the strategy will
require time and the coordination of many EPA offices as well as other stakeholders, such as
industry, other governmental groups, and the international community.

/

~

International Transport of Air Pollutants

There is the potential for toxic chemicals that persist and which also may bicaccumulate to be
transported from long distances to contaminate distant regions of the globe. An investigation by EPA
Region 5 has shown the possibility of long-range transport of certain of these chemicals (identified in
an international treaty as “persistent organic pollutants,” or POPs — see Chapter 4) which were used in
Central America prior to the 1980s to impact the Great Lakes. This is due to several phenomena. The
semi-volatility of many POPs, allows them to be volatilized from warmer regions of the globe and
redeposited in cooler regions in higher latitudes. Additionally, meteorological patterns during certain
times of year can transport air masses and pollutants from the Central American region though the
central U.S. into the northemn states. Air masses from Central America have an unobstructed path to
the Great Lakes (e.g. no physical barriers such as mountain ranges). Satellite photos show the
transport of smoke from Central American fires in May of 1998 up through the Great Lakes Region.

This figure illustrates the mean wind flow at
1500 meters of altitude during the months of
June, July and August from 1985 to 1996.
Although these patterns can be disrupted by
climatological events such as El Nifio, it is

clear that POPs released in the southern

areas of this hemisphere can impact areas of

the U.S. Studies have shown that long range
transport from many regions of the globe is

a significant source of POP chemicals to the :é
Great Lakes and that mitigation efforts are
going to be needed both in the U.S. and

globally to address potential sources. The

study of Central American sources has

shown that this region is a potential

contributor to POPs contamination in the

Great Lakes, due to the fact that these

chemicals degrade very slowly, and there still exist areas of high contamination and stockpiles of
these chemicals that are no longer in use in Cental America.

For more information on International Issues & U.S. Air Quality, see EPA’s Air Trends website at
@ttp J/www .epa.gov/airtrends/international html /
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2.4.4 Overlaps and Differences Between Chemical “Lists”

The various lists of chemicals discussed above (e.g., HAPs, criteria air pollutants, TRI
chemicals) do not always treat groups of chemicals (or chemical precursors/reaction products) in
the same manner. Some examples of the ways in which these lists overlap or differ include:

+  “Glycol ethers” are defined differently for the TRI and as HAPs (see box below);

* Ozone is formed by the interaction of NOy, VOCs, and sunlight. Some of the HAPs are
VOCs that may contribute to ozone formation;

» “Particulate matter” that is regulated as a criteria pollutant can be comprised of any number
of individual chemicals and may contain various HAPs.

-

Glycol Ethers in the TRI and as HAPs \

The TRI includes certain glycol ethers R-(OCH2CH2)n -OR' where:
n=1,2,or3

R = alkyl C7 or less; phenyl or alkyl substituted phenyl

R'=H, or alkyl C7 or less

OR' consisting of carboxylic acid ester, sulfate, phosphate, nitrate, or sulfonate.

The list of HAPs includes mono- and di- ethers of ethylene glycol, diethylene glycol,
and triethylene glycol R{OCH2CH2)n -OR' where:

n=1,2,or3

R = alkyl or aryl groups

R'=R, H, or groups which, when removed, yield glycol ethers with the structure: R-
{(OCH2CH)n-OH.

Polymers (surfactant alcohol ethoxylates and their derivatives)are excluded from the

\glycol category. /

It is important to keep these overlaps and differences in mind since they can have important
legal, policy, and other practical implications when studying air toxics impact or developing risk
reduction alternatives for a particular location. The reader should also remember that the
differences among chemical “lists” are based mostly on legal and regulatory considerations, not
necessarily on toxicologic properties.

2.5  Reports to Congress on Air Toxics Issues

The CAA requires EPA to study and produce reports on several specific topics relevant to our
understanding of air toxics and the risks they pose to human health. These studies have been
critical to our understanding of important air toxics sources and how certain chemicals move
through and impact our environment. A synopsis of several of these studies is presented below.
Links to all of the various reports can be found at http://www.cepa.gov/ttn/oarpg/t3rc.html.
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2.5.1 Air Toxics Deposition to the Great Waters

Pursuant to section 112(m) of the CAA, EPA, in conjunction with the National Oceanic and
Atmospheric Administration (NOAA), has issued three reports to Congress on the deposition of
air toxics and the resulting effects on the Great Lakes, Chesapeake Bay, Lake Champlain, and
certain other coastal waters, collectively known as the Great Waters. In addition to EPA and
NOAA, other international, national, regional, and local organizations also contribute to the body
of science relevant to the Great Waters program and are engaged in activities that seek to reduce
sources and quantities of pollution to the Great Waters. These activities focus on 15 pollutants
of concern, including certain pesticides, metal compounds, chlorinated organic compounds, and
nitrogen compounds. These pollutants enter the air in a variety of ways, including direct emission
from industries and natural sources, and “re-emission” from soil and water. The Agency selected
pollutants of concern due to their persistence, potential to bioaccumulate, and/or potential for
adverse impacts to the Great Waters. Some of these pollutants are also likely endocrine
disruptors, meaning they may interfere with the action of hormones in wildlife and humans.
EPA will work to increase public awareness of risks of exposure to Great Waters pollutants as
well as continue to support the development of modeling tools that address the transport and fate
of pollutants in ecosystems and characterize risk, including research to clarify mechanisms of
mercury methylation so as to better predict and manage ecosystems at risk. The most recent
Great Waters Report to Congress is available at http://www.epa.gov/airprogm/oar/oagps/

gr8water/.

2.5.2 Mercury Study Report to Congress

Mercury compounds are one of the 188 HAPs. They are of concern because they persist in the
environment, and bioaccumulate in food, and are associated with serious health and
environmental effects, including neurological impacts in infants. Coal-fired electric utility plants
are the largest air emission sources of mercury in the U.S. (responsible for approximately

40 percent of 1999 emissions). Resultant mercury concentrations in air are usually low and of
little direct concern. However, when mercury enters surface waters, biological processes
transform it to a highly toxic form that accumulates in fish, which can result in large exposures to
fish consumers (including people). (See following graphic.)

EPA prepared the 1997 Mercury Study as a Report to Congress pursuant to the requirements of
section 112(n)(1)(B) of the CAA to provide an assessment of the magnitude of U.S. mercury
emissions by source, the health and environmental implications of those emissions, and the
availability and cost of control technologies. As the state-of-the-science for mercury is
continuously and rapidly evolving, this Report represents a “snapshot” of our understanding of
mercury. This Report does not quantify the risk from mercury exposure because of scientific
uncertainty in a number of important arecas. The Report identifies areas where further research is
needed to provide a quantitative risk assessment. The full Report can be accessed at
http://www.epa.gov/ttn/atw/1 1 2nmerc/mercury.html.
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Mercury Cycling in the Environment

o

2.5.3 Utility Report to Congress

Section 112(n)}(1)(A) of the 1990 CAA Amendments required EPA to conduct a study of the
public health impacts of emissions of air toxics from electric utilities that bum fossil fuel. Utility
emissions include 67 HAPs, including arsenic compounds, nickel compounds, chromium
compounds, radionuclides, and mercury compounds. EPA has presented the results of these
studies in two key documents, a 1998 Report to Congress and a 1999 analysis of emissions
reduction options. The key findings of the report to Congress include:

» Air Toxics Emissions of Concern. The report indicates that, although uncertainties in the
analysis exist, on balance, mercury from coal-fired utilities is the hazardous air pollutant of
greatest potential public health concern. Three other air toxics are identified, for which there
are some potential concerns and uncertainties that may need further study: dioxins, arsenic,
and nickel.

* Risk Assessment of Exposure Pathways Other Than Inhalation. The assessment
determined that exposures due to non-inhalation routes (i.e., dermal, ingestion) are by far the
most important routes of exposure for mercury and dioxins. For arsenic and radionuclides,
both inhalation and ingestion appear to be important exposure routes. However, there are
uncertainties and limitations in the data that indicate a need for further evaluation to more
fully characterize the public health impacts of these pollutant emissions from utilities.
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* Inhalation Exposure Assessment. The modeling assessment suggests that a substantial
fraction of the utility emissions are dispersed well beyond the local area due to the nature of
the emissions (mostly fine particulate substances) and the height of the tall stacks.
Assessment of inhalation exposure for the 67 air toxics emitted by utilities indicate that the
cancer risk from inhalation exposure is estimated to be less than one in a million for the
majority of utility plants, with a few plants perhaps with slightly greater risks. Further
research and evaluation may be needed to more comprehensively assess the inhalation cancer
risks.

*  Mercury. The results of the investigation indicate that mercury from coal-fired utilities is
the air pollutant of greatest potential concern to public health from utilities. Coal-fired
utilities are estimated to emit about one-third (52 tons) of U.S. anthropogenic (manmade)
mercury emissions per year. The risk assessment indicates that ingestion of contaminated
fish is the most important route of exposure to mercury. The modeling assessment, in
conjunction with available scientific data, provides evidence for a plausible link between
emissions of mercury from utilities and the methylmercury found in soil, water, air, and fish.
Consequently, mercury emissions from coal-fired utilities may contribute to the potential
exposures to mercury through consumption of contaminated fish. However, there remain
uncertainties about the extent of impacts directly attributable to mercury emissions from
utilities.

« Alternative Control Strategies. There arc numerous potential alternative control
technologies and strategies for air toxics control, although the feasibility and effectiveness of
potential control technologies vary.

2.5.4 Residual Risk Report to Congress

The Residual Risk Report to Congress responds to section 112(f)(1) of the Clean Air Act, which
requires EPA to investigate and report to Congress on a variety of topics pertaining to the
assessment of residual risks associated with air toxics emissions from stationary sources
remaining after the implementation of technology based standards per section 112(d) (i.e.,
MACT standards).®

While the main purpose of the Report is to describe the methods and the framework that EPA
will use to make residual risk determinations, the Report also discusses, in general terms, the
available methods of reducing residual risks - including pollution prevention, add-on controls,
and voluntary approaches - and factors relevant to costs of these methods; the current state of
knowledge regarding health effects of air toxics on humans; and EPA’s current methods for
collecting and assessing health effects data.

As touched on in Section 2.2.3.2, section 112(f) of the CAA requires the Agency to consider the need for
additional standards following regulation under section 112(d) to protect public health and the environment. Section
112(f) of the CAA specifies that such residual risk standards “provide an ample margin of safety to protect public
health.” Section 112(f) also requires EPA to determine whether residual risk standards are necessary to prevent “an
adverse environmental effect” taking into consideration “costs, energy, safety, and other relevant factors” in deciding
what level is protective.
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While developed in response to Clean Air Act provisions particular to “residual risk,” the report
describes methodologies intended for EPA’s use more broadly in assessing risk from toxic air
pollutants. The Report does not specify a particular method for conducting risk assessments,
stressing that EPA has the flexibility to use current techniques along with new methods as they
are developed. The full report is available at http://www.epa.gov/ttncaaal/t3/reports/

risk_rep.pdf.

Specifically, the Residual Risk Report to Congress™ identifies two objectives for residual risk
activities:

*  Assess any risks remaining after MACT standard compliance; and

» Set standards for the identified source categories, if additional HAP emission reductions are
necessary to provide an ample margin of safety to protect public health or, taking into
account cost, energy, safety, and other relevant factors, to prevent an adverse environmental
effect.

2.5.5 Integrated Urban Strategy Report to Congress

The Strategy addresses the need to reduce emissions of air toxics in urban areas and looks
collectively at large and small industrial and commercial operations, as well as mobile sources of
pollution. The Strategy also includes plans for improving current understanding of the health
risks posed by toxics in urban areas. This Report to Congress provides the following: a more
detailed examination of the methodologies used for selecting the 33 initial urban air toxics
identified in the Strategy; a summary of recent risk assessments conducted in several urban areas;
and a detailed discussion of research needs to achieve the goals outlined in the Strategy. These
needs were identified in the following areas: exposure assessment, health effects, dose-response
assessment, risk assessment, risk characterization, and risk management. The report is available
at http://www.epa.gov/ttnatw01/urban/natprpt.pdf.

2.5.6 Other Reports

Finally, EPA prepared two other reports that were called for in the Clean Air Act (http:/www.
epa.gov/ttn/atw/1 1 2npg.html).

First, section 112(n)(5) of the CAA required EPA to assess the public health hazards associated
with emissions of hydrogen sulfide from oil and gas extraction. This report, Hydrogen Sulfide
Air Emissions Associated with the Extraction of Qil and Natural Gas (EPA-453/R-93-045), is

available from the National Technical Information Services (NTIS) as publication number
PB94-131224.

Second, section 112(n)(6) of the CAA required EPA to assess the public health hazards
associated with emissions of hydrofluoric acid in areas that do not have comprehensive health
and safety regulations addressing hydrofluoric acid. The Hydrogen Fluoride Study: Report to
Congress (EPA 550-R-93-001) was published in September 1993 and is available from NTIS as
publication number PB 94-121308.
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Chapter 3 EPA’s Risk Assessment Process for Air

Toxics: History and Overview
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3.1 Introduction

This chapter provides the historical backdrop to the air toxics risk assessment process that is in
use at EPA today. It examines the overall framework of the risk assessment process and how the
various elements of the process relate to one another, including resource and timing
considerations. Subsequent chapters of this reference manual describe each of the specific
elements of the risk assessment process in detail.

3.2 A Short History of the Development of Human Health Risk Assessment and Risk
Management Approaches for Air Toxics

Risk assessment is not new. However, only recently have some attempted to formalize the
process into a coherent framework. This section briefly describes the chronology and important
events in the development of those risk assessment methodologies outlined in this document.

3.2.1 The 1983 National Academy of Sciences Report

In the 1980s, the emerging practice of federal-level risk assessment spurred Congress to
commission a report from the National Research Council (NRC) of the National Academy of
Sciences (NAS) on how the

process was being used. The 4 N\
result was the landmark 1983 Purpose of the 1983 NRC Report

study entitled Risk Assessment in
the Federal Government:
Managing the Process." The
document is often referred to as
“The Red Book” because of'its
distinctive red cover. The Red

* Assess the merits of separating the
analytic functions of developing risk
assessments from the regulatory
functions of making policy decisions.

» Consider the feasibility of designating
a single organization to do risk

Book acknowledged that assessments for all regulatory

regulatory agencies have differing agencies.

statutory obligations that require » Consider the feasibility of developing

some flexibility in both the risk uniform risk assessment guidelines for use by all
assessment and risk management regulatory agencies.

processes. The Red Book also . J

clarified what risk assessment and
risk management are by giving them the definitions that are still commonly used today (see
Exhibit 3-1):

*  “We use risk assessment to mean the characterization of the potential adverse health effects
of human exposures to environmental hazards” (p. 18).

*  “The Committee uses the term risk management to describe the process of evaluating
alternative regulatory actions and selecting among them” (p. 18).
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The Red Book did not recommend “bright
line analysis” because it gives too much
weight to risk numbers that are, by their very
nature, uncertain. The NRC also made two
important recommendations regarding the
risk assessment and risk management
processes used by federal agencies:

»  First, the scientific finding and policy
judgments embodied in risk assessments
should be explicitly distinguished from
the political, economic, and technical
considerations that influence the design
and choice of regulatory strategies.

4 )

Bright Line Analysis

“Bright line analysis” is the process of
comparing a risk assessment result (the estimated
numerical value of risk) to a preestablished
acceptable level of risk (the “bright line”) and
making risk management decisions solely on
whether the estimated risk is above or below the
acceptable level. The NRC emphasized that risk
assessment results are only one component of the
risk management decision process and that
assessment results should not be the only

Qlformation risk managers consider. )

» Second, uniform guidelines should be developed for use by federal regulatory agencies in the

risk assessment process.

The Red Book had a significant impact on risk assessment and management processes
throughout the federal government, and it continues to be an influential reference at EPA. For
example, in response to its recommendations, EPA established the Risk Assessment Council
(RAC) and began publishing Agency-wide risk assessment guidelines (see Section 3.1.4 below).
(Note that the recommendation to develop uniform risk assessment guidelines for use by all
regulatory agencies did not happen — each agency is still free to develop their own approaches

and guidelines.)
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3.2.2 The 1994 National Research Council Report

Recogmzmg t‘he growlqg ) 4 Purpose of the 1994 NRC Report \
importance of quantitative risk

assessment in the r§gulat9ry Congress asked the NRC to answer the

process, Congress in section following questions:

112(0) of the Clean Air Act
(CAA) amendments required EPA | « Given that quantitative risk assessment is

to enter into a contract with the essential for EPA’s implementation of
NRC to evaluate the risk the CAA, is EPA conducting risk
assessment methods EPA was assessments in the best possible manner?
using at the time. The NRC’s » Has EPA developed mechanisms for

keeping its risk assessment procedures

R @ current in the face of new developments in science?
Judgment in de;Sk;:IS‘ﬁ;gg’em’ * Are adequate risk-related data being collected to permit
Wwas prepared by the S EPA to carry out its mandates?

Committee on Risk Assessment of |+ What,if anything, should be done to improve EPA’s
Hazardous Air Pollutants in the \_ development and use of risk assessments? )
Board on Environmental Studies

and Toxicology. In a sense, the
“Blue Book™ was a follow-up to the 1983 Red Book, but with a specific emphasis on EPA’s
scientific methods.

1994 report, Science and

The NRC committee observed that several themes were common to all elements of the risk
assessment process and noted that these themes were usually the focal points for criticisms of
individual risk assessments:

* The use of detault assumptions;

e Available data;

*  Uncertainty and variability;

» Assessment of multiple chemical exposures, multiple routes of exposure, the potential for
multiple adverse effects; and

»  Steps taken to validate the methodologies used throughout the risk assessment process.

In the Blue Book, the NRC updated the risk assessment/risk management paradigm and
presented several recommendations for increasing the effectiveness and accuracy of EPA’s risk
assessment and risk management process, particularly as it pertained to air toxics:

» EPA should generally retain its conservative, default-based approach to risk assessment for
screening analysis in standard-setting.

» EPA should use iterative approaches that incorporate improvements in both the models and
data used in each successive iteration of analysis. For example, EPA should start with
relatively inexpensive screening techniques and move to a more resource-intensive level of
data-gathering, model construction, and model application as the particular situation
warrants. This method avoids costly case-by-case evaluations of individual chemicals at
every facility in every source category.
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» EPA should explicitly identify each use of a default option in a risk assessment, should
clearly state the scientific and policy basis for each default option, and should consider
attempting to give greater formality to its criteria for departure from default options.

» EPA should establish regulatory priorities based on initial assessments of each chemical’s
possible impact on human health and welfare.

» EPA should present not only point estimates of risk, but also the sources and magnitudes of
uncertainty associated with these estimates.

EPA has progressively worked to adopt the report’s recommendations as it transitions the
Agency into the risk-based phase of the CAA legislative strategy for HAPs.

3.2.3 The CRARM

Section 303 of the 1990 CAA
Amendments mandated the
formation of a Presidential

N

(Purpose of the 1997 White Book

Funeen s
wiosh BAoTRUNBIY o,
Faare Tavy Manageweny

Investigate “the policy implications

Commission on Risk Assessment and appropriate uses of risk

and Risk Management (CRARM) assessment and risk management in
in response to unresolved regulatory programs under various

questions about EPA’s approach Federal laws to prevent cancer and
to assessing public health risks other chronic health effects which

Fiek Poss o fsan Tt
655558 TR Worsn RERRMENT
Bgt, MraNEAE =T

remaining after implementation of | may result from exposure to
the maximum achievable control hazardous substances.”
technology (MACT) program (i.e.,
technology based control). \_ J
CRARM released its report, Risk

Assessment and Risk Management in Regulatory Decision-Making, or the White Book, in two
volumes in 1997. Volume I focuses on the framework for environmental health risk
management. Volume II addresses a variety of technical issues related to risk assessment and
risk management, including a common metric for assessment of cancer and other effects,
management of residual risks from air toxics, comparative risk, decision criteria, uncertainty
analysis, and recommendations to specific agencies.”

The CRARM developed a risk management framework that fosters an integrated approach to
addressing complex, real-world issues that affect multiple environmental media and involve
exposures to mixtures of chemicals (Exhibit 3-2). Note that risk assessment (here “risk™) is one
of several steps in risk management. The framework aims to encourage integrated approaches to
environmental risk management.
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Problem/

\ Context

\ Options
Decisions

The central element of the framework is encouraging stakeholder participation throughout the six
stages of risk management. In addition, the framework intends to be iterative — if appropriate,
risk assessors can redefine and reassess the risk problem as they develop new data. Another key
principle of the framework is that risk management should explicitly consider the
comprehensive, real-world context of a risk problem and not limit the context to one that
considers only one type of risk associated with a single chemical in a single environmental
medium. The CRARM made several additional recommendations:

* Conduct Comparative Risk Assessment. Federal agencies should try a comparative risk
analysis approach on an experimental or demonstration basis to seek consensus on priorities
for managing environmental risks. The results of such efforts should influence agency
resource allocation.

* Harmonize Cancer and Non-Cancer Methodologies. Assessment techniques for
carcinogens and non-carcinogens should be harmonized. This would aid in risk
communication, risk management decisions, and comparative risk assessment.

» Devise Realistic Exposure Scenarios. Risk management decisions should be based on

realistic exposure scenarios, rather than on the hypothetical maximum exposed individual
(MEI). Distributions of the varied exposures within a population should be evaluated with
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explicit attention to specific segments of the population (e.g., individuals with unusually high
exposures, infants, children, pregnant women, low-income groups, and minority communities
with exposures influenced by social or cultural practices).

* Place Cost-Benefit Analysis in its Appropriate Context. Economic analysis is a relevant
consideration in risk management decisions, but should not be the overriding factor in a
decision. Explicit descriptions of assumptions, data sources, sources of uncertainty, and costs
across society should be presented in parallel with descriptions associated with risk
assessments.

» Ensure Interagency Consistency. Agencies should coordinate their risk assessment
methods and assumptions unless there is a specific statutory requirement that allows for
different choices. Scientific disagreements should be explained.

* Conduct Tiered Residual Risk Assessments. EPA should implement a tiered approach to
managing residual risks after implementation of the CAA’s technology-based (MACT)
standards.

Similar to the recommendations outlined in the Blue Book, EPA has continued to modify its risk
assessment guidelines and approaches in response to these recommendations. Other documents,
such as the National Research Council’s 1996 document entitled Understanding Risk:
Information Decisions in a Democratic Society,” also play a role in informing the continued
development of the risk assessment and risk management process.®

3.2.4 Development of Human Health Risk Assessment at EPA

EPA has conducted human health risk 4
assessments since its inception in 1970. EPA
built on this early experience while

~

Fundamental References for
Air Toxics Risk Assessment

confronting potential hazards associated with
pesticide use. For example, after considering
available human and non-human toxicity data,
EPA restricted domestic use of DDT and other
pesticides, in part due to their cancer risks.

EPA acknowledged that such risk-based
regulations needed an appropriate scientific
basis and began collecting cancer toxicity
information on pesticides through
administrative hearings and testimony.

(1) Air Toxics Risk Assessment Reference
Library, three volumes

(2) The NAS Red and Blue Books
(3) CRARM White Book

(4) EPA Guidelines for Risk Assessment Series

(Full citations are at the end of this chapter.) Y.

Summary documents from these hearings became known as the “Cancer Principles.” Criticism
of these documents, which many inadvertently perceived to be formal Agency cancer risk
assessment policy, led the Agency to develop interim guidelines in 1976. Three years later, the

*Understanding Risk “...illustrates that making risks understandable to the public involves more than
translating scientific knowledge. The volume also draws conclusions about what society should expect from risk
characterization and offers guidelines and principles for informing the wide variety of risk decisions that face our
increasingly technological society.” (See http://books.nap.edu/catalog/5138.html.)
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Interagency Regulatory Liaison Group (a conglomeration of several federal agencies, including
EPA) published additional cancer risk assessment guidelines. Concurrently, EPA used cancer
risk assessment techniques in its toxic chemicals regulation under the 1976 Toxic Substances
Control Act. By the end of EPA’s first decade in existence, the Agency used risk assessment
techniques to develop water quality criteria protective of human health.

Throughout the 1980s, EPA increasingly utilized risk assessment to evaluate the potential for
chemicals to cause non-cancer health effects in addition to cancer risks. During the 1980s, the
Agency used cancer risk assessment techniques in the development of national emission
standards for air toxics such as vinyl chloride and benzene.

As EPA increased its use of risk assessment throughout the 1980s, the Agency’s inconsistent
approach to risk assessment became apparent, largely due to a lack of standard guidance on the
topic. To correct this problem, the Agency undertook administrative reforms and published
several key guidelines and other policy documents.

First, the Agency published Risk Assessment and Management: Framework for Decision
Making.” EPA intended this reference manual to conform EPA practices with NRC Red Book
recommendations and to help the Agency make better and more rapid decisions about
environmental toxic chemical problems.

Next, in 1986, EPA established the Risk 4
Assessment Council (RAC) to oversee
virtually all aspects of the Agency’s risk

EPA Risk Assessment Forum \

The Risk Assessment Forum is a standing committee

assessment process. EPA appointed of senior EPA scientists established to promote
Senior Agency officials with experience Agcncy-widc consensus on difficult and

and responsibilities in the area of science controversial risk assessment issues and to ensure
policy and risk assessment to the RAC. that this consensus is incorporated into appropriate
This group established EPA’s Agency risk assessment guidance. To fulfill this
fundamental policies for conducting risk | Purpose, the Forum assembles Agency risk

assessment experts in a formal process to study and
report on issues from an Agency-wide scientific
perspective. Major Forum guidance documents are
developed in accordance with the Agency's

assessments and cvaluating risk
information. These officials also oversaw
the activities of the Risk Assessment

Forum. regulatory and policy development process and

become Agency policy upon approval by the
Subsequently, EPA began publishing an Administrator or the Deputy Administrator. Risk
influential series of Agency-wide Assessment Forum products include: risk assessment
guidelines in the Federal Register guidelines, technical panel reports on special risk
identifying the recommended methods for assessment issues, and peer consultation and peer
assessing human health risks from review workshops addressing controversial risk
environmental pollution. EPA did not assessment topics

intend for these guidelines, which cover \(ht‘m:/ /cfpub.epa.gov/ncea/ral/index. cfm). )

both cancer risks and non-cancer hazards,

to be static, and the Agency has revised the guidelines as new information and methods become
available (for example, EPA began a process in 1996 to revise and update its guidelines for
carcinogenicity).

April 2004 Page 3-7



EPA established the Science Policy Council (SPC) in 1993 with a broader mission and as a
replacement for the RAC; specifically, the SPC aims to integrate policies that guide Agency
decision-makers in their use of scientific and technical information. To accomplish this goal, the
SPC works to implement and ensure the success of selected initiatives that external advisory
bodies (such as the National Research Council and the Science Advisory Board, as well as others
such as the Congress, industry and environmental groups, and Agency staff), recommend. In this
way, the SPC provides guidance for selected EPA regulatory and enforcement policies and
decisions. The 1995 Guidance for Risk Characterization was an important part of the SPC’s risk
characterization program. Standing groups such as the Risk Assessment Forum, a Steering
Committee, and interim working groups continue to support the SPC. For more information on
the SPC, see http://www.epa.gov/osp/spc/2about.htm.

/

EPA Human Health Risk Assessment Guidelines® \

Carcinogenicity

» 1999 Draft Revised Guidelines for Carcinogen Risk Assessment®

* 1986 Guidelines for Carcinogen Risk Assessment

Chemical mixtures

» 2000 Supplementary Guidance for Conducting Health Risk Assessment of Chemical Mixtures
» 1986 Guidelines for the Health Risk Assessment of Chemical Mixtures
Developmental toxicity

» 1991 Guidelines for Developmental Toxicity Risk Assessment
Exposure assessment

* 1992 Guidelines for Exposure Assessment

Mutagenicity

» 1986 Guidelines for Mutagenicity Risk Assessment

Neurotoxicity

* 1998 Guidelines for Neurotoxicity Risk Assessment

Probabilistic analysis

* 1997 Guiding Principles for Monte Carlo Analysis

Reproductive toxicity

» 1996 Guidelines for Reproductive Toxicity Risk Assessment

Risk characterization

» 2000 Handbook for Risk Characterization

» 1997 Guidance on Cumulative Risk Assessment. Part 1, Planning and Scoping
» 1995 Guidance for Risk Characterization

C) These guidelines are interim final drafts. Check above website for a final version. )

Another important group within EPA with a risk assessment focus is the National Center for
Environmental Assessment (NCEA). NCEA is a major component of the EPA’s Office of
Research and Development and acts as EPA’s national resource center for human health and
ecological risk assessment. NCEA conducts risk assessments, carries out research to improve the
state-of-the-science of risk assessment, and provides guidance and support to risk assessors.
Many of the critical Agency documents on risk assessment science and policy, as well as risk
related databases such as the Integrated Risk Information System (IRIS), can be accessed through
the NCEA website (www.epa.gov/ncea).
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EPA’s use and development of human health risk
assessment continued to grow through the 1980s
and 1990s with establishment of the IRIS toxicity
database, the Agency’s repository of chemical-
specific toxicity data. IRIS is a critical resource
for risk assessors because the database contains
toxicity information that reflects a consensus
among EPA program offices about a chemical’s
toxic properties.

EPA’s Office of Solid Waste and Emergency
Response’s Superfund Program also has
developed a series of very detailed guidance
documents to help risk assessors understand the
actual nuts-and-bolts of performing human and
ecological risk assessments under the Superfund
program. These “how to” documents are called
the Risk Assessment Guidance for Superfund
series, or the RAGS series for short. RAGS
provides in-depth discussions and guidance for
risk assessors to use in their day-to-day work and
is an important reference for those working in the

N

Risk Assessor. The individual or tcam of
individuals who organizes and analyzes air
toxics data, develops exposure and risk
calculations, and prepares the human health
risk assessment reports. Risk assessors for
air toxics can be industry, EPA, an S/L/T air
agency, or contractor personnel. The larger
risk assessment team will often be made up
of people with a variety of expertise,
including health scientists, monitoring or
modeling personnel, and laboratory analysts.

Risk Manager. The individual or group of
individuals who serve as the primary decision
maker(s) for an area subject to the risk
analysis process. The risk managers may
base their decisions about the need for risk
reduction on a variety of data, including the
results of the risk assessment, economic
considerations, technical feasibility of risk
reduction options, community acceptance,
and a number of other factors.

field of risk assessment.” A full set of RAGS documents is available online.©®

33 Air Toxics Human Health Risk Assessment: Overview of the Process

The reports and guidance documents discussed above tend to distill the risk assessment process

down to the following five questions:

*  Who is exposed to environmental pollutants?
*  What pollutants are they exposed to?
» How are they exposed?

+ How toxic are the chemicals they are exposed to?

*  What is the likelihood that harm will occur because of the exposures?

The role of the risk assessor is to answer these questions. The main product of the risk
assessment is a sct of qualitative and quantitative statements about the likelihood that people will
experience adverse health outcomes because of the exposures. The statements also should
discuss how certain the assessor is about these statements. Risk managers then use the risk
assessment results and other relevant information (including the cost or technical feasibility of
resolving a problem) to decide what (if anything) should be done to reduce risk.

bAl‘rhough the information provided in RAGS is primarily geared towards Superfund sites, some of these

procedures are generally relevant and compatible to risk assessments developed by other Program Offices, including
the Office of Air and Radiation. As such, the information provided in RAGS was taken into consideration in the

development of this reference library.
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The following sections briefly describe the overall risk assessment process for releases of air
toxics to the ambient air. Subsequent chapters of this reference manual revisit each of these
subjects in detail and provide contacts and references for more information.

3.3.1 Air Toxics Risk Assessment: What Is the Question?

The overall purpose of a human health air toxics risk assessment is to attempt to understand
public health risks potentially associated with exposures to particular pollutants emitted into the
air from sources of interest. Exhibit 3-3 presents a simple illustration of the overall real-world
process that is investigated through the use of risk assessment.

As Exhibit 3-3 illustrates, air toxics risk assessments usually focuses, at a minimum, on the
inhalation of contaminated air. However, for a small subset of air toxics (discussed in

Chapter 4), the risk assessment also may need to address ingestion of or dermal contact with
soils, water, or food that have become contaminated with chemicals that have deposited out of
the air. (Dermal exposures are included here for completeness, but usually they are less of a risk
factor for air toxics than ingestion or inhalation exposures.)

The following simple mathematical formula describes the basis for human health risk
assessment. Specifically, the likelihood that injury or disease may occur from exposure to air
toxics can be described as a function of two separate, but related, things — an estimate of
exposure to a chemical and an estimate of the toxic properties of the chemical:

Potential for Injury or Disease (i.e., the “Risk”)
= f (metric of exposure, metric of toxicity)® (Equation 3-1)

Two key principles emerge from this formula and Exhibit 3-3:

» There is no risk if there is no exposure. If a person has no chance of coming in contact
with an air toxic, the risk posed to that person is zero.

* The level of risk associated with an exposure depends on the toxic properties of the
chemical. These properties determine whether the exposure is of great or little concern.
Some chemicals can cause severe health effects (even death) when a person receives
exposure even to extremely small quantities at a single point in time. Conversely, other
chemicals cause essentially no effect even after repeated exposure to high levels over long
periods of time.

The general Equation 3-1 is important to understand and keep in mind since the exact equations
used to develop risk estimates are derived from it. In other words, the risk equations that will be
detailed in later chapters all include both a estimate of exposure and an estimate of toxicity.

¢ s . .
The symbol “f” means “is a function of”
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Starting at the upper left hand side of this diagram, air toxics are released from one or more sources (e.g.,
factories, cars/trucks, small businesses, forest fires) to the air and begin to disperse by the wind away from the
point of release. Once released, the chemical may remain airborne; convert into a different substance; and/or
deposit out of the air onto soils, water, or plants. People may be exposed to air toxics by breathing
contaminated air (inhalation) or through ingestion of chemicals that can accumulate in soils, sediments, and
foods (the latter process is called bioaccumulation). People also can be exposed to deposited chemicals via
skin {dermal) contact, however, this tends to be a less important risk factor than ingestion or inhalation.
Inhalation, ingestion, and dermal absorption are called the routes of exposure.

This description of what happens to an air toxic once it is released into the air is called fate and transport
analysis. “Transport” evaluates how an air toxic physically moves (i.c., is transported) through the
environment. “Fate” describes what ultimately happens to the chemical after it is released to the air (i.e., what
is the “fate” of the chemical in the environment). The results of a fate and transport analysis is an estimate of
the concentration of the air toxic in the air, soil, water, and/or food at the point where it is contacted by a
person. The exposure assessment is the process of evaluating how human contact with the contaminated
media occurs.

In the case of an air pathway analysis, the metric representing the inhalation exposure is called the exposure
concentration (EC). For example, if benzene is released from a factory and blows into a nearby neighborhood
where people breath it, the EC is the concentration of benzene in the air that they breath.

Once an exposure occurs, the air toxics can enter the body and exert an effect at the point of entry (the “portal
of entry™) or move via the bloodstream to other target organs or tissues. The action of a pollutant on a target
organ can result in a variety of harmful effects, including cancer, respiratory effects, birth defects, and
reproductive and neurological disorders. An overall risk assessment process evaluates what people are
exposed to, how the exposure occurs, and, when combined with information about the toxic properties of the
chemicals in question, estimates the likelihood that the exposure will result in injury or disease.
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Air toxics risk assessments commonly look at two types of exposures and their associated toxic
outcomes:

» Repeated or extended exposure to relatively low concentrations of air toxics over long
periods of time (chronic exposures) that may result in chronic health effects (e.g., diseases
like cancer or recurring respiratory ailments); and

* Infrequent exposure to relatively high concentrations of air toxics over short periods of time
(acute exposures) that may result in the expression of either near term acute health effects
(which can range from mild effects, such as reversible eye irritation, to extreme effects, such
as loss of consciousness or sudden death), or long term effects (chronic effects).

3.3.2 Air Toxics Risk Assessment: The Process

The illustration and narrative overview in the previous section (Exhibit 3-3) describes what may
happen when toxic chemicals are released to the air and how those releases can result in adverse
health outcomes in people. This picture and narrative description comprise a conceptual model
of how releases of air toxics may pose risks to people. It is a conceptual model because it
provides a picture (or “model”) of our “concept” of what may happen in the real world when
toxic chemicals are released to the air. The conceptual model provides a starting point for
estimating risks posed by those releases. However, in addition to a conceptual model (in this
case, a simple picture), there is a need for a defined process to quantity relationships among the
conceptual model components in order to generate numeric risk estimates. Exhibit 3-4 outlines
the major steps in the process that EPA uses to perform a risk assessment:

* Planning, scoping, and problem formulation;
* Analysis, which includes exposure assessment and toxicity assessment; and
» Risk characterization.

With the addition of an explicit planning and scoping step (which should always be done for any
systematic investigation), Exhibit 3-4 encompasses the same features as espoused by the National
Academies in the Red and Blue books described previously. The National Academies’ process
has been redrawn in Exhibit 3-4 to better clarify how the risk assessment is actually done in the
air toxics arena.

It is useful to think of this figure as a “roadmap” to how air toxics risk assessments are
performed. The roadmap breaks air toxics risk assessment down into four manageable elements,
cach of which are described briefly below and in detail in subsequent chapters. Note, however,
that all of these steps are inter-related and usually require refinement throughout the risk
assessment process. A helpful starting place is to think of these as “separate steps.”
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Planning and Scoping
. Problem Formulation

Risk Characterization

33.2.1 Planning, Scoping, and Problem Formulation

Any human health risk assessment should begin with planning and scoping. Properly planning
and scoping the risk assessment at the beginning of the project is critical to the success of the
overall effort. Good planning and scoping clearly articulates the assessment questions; states the
quantity and quality of data needed to answer those questions; provides in-depth discussion of
how assessors will do the analysis; outlines timing and resource considerations, as well as
product and documentation requirements; and identifies who will participate in the overall
process from start to finish and what their roles will be. Poor planning and scoping will almost
certainly lead to an assessment that does not answer the correct questions, does not provide a
supportable basis for risk management decision-making, and wastes significant amounts of time,
resources, and good will. The planning and scoping process needs to recognize, to the extent
possible, important data gaps and uncertainties and the measures needed to address these
problems. Where the extent of data gaps and their potential impacts on the risk assessment are
not fully understood, the planning process may be iterative, with decision points specified during
the analytical phase (see below) that are contingent on the results of data gathering efforts or
sensitivity/uncertainty analyses.
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During problem formulation, the planning and scoping team generally makes initial decisions
about the scope of the risk assessment (e.g., size of the study area, what emission sources and
chemicals are to be considered); the appropriate level of detail and documentation; trade-offs
between depth and breadth in the analysis; quality assurance and quality control requirements;
analytical approaches to be used (modeling vs. monitoring); and the staff and monetary resources
to commit. Problem formulation results in two important products: the conceptual model and
the analysis plan.

»  The study-specific conceptual model is similar to the generic conceptual model (Exhibit
3-3); however, for an actual assessment the conceptual model explicitly identifies the
physical boundaries of the study area; the potential emission sources and air toxics they are
emitting that the risk assessment will consider; the location and composition of potentially
exposed populations; the fate/transport mechanisms by which those populations may be
exposed; the routes of exposures that may be occurring; and the expected health outcomes to
be evaluated. The study-specific conceptual model is developed as both a picture and a
written description of how air toxics emissions may be affecting the study arca. As the
assessment moves forward, the assessment team members will use the model as a guide, but
they also routinely refine the model as they learn more about the study area. For example, the
initial study-specific conceptual model may include a deposition element. If subsequent
modeling or monitoring suggests this fate and transport mechanism is unimportant, the
assessors will revise the conceptual model.

* The analysis plan will guide the remainder of the assessment. It lays out in detail how the
elements of the conceptual model are going to be studied. In developing the analysis plan, it
is important to include provisions for tiered or iterative analyses, as discussed in Sections
3.2.3and 3.3.5.

3.3.2.2  Analysis Phase

The analysis phase is the process in which analysts apply risk assessment approaches to evaluate
the problem at hand. It consists of two main components: exposure assessment and toxicity
assessment.

An exposure assessment is conducted to characterize the potentially exposed population, the
chemicals of potential concern, identify

exposure pathways and routes of exposure, -~ - ) ~N
and estimate the exposure. This includes What is “Study-Specific?”

estimating or measuring concentrations of
air toxics in the environment and evaluating
how nearby populations interact with the
contaminated media.

Air toxics risk assessments can be designed to
evaluate a wide range of air toxics release
scenarios. For example, a risk assessment might
look at the impact of one emission point at a
factory on a nearby population or it might look at

In the exposure assessment, the risk the combined impact of hundreds of sources on a
assessment team will refine the initial large urban area.

conceptual model by providing detailed

information about the study area (e.g., This reference manual uses the term “study-
physical description, meteorology, source specific” to mean the specific geographic area and
locations and detailed characteristics, populations under study, along with the emission

population demographics and locations, the ~ \J°""°®® included in the scope of the study. J
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exposure pathways under study). The exposure assessment also is the analytic step in which the
magnitude, frequency, and duration of human exposures are quantified. For example, one of the
main outcomes of an air toxics exposure assessment 1s an estimate of the concentration of air
toxics in the air at the point where human contact occurs (the EC). Assessors usually estimate
this value with cither a computer program (a model) or by physically taking samples of air and
measuring air toxics concentrations in a laboratory (a monitor). When there are concerns about
exposure pathways other than inhalation, assessors may use different models or monitoring
strategies to estimate or measure concentrations of air toxics in soil, water, or foods.

The toxicity assessment component of the risk assessment process considers: (1) the types of
adverse health effects associated with exposure to the chemicals in question, and (2) the
relationship between the amount of exposure and resulting response. Toxicity assessment for air
toxics generally consists of two steps:

» Hazard identification is the process of determining whether exposure to a chemical can
cause an adverse health effect (e.g., cancer, birth defect, etc.), as well as the nature and
strength of the evidence of causation and circumstances in which these effects occur (e.g.,
inhalation/ingestion, repeated exposure over a long period/single exposure over a short
period, etc,).

* Dose-response assessment is the process of quantitatively characterizing the relationship
between the dose of the contaminant and the incidence of adverse health effects in the
exposed population. As information on dose at the site in the body where the response
occurs is rarely available, various factors and models are used to predict the dose metric from
estimates of exposure (the inhalation exposure concentration or oral intake). From this
quantitative dose-response relationship, toxicity values are derived for use in risk
characterization.” Most toxicity assessments are based on studies in which toxicologists
expose animals to chemicals in a laboratory and extrapolate the results to humans. For some
chemicals, information from actual human exposures is available (usually from workplace
exposure studies).

Although air toxics risk assessors need to understand the underlying scientific basis and
uncertainties associated with toxicity values, they will usually rely on toxicity values already
developed and available in the literature. A list of default screening level toxicity values that
EPA recommends for the 188 HAPs is in Appendix C. The most up-to-date list is at
http://www.epa.gov/ttn/atw/toxsource/summary. html.

33.2.3 Risk Characterization

The risk characterization summarizes and combines outputs of the exposure and toxicity
assessments to characterize risk, both in quantitative (numerical) expressions and qualitative
(descriptive) statements. Chemical-specific exposure-response information is mathematically
combined with modeled or monitored contaminant levels and other information regarding how
exposure occurs to give numbers that represent the likelihood that the exposure may cause an

“To xicity values are numerical expressions of the relationship between a given level of exposure to an air
toxic and adverse health impacts. The two most common toxicity values for inhalation exposures are the upper-
bound inhalation unit risk estimates (IURs) for cancer effects and reference concentrations (RfCs) for non-cancer
effects (which include uncertainty factors). Chapter 12 provides a more detailed discussion of toxicity values.
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adverse health outcome. Per the Agency’s Policy for Risk Characterization,'” this likelihood is
evaluated both with regard to a “central tendency” of exposure estimates and “high end”
estimates. The risk characterization also includes a thorough uncertainty analysis for each step
of the entire risk assessment process in order to provide the risk manager with an understanding
of which elements of the assessment are most uncertain, the magnitude and direction of the effect
(higher or lower) that the various uncertainties have on the risk estimates and in some cases, a
quantitative analysis of uncertainty. Often the uncertainty analysis is a narrative that reflects the
assessor’s best professional judgment. Other analyses, however, may require a more quantitative
approach to evaluating uncertainty.

The product of the risk assessment is a written report that provides all of the analyses performed
to assess exposure, identify toxicity values, characterize risk, and assess and present uncertainty.
It is critical that the risk assessment only provide the factual basis of why the assessment was
done, how it was done, what the answers are, and the uncertainties associated with those answers.
That is not to say that the risk assessment should not provide an analysis of differing scientific
opinions on any number of the elements of the risk assessment. It does, however, preclude the
assessment from discussing items more appropriately considered under risk management (e.g.,
cost or technical feasibility of mitigation alternatives). The presentation also must be clear and
provide enough details so future readers will find the overall assessment process, including
critical assumptions, to be fully transparent.

3.3.3 Tiered Assessment Approaches

Various EPA guidance documents and the Air Program’s Residual Risk Report to Congress have
recommended tiered approaches to risk assessments.”) A tiered approach is a process for a
systematic, informed progression from a relatively simple to a more complex risk assessment
approach. Essentially, the approach begins with an analysis that includes few study-specific data
and many conservative assumptions. This process generally results in a very conservative answer
(and is likely to be fairly uncertain), but may demonstrate, with relatively little effort, that the
sources being assessed pose insignificant risk. If such an approach indicates that the risk appears
to be relatively high, assessors pursue a higher tier of analysis to determine if the risk is a realistic
concern or an artifact of the lower tier’s conservative assumptions. The higher level of analysis
reflects increasing complexity and, in many cases, will require more time and resources. Higher
tiers also reflect increasing characterization of variability and/or uncertainty in the risk estimate,
which may be important for making risk management decisions.

Exhibit 3-5 illustrates a generalized representation of the tiered risk assessment concept. Central
to the concept of the ticred approach is an iterative process of evaluation, deliberation, data
collection, work planning, and communication aimed at deciding:

*  Whether or not the risk assessment, in its current state, is sufficient to support the risk
management decision(s); and

« [If'the assessment is determined to be insufficient, whether or not progression to a higher tier
of complexity (or refinement of the current tier) would provide a sufficient benefit to warrant
the additional effort.
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Tier 3: High Complexity
= Complex exposure assessment
= Detailed site-specific modeling
» High cost

Decision-rmaking cycle: Bvaluating the
adequacy of the risk assessment and the
value of additional complexityilevel of effort

Tier 2. Moderate Complexity
= Exposure = residential air levels
«  Maore detailed modeling
« Moderate cost

Decision-rmaking cycle: Bvaluating the
adegquacy of the risk assessment and the
value of additional complexityilevel of effort

Tier 1. Screening Level
Exposure = max offsite levels
Simple modeling
Low cost

Increasing ComplexibyR esource Reguirements
Characterz ation of Variahility and/or U ncertainty

The deliberation cycle also provides an opportunity to evaluate the direction and goals of the
assessment as new information becomes avatilable. It may include evaluations of both scientific
and policy information.

This representation, which provides an example of a tiered assessment process consistent with
that described in the Residual Risk Report to Congress,” depicts three tiers of analysis. Each
successive tier represents more complete characterization of variability and/or uncertainty as well
as a corresponding increase in complexity and resource requirements.

« Tier 1 is represented as a relatively simple, screening-level analysis using conservative
exposure assumptions (e.g., receptors are located in the area with the highest estimated
concentrations) and relatively simple modeling (e.g., a model that requires few inputs, most
of which can be “generic,” yet conservative).

» Tier 2 is represented as an intermediate-level analysis using more realistic exposure
assumptions (e.g., use of actual receptor locations) and more detailed modeling (e.g., a model
that requires additional site-specific inputs).

« Tier 3 is represented as an advanced analysis using probabilistic techniques such as Monte
Carlo analysis (see Part VII of this reference manual for a discussion of these techniques) and
more detailed and/or intensive modeling.
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This representation does not imply that there is a clear distinction between Tiers 1, 2, and 3. For
example, a series of refinements in a Tier 1 analysis might be indistinguishable from a Tier 2
analysis, or a Tier 2 analysis could incorporate probabilistic techniques.

This representation also notes the decision-making cycle that occurs between each tier. In this
cycle, the existing risk assessment results are evaluated to determine whether they are sufficient
for the risk management decision, and if not, what refinements to the risk assessment are needed
(including moving up to the next tier).

While the tiered risk assessment concept usually contains three tiers of complexity (as in Exhibit
3-5), these three tiers are best thought of as points along a spectrum of increasing complexity and
detail in the risk assessment. The important focus is the specific ways in which a given risk

assessment is refined in successive iterations, rather than whether or not it would be considered
Tier 1, 2, or 3.

34  Uncertainty and Variability in Air Toxics Risk Assessment

Risk assessment is based on a series of questions that the assessor asks about available scientific
information that is relevant to human health and/or ecological risk. Each question calls for
analysis and interpretation of the studies, selection of the concepts and data that are most
scientifically reliable and most relevant to the problem at hand, and conclusions regarding the
question presented. For example, in the exposure assessment, through the use of modeling
and/or monitoring, the risk assessor asks what is known about the principal environmental fate
and transport of contaminants and the patterns and magnitudes of human or ecosystem
exposures. The toxicity assessment asks what is known about the ability of an air toxic to cause
cancer or other adverse health effects in humans, laboratory animals, or wildlife species and what
1s known about the biological mechanisms and dose-response relationships underlying any
effects observed in the laboratory or in epidemiology studies. The risk characterization integrates
information from the preceding components of the risk assessment and synthesizes an overall
conclusion about estimated risk that is complete, informative, and useful for risk managers.”

Air toxics risk assessments make use of many different kinds of scientific concepts and data
(e.g., exposure, toxicity, epidemiology, ecology), all of which are used to characterize the
estimated risk in a particular environmental context. Informed use of scientific information from
many different sources is a central feature of the risk assessment process. Highly accurate
information is often not available for many aspects of a risk assessment. However, since
scientific uncertainty is inherent in the risk assessment process, and risk managers often must
make decisions using assessments that are not as definitive in all important arcas as would be
desirable, it is important that the most current and complete information that is available be used
to support decision making. Risk assessors and decision makers must understand that it may be
necessary to revise risk estimates and to alter decisions in light of new information.

Risk assessments also incorporate a variety of professional judgements (e.g., which models to
use, where to locate monitors, which toxicity studies to use as the basis of developing dose-
response values). Risk managers therefore need to understand the strengths and the limitations of
each assessment and to communicate this information to all participants and the public.

April 2004 Page 3-18



This section provides an overview of uncertainty and variability, two critically important
characteristics of risk assessment that need to be understood and described at some level in every
air toxics risk assessment. It describes several sources of uncertainty and variability in air toxics
risk assessments, discusses approaches for describing and analyzing uncertainty and variability,
and describes how uncertainty and variability are often addressed at different tiers of the risk
assessment process.

A full discussion of this subject, including quantitative techniques for uncertainty analysis, is
beyond the scope of this reference manual. Risk assessment is an evolving discipline, and
improvements in scientific understanding and techniques will continue to provide new avenues
and insights into uncertainty and variability analysis. Because this manual s intended as an
introduction to risk assessment approaches and tools, our discussion focuses on relatively
simplistic, deterministic risk assessment techniques (i.e., Tier 1 approaches to risk
characterization that lead to single value estimates of risk). Readers are encouraged to consult
the references at the end of this Chapter for additional information about uncertainty analysis in
the risk assessment process.

3.4.1 Distinguishing Uncertainty and Variability

Variability refers to true heterogeneity or diversity. For example, among a local community that
is exposed to an air toxic originating from the same source, and with all people breathing the
same contaminant concentration in ambient air, the risks from inhalation of the contaminated air
will still vary among the people in the population. This may be due to differences in exposure
(i.e., different people have different exposure frequencies and exposure durations), as well as
differences in response (e.g., differences in metabolic processes of chemical uptake into target
organs). Differences among individuals in a population are referred to as inter-individual
variability, while differences for one individual over time (e.g., change in sensitivity to air toxics
with aging, illness) are referred to as intra-individual variability.

Uncertainty occurs because of a lack of knowledge. For example, we can be very certain that
different people are exposed to contaminated air for different time periods, but we may be
uncertain about how much variability there is in these exposure durations among the people in
the population. Data may not be available concerning the amount of time specific people spend
indoors at home, outdoors near home, or in other “microenvironments.”

Uncertainty can often be reduced by collecting more and better data, while variability is an
inherent property of the population being evaluated. Variability can be better characterized with
more data, but it cannot be reduced or eliminated. Often, however, it is difficult to distinguish
between uncertainty and variability in a risk assessment, particularly if available data are limited.
For that reason, in many cases variability can be treated as a type of uncertainty in the risk
assessment.

Uncertainty is an inherent characteristic of each step of the risk assessment process. Assessing
uncertainty in risk assessment is an involved process because of the complex nature of the risk
assessment process itself (i.e., risk assessment is a combination of a variety of data gathering and
analytical processes, each with their own associated uncertainties). Specifically, risk assessment
requires the integration of the following:

April 2004 Page 3-19



e Information on emissions of air toxics into the environment;

» Information on the fate and transport of air toxics, in a variety of different and variable
environments, by processes that are often poorly understood or too complex to quantify
completely;

* Information on the potential for adverse health effects in humans and/or ecosystems, often
extrapolated from surrogate animal studies; and

« Information on the likelihood of adverse effects in a human population that is highly variable
genetically, as well as factors such as age, activity level, lifestyle, and underlying disease.

Uncertainty, when applied to the process of risk assessment, is defined as “a lack of knowledge
about specific factors, parameters, or models.”® Such uncertainties affect the confidence of any
risk estimates that were developed for individuals exposed to the substances in question.!” It is
important to keep in mind that many parameter values (e.g., emissions rates) may be both
uncertain and variable. Also, the presence of uncertainty in risk assessment does not imply that
the results of the risk assessment are wrong, but rather that the risks cannot be estimated beyond
a certain degree of confidence.

The relatively simple, deterministic (i.e., single value estimate) approach outlined in this
reference manual generally relies on a combination of point values — some which may be set at
protective (i.c., high end) levels and some which may be set at typical (i.e., central tendency)
levels. The result is a point estimate of exposure, and risk that falls at some percentile within the
full distributions of exposure and risk. The degree of conservatism in high end risk estimates
depends on the combination of input values selected."

One of the key purposes of the uncertainty analysis is to provide an understanding of where the
estimate of exposure, dose, or risk is likely to fall within the range of possible values. Often this
1s expressed as a subjective confidence interval (one based on incomplete data supplemented by
professional judgment) within which there is a high probability that the estimate will fall. A
related analysis, termed “sensitivity analysis” or “analysis of uncertainty importance,” is often
performed to identify the relative contribution of the uncertainty in a given parameter value (e.g.,
emission rate, ingestion rate) or model component to the total uncertainty in the exposure or risk
estimate. This is often used either to identify which parameter values should be varied to provide
high-end vs. central-tendency risk estimates, or to identify parameter values where additional
data collection (or modeling effort) can increase the confidence in the resulting risk estimate.

3.4.2 Sources of Uncertainty in Air Toxics Risk Assessment

Although other taxonomies are sometimes used, sources of uncertainty in risk assessment are
often divided into four categories (variability is sometimes included as a fifth category).!?

* Scenario uncertainty occurs when information to fully define exposure and/or risk is
missing or incomplete. This may include descriptive errors regarding the magnitude and
extent of chemical exposure or toxicity, temporal and spatial aggregation errors, incomplete
analysis (i.c., missing exposure pathways), and potential mis-specification of the exposed
population or exposure scenario.

+  Model uncertainty is associated with all models used in all phases of a risk assessment,
including (1) animal models used as surrogates for evaluating human carcinogenicity, (2)
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dose-response models, (3) computer models used to predict the fate and transport of
chemicals in the environment, and (4) models used to estimate exposures for populations of
concern. Model uncertainty also is sometimes referred to as specification uncertainty.

Computer models are simplifications of reality that use mathematical approximations to
describe the most important processes governing the modeled relationships, while excluding
what are believed to be less important processes, or processes that are too complex to be
easily approximated. The risk assessor needs to consider the potential importance, in
consultation with the modeler, of the level of detail and comprehensiveness of the models
being used, because specific processes may have important impacts on uncertainty in some
instances and not in others. A similar problem can occur when a model that is applicable
under average conditions is used for a case in which conditions differ from the average. In
tiered analyses, resource considerations and the level of precision required to support
decision making may enter into considerations of model selection. Model uncertainty may be
particularly important in multipathway analyses, because the modeling effort is much more
complex (as compared to inhalation analyses). In addition to air quality modeling,
multipathway analyses involve analysis of the transfer of air toxics from the air to other
media (e.g., soil, sediment, water); the subsequent movement of the air toxics between these
media (c.g., soil runoff to surface water); uptake and metabolism by biota; and subsequent
ingestion by humans and wildlife. Uncertainties are associated with all of these analytical
steps.

Model uncertainty is often difficult to deal with quantitatively. It is rarely possible to directly
evaluate the merits of competing models, either due to resource constraints, or because direct
comparisons are inherently complex (e.g., the models may take different input parameters,
and produce outputs that are not directly comparable). Statistical methods (Bayesian
analyses) can sometimes be used to combine the results of different models, but these
approaches are often complex, and generalizability to specific cases is hard to predict. Thus,
model selection tends to be based primarily on profession judgement and cost/complexity
considerations.

e Parameter Uncertainty refers to the limitations in the modelers’ ability to estimate precise
values for certain parameters (variables) in the chosen models. It is a generic term that in
common usage can refer either to variability or uncertainty, and generally indicates a situation
where a given variable may take a range of values, rather than a single point estimate.
Parameter uncertainty is generally addressed in risk assessment through gathering additional
data, sensitivity analysis, or probabilistic modeling (discussed in Section 3.3.4).

* Decision-rule uncertainty is a type of uncertainty associated with policy and other choices
made during the risk assessment. For example, the number of chemicals of potential concern
(COPC) evaluated at a given tier of assessment may be reduced through use of a
toxicity-weighted or risk-based screening analysis. In this example, the decision rule could
be something like “Calculate the toxicity weighted emission for each chemical in the
emissions inventory, rank the scores from highest to lowest and, starting with the highest
score and working down, sclect as COPCs those chemicals that contribute to 99 percent of
the cumulative toxicity weighted sum.” This type of judgment introduces uncertainties about
the contribution of the omitted air toxics to overall exposure or risk. As another example,
risk managers may decide to select as chemicals for risk reduction efforts (i.e., the Chemicals
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of Concern or COCs) only those COPCs that, individually, pose a risk above some specified
level (e.g., one per million general population lifetime cancer risks). In this case, the decision
rule would be “COCs are those COPCs which have a risk, on an individual chemical basis, of
one in one million or greater.” For any given risk assessment, some or all of these practices
may be questioned, either on technical grounds (e.g., a risk number has been generated, but it
is highly uncertain) or for policy reasons. The risk assessor needs to be sensitive these
considerations when planning, conducting, and reporting the results of the risk assessment.

3.4.3 Sources of Variability in Air Toxics Risk Assessment

As noted previously, variability refers to true heterogeneity or diversity that occurs within a
population or sample. Factors that lead to variability in exposure and risk include variability in
contaminant concentrations in an environmental medium (e.g., air, water, soil) and differences in
other exposure parameters such as ingestion rates and exposure frequencies.

Temporal and spatial variability in contaminant concentrations is often a very important aspect to
consider in air toxics risk assessments. Spatial variability arises from many factors, including the
release forms, physical and chemical dilution and transformation processes, and physical
characteristics of the source or surrounding environment. Ecological receptors and humans may
exhibit spatial variability in their contact with an exposure medium. Likewise, temporal
variability can result from a variety of factors. For example, a source may only emit a chemical
at specific times during the year (e.g., during the processing of a batch of product).
Meteorological changes between seasons also can cause variable exposure (even though source
emissions remain relatively constant). Because variability is an intrinsic property of the
quantities being evaluated, it cannot be reduced by data gathering or refinements in models.
However, understanding and/or analysis of variability are still important, especially during
problem formulation. For example, it may be thought that certain air toxic emission source
characteristics or potentially exposed populations are very heterogencous and that a more robust
description of the numbers and types of people at different risk levels is necessary to meet risk
management decision goals

Confusion often arises about whether data are describing variability or uncertainty. For example,
consider a group ot 10,000 office workers who spend part of the time indoors at home and part of
the time indoors at work. To assess the fraction of time spent indoors at a home or the office, a
randomly chosen group of 100 office workers are asked to fill out a survey (resources preclude
surveying all 10,000 people). Once we have our data, we draw a frequency diagram of the
number of workers who spend specified amounts of time indoors at home and at the office. The
picture we get clearly shows that different people spend different amounts of time inside at home
and at the office — there is variability in the parameter for this population.

However, is our picture of variability correct (i.e., how certain are we that we have a good picture
of the true variability of all 10,000 people)? Since we did not survey every possible worker and
because some of the workers may have given incorrect responses, we have to admit to ourselves
that there is probably some amount of uncertainty as to whether our frequency diagram is an
accurate representation of variability in full worker population. In other words, we have
developed an expression of variability that we think is uncertain. But only having a sense that
our picture of variability may not be an accurate representation may not be enough (knowing just
how uncertain our estimate of variability is may be important in our risk assessment).
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Fortunately we have a variety of methods to look at the uncertainty in just one parameter (e.g.,
how variable is time spent indoors versus outdoors) and in the combination of parameters to
provide estimates of exposure and risk. We can, for example, look at our data to see if patterns
of time use vary for different subgroups of workers, or we can look for “outliers” (individuals
with unusual patterns of indoor/outdoor time use). Alternatively, we could gather data from a
larger sample of workers. Any of these would decrease the level of uncertainty in worker
behavior, by providing more accurate representations of the variability of time usage for more
clearly defined categories of workers. The newly developed worker categories would then be
included in the exposure modeling.

3.44 Characterizing Uncertainty and Variability

Ideally, one would like to carry through the risk assessment, in a quantitative fashion, the
uncertainty associated with each element in order to characterize the overall uncertainty
associated with the final risk estimates. However, this is not always possible (because data are
extremely limited) and, in some cases, may not be necessary (when all reasonable modeling
assumptions and parameter values lead to the same recommendation). Nevertheless, it is always
a good idea to provide some level of uncertainty analysis (be it qualitative, semi-quantitative, or
quantitative). For example, one important use of uncertainty characterization can be to identify
areas where a moderate amount of additional data collection might significantly improve the risk
assessment, and hence the decision on the need for risk reduction or the risk reduction strategy to
be used.

*  Qualitative characterization. In a qualitative uncertainty analysis, a description of the
uncertainties in each of the major elements of the risk analysis is provided, often with a
statement of the estimated magnitude of the uncertainty (e.g., small, medium, large) and the
impact the uncertainty might have on the risk element (e.g., the uncertainty is large and risk
estimate is likely underestimated due to this element).

* Quantitative characterization. When appropriate, quantitative approaches to the
uncertainty analysis are used to better characterize the uncertainty associated with the risk
assessment. In this case, the first step is usually to characterize the probability distributions
for key input parameter values (either using measured or assumed distributions). The second
step would be to propagate parameter value uncertainties through the analysis using analytic
(e.g., first-order Taylor series approximation) or numerical (e.g., Monte Carlo simulation)
methods, as appropriate. Analytic methods might be feasible if there are a few parameters
with known distributions and linear relationships. Numerical methods (e.g., Monte Carlo
simulation) can be suitable for more complex relationships. “Two-dimensional” Monte
Carlo analyses may be used where separate estimates of uncertainty and variability are
available for some or all variables. Specific approaches are likely to be highly variable
depending on the nature of the assessments being performed. Examples of approaches
applied to a variety of assessments are provided in the reference list at the end of this chapter
in Exhibit 3-8 (Hope, 1999; Moore et al., 1999; Smith, 1994).

* Both qualitative and quantitative uncertainty characterization is subject to scope-related
limitations and uncertainty. For example, ecological risk assessments that are limited to
primary effects evaluation for organisms or populations are uncertain with regard to
secondary effects for communities or ecosystems. Similarly, human health assessments that
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are restricted to the HAPs may ignore exposures and potential effects from other chemicals in
the same emissions. Such uncertainties persist regardless of the assessment’s refinement
level (Tier). Their communication provides important contextual information for decision
making.
Guidance developed by the National Council on Radiation Protection and Measurements'"”
provides useful insights as to when to perform a quantitative uncertainty analysis in
environmental risk assessments (Exhibit 3-6).

Quantitative uncertainty analysis is NOT recommended when:

»  Conservative, screening-level calculations indicate that the risk from potential exposure is clearly
below regulatory or other risk levels of concern;

»  The cost of an action to reduce exposure is low; and/or

»  Data for characterizing the nature and extent of contamination or exposure are inadequate to
permit even a bounding estimate (an upper and lower estimate of the expected value).

Quantitative uncertainty analysis IS recommended when:

*  An erroneous result in the exposure or risk estimate may lead to large or unacceptable
consequences;

¢ Whenever a realistic rather than a conservative estimate is needed; and/or

»  When it is important to identify those assessment components for which additional information
will likely lead to improved confidence in the estimate of exposure or risk.

Source: NCRP. 1996. ¥

3.4.5 Tiered Approach to Uncertainty and Variability

Building on the approach outlined in Exhibit 3-6, the following description provides one possible
tiered approach to deciding when and how to perform an uncertainty analysis.""*

Single-Value Estimates of High-End and Central Tendency Risk. This approach starts with
simple risk estimates using both representative and more conservative scenarios, models, and
input values, using point estimates to represent each of the major parameters. This
“deterministic” approach, which is described extensively in this document, may provide
sufficient information for the risk management question being addressed. For example, if risks
for a suitably defined high-end receptor are below levels of concern, then no additional
uncertainty analysis (or risk analysis) may be needed to support a risk management decision. It s
important to recall, however, that using single values for inputs, essentially ignores uncertainty
and variability — information that may be very important for risk managers and the public.

Despite some limitations, single-value estimates or point estimates are an important tool in the
risk assessment process. Single-value estimates are particularly useful as a screening tool to
identify situations in which even highly conservative assumptions about exposure and other
model parameters indicate low risk. (Note that EPA risk assessors are directed to provide, in
Agency risk assessments, information about the range of exposures derived from exposure
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scenarios and on the use of multiple risk descriptors [e.g., central tendency, high end of
individual risk, population risk, important subgroups, if known] consistent with terminology in
the Guidance on Risk Characterization, Agency risk assessment guidelines, and program-specific
guidance.”)

Qualitative Evaluation of Model and Scenario Sensitivity. Where the single-value high-end
and central tendency point estimates do not provide sufficient information to make a risk
management decision, qualitative analyses can be conducted to determine the range of values
within which the risk estimate is likely to fall and the major factors that contribute to uncertainty.
The sensitivity of the high-end and central tendency estimates to the plausible range of values for
various parameters can usually be evaluated by conducting a manageable number of case studies
using different parameter values and observing the resulting changes in risks. If scenario or
model specification turns out to strongly affect risk estimates, a more refined analysis (see below)
may be necessary. These may include Bayesian or decision-tree models.

Quantitative Sensitivity Analysis of High-End or Central Tendency Estimates. The risk
assessor may want to evaluate the sensitivity of the point estimates of risks to variability and
uncertainty in model input parameters. This may be done through sensitivity analysis or through
the use of more detailed probabilistic methods (see Chapter 31). If sensitivity analyses are used,
care must be taken to ensure that the combinations of parameter values that have the greatest
impact on risks are identified.

Full Quantitative Characterization of Uncertainty and Uncertainty Importance. For many
risk assessments, the systematic sensitivity analyses can provide sufficient information to provide
reasonable confidence in the risk estimate. If they do not, the next step is explicit probability
modeling, which is described in Chapter 31. Using such approaches, uncertainty and variability
distributions can be defined for the major parameter values used in the derivation of the risk
estimates. This approach is referred to as parameter uncertainty analysis and includes the
following steps:

» Define the assessment endpoint (i.c., the specific measure being evaluated). Examples
would include an estimate of exposure concentration, hazard index, or a quantitative estimate
of individual cancer risk.

» List all potentially important uncertain parameters. Include additional parameters, if
necessary, to represent uncertainty in the assessment approach itself.

* Specify the maximum conceivable range of possibly applicable values for each
parameter with respect to the endpoint being assessed.

» For this range, specify a probability distribution for the parameter. The probability
distribution quantitatively expresses the state of knowledge about alternative values for the
parameter (i.c., defines the probability that the true value of the parameter is located in
various sub-intervals of the indicated range). These may include statistical distributions (e.g.,
“normal” or other distributions derived from data) or simpler approximations (triangular
distributions defined by high, medium, and low values).
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» Determine and account for dependencies that are suspected to exist among parameters.
For example intake rate may not be independent of age or body weight.

» Using either analytical or numerical procedures, propagate the uncertainty in the
model parameters to produce a probability distribution for the assessment endpoint.
This results in the development of a probability distribution function (PDF) representing the
state of knowledge for the endpoint.

* Derive quantitative statements of uncertainty in terms of a probability or confidence
interval about the assessment endpoint.

» Identify parameters according to their relative contribution to the overall uncertainty
in the prediction of the value of the assessment endpoint.

* Present and interpret the results of the analysis.
A full quantitative characterization of uncertainty requires a number of assumptions, including:

»  The most important sources of uncertainty and variability are identified;

»  The assumed probability distributions are correct; and

» The assumed dependence structure for different sources of uncertainty or variability is
correct.

A comprehensive quantitative analysis may be a daunting task, particularly if a large number of
sources, chemicals, receptors, exposure pathways, and endpoints, are of concern. Furthermore,
the difficulty in justifying a large number of distributional assumptions (often based on
professional judgement) needed for an uncertainty analysis might make such an analysis in itself
unreliable.

In practice, the number of “tiers” available to the risk assessor may be limited. Often the
practical choice is between using simple “screening” models (e.g., SCREEN3), and highly
refined, fully parameterized modeling packages (e.g., ISCST3). In such cases, it may be easier
to do a highly refined analysis with the state-of-the art models than to incrementally improve on
the screening methods.

3.4.6 Assessment and Presentation of Uncertainty

The assessment and presentation of uncertainty is a very important component of the risk
characterization. Based on the amount of information about sources and emissions and the
degree of uncertainty associated with estimates of risk, decision-makers will weigh the
importance of the risk estimates in the eventual decision. As noted previously, when the
uncertainty analysis is qualitative in nature, a description of the uncertainties in each of the major
elements of the risk analysis is usually described, often with a statement of the estimated
magnitude of the uncertainty (e.g., small, medium, large) and the impact the uncertainty might
have on the risk element (e.g., the uncertainty is large and risk estimate is likely underestimated).
Important uncertainties to discuss include, but are not limited to:
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Scope issues such as the choice of air toxics, receptors, or endpoints that are evaluated in the
assessment and the choice of air quality or multimedia models used to characterize exposure;
Data quality issues, such as the quality of available sampling, emissions inventory, or toxicity
data;

Uncertainties inherent in the toxicity values for each substance used to characterize risk; and
Uncertainties that are incorporated in the risk assessment when exposures to several
substances across multiple pathways are summed.

When the analysis is more quantitative in nature, the description of uncertainty generally is
separated into two parts:

The first part is a summary of the values used to estimate exposure and risk (including model
inputs), the range of these values, the midpoint or other descriptive values, and the value used
to estimate exposure.

The second part is a narrative discussion that identifies which variables or assumptions used
in the risk assessment have the greatest potential to affect the overall uncertainty in the
exposure assessment.

Chapter 13 provides additional discussion of how to assess and present uncertainty in an air
toxics risk assessment. Exhibit 3-7 provides additional references on uncertainty analysis.

/

1.

~

Example of a Six-step Process for Producing a Quantitative Uncertainty Estimate

Finkel (1990)"® presents another example of a quantitative uncertainty analysis process:

Define the measure of risk (such as deaths, life-years lost, maximum individual risk [MIR], or
population above an “unacceptable” level of risk). More than one measure of risk may result from
a particular risk assessment; however, the uncertainty may be quantified or reached individually.
Specify “risk equations” that present mathematical relationships that express the risk measure in
terms of its components. This step is used to identify the important variables in the risk estimation
process.

Generate an uncertainty distribution for each variable or equation component. These uncertainty
distributions may be generated by using analogy, statistical inference techniques, expert opinion, or
a combination of these.

4. Combine the individual distributions into a composite uncertainty distribution.

Re-calibrate the uncertainty distributions. Inferential analysis could be used to “tighten” or
“broaden” particular distributions to account for dependencies among the variables and to truncate
the distributions to exclude extreme values.

Summarize the output clearly, highlighting the important risk management implications. Address
specific critical factors, including (1) the implication of supporting a point estimate produced
without considering uncertainty; (2) balance the costs of under- or over-estimating risks; and (3)
unresolved scientific controversies, and their implications for research. J
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Chapter 4 Air Toxics: Chemicals, Sources, and

Emissions Inventories
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4.1 Introduction

This chapter identifies the set of chemicals broadly, and most ( - . )

. s e e ey . . The exhaustive lists of air
commonly, considered “air toxics.” This section also describes o o

. . ) . toxics discussed in this

the geperal categories of air toxics sources that §m1t these section do not include all of
chemicals as well as the primary places where air toxics the hazardous chemicals of
emissions information (e.g., databases that contain information public health concern. Note
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4.2 Air Toxics

Chapter 2 of this Volume introduced Hazardous Air Pollutants (HAPs), criteria air pollutants,
Toxic Release Inventory (TRI) chemicals, and persistent, bioaccumulative, and toxic (PBT)
chemicals and discussed the relationships among these various groupings. This section will
revisit each of these groups to provide more detailed information related to the chemicals on
each of those lists. A thorough understanding of the different types of chemicals that may be of
interest for an assessment, as well as the nuances of the various ways chemicals are written into
those lists, will be important for the risk assessment team to comprehend before the assessment
begins in earnest.

The term “air toxics™ is a generic term that could conceivably encompass literally anything in the
air that poses harm to people or the environment. This Volume uses the term “air toxics”™ in this
general sense. Thus, while the focus of most air toxics risk assessments will be on the 188
chemicals and chemical compounds listed as HAPs in the Clean Air Act (CAA) section 112(b),
some assessment teams may wish to have a broader focus. The use of the term “air toxics” in
this general sense is meant to provide for this flexibility. Ultimately, the scope of any
assessment must clearly identify the chemicals that will be evaluated and the reason for their
inclusion or exclusion in the evaluation.

4.2.1 Introduction to Air Toxics Chemical Lists

The various lists that are the focus of this volume were all derived directly from the Clean Air
Act, the Emergency Planning and Community Right to Know Act, or a specific EPA initiative
(e.g., the PBT mitiative list of chemicals). It is important to understand that there is not always
consistency among these various lists in either the naming of chemicals or the meaning of the
names. For example, as noted in Chapter 2, “glycol ethers” are defined differently for the TRI
and as HAPs (see box in Section 2.4.4).

Lists of toxic chemicals commonly provide the chemical identity by both a name and a unique
identifying number, called a Chemical Abstracts Registry Number.®) However, most

®CAS (Chemical Abstracts Service) is a division of the American Chemical Society. A CAS Registry
Number (CAS number or CASRN) is assigned in sequential order to unique, new substances identified by CAS
scientists for inclusion in the CAS REGISTRY database. Each CAS Registry Number is a unique numeric
identifier; designates only one substance; and has no chemical significance. A CAS Registry Number is a numeric
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chemicals have multiple synonyms (sometime dozens). Fortunately, every unique chemical has
only one unique CAS number and one can always refer to this unique number to identify the
compound in question. For example, toluene and methylbenzene are synonyms for the same
compound (which is normally referred to as toluene). However, there is only one CAS number
for the compound: 108-88-3. No matter where one is in the world or what name is attached to a
chemical, there is unanimity of identity through the CAS numbering system.

When there is any question about what a particular chemical name means, it is always advisable
to try to pinpoint the identity through use of the CAS number. For example, a risk assessment
team may ask for air sampling analysis for the HAP acetaldehyde (CAS number 75-07-0);
however, when they receive the analytical lab report, acetaldehyde is not reported. A quick scan
of the CAS numbers reported by the lab lists the CAS number 75-07-0 next to the name
“ethanal.” Ethanal is a synonym for acetaldehyde and, hence, has the same CAS number.
EPA’s Handbook for Air Toxics Emission Inventory Development includes a list (Appendix C)
of synonyms and CAS numbers for HAPs that is helpful in overcoming the nomenclature
obstacle.!’ (Note, however, that there are nuances even beyond this simplistic description. For
example, some chemicals have one CAS number for their pure form and a different CAS number
for a technical grade. A knowledgeable chemist can usually identify and clarify these issues.)

Some of the entries on chemical lists are for large groups of compounds and not just one single
substance. For example, one of the HAPs is listed in the CAA as “polychlorinated biphenyls
(aroclors)” and is most commonly referred to as PCBs. This listing is not for one single
substance but, rather, for any one or a mixture of any of the 209 possible chemicals that are
themselves PCBs. As another example, the pesticide “2,4-D” is written into the list of HAPs as
“2,4-D (salts and esters).” This listing includes any possible salt of 2,4-D and any possible ester
of 2,4-D. In our carlier lead example, the lead compound listing includes any compound known
to exist in or be emitted to the environment that contains a lead molecule as part of the
compound’s molecular structure (a potentially huge number of possibilities). Another important
group of chemicals is called “POM?” for polycyclic organic matter. This includes organic
compounds with more than one benzene ring, and which have a boiling point greater than or
equal to 100°C (e.g., polycyclic aromatic hydrocarbons (PAHs) such as benzo(a)pyrene).

In reality, most risk assessments will deal with a relatively small number of chemicals because
either the sources in a given place are releasing only a limited number of chemicals or the ability
to model or monitor the numerous chemicals present is limited by the available inventories or
monitoring/analytical methods, respectively.

In the initial stages of the assessment, risk assessors often sort the chemicals of interest into
groups that, generally, have similar physical and/or chemical properties. This is a helpful thing
to do as a way of making some educated guesses about how chemicals are likely to behave in the
environment. The groupings also help an assessment team to plan for the types of sampling and
analysis methods that will be needed, because the sampling and analytical methods tend to be
broken out along these same lines. In general, all air toxics can be broadly categorized into three
main groups, organic chemicals, inorganic chemicals, and organometallic compounds as follows:

identifier that can contain up to nine digits, sometimes divided by hyphens into three parts. See
http://www.cas.org/fag.htm!l for more information.
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Oreanic Chemicals

Organic chemical compounds are composed of carbon in combination with other elements such
as hydrogen, oxygen, nitrogen, phosphorous, chlorine, and sulfur (not including carbonic acid or
ammonium carbonate). Organic compounds can generally be split into two different groups,
based on their propensity to evaporate. The following such groupings are commonly employed
by analytical chemistry laboratories for purposes of sample analysis.

* Volatile Organic Compounds (VOCs). These are organic chemicals that have a high vapor
pressure and tend to have low water solubility.® Simply put, VOCs have a high propensity
to evaporate and remain airborne. Many VOCs are human-made chemicals that are used and
produced in the manufacture of paints, pharmaceuticals, and refrigerants, as industrial
solvents, such as trichloroethylene, or produced as by-products, such as chloroform produced
by chlorination in water treatment. VOCs are often also components of petroleum fuels (e.g.,
benzene), hydraulic fluids, paint thinners, and dry cleaning agents.

A subgroup of VOCs is termed Carbonyl Compounds and includes chemicals such as
formaldehyde and acetaldehyde. While such chemicals are themselves VOCs due to their
high vapor pressure, they are often grouped as a separate class from the VOCs because of the
special sampling and analytical methods necessary to measure them in air.

*  Semivolatile Organic Compounds (SVOCs). SVOCs are organic chemicals that have a
lower vapor pressure than VOCs and, thus, have a lower propensity to evaporate from the
liquid or solid form. Once airborne, they also tend to more readily condense out of the gas
phase. Examples of SVOCs include most organic pesticides (e.g., chlordane), and certain
components of petroleum, such as polycyclic aromatic hydrocarbons. Note that the
demarcation between SVOCs and VOCs is not exact. For example, the two separate air
sampling and analytical methods for VOCs and SVOCs will both usually detect naphthalene
when present, indicating that this chemical is on the lower end of the VOC scale of volatility
and on the higher end of the SVOC scale of volatility. In general, as chemicals increase in
molecular weight and/or polarity, they become more SVOC-like.

Inorganic Chemicals

This group includes all substances that do not contain carbon and includes a wide array of
substances such as:

+  Metals (e.g., mercury, lead, and cadmium) and their various salts (e.g., mercury chloride);
» Halogens (e.g, chlorine and bromine);

» Inorganic bases (e.g., ammonia); and

* Inorganic acids (e.g., hydrogen chloride, sulfuric acid).

*The regulatory definition of VOC does not identify vapor pressure as a consideration. See 40 CFR
51.100(s).

““VOC” refers to volatile organic compounds that contribute to ozone formation as defined by 40 CFR
50.100(s) as ozone precursors. VOC is a subset of VOCs. VOC emissions inventory information is sometimes used

to derive estimates for specific chemicals; when this is done, the VOC number is said to have been speciated.

April 2004 Page 4-3



Oreanometallic Compounds

This group is comprised of compounds that are both organic and metallic in nature. The alkyl
lead compounds that were added to gasoline to enhance its properties can be used for illustration.
“Alkyl” refers to the organic portion of a compound which is attached to the inorganic metal
lead. The result is a so-called “organometallic” material, a hybrid of both metallic and organic.
(Note that salts, such as sodium benzoate, are usually classified as an organic chemical, rather
than an organometallic compound.)

An understanding of the general characteristics of organic chemicals, inorganic chemicals and
organometallic compounds will aid in planning a risk assessment and developing an appropriate
analysis strategy. For example, most VOCs tend to remain airborne and also do not tend to
bioaccumulate to the same extent as some of the non-volatile chemicals. Thus, if an assessment
were being planned to evaluate the impact of a source from which only VOCs were released, it
becomes less likely that a multipathway risk analysis will be necessary (since VOCs do not tend
to migrate into soil or water and do not tend to bioaccumulate as strongly in living tissue).

In addition, the sampling and analytical methods available to test for chemicals in environmental
media are generally broken out along the same chemical groupings noted above. Thus, if one
were interested in testing for airborne chlordane (an SVOC), a VOC monitoring method would
not be used. Detailed information on available monitoring methods and the chemicals for which
they have been validated is provided in Chapter 10.

In air toxics studies, both individual substances and mixtures of substances are of interest.
Particulate matter (PM), for example, is almost never comprised of just one substance; instead,
PM is usually made up of numerous individual substances (sometimes in the hundreds). Both
the physical and chemical nature of a mixture will influence the fate and transport of the
chemicals in the environment as well as the potential for the mixture to cause harm. For
example, a toxic chemical adsorbed onto the surface of a relatively large particle (> 10 microns
in diameter) will usually be trapped in the upper portion of the respiratory system and either
coughed/sneezed out of the body or swallowed. The same chemical adsorbed onto a very small
particle (< 2.5 microns in diameter) has a much higher likelihood of being inhaled into the deep
lung. As we will see in later chapters, both the route of exposure (in this example, ingestion or
inhalation) as well as the toxic properties of the chemical in question are important determinants
of potential harm.

4.2.2 Hazardous Air Pollutants (HAPs)

The HAPs are a group of 188 specific chemicals and chemical compounds and are identitied in
Section 112(b) of the CAA. The Agency provides additional information on the HAPs online.”
HAPs are pollutants known to cause or suspected of causing cancer or other serious human
health effects or ecosystem damage. They include individual organic and inorganic compounds
and pollutant groups closely related by chemical structure (e.g., arsenic compounds, cyanide
compounds, glycol ethers, polycyclic organic matter) or emission sources (e.g., coke oven
emissions). EPA may add or remove pollutants from the HAP list as new information becomes
available. A full list of the HAPs is provided in Appendix A.

When people talk about “air toxics risk assessment,” they generally mean assessments of risks
associated with one or more of the HAPs. This is largely because of the CAA listing of 188
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HAPs and its requirement under Section 112(f)(2) (Residual Risk) that EPA assess the risks
associated with HAPs that remain after the application of the Maximum Achievable Control
Technology (MACT) standards (Section 112(d) of the Act). However, given that this is a
relatively short list of chemicals, many communities may want to go beyond this list when
assessing risk. It is for this reason, that assessors and other stakeholders must clearly identify
why they are conducting an “air toxics” risk assessment and what they want to include in that
assessment.

In its Integrated Urban Air Toxics Strategy, EPA identified a subset of 33 HAPs as those posing
the greatest risk in urban areas (see Section 2.2.1). These 33 HAPs were selected based on a
number of factors, including toxicity-weighted emissions, monitoring data, past air quality
modeling analysis, and a review of existing risk assessment literature.

The national-scale assessment for 1996 (see Section 2.3.2) focused on 32 of these 33 Urban
HAPs (dioxin was omitted) and also includes diesel particulate matter, which is used as a
surrogate measure of diesel exhaust. EPA recently concluded that diesel exhaust is likely to be
carcinogenic to humans by inhalation at environmental levels of exposure. Diesel exhaust is
addressed in several regulatory actions and diesel particulate matter plus diesel organic gases are
listed by EPA as a mobile source air toxic (see Section 4.3.3 below).

4.2.3 Criteria Air Pollutants

The “criteria air pollutants™ are six substances regulated pursuant to Title I of the CAA, for
which “criteria documents” are developed by the Agency prior to national standard setting
decisions. There are already national ambient air quality standards (NAAQS) in place for each
of these pollutants as well as established regulatory programs and activities in place to meet
those standards. However, they are discussed here because there is some crossover between the
realm of HAPs and criteria pollutants. The more important crossover issues are discussed
below.

* Particulate matter. NAAQS have been established for particles with an acrodynamic
diameter less than or equal to 10 microns (called PM,) and particulate matter with an
acrodynamic diameter less than or equal to 2.5 microns (called PM, ;). As noted above,
however, PM can be made up of as little as one or a few, or many hundreds of individual
chemicals. In many cases (and depending on the source of the PM), any number of
specifically listed HAPs may be a part of the PM mix. It is for this reason that risk assessors
may opt to evaluate the composition of PM and to include the identified chemicals in risk
calculations.

For example, it is possible to collect samples of PM,, for purposes of determining the types
and amounts of individual substances contained in the particles. The risks posed by those
individual chemicals may then be estimated for the inhalation route of exposure. Because
particles with diameters greater than 10 microns are not generally respirable, analysts usually
select a PM,, monitor to capture samples for risk assessment purposes rather than a total
suspended particulate (TSP) sampler, because TSP would capture larger particles that do not
penetrate very far into the respiratory tract (thus leading to an overestimate in inhalation risk
associated with the specific pollutants studied). Note that this would not be true for particle-
bound chemicals that exert their toxic effects on the nasal passages.
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* Ozone and other criteria pollutants. Certain other criteria pollutants are not specifically
listed as HAPs, but HAPs may lead to their formation or they may lead to HAP formation.
For example, ozone is produced by the interaction of certain VOCs, oxides of nitrogen
(called NO,), and sunlight. As noted previously, many of the HAPs are VOCs and may play
arole in ozone formation. In contrast, sulfur dioxide is a criteria pollutant that can be
transformed in the environment into sulfuric acid which, in turn, may become part of a listed
HAP (e.g., cadmium sulfate). In general, the criteria pollutants ozone, nitrogen dioxide,
sulfur dioxide, carbon monoxide are not usually considered in air toxics risk assessments.

4.2.4 Toxics Release Inventory (TRI) Chemicals

Data on TRI chemicals are reported pursuant to Section 313 of the Emergency Planning and
Community Right-To-Know Act (EPCRA) of 1986 and Section 6607 of the Pollution Prevention
Act of 1990 (PPA). EPCRA and the PPA are intended to inform communities and citizens about
chemical hazards in their areas. EPA and states are required to collect data annually on releases
(to each environmental medium) and waste management methods (e.g., recycling) of certain
toxic chemicals from industrial facilities, and to make the data available to the public in the
TRI.®> EPCRA Section 313(d) permits EPA to list or delist chemicals based on certain criteria.
In a 1994 rulemaking, EPA added 286 chemical categories to the TRI chemical list. The TRI
chemicals are listed in 40 CFR Section 372.65, and information about the 667 currently-listed
TRI chemicals is provided online.””

The current TRI chemical list contains 582 individually listed chemicals and 30 chemical
categories (including three delimited categories containing 58 chemicals), for a total of 612
separate chemicals. If the members of the three delimited categories are counted as separate
chemicals then the total number of chemicals and chemical categories is 667 (i.e., 582 + 27 +
58). The TRI list of toxic chemicals includes most (180) of the HAPs. Similar to the HAPs, the
TRI chemicals include VOCs, SVOCs, inorganic compounds, and organometallic compounds.

The utility of the TRI for air toxics risk assessment is two fold. First, it provides a broader
perspective of industrial emissions than the HAP list because it includes information on air
releases of many hundreds of additional chemicals. Second, accessing TRI information is
extremely quick and easy. Using the TRI Explorer search engine (http://www.epa.gov/tri/
tridata/index.htm), one may quickly identify the location of emissions sources and the identity
and quantity of chemicals released to the air. The data is also updated annually (as opposed to
the National Emissions Inventory (NEI), a nationwide inventory of emissions developed by
EPA, which is only updated triennially). However, other characteristics of the TRI data may
limit their use for risk assessments (see Section 4.4.2).

4.2.5 Toxic Chemicals That Persist and Which Also May Bioaccumulate

Some toxic compounds have the ability to persist in the environment for long periods of time
and may also have the ability to build up in the food chain to levels that are harmful to human
health and the environment. For example, releases of metals from a source may deposit out of
the air onto the ground where they remain in surface soils for long periods of time. Children
playing in the area may ingest this contaminated dirt through hand-to-mouth behaviors. The
chemicals in the dirt may also be taken up into plants through the roots and accumulate in
foraging animals.
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EPA’s challenge in reducing risks from this category of toxic air pollutants stems from this
ability to transfer from air, to sediments, water, land, and food; to linger for long periods of time
in the environment; and for some substances, their ability to travel long distances. Many of
these chemicals (e.g., DDT) have been banned for use in the U.S. As such, there should be no
active air emissions of these chemicals (although releases into the air are still possible, e.g., by
resuspension of previously contaminated soil). However some, such as mercury, are still in use
today. A number of lists of these persistent and bioaccumulative chemicals have been developed
through international and internal EPA efforts (see Exhibit 4-1). A number of the HAPs appear
on one or more of these lists.

Exposure to persistent and bioaccumulative air toxics through a pathway other than inhalation of
contaminated air is termed an indirect exposure pathway because contact with the chemical
occurs in a medium that is not the original medium to which the chemical was released (i.c., air).
In contrast, a direct exposure pathway is one in which contact occurs with the chemical in the
medium to which it was originally released. When exposure ot a person to a chemical (or
chemicals) occurs through more than one pathway, a multipathway analysis may be considered.

In air toxics risk assessment, the inhalation pathway is commonly assessed (i.c., the release of a
chemical to air and human exposure through breathing that air). However, indirect exposure
pathways are usually assessed for a limited set of chemicals released to the air. EPA has
identified a preliminary set of HAPs for which indirect exposure pathway analyses should
generally be conducted for situations involving significant emissions of these chemicals in a
study area. This new list of chemicals is termed Persistent Bioaccumulative HAP Compounds
(PB-HAP Compounds) (Exhibit 4-2); however, all of the PB-HAP compounds occur on one or
more of EPA’s existing lists of PBT chemicals. The designation “PB-HAP” was developed to
distinguish this list from the existing lists of PBT chemicals (Exhibit 4-1) and specifically to
clarify that chemicals on this new list are:

» HAPs;
« Relatively persistent in the environment; and
«  For some chemicals, have a strong propensity to bioaccumulate and/or biomagnify.

This preliminary list of PB-HAPs was derived primarily on the basis of human health concerns.
It does not consider direct contact by plants or inhalation by animals. Additional HAPs may be
identified as EPA gains more familiarity with ecological risk assessments for air toxics.
Appendix D describes the process by which EPA identified the list of PB-HAPs.

Biomagnification is the process whereby certain substances transfer up the food chain and increase in
concentration. Chemicals that biomagnify tend to accumulates to higher concentration levels with each successive
food chain level. Biomagnification is a particular concern for ecological risk assessment.
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LRTAP chemicals — The United States signed protocols on Persistent Organic Pollutants (POPs) and
heavy metals pursuant to the Convention on Long-Range Transboundary Air Pollution (LRTAP) in

June 1998 at a ministerial meeting in Aarhus, Denmark. Sixteen POPs and three metals are regulated
(http://'www.epa.gov/oppfead l/international/lrtap2 pg.htm):

» aldrin »  heptachlor

¢ cadmium o lead

« chlordane *  mercury

+ dieldrin »  polychlorinated biphenyls (PCBs)

* endrin « dichlorodiphenyltrichlorocthane (DDT)

»  hexabromobiphenyl » lindanedioxins (polychlorinated dibenzo-p-dioxins)
s kepone (chlordecone) s furans (pelychlorinated dibenzofurans)

s mirex »  hexachlorobenzene

+ toxaphene +  polycyclic aromatic hydrocarbons

¢+ hexachlorobenzene

PBT Chemicals — EPA has identified the following priority persistent, bioaccumulative, and toxic
(PBT) chemicals and has developed the PBT program to address the cross-media issues associated with
these chemicals (http://www.cpa.gov/opptintr/pbt/):

« aldrin/dieldrin » dichlorodiphenyldichloroethane (DD D)

+  mercury and its compounds » dichlorodiphenyldichlorocthylene (DDE)
* benzo(a)pyrene « PCBs

s mirex »  hexachlorobenzene

s chlordane » dioxins and furans

* octachlorostyrene o alkyl-lead

« DDT +  toxaphene

Great Lakes Priority Substances. In keeping with the obligations of the Great Lakes Water Quality
Agreement, Canada and the United States on April 7, 1997, signed the “Great Lakes Binational Toxics
Strategy: Canada-United States Strategy for the Virtual Elimination of Persistent Toxic Substances in
the Great Lakes” (http://www.epa.gov/glnpo/p2/bns.html). This Strategy seeks percentage reductions

in targeted persistent toxic substances so as to protect and ensure the health and integrity of the Great
Lakes ecosystem. The list of “Level 17 substances is identical to EPA’s priority PBT pollutants.

Great Waters Pollutants of Concern. The 1990 Clean Air Act Amendments established rescarch and
reporting requirements related to the deposition of hazardous air pollutants to the Great Lakes, Lake
Champlain, Chesapeake Bay, and certain other “Great Waters.” The Program has identified the
following pollutants of concern (http://www.epa.gov/airprogm/oar/oagps/gr8water/index html):

* cadmium and cadmium compounds *  mercury and mercury compounds

+ chlordane + PCBs

+ DDT/DDE + polycyclic organic matter

e dieldrin « tetrachlorodibenzo-p-dioxin (dioxins)
* hexachlorobenzene + tetrachlorodibenzofuran (furans)

*  o-hexachlorocyclohexane * toxaphene

+ lindane (y-hexachlorocyclohexane) * nitrogen compounds

* lead and lead compounds
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TRIPBT chemicals. EPA has published two final rules that lowered the Toxics Release Inventory
(TRI) reporting thresholds for certain persistent bioaccumulative and toxic (PBT) chemicals and added

certain other PBT chemicals to the TRI list of toxic chemicals (http:/www.epa.gov/tri/lawsandregs
/pbt/pbtrale.htm). The following PBT chemicals are subject to reporting at lowered thresholds:

+ dioxin and dioxin-like compounds + lead

+ lead compounds *  mercury

¢ mercury compounds *  methoxychlor

+  polycyclic aromatic compounds s octachlorostyrene

« aldrin « pendimethalin

*  benzo(g,h,i)perylene +  pentachlorobenzene

« chlordane « PCBs

*  heptachlor *  tetrabromobisphenol A
»  hexachlorobenzene s toxaphene

» isodrin o trifluralin

Waste Minimization Priority Chemicals. EPA’s National Waste Minimization Partnership Program
focuses on reducing or eliminating the generation of hazardous waste containing any of 30 Waste
Minimization Priority Chemicals (WMPCs). This list replaces the list of 53 chemicals EPA identified
in 1998 (Notice of Availability: Draft RCRA Waste Minimization Persistent, Bioaccumulative and
Toxic (PBT) Chemical List, Federal Register 63(216): 60332-60343, November 9, 1998). Twenty six
of the chemicals in the current list were also in the draft list published in 1998. The remaining four
chemicals on the current list were added in response to comments and new information EPA received
from the public regarding the Agency’s methodology for selecting the 53 chemicals in the draft list

(http //www.epa.gov/epacswer/hazwaste/minimize/chemlist. htm).

¢ 1,2 4-trichlorobenzene s hexachlorocyclohexane, gamma-
¢« 1,24 ,5-tetrachlorobenzene ¢ hexachlorocthane

o 2,4 5-trichlorophenol +  methoxychlor

¢ 4-bromophenyl phenyl ether « npaphthalene

* acenaphthene *»  PAH group (as defined in TRI)

s acenaphthylene s pendimethalin

* anthracene » pentachlorobenzene

*  benzo(g,h,i)perylene +  pentachloronitrobenzene

« dibenzofuran »  pentachlorophenol

e dioxins/furans *  phenanthrene

» cndosulfan, alpha and endosulfan, beta « pyrenc

»  fluorene o trifluralin

*  heptachlor and heptachlor cpoxide * cadmium and cadmium compounds
»  hexachlorobenzene * lead and lead compounds

*  hexachlorobutadiene *  mercury and mercury compounds
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Pollution Great Waters
TRI PBT
PB-HAP Compound Prevention Pollutants of Chemicals
Priority PBTs Concern
Cadmium compounds
Chlordane X X X
Chlorinated dibenzodioxins and furans X® X x®
DDE X X
Heptachlor
Hexachlorobenzene X X
Hexachlorocyclohexane (all isomers) X
Lead compounds X X X
Mercury compounds X X X
Methoxychlor X
Polychlorinated biphenyls X
Polycyclic organic matter X@ X
Toxaphene X X
Trifluralin X
@ “Dipxins and furans” (“” denotes the phraseology of the source list)
® “Dioxin and dioxin-like compounds”
© Alkyl lead
“ Benzo[a]pyrene
© “Polycyclic aromatic compounds” and benzo[g.h,iJperylene
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4.2.6 Other Chemicals

The chemicals included in the various lists of
air toxics described above — HAPs, criteria
pollutants, TRI chemicals, and toxic
chemicals that persist and which also may
bioaccumulate — do not represent all of the
chemicals potentially emitted to air in a
given place. EPA is required to maintain an
inventory, known as the “Toxic Substances
Control Act (TSCA) Inventory,” of each
chemical substance which may be legally
manufactured, processed, or imported in the
U.S. The TSCA inventory currently contains
over 75,000 chemicals (see: “enforcement

( The HPV Challenge Program \

EPA, in partnership with industry and environmental
groups, recently created a voluntary chemical testing
effort, the high production volume (HPV) Challenge
Program. This program was developed to make
publicly available a complete set of baseline health and
environmental effects data on HPV chemicals (those
manufactured in, or imported into, the United States in
amounts equal to or exceeding 1 million pounds per
year). Information on HPV chemicals is available at

Qttp Jiwww.epa.govichemrtk/rtkfacts.htm.

J

programs” at http:/www.epa.gov/compliance/civil/programs/tsca’). At best, we have the

capability to assess only a few hundred in detail. As noted previously, this does not imply that
risk assessments are always missing important information. To the contrary, the actual number
of chemicals used in significant amounts and released to air are relatively small compared to the
number of chemicals known. Nevertheless, it is important to keep in mind that the ability to
evaluate air toxics releases 1s limited by current technology, the lack of toxicity information for
all but a relatively small number of chemicals and, in some cases, costs (e.g., a single sample for
certain analytes such as dioxin can cost upwards of $1,000 per sample, making multiple

sampling events cost prohibitive).

4.3 Sources of Air Toxics

Many anthropogenic and natural activities are sources of air pollutants. Examples of human
activities that result in the release of air toxics include:

* Fuel combustion activities in power plants, factories, automobiles, and homes;

» Biomass burning and other agricultural activities;

* Use of consumer products, such as pesticides and cleaning agents;

» Commercial activities, such as dry cleaning; and

» Industrial activities, such as petroleum refining, chemical manufacture, and metal plating.

Sources of air toxics can be categorized in various ways — whether they occur indoors or out,
whether they are stationary or mobile, by the amount of chemicals they release, or by other
approaches. For the purposes of this discussion, air toxics have been placed into several major
groupings that track EPA’s programs and emissions inventories. Note that some differences in
terminology exist between the CAA and the NEI (Exhibit 4-3).

e Point sources;

» Nonpoint sources;

¢ On-road mobile sources;
» Nonroad mobile sources;
e Indoor sources;

e Natural sources; and

¢ Exempt sources.
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The first four categories are groupings of emission sources of HAPs and criteria air pollutants in
EPA’s National Emissions Inventory (NEI). The NEI is a nationwide inventory of emissions
that has been developed by EPA with input from numerous state, local, and tribal (S/L/T) air
agencies. The NEI is discussed in more detail as a source of quantitative emissions release data
in Section 4.4.1 below. For detailed information on NEI, refer to EPA’s main NEI web page.”’

NEI summaries were posted in October 2003.

Source Type

How Defined in CAA

How Reported in NEI

Point source — Major

Point source — Major

Point source

Point source — Area

Point source — Area

Point source if location coordinates reported
Arca source if coordinates not reported

Nonpoint source

Nonpoint source

Areca

Mobile source — On-road

Mobile source — On-road

Modeled

Mobile source — Nonroad

Mobile source — Nonroad

Modeled or estimated

Indoor Not defined Not reported

Natural Not defined Not reported

Exempt Not defined Not reported
4.3.1 Point Sources

Point sources of air toxics are stationary sources (i.e., sources that remain in one place) that can
be located on a map. A large facility that houses an industrial process is an example of a point
source — the facility and its emission release points (e.g., stacks, vents, fugitive emissions from
valves) are stationary, and the emission rates of air toxics can be characterized, either through
direct measurements, such as stack monitoring, or indirect methods, such as engineering
estimates based on throughput, process information, and other data. The CAA divides point
sources into two main categories primarily on the basis of annual emissions rates:

*  Major sources are defined in Section 112(a)(1) as “any source or group of stationary sources
located within a contiguous area and under common control that emits or has the potential to
emit, considering controls, in the aggregate, 10 tons per year (tpy) or more of any hazardous
air pollutant or 25 tpy or more of any combination of hazardous air pollutants.”

* Area sources arc defined in Section 112(a)(2) as “any stationary source of hazardous air
pollutants that is not a major source. For purposes of this section, the term ‘area source’
shall not include motor vehicles or nonroad vehicles subject to regulation under Title I1.”
Examples of area sources include dry cleaners, gas stations, chrome electroplaters, and print
shops. Though emissions from individual area sources may be relatively insignificant in
human health terms, collectively their emissions can be quite significant, particularly where
large numbers of sources are located in heavily populated areas. Note that sources that are
classified as “area sources” pursuant to the CAA may be reported in the NEI as “point
sources” if they can be located on a map.
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Many sources of HAPs are subject to National Emission Standards for Hazardous Air
Pollutants (NESHAPs) pursuant to Section 112 of the CAA. This Section of the CAA directs
EPA to issue regulations listing categortes and subcategories (commonly referred to collectively
as source categories) of major sources and area sources of HAPs and to develop standards for
each listed category and subcategory.®” EPA periodically updates the list of source categories
(see Appendix E).”

Physical Forms of Emissions

Gas Emissions that are distinguished from solid and liquid states
Fume Tiny particles trapped in vapor in a gas stream
Mist Liquid particles measuring 40 to 500 micrometers that are formed by

condensation of vapor

Particulate Matter (and Fine liquid or solid particles
Aerosols)

Air pollutants can be found in all three physical phases: solid, liquid, or gaseous. The distinct
chemical and physical attributes of each phase contribute to the pollutant’s transport and fate. For
example, as reported in the Mercury Study Report to Congress,® elemental mercury vapor is not
thought to be susceptible to any major process of direct deposition to the earth’s surface due to its
relatively high vapor pressure and low water solubility. Therefore, it is carried by the wind and
subsequently dispersed throughout the atmosphere. However, divalent mercury, in either vapor or
particulate phase, is thought to be subject to much faster atmospheric removal, and is expected to be

deposited near its source. For further details on fate and transport analysis, see Chapter 8.

As noted in Chapter 2, EPA regulates stationary sources in a two-phase process. First, EPA
issues technology-based MACT standards that require sources to meet specific emissions limits.
The emission limits are typically expressed as maximum emission rates, or minimum percent
emission reductions, for specific pollutants from specific processes. In the second phase, EPA
applies a risk-based approach to assess how well MACT emissions limits reduce health and
environmental risks. Based on these residual risk assessments, EPA may implement additional
standards to address any significant remaining, or residual, health or environmental risks (see
Chapter 2 for a more detailed discussion of the MACT and residual risk programs).

Area sources may be subject to either MACT or Generally Available Control Technology
(GACT) standards. GACT standards are generally less stringent than MACT standards. Area
sources subject to MACT standards include Commercial Sterilizers using Ethylene Oxide,
Chromium Electroplaters and Anodizers, Halogenated Solvents Users, and Asbestos Processors.

4.3.2 Nonpoint Sources

The term nonpoint source refers to smaller and more diffuse sources within a relatively small
geographic area. In the context of EPA’s NEL nonpoint sources of air toxics are stationary
sources for which emissions estimates are provided as an aggregate amount of emissions for all
similar sources within a specific local geographic area, such as counties or cities, rather than on a
facility- or source-specific basis. Emission estimates for nonpoint sources are generated using
“top-down” methods, when detailed information at the local level is lacking. Instead, the total
emissions over a large geographic area (e.g., n tons in the northeastern states) are allocated to the
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local level (e.g., x percent is assigned to locality 1, y percent is assigned to locality 2, and so on).
Note that for the purposes of this discussion, the nonpoint source category includes only
stationary sources and does rot include mobile sources.

Source-specific information may be available for some (but not all) of the specific facilities
within a certain nonpoint source type. Area sources may be reported as either point or nonpoint
sources in the NEL If a state or local agency reports an area source emission as a point source,
then the NEI retains the area source emission as a point source. The NEI does not aggregate
point area sources as nonpoint sources, and EPA has taken steps to aveid “double-counting”
of emissions in the point and nonpoint source inventories.

To compile nonpoint estimates for a category, the EPA first estimates county level emissions for
nonpoint source categories. Then EPA replaces nonpoint EPA generated estimates with state
and local agency and tribal estimates. If a state or local agency or tribe includes point source
estimates for an EPA generated nonpoint source category, EPA removes the nonpoint estimate
that it had generated and the point source inventory contains the S/L/T estimate. For example, in
the Denver area, the State of Colorado inventories dry cleaners and service stations as point
sources. The NEI contains point sources estimates for these two categories in the six county area
of Denver and the NEI does not contain nonpoint estimates for these two categories. Dry
cleaners and service station emissions are contained in the NEI nonpoint inventory for the other
fifty counties on Colorado.

A variety of sources are categorized as nonpoint sources in the NEI, including some small
industrial/commercial processes (e.g., small dry cleaning facilities, hospital sterilization
facilities, and dental offices). Additional nonpoint sources that contribute to air pollution are
agricultural activities, residential trash and yard-waste burning, wood stoves and fireplaces,
releases from spills and other accidents, and volatilization and resuspension of pollutants from
contaminated sites. Examples of agricultural activities contributing to air pollution are biomass
burning (e.g., for land clearing) and the application of fertilizers and pesticides. The open
burning of forests (including wildfires) are also categorized as nonpoint sources. (Note that
forest fires are generally considered for the purposes of the NEI to be an anthropogenic source of
air toxics because they are assumed to be directly or indirectly, for purposes of the NEI, caused
by man.)

Some nonpoint sources emit HAPs and are subject to NESHAPs pursuant to Section 112 of the
CAA (see Section 4.3.1 above for more information on NESHAPs). These nonpoint sources are
area sources in that they emit less than 10 tpy of a single air toxic or less than 25 tpy of a mixture
of air toxics. For example, facilities that perform perchloroethylene dry cleaning belong to a
source category that is subject to NESHAPs.

4.3.3 On-Road and Nonroad Mobile Sources

Mobile sources pollute the air with fuel combustion products and evaporated fuel. These sources
contribute greatly to air pollution nationwide and are the primary cause of air pollution in many
urban areas. Section 202(1) of the CAA gives EPA the authority to regulate air toxics from
motor vehicles. Based on 1996 National Toxics Inventory data (the NTI is the former name of
the air toxics portion of the current NEI), mobile sources contributed 2.3 million tpy or about
half of all air toxics emissions in the U.S. Mobile sources emit hundreds of air pollutants — for
example, exhaust and evaporative emissions from mobile sources contain more than 700
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compounds. EPA’s Final Rule, Control of Emissions of Hazardous Air Pollutants from Mobile
Sources, commonly known as the “Mobile Source Air Toxics” (MSAT) rule,”’ identified 21
compounds as HAPs emitted by mobile sources (see Chapter 2). All of these compounds except
diesel particulate matter and diesel exhaust organic gases (DPM + DEOG) are included on the
CAA Section 112 HAPs list. Although some mobile source air toxics are TRI chemicals, mobile
sources are not generally subject to TRI reporting. Other mobile source regulations address
emissions of criteria pollutants and their precursors, including carbon monoxide (CO), nitrogen
dioxide (NO,), particulate matter (PM), volatile organic compounds (VOCs), and sulfur dioxide
(S80O,). These criteria air pollutant control programs for mobile sources have and will continue to
result in substantial reduction of HAP releases.

Mobile sources include a wide variety of vehicles, engines, and equipment that generate air
pollution and that move, or can be moved, from place to place. In the NEI, EPA divides mobile
sources into two broad categories. On-road mobile sources include motorized vehicles that are
normally operated on public roadways for transportation of passengers or freight. This includes
passenger cars, motorcycles, minivans, sport-utility vehicles, light-duty trucks, heavy-duty
trucks, and buses. Nonroad mobile sources, (sometimes also called “off-road”) include aircraft,
commercial marine vessels (CMVs), locomotives, and other nonroad engines and equipment.
The other nonroad engines and equipment included in NEI comprise a diverse list of portable
equipment, such as lawn and garden equipment; construction equipment; engines used in
recreational activities; and portable industrial, commercial, and agricultural engines.

EPA’s National Air Pollutant Trends Report, 1900-1998"? indicates that about 60 percent of
mobile source air toxics emissions in the U.S. are from on-road sources, and 40 percent of
mobile source air toxics emissions are from nonroad sources. The emissions distribution
between on- and off-road sources emitting criteria pollutants depends on the chemical. CO
comprises the majority of criteria pollutants emitted, with over 100 million tons per year emitted
in the U.S. Releases of CO are primarily the result of mobile sources — like HAPs, these
emissions are split approximately 60/40 between on-road and off-road sources. (The use of CO
as a monitoring surrogate for mobile source emissions is discussed in Section 4.4.1.)

Within the two broader categories of mobile sources, EPA further distinguishes on-road and
nonroad sources by size, weight, use, horsepower and/or fuel type. For example, categories of
on-road vehicles include light-duty gasoline vehicles (i.e., passenger cars), light-duty gasoline
trucks, heavy-duty gasoline vehicles, and diesel vehicles. Examples of nonroad sources include
nonroad gasoline engines and vehicles, (e.g., recreational off-road vehicles, construction
equipment, lawn and garden equipment, and recreational marine vessels that use gasoline),
nonroad diesel engines and vehicles (including the vehicles and equipment listed above, except
those that use diesel fuel), aircraft, non-recreational marine vessels, and locomotives. An
additional category covers all nonroad sources that use liquified petroleum gas or compressed
natural gas.

4.3.4 Sources Not Included in the NEI or TRI
In addition to the four primary categories used in compiling the NEI, five other sources of air

toxics which are not captured by either the NEI or TRI are described below: Indoor sources,
natural sources, secondary formation of air toxics, exempt sources, and international transport.
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4.3.4.1 Indoor Sources

Indoor pollution sources that release gases or particles into the air are the primary cause of
indoor air quality problems in homes (Exhibit 4-4). Inadequate ventilation can increase indoor
pollutant levels by not bringing in enough outdoor air to dilute emissions from indoor sources
and by not carrying indoor air pollutants out of the home. High temperature and humidity levels
indoors can increase the uptake of some pollutants, thereby magnifying negative health effects.

There are many sources of indoor air pollution in any home. These include combustion sources
such as oil, gas, kerosene, coal, wood, and tobacco products; building materials and furnishings
as diverse as deteriorated, asbestos-containing insulation, wet or damp carpet, and cabinetry or
furniture made of certain pressed wood products; products for houschold cleaning and
maintenance, personal care, or hobbies; central heating and cooling systems and humidification
devices; and outdoor sources such as radon, pesticides, and outdoor air pollution.

The relative importance of any single source depends on how much of a given pollutant it emits
and how hazardous those emissions are. In some cases, factors such as how old the source is and
whether it is properly maintained are significant. For example, an improperly adjusted gas stove
can emit significantly more carbon monoxide than one that is properly adjusted.

Some sources, such as building materials, furnishings, and household products like air
fresheners, release pollutants more or less continuously. Other sources, related to activities
carried out in the home, release pollutants intermittently. These include smoking, the use of
unvented or malfunctioning stoves, furnaces, or space heaters, the use of solvents in cleaning and
hobby activities, the use of paint strippers in redecorating activities, and the use of cleaning
products and pesticides in housekeeping. High pollutant concentrations can remain in the air for
long periods after some of these activities.

In addition to the same indoor air problems as single-family homes, apartments can have indoor
air problems similar to those in offices, which are caused by sources such as contaminated
ventilation systems, improperly placed outdoor air intakes, or maintenance activities.

One particularly important indoor air toxics problem actually results from an outdoor natural
source. In fact, radon gas, a HAP, is one of the leading causes of lung cancer in the U.S. The
most common source of indoor radon is uranium in the soil or rock on which homes are built
(thus, a natural source becomes an indoor air quality problem). As uranium naturally breaks
down, it releases radon as a colorless, odorless, radioactive gas. Radon gas enters homes
through dirt floors, cracks in concrete walls and floors, floor drains, and sumps. When radon
becomes trapped in buildings and indoor concentrations build up, exposure to radon becomes a
concern.

Sometimes radon enters the home through well water. In a small number of homes, the building
materials can give off radon, too. However, building materials alone rarely cause radon levels of
concern (see http://www.epa.gov/radon/risk_assessment.html for more information on radon
risks). Exhibit 4-5 shows EPA’s map of radon zones in the U.S.
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Major Indoor Air Pollutants

Sources

Radon (Rn)

Earth and rock beneath home; well water; building materials

Environmental Tobacco Smoke
(includes carbon monoxide,
nitrogen dioxide, and respirable
particles)

Cigarette, pipe, and cigar smoking

Biologicals (e.g., pollen, mold,
animal dander, and fungi)

Wet or moist walls, ceilings, carpets, and furniture; poorly
maintained humidifiers, dehumidifiers, and air conditioners;
bedding; household pets

Carbon Monoxide

Unvented kerosene and gas space heaters; leaking chimneys and
furnaces; back-drafting from furnaces, gas water heaters,
woodstoves, and fireplaces; gas stoves. Automobile exhaust from
attached garages

Nitrogen Dioxide (NO,)

Kerosene heaters, unvented gas stoves and heaters. Environmental
tobacco smoke

Volatile Organic Compounds
(such as xylene)

Paints, paint strippers, and other solvents; wood preservatives;
aerosol sprays; cleansers and disinfectants; moth repellents and air
fresheners; stored fuels and automotive products; hobby supplies;
dry-cleaned clothing

Respirable Particles

Fireplaces, wood stoves, and kerosene heaters. Environmental
tobacco smoke

Formaldehyde

Pressed wood products (hardwood plywood wall paneling, particle
board, fiberboard) and furniture made with these pressed wood
products. Urea-formaldehyde foam insulation (UFFI). Combustion
sources and environmental tobacco smoke. Durable press drapes,
other textiles, and glues

Pesticides

Products used to kill houschold pests (insecticides, termiticides,
and disinfectants). Also, products used on lawns and gardens that
drift or are tracked inside the house

Asbestos

Deteriorating, damaged, or disturbed insulation, fireproofing,
acoustical materials, and floor tiles

Lead

Lead-based paint, contaminated soil, dust, and drinking water

Source: U.S. Environmental Protection Agency and the United States Consumer Product Safety
Commission. 1995, Office of Radiation and Indoor Air (6604J) EPA/402/K/93/007, April 1995.
Available at: http://www.epa.gov/iag/pubs/insidest. htm1l
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= Zone 1 counties have a predicted average indoor radon screening level greater than 4 pCi/L (pico
curies per liter)

= Zone 2 countics have a predicted average indoor radon screening level between 2 and 4 pCi/L

e Zone 3 counties have a predicted average indoor radon screening level less than 2 pCi/L

43.4.2 Natural Sources

Natural processes are significant sources of some air pollutants, including VOCs, NO,, O,, PM
and other pollutants (Exhibit 4-6). Examples of natural sources of air pollutants that are not
covered by the four main categories described above include natural processes occurring in
vegetation and soils (e.g., emissions from trees), in marine ecosystems, as a result of geological
activity in the form of geysers or volcanoes, as a result of meteorological activity such as
lightning, and from fauna, such as ruminants and termites. Sources associated with biological
activity are called biogenic sources.

Natural pollutants contribute significantly to air pollution. For example, biogenic emission
estimates for the United States were 28.2 million tons of VOC and 1.53 million tons of NO, in
1997.49
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Category Examples of Emissions Sources
s Sulphuric, hydrofluoric and hydrochloric acids ¢ Volcanic gases
Geological | « Radon +  Radioactive decay of rock
»  Nitrogen oxides *  Soils, lightning
*+  Ammonia ¢ Animals wastes
Biogenic s Methane e Animal wastes, plant decay
* VOCs ¢ Vegetation
. +  Dimethyl sulfide, ammonia, chlorides, sulfates, *  Seca spray released by
Marine . . . .
alkyl halides, nitrous oxides breaking waves

Source: International Fertilizer Industry Association. 2001. Food and Agriculture Organization of the
United Nations. Global estimates of gaseous emissions of NH3, NO and N20 from
agricultural land. ISBN 92-5-104698-1. Available at:

www.fa0.0rg/DOCREP/004/Y2 780E/v2780e01 .htm.

43.43  Formation of Secondary Pollutants

Some air pollutants, in addition to being directly emitted to the atmosphere by identifiable
sources, are generated in the atmosphere by the chemical transformation of precursor compounds
(a process called secondary formation). For example, under some meteorological conditions,
up to 90 percent of ambient formaldehyde originates from secondary formation from a variety of
precursor compounds in the presence of light (i.e., via a photechemical reaction). Some of the
precursor compounds include isoprene (an organic compound released from trees), isobutene,
and propene. The secondary formation of pollutants like formaldehyde and acetaldehyde is a
complex process but can be estimated by some photochemical models (e.g., UAM-Tox, a special
version of the Urban Airshed Model (UAM)). Other available models also address secondary
formation but in a much more limited way (see Chapter 9 for a more detailed discussion of air
models).

The NEI and other emission inventories generally do not include estimates of pollutants formed
through secondary formation — only the initially emitted species are included. Because the
formation of secondary pollutants depends on the meteorological conditions and the presence or
absence of other compounds and/or light, a model that incorporates chemical transformation
algorithms is required to estimate how much secondary product is formed from precursor
compounds once they enter the atmosphere. EPA has in some instances developed estimates of
secondarily formed chemicals to better inform the assessment of exposure of people to toxic air
pollutants. For example, for the 1996 NATA, National-scale Air Toxics Assessment, risk
characterization exercise, EPA developed a special inventory of precursor compounds to
supplement the NTI, which was used in conjunction with the Assessment System for Population
Exposure Nationwide (ASPEN) model to calculate ambient concentrations (see
http://www.epa.gov/ttn/atw/nata/). Formation of secondary pollutants is discussed in greater
detail in Chapter 8.
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4.3.4.4 Other Sources Not Included in NEI or TRI

Many air toxics sources, usually relatively small ones, may not be covered or are exempt from
various emissions control, reporting, and other requirements, and in some cases the number or
stringency of requirements is tiered according to source size or other criteria. For example, air
pollution regulations for municipal waste combustors (MWCs) promulgated pursuant to Section
129 of the CAA include separate rules for large MWCs (i.c., with capacities greater than 250
tons per day) and small MWCs (i.e., with capacities between 35 and 250 tons per day).
However, there are no rules for MW Cs with capacities less than 35 tons per day.

Other ml.sceuaneous Souljces O.f ar po'llutlon 4 International Transpert of Air Toxics \
(e.g., agricultural and residential burning) are

controlled primarily by other S/L/T As noted carlier in Chapter 2 and Section 4.2.5,
requirements. However, EPA conducts certain air toxics may be transported over long
research, provides information, and pursues distances, sometimes across international borders.
other non-regulatory means of addressing International sources may be an important

some of these pollution sources. For contributor to local pollutant levels in some study
example, EPA, in conjunction with the \2reas. J

Consumer Product Safety Commission and
the American Lung Association, has
published a guide for reducing pollution from residential wood combustion, including design
information for less-polluting stoves and fireplaces."” Some local areas have ordinances that
require new fireplace and wood stove installations to comply with the certification program, and
others have ordinances that prohibit the use of a wood stove or fireplace on days that are
conducive to the concentration of wood smoke emissions.

Ultimately, there is no single comprehensive source of information on all sources of air toxics in
a given area. The NEI and TRI are good places to start an investigation of what is being released
in a study area, but as noted above, in any given place, there are probably a number of air toxics
sources that are not accounted for in these inventories. Nonregulated sources, natural sources,
and material moving into a study area from distant sources all have an impact on overall air
quality. Assessors need to clearly understand what these limitations are as they move into the
planning and scoping stage of the risk assessment (see Chapter 6). (A description of how EPA
addressed background concentrations for the NATA national-scale assessment is provided at
http://www.epa.gov/ttn/atw/nata/natsa2 html.)

44 Emissions Inventories

As mentioned previously, information on releases of air toxics is primarily compiled and
maintained in emissions inventories. The primary emission inventory for HAPs and criteria
pollutants is EPA’s NEI. EPA’s TRI is a second inventory that has some utility for planning
and scoping an air toxics risk assessment, but is of limited use for risk assessment because of the
nature of the way the data are reported. In addition to the NEI and the TRI, S/L/T air agency
permit files and, in some instances, S/L/T inventories that have been developed, but not
submitted to the NEI, can also provide information on the location, identity, magnitude, and
source characteristics of air toxics releases.

The best inventory data are collected near the ground, literally at the source. For example, an
urban scale study might opt to do a “drive by” or “windshield” verification of the number and
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location of dry cleaners and gas stations in the study area rather than rely on an aggregate

county-level estimate. Ultimately, the needs of the assessment (e.g., screening level or more
refined) will determine the level of accuracy needed in the emissions inventory. This section
will describe the NEI and the TRI. Other potential sources of air toxics data are described in
Chapter 7. The process of developing an emissions inventory is also described in Chapter 7.

4.4.1 National Emissions Inventory (NEI)

EPA’s Office of Air and Radiation compiles and maintains the National Emissions Inventory
(NEI) that includes quantitative data on anthropogenic emissions of criteria pollutants and HAPs
and characteristics of the sources of these air toxics.”’ It includes point, non-point, and mobile
sources for all 50 states, Washington, D.C., and U.S. territories.

Previously, emissions of criteria pollutants and HAPs were tracked separately by EPA in
databases that preceded the NEL Criteria pollutant emissions data for 1985 through 1998 are
available in the National Emission Trends (NET) database. Hazardous air pollutant (HAP)
emissions data are available for 1993 and 1996 in the National Toxics Inventory (NTI) database.
For 1999 (the most recent year for which data are available), criteria and HAP emissions data
have been prepared separately but in a more integrated fashion. The final version of both the
criteria and HAP inventories (for 1999) are available at http://www.epa.gov/ttn/chief/net/
19991nventory.html. Note that the data collection and processing requirements for this
undertaking are significant. As such, EPA plans to update the NEI every three years.

The NEI inventories are developed by EPA’s Emission Factors and Inventories Group with input
from S/L/T agencies, industry, and a number of EPA offices. In some cases, if a S/L/T agency
does not submit data, EPA may use data from an earlier year and “grow” the emissions (e.g., for
criteria stationary sources) or use only data available from other sources (e.g., HAP collected by
EPA as part of the development of emission standards, or data submitted by sources under the
Toxics Release Inventory program). Separate inventory documentation files have been prepared
for each part of NEI (i.e., for criteria pollutants and HAPs, and for point, nonpoint, and mobile
sources). These detailed documentation files are available online for criteria pollutants"'® and
HAPs."® The reader should refer to these documentation files for detailed information on NEL
Summaries of data sources for the components of the current version of NEI are also provided
below.

An important fact to keep in mind about the NEI is that it includes data on HAPs from both
small and large stationary sources and both on- and off-road mobile sources. Equally important,
it is much more likely to include the data necessary for modeling (although many of the data
fields needed for modeling are not “mandatory,” and thus states are not required to provide this
information to the NEI). Information such as stack height, emission rate, and temperature are
critical to developing reasonably accurate estimates of human exposure in the areas surrounding
a source. It is for this reason that the NEI can be of more use than other databases, for example,
for getting a better handle on realistic exposure and risk estimates in an actual study.

NEI for HAPs — Point Sources. For the NEI for HAP emissions from point sources, S/L/T
agencies are asked to supply HAP emission inventory data to EPA. If they do not provide HAP
emission inventory data to EPA, then EPA prepares default emission inventory data (this has
been done for the 1993, 1996, and 1999 inventory years). As discussed previously, EPA uses a
variety of methods to develop data and fill in gaps, where necessary (for point sources of HAPs,
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EPA uses S/L/T data, EPA estimates for MACT and source categories, and TRI data; all the TRI
facilities are in the NEI). This is one reason why the NEI provides, for some sources, data that
may not accurately reflect actual emissions in any given place. Depending on a study’s specific
data quality objectives, closer inspection and verification of emissions estimates may be
necessary.

The target area for the NEI includes every state and territory in the United States and every
county within a State. There are no boundary limitations pertaining to traditional criteria
pollutant nonattainment areas or to designated urban areas. If a facility was included ina S/L/T
database, it is included in the NEI regardless of where in the state it was located. The pollutants
inventoried included all 188 HAPs identified in Section 112(b) of the CAA. Some S/L/T
agencies collect information on more than just these HAPs, but only the 188 are included in the
HAP NEI. In addition to numerous specific chemical species and compounds, the list of 188
HAPs includes several compound groups (e.g., individual metals and their compounds,
polycyclic organic matter [POM], and glycol ethers); the NEI includes emission estimates for the
individual compounds within these groups wherever possible. Appendix F lists all of the
specific pollutants and compound groups included in the 1999 NEI along with their Chemical
Abstract Services (CAS) numbers (for individual compounds).

NEI for Criteria Pollutants — Point Sources. For the NEI for criteria emissions from point
sources, EPA solicits point source data from S/L/T governments. EPA uses S/L/T point source
data preferentially, except for NO, and SO: emissions from utilities. For utilities, EPA uses NO,
and SOz emissions that facilities report to the Emissions Tracking System/Continuous Emissions
Monitoring (ETS/CEM) Scorecard database. Some other criteria pollutant emissions data in the
most recent version of NEI have been supplemented by EPA based on submissions to other
emissions databases. In addition, emissions of ammonia (NH;) (which is not a criteria pollutant,
but is a precursor for PM) have been added to NEI based on reports submitted by S/L/T offices,
TRI data, and (for locations where reports were not submitted) also based on EPA estimation
methods.

Nonpoint Sources (Both HAPs and Criteria Pollutants). Much of the nonpoint source data in
NEI for HAPs was initially compiled as a national-level inventory. National-level emission
estimates are spatially allocated to the county-level using a number of allocation factors, such as
population and employment within certain industries. For example, aggregate amounts of dry
cleaner emissions for a county might be estimated from the number of people living within a
county. For HAPs, EPA uses MACT data and S/L/T data, where available.

When S/L/T- or locality-specific emissions data are available, those data are substituted for data
that had been allocated from national emission estimates. EPA prepares emissions for several
area source categories for the NEI each year using the most current activity and emission factor
data available. Emissions for other area source categories for which methodologies were not
prepared in a given year are extrapolated (and assumed to increase some percentage cach year)
from the most recent S/L/T inventory submitted previously to EPA. For example, if an
inventory was submitted in the past 3 years to EPA for the 1996 base year, the 1999 NEI
emissions are extrapolated from the 1996 inventory. In some cases, criteria air emissions may
also be extrapolated from other inventories (e.g., the 1985 National Air Pollutant Assessment
Program inventories). A more detailed discussion of emissions estimation routines for source
categories with national-level emission estimates are described in the documents referenced
above.
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EPA uses an emissions estimation model known as the Biogenic Emissions Inventory System
(BEIS) to predict emissions of VOC and NO, from forests, crop lands, and fertilized lands.
Emission rates are dependent on several meteorological factors. VOC emissions are dependent
on temperature and sunlight, and NO, emissions from fertilized soils are dependent on
temperature and soil moisture. The BEIS model is used to predict emissions that are included in
the NEI inventory for criteria pollutants. (Keep in mind that VOCs, as a group, are inventoried,
but not speciated, to help evaluate an area’s potential for ozone production. Non-speciated VOC
data are of limited use for performing air toxics risk assessments.)®

On-road Mobile Sources. In the final Version (V 3.0) of the 1999 NEI, EPA used the most
recent version of the MOBILEG6 (Version 6.2) model to calculate emission factors for criteria
pollutants and 36 HAPs. On-road emissions inventories for CO, NO, , VOC, PM,,, PM, 5, SO,,
NH,, and the 36 HAPs are calculated by multiplying an appropriate emission factor in grams
emitted per mile by the corresponding vehicle miles traveled (VMT) in millions of miles, and
then converting the product to units of tons of emissions. Emission estimates include
calculations by month, county, road type, and vehicle type, with VOC broken down by exhaust
and evaporative emissions and PM,, and PM, ; broken down by exhaust, brake wear, and tire
wear emissions. The MOBILE6 model used is the publicly available version from EPA’s Office
of Transportation Air Quality’s (OTAQ) Website (http://www.epa.gov/otag/m6.htm). This
model incorporates both MOBILE®6.0, which is used to estimate emission factors of VOC, CO,
and NO, , and MOBILE®6.1, which is used to calculate emission factors of PM,,, PM, 5, SO, and
NH; and MOBTOX, which is used to calculate certain HAPs. The particulate and SO, emission
factors were previously calculated using EPA’s PARTS model.

Nonroad Mobile Sources. To develop this component of the NEI, data were compiled on
criteria and HAP emissions data for aircraft, commercial marine vessels, and locomotives. HAP
emissions for other nonroad engines operating in the United States were estimated using the
latest nonroad model. S/L/T data are used when provided. In this effort, national emission
estimates were often developed for each of the above types of nonroad sources and allocated to
counties based on available Geographic Information System (GIS) data. For some pollutants
associated with the nonroad category, county-level (instead of national) data were used to
estimate emissions. The methodologies used to estimate emissions and the procedures used to
spatially allocate them to the county level vary by source category and pollutant. For some
pollutants and categories, the NONROAD model was utilized to estimate emissions (see
http://www.epa.gov/otag/nonrdmdl.htm).

Concurrent with the development of the national emission estimates, S/L/T agencies developed
and provided to EPA emissions inventory data for their areas based on local knowledge and
activity information. These S/L/T agency data replaced the national emission estimates when
the pollutant, source type, and emission type matched with the national estimates. Submitted
S/L/T data that did not match the nationally-derived data were retained along with the national
estimates. S/L/T data were used as provided and not adjusted to better match the national data.
Some S/L/T inventories did not provide estimates for all of the pollutants included in the

“Volatile Organic Compound means any organic compound which participates in atmospheric
photochemical reactions; or which is measured by a reference method, an equivalent method, an alternative method,
or which is determined by procedures specified under any subpart (40 CFR Part 60).
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nationally-derived emission estimates; in these cases, the submitted S/L/T data were used and
the national estimates were included only for the missing pollutants.

Although the current NEI data files represent a valuable source of emissions data, there are
numerous uncertainties associated with the current versions of these inventories that should be
considered when using the data in a risk assessment. Sources of uncertainty include the
following:

» The emission data included in NEI are of variable, and in some cases, undocumented
derivation. Many of the emission estimates were submitted by the sources of the emissions
to S/L/T air agencies, and then to EPA, without full explanations of how the emissions were
estimated.

+ Not all sources are accounted for. In some S/L/T data sets, very small sources have been
reported, while in others only the largest sources in certain types of industry are included.

* Not all S/L/T agencies have submitted data. Specifically, for the NEI for criteria pollutants,
35 out of 50 states submitted data to EPA for the 1999 version of NEIL. For the other states,
EPA extrapolated the affected portions of the inventory from an earlier year. This omits
sources that came online in the target year and erroneously include sources that have shut
down. For more information on which S/L/T governments submitted data and for which
states the inventory is extrapolated, the user can refer to the documentation for the respective
inventory sector and the respective pollutant type (see website addresses above). Some of
the states for which 1999 data were not available when these inventory versions were
compiled have now provided EPA with their data, and EPA is working to incorporate this
data into the next versions. For HAPs, 46 states have participated in the development of the
1999 NEI (with some revisions from states still under way).

* Duplicate facilities may be present, but most of the duplicates have been removed. Facility
identification (ID) codes are a potential source of confusion. The NEI Unique Facility ID is
the ID for the entire facility, while the state IDs are usually for individual processes;
therefore an NEI Unique Facility ID can have multiple state facility IDs.

* The primary source of uncertainty associated with the inventory is the methodology used to
generate the emission estimates. The emission estimation methodology is often poorly
documented in the NEI Input Format - this data field is not mandatory. Data in the 1999 NEI
for HAPs are made using different estimation methods. Future versions of the NEI will
include a data quality rating to each emissions record, which should help characterize the
quality of the emissions estimate.

Emissions data in the NEI are submitted to EPA according to the NEI Input Format (NIF)
Shell (see http://www.epa.gov/ttn/chief/nit/index.html). This format consists of data fields
grouped into tables that provide the basic structure of NEI. The NIF shell consists of cight tables
for point sources, five tables for area sources, three tables for mobile sources, and two tables for
biogenic sources. EPA has developed data element descriptions and data element validation
rules to enforce mandatory data fields and relationships between the various tables and records
of the NIF. As the NEI has evolved (and continues to be improved and developed), the NIF shell
has evolved as well. Version 3.0 of the NIF shell was released in May 2003 and updated in
November 2003.
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In June 2002, EPA promulgated the final Consolidated Emissions Reporting Rule,"* which
simplifies and consolidates emission inventory reporting requirements (for criteria air pollutants
only) to a single location within the Code of Federal Regulations (CFR), establishes new
reporting requirements related to PM, ;5 and regional haze, and establishes new requirements for
the statewide reporting of area source and mobile source emissions. Many state and local
agencies asked EPA to take this action to consolidate reporting requirements; improve reporting
efficiency; provide flexibility for data gathering and reporting; and better explain to program
managers and the public the need for a consistent inventory program. Consolidated reporting
should increase the efficiency of the emission inventory program and provide more consistent
and uniform data.

In conjunction with the NIF shell, EPA has developed an automated software program to help
NIF users perform quality assurance/quality control (QA/QC) checks on their files to ensure
correct format specification. This software, available for download from the NIF shell web
page, separates QA/QC checks into format and content. Format checks ensure that the submitted
information includes the minimum data elements required for Emission Factor and Inventory
Group (EFIG) to accept the submitted data. Content checks are provided for the user as a way to
highlight possible errors in the submitted data. The latest version of the software allows the user
to choose whether to perform QA/QC checks on the data for format, the minimum standards
required to put the data in the database, or the more resource intensive content or reasonableness
checks. When checking for content, the format is also checked as the format must be correct in
order for content checks to be performed at all.

4.4.2 Toxics Release Inventory (TRI)

The Toxics Release Inventory (TRI) is a publicly available EPA database that contains
information about releases and other waste management activities reported annually by certain
covered industry groups as well as federal facilities for over 650 toxic chemicals (see
http://www.epa.gov/tri/). This inventory was established under the Emergency Planning and
Community Right-to-Know Act of 1986 (EPCRA) and expanded by the Pollution Prevention
Act of 1990.

TRI reporting is required only for facilities that meet all of the following three criteria:

» They have ten or more full-time employees or the equivalent (i.e., a total of 20,000 hours or
greater; see 40 CFR 372.3);

* They are included in specified industrial sectors (see Exhibit 4-7); and

» They exceed any one reporting threshold for manufacturing, processing, or otherwise using a
TRI chemical (see Exhibit 4-8).

If a facility meets these criteria, then it must report releases to environmental media as well as
waste management data. In 2001 (the latest year for which data are publicly available), air
emissions of toxic chemicals totaled 1.7 billion pounds (over a quarter of all releases of TRI
chemicals to the environment).
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Original Industries
SIC Code Industry Group SIC Code Industry Group
20 Food 30 Rubber and Plastics
21 Tobacco 31 Leather
22 Textiles 32 Stone, Clay, and Glass
23 Apparel 33 Primary Metal
24 Lumber and Wood 34 Fabricated Metals
25 Furniture 35 Machinery (excluding electrical)
26 Paper 36 Electrical and Electronic Equipment
27 Printing and Publishing 37 Transportation Equipment
28 Chemicals 38 Instruments
29 Petroleum and Coal 39 Miscellanecous Manufacturing
New Industries Reporting to TRI as of the 1998 Reporting Year
SIC Code Industry Group
10 Metal mining (except for SIC codes 1011,1081, and 1094)
12 Coal mining (except for 1241 and extraction activities)
4911, 4931, Limited to electrical utilities that combust coal and/or oil for distribution in
and 4939 commerce (SIC codes 4911, 4931, and 4939)
4953 Limited to hazardous waste treatment and disposal facilities regulated under the
Resource Conservation and Recovery Act (RCRA) Subtitle C
5169 Chemicals and allied products wholesale distributors
5171 Petroleum bulk plants and terminals
7389 Solvent recovery services primarily engaged on a contract or fee basis
Source: U.S. Environmental Protection Agency. 2004. Toxic Release Inventory (TRI) Program.
Standard Industrial Classification (SIC) Codes in TRI Reporting. Updated March 2, 2004.
Available at: http://www.epa.gov/tri/report/siccode.htm. (Last accessed April 2004.)
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EPCRA Section 313 non-PBT chemicals (Section 372.25). A facility meeting the SIC code (or
Federal facility) and employee criteria must file a TRI report for a non-PBT Section 313 chemical if
the facility:

¢ Manufactured (including imported) more than 25,000 pounds per year; or
*  Processed more than 25,000 pounds per year; or
+  Otherwise used more than 10,000 pounds per year.

EPCRA Section 313 PBT chemicals (40 CFR372.28). If a facility manufactures, processes, or
otherwise uses any chemicals that are listed as persistent, bioaccumulative, and toxic (PBT), the
threshold quantity is one of the following (per Section 313 chemical or category per year):

Reporting Threshold by Activity
Type of Chemical
Manufacture Process Otherwise Used

Highly persistent and bioaccumulative 10 pounds 10 pounds 10 pounds
compounds
Dioxin and dioxin-like compounds 0.1 grams 0.1 grams 0.1 grams
Oth istent and bi lativ

°r persisient and sloaccumuiative 100 pounds 100 pounds 100 pounds
compounds (lead and lead compounds)

Activity thresholds are calculated independently of each other based on cumulative quantities per
Section 313 chemical over the reporting year.

Current list of Section 313 PBT Chemicals

+ aldrin *  mercury compounds

+  benzo(g,hi)perylenc +  methoxychlor

« chlordane « octachlorostyrene

» dioxin and dioxin-like compounds + pendimethalin

¢ heptachlor * pentachlorobenzene

*  hexachlorobenzene +  polychlorinated biphenyl

+ isodrin + polycyclic aromatic compounds
« lead e tetrabromobisphenol A

* lead compounds * toxaphene

* mercury o ftrifluralin
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Note in Exhibit 4-7 that additional industries have been added to the TRI over time. Thus, some
industries were not required to report in the past and, as such, no records will exist for these
facilities in the historical TRI files. The list of covered chemicals has also grown over time.
Thus, the ability to track trends for more recently added industries and chemicals is more limited
than for industries and chemicals that have been covered throughout the history of the TRL

Industrial sectors subject to TRI reporting are identified by Standard Industrial Classification
(SIC) codes. SIC codes are numerical codes developed by the U.S. government as a means of
consistently classifying the primary business of business establishments. A full list of the
industry groups that are required to report can be found at http://www.epa.gov/tri/report/
siccode.htm.

Although most of the existing emissions data in the TRI system are organized according to SIC
codes, EPA has proposed regulations that would result in the use of the North American Industry
Classification System (NAICS) rather than SIC codes (see http://www.census.gov/epcd/www/
naics.litml). Rather than classifying industries on the basis of several different economic
concepts (as the SIC structure does), NAICS classifies establishments according to similarities in
the processes used to produce goods and services. The TRI program issued a proposed rule to
implement the NAICS system classification on March 21, 2003. (See 66 Fed. Reg. 13872.) Itis
expected that the use of NAICS in the TRI system will allow EPA to more accurately
characterize the current state of the national economy (including new and emerging industries
not adequately covered by SIC codes). The existing SIC structure will not be updated in the
future because the Office of Management and Budget has adopted NAICS as the United States’
new industry classification system. In addition, using NAICS for TRI reporting purposes will
enable more efficient database integration and will promote public access to commonly defined
data from disparate sources. This change will not affect the universe of facilities that is currently
required to report to TRIL.

EPCRA requires only that facilities report their releases of the listed chemicals. There are no
additional control or mitigation actions required. The information collected through the TRI
program is made public, however, and pressure from local citizen groups has been an incentive
to many industries to reduce the quantity of pollutants they release.

While the TRI data have utility for the scoping out of an air toxics risk assessment project, they
have several limitations that assessors must understand. Importantly for risk assessors, the TRI
program requires only that one single annual value representing total releases to the air
(segregated only by stack releases and fugitive releases) be reported by the individual affected
facilities. So while annual average emissions may be useful in screening-level assessments for
chronic exposures, it may be difficult to assess acute noncancer hazard associated with short-
term, peak emission levels. Source-specific information within the facility is not routinely
reported through the TRI. Likewise, no information is reported on release parameters critical to
air dispersion modeling (e.g., location of release on the facility property, release rates, stack
height, stack diameter, release temperature). (See Chapter 9, for more information on modeling
parameters used in air quality and exposure modeling.)

As discussed in Section 4.2, the list of TRI pollutants is organized differently than the list of
HAPs in CAA Section 112, causing some complications in interpreting emission data. It is
difficult to correctly relate some of the SIC codes (under which TRI emissions are grouped) to
specific air emission processes. Because quantities are only reported if a statutory threshold is
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met, a facility may report emissions for one year but not the next, even though the facility is still
in operation. Similarly, individual pollutants may not be reported consistently from year to year
due to the thresholds that apply to individual pollutants (e.g., a facility may report releases of 10
pollutants one year and releases of only five pollutants the next year because the others dropped
below the reporting threshold).

Furthermore, for some facilities, it is possible that, for a variety of releases, the data included for
a facility’s emissions in the TRI do not match the same data reported to the NEI, indicating a
potential problem with either or both data sets. The risk assessor should apply care and
discretion when using TRI information to estimate exposures and risk from individual facilities.
Ultimately, the TRI provides information about the location, identity, and amount of air toxics
emissions in a community. However, due to the nature of the way the data are developed and
reported, TRI data should generally be considered a source of limited information about a
facility and should not be used in risk assessments involving modeling (as noted above, S/L/T
and NEI data are more likely to be useful for modeling). For robust analysis, it should generally
be considered a starting point, not an end.
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PART II

HUMAN HEALTH RISK ASSESSMENT:
INHALATION






Chapter 5 Getting Started: Planning and Scoping
the Inhalation Risk Assessment
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5.1

Introduction

The background discussion in Part I of this manual introduced the general air toxics risk
assessment process (see Exhibit 3-4). Part Il describes the tools and approaches risk assessors
use to evaluate human health risks associated with inhalation exposures to air toxics. Section 5.2
below describes the framework used for air toxics risk assessment, including its three phases: (1)
planning, scoping, and problem formulation; (2) analysis (which includes exposure assessment
and toxicity assessment); and (3) risk characterization. Part Il includes nine chapters that
describe these three phases in detail.

» The remainder of the current chapter describes planning and scoping (Section 5.3).

»  Chapter 6 describes problem formulation.

» Because exposure assessment is generally the most labor and financially-intensive step in the
analysis phase, and because it involves a variety of related (but heterogeneous activities), the
discussion of exposure assessment includes five chapters:

Chapter 7 describes how to characterize sources and quantify emissions;
Chapter 8 explores the fate and transport of air toxics in the atmosphere;
Chapter 9 discusses air quality modeling;

Chapter 10 discusses monitoring; and

Chapter 11 discusses quantifying exposure, including exposure modeling.

»  Chapter 12 describes the remainder of the analysis phase, toxicity assessment.

» Chapter 13 describes the risk characterization phase for inhalation assessments.

5.2

Framework and Process for Air Toxics Risk Assessments

The original risk assessment framework

developed in 1983 by the NRC (see Chapter 3) 4
has been refined based on the risk assessment
experience gained by EPA and other agencies.

Cumulative Risk Assessment

An analysis, characterization, and possible

Two descriptions of this refined framework are quantification of the combined risks to health or

particularly useful for air toxics risk

the environment from simultaneous exposure to

assessments: EPA’s framework for cumulative \multiple agents or stressors.

risk assessment, and EPA’s general framework

~

J

for assessing residual risks.

5.2.1

Framework for Camulative Risk Assessment

EPA’s Framework for Cumulative Risk Assessment" describes three main phases to a risk
assessment: (1) planning, scoping, and problem formulation; (2) analysis; and (3) risk
characterization (Exhibit 5-1).
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Planning, Scoping, and
Problem Formulation

Analysis

Interpretation and Risk
Characterization

Source: EPA Framework for Cumulative Risk Assessment"

* In the planning, scoping, and problem formulation phase, a team of risk managers, risk
assessors, and other stakeholders identify the problem to be assessed and establish the goals,
breadth, depth, and focus of the assessment. The end products of this phase are a conceptual
model and an analysis plan. The conceptual model establishes the air toxics, exposure
pathways, and health and ecological effects to be evaluated. The analysis plan lays out how
the elements of the conceptual model are going to be studied.

« The analysis phase (the elements of which are described by the analysis plan) is primarily an
analytic process in which risk experts apply risk assessment approaches to evaluate the
problem at hand. Specifically, the analysis plan specifies how data, modeling, or
assumptions will be obtained, performed, or defined for all aspects of the exposure
evaluation. Additionally, the analysis plan specifies the strategy for obtaining and
considering hazard and dose-response information for these stressors and the method for
combining the exposure information with the hazard and dose-response information to
generate risk estimates. As the risk analysis is refined, it may be appropriate to revisit and
refine the exposure, hazard, and dose-response information in an iterative fashion.

» The risk characterization phase integrates and interprets the results of the analysis phase
and addresses the problem(s) formulated in the planning, scoping, and problem formulation
phase. It describes the qualitative and/or quantitative risk assessment results and lists the
important assumptions, limitations, and uncertainties associated with those results; and
discusses the ultimate use of the analytic-deliberative outcomes.
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5.2.2 General Framework for Residual Risk Assessment

EPA’s Residual Risk Report to Congress® outlines a general framework for assessing residual
risks to implement the requirements of CAA sections 112(f)(2) through (6). Those sections
require EPA to promulgate standards beyond MACT when necessary to provide “an ample
margin of safety to protect public health” and to “prevent, considering costs, energy, safety, and
other relevant factors, an adverse environmental effect.” EPA developed the general framework
using knowledge gained from past risk assessments and guidance gained from reports such as the
NRC and CRARM reports (see Chapter 3). The framework calls for an iterative, tiered
assessments of the risks to humans and ecological receptors through inhalation and, where
appropriate, non-inhalation exposures to HAPs.

As shown in Exhibit 5-2, each human health and ecological risk assessment is organized into
three phases: (1) the problem formulation phase, in which the context and scope of the
assessments are specified (this phase also includes planning and scoping activities); (2) the
analysis phase, in which the toxicity of HAPs and exposures to humans or ecological receptors
arc evaluated; and (3) the risk characterization phase, in which the toxicity and exposure analyses
are integrated to determine the level of risk that may exist. The problem formulation and
analysis phases of the human health and ecological risk assessments will partially “overlap” in
that some pathway of concern for humans (e.g., consumption of contaminated fish) may also be
pathways of concern for ecological receptors (e.g., fish-eating wildlife). Consequently, exposure
analyses for some air toxics may be designed to provide information for both ecological and
human health assessments.

In both human health and ecological risk assessments, there is essentially a continuum of
possible levels of analysis from the most basic screening approach to a highly refined, detailed
assessment. The screening level or tier of analysis is designed, through the use of simplifying
assumptions and conservative inputs, to identify for no further action or analysis, exposure
pathways and air toxics for which risks are unlikely to be of concern. Screening tier analyses are
designed to be relatively simple, inexpensive, and quick, using existing data, defined decision
criteria, and models with simplifying conservative assumptions as inputs. More refined levels of
analysis include the refinement of aspects of the analysis that are thought to influence risk most
or may contain the greatest uncertainty. They may also allow a more quantitative analysis of
uncertainty and variability. Refined analysis requires more effort, but produces results that are
hopefully less uncertain and less conservative (i.e., less likely to overestimate risk).

5.2.3 The Air Toxies Risk Assessment Process

Building on the Cumulative and Residual Risk frameworks discussed above, the human health
portions of this reference manual describe the risk assessment process for air toxics in three
general phases (Exhibit 5-3; the process for ecological risk assessment is provided in Part IV).
[Note that Exhibit 5-3 is consistent with both the Cumulative and Residual Risk frameworks
discussed above. The benefit of Exhibit 5-3 is that it helps to better visualize the detailed
elements that are usually performed in an air toxics risk assessment. ]
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» The planning, scoping, and problem formulation phase is divided into two general steps:
planning and scoping, and problem formulation. These two steps consist of the activities
described above in the cumulative risk assessment framework. The end products of this
phase are a conceptual model and an analysis plan. As shown in the Exhibit 5-3, planning,
scoping, and problem formulation encompass the entire risk assessment process because
stakeholders aim to understand and state the problem they want to study using the risk
assessment process and plan how they are going to study the problem before the risk
assessment is performed. They also must recognize that they may need to refine the problem
statement and study methodology as new information is gained during the assessment.
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» The analysis phase is divided into two general steps: exposure assessment and toxicity
assessment (the general process for ecological risk assessments is described in Part IV).
Exposure assessment is a relatively complex process involving source identification;
development of an emissions inventory; fate and transport analysis (through modeling and/or
monitoring) to estimate chemical concentrations in air (and soil, food, and water for
multimedia assessments); and combining information on chemical concentrations with
population characteristics to obtain one or more metric(s) of exposure. Toxicity assessment
includes hazard identification and dose-response assessment.

» The risk characterization phase integrates the information from the exposure assessment
and the toxicity assessment to provide both quantitative and qualitative expressions of risk.
The risk characterization also includes a thorough discussion of uncertainty associated with
each of the major elements of the risk assessment.

The remainder of Parts I, 11, and III of this Volume will rely on the general approach outlined in
Exhibit 5-3 as a roadmap for describing the air toxics risk assessment process.
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4 )

Risk Assessment: Is it a Linear Process?

It may be useful to think of the risk assessment process as a set of steps that proceed in a linear
fashion. But it does not always work out that way. For example, through good planning, scoping, and
problem formulation (e.g., a thorough identification of sources and chemicals while developing the
conceptual model), much of the preliminary exposure assessment work may be accomplished. A prior
basic knowledge and discussion of toxic and chemical/physical properties of the chemicals of
potential concern (COPCs) (information often developed during the toxicity and exposure
assessments, respectively) may help the risk assessment team rule out certain pathways for
consideration during the planning, scoping, and problem formulation phase. Of course, a good
analysis plan will include mechanisms to confirm and document all these decisions, but the fact still
remains that the risk assessment process is actually a combination of a variety of steps, many of which
\may occur simultaneously. j

5.2.4 Overview of Inhalation Exposure Assessment

Because exposure assessment is generally the most multifaceted and time-consuming part of an
air toxics risk assessment, it cannot be discussed in a single chapter. This subsection provides an
overview of exposure assessment and identifies where each step of the process is described in
more detail in subsequent chapters (i.e., Chapters 6 through 11). EPA’s Guidelines for Exposure
Assessment is the key reference document for the exposure assessment portion of the risk
assessment, and air toxics risk assessors may want to obtain and become familiar with its
contents.

Exposure assessment helps identify and evaluate a population receiving exposure to a toxic
agent, and describe its composition and size, as well as the type, magnitude, frequency, route and
duration of exposure. In other words, an exposure assessment is that part of the risk assessment
that identifies:

«  Who is potentially exposed to toxic chemicals;
»  What toxics they may be exposed to; and
+ How they may be exposed to those chemicals (amount, pattern, and route).

5241 Exposure and Exposure Assessment: What’s the Difference?

Exposure assessment is the overall process of evaluating who receives exposure to toxic
chemicals, what those chemicals are, and how the exposure occurs. Exposure, on the other hand,
(according to EPA definition") represents contact with a chemical at the visible external
boundary of a person, including skin and openings into the body such as mouth, punctures in the
skin, and nostrils. This definition of exposure does not describe the contact of a chemical with
the actual exchange boundaries in the body where absorption into the bloodstream can take place,
such as the linings of the lung or digestive tract. (One exception to this is chemical contact with
skin or punctures in the skin; in this case, the location of the exposure and the exchange
boundary are one in the same.) Other than dermal exposure, chemicals must be physically taken
into the body by ingestion or inhalation (a process called intake) before they can contact an
exchange boundary and be taken into the bloodstream (a process called uptake).
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The term route of exposure is used to describe the different ways a chemical enters the body.
The three main routes of exposure are inhalation, ingestion, and absorbing a chemical through
the skin (dermal). For inhalation risk assessments, we are only concerned with the inhalation
route of exposure. The dermal and ingestion routes of exposure are generally only relevant to
chemicals that persist and which also may bioaccumulate (e.g., the persistent, bioaccumulative
HAP (PB-HAP) compounds). Discussion of these routes of exposure is reserved for Part III.

Some chemicals can cause harm in the part of the body where individuals take them in (e.g., in
the respiratory system for inhaled chemicals or in the digestive tract for ingested chemicals).

This is called a portal of entry effect because the adverse effect occurs at the place (i.e., the
“portal”) where the chemical enters the body. Other chemicals have to be taken into and
distributed by the circulatory system to cause a harmful effect at a point distant from their portal
of entry into the body. Such effects are called systemic effects because they have the potential to
act at points throughout the system. As a chemical moves through the body, it may be
metabolized (possibly to a more toxic entity); stored in the body; and/or eliminated in urine,
feces, sweat, nails/hair, or exhaled breath.

52.4.2 Components of an Exposure Assessment

The nature and complexity of the components within the exposure assessment are often functions
of the particular risk management question (or other purpose) to be addressed. Simple screening
analyses that rely on conservative default assumptions may be sufficient to rule out the need for
further analyses or action. On the other hand, a more detailed exposure analysis may be needed
to determine the necessity for emission controls, particularly when the application of those
controls is associated with large economic consequences. Indeed, the exposure assessment raises
and addresses many of the risk assessment’s difficult and critical policy questions. As illustrated
in Exhibit 5-4, the exposure assessment includes the following steps:

* Characterization of the exposure setting, including the physical environment, scale of the
study area, important sources and chemicals, and potentially exposed populations and
population characteristics (e.g., demographics). Most of this information is collected and
organized during the problem formulation portion of the risk assessment (see Chapter 6).

+ ldentification of exposure pathways, including sources and mechanism of release, exposure

points and routes of exposure, and transport media. Again, most of this information is
collected and organized during problem formulation (see Chapter 6).
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*  Quantification of exposure, including an evaluation of uncertainty and preparation of
documentation. Quantification of exposure includes three general steps which are discussed
in several subsequent chapters.

— Characterization of emissions is discussed in Chapter 7.

—  Evaluation of chemical fate and transport is discussed in three chapters. Chapter 8
discusses dispersal, transport, and fate of air toxics in the atmosphere. Chapter 9
discusses air quality modeling. Chapter 10 discusses air toxics monitoring.

— Estimation of exposure concentrations (EC) 1s discussed in Chapter 11, along with
exposure modeling, evaluation of uncertainty, and preparation of documentation.

5.3  Planning and Scoping

Planning and scoping is the first step in an air toxics risk assessment (good planning and scoping
is important for any scientific study). It is both a deliberate and deliberative process that
identifies the problems to be assessed; identifies stakeholders in the risk assessment process;
establishes the bounds (i.e., the scope) of the analysis, including elements to be included or
excluded from the analysis; develops a description of the potential interrelationship between air
pollutants and receptors; and articulates the overall analysis plan for the assessment. This section
provides an overview of how to plan for and scope an air toxics risk assessment. The discussion
focuses on four key elements of planning and scoping:
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»  Why is planning and scoping important?
*  What is the process?

*  Who should be involved?

*  What are the key products?

More detailed discussions of the planning and scoping process can be found in the EPA guidance
documents Guidance on Cumulative Risk Assessment™, Framework for Cumulative Risk

Assessment ©, and Risk Assessment Guidance for Superfund (RAGS): Volume I® (Chapter 2 of
this RAGS document discusses the role of the risk assessor in planning and scoping).

5.3.1 Why is Planning and Scoping Important?

Planning and scoping may be the most important step in the risk assessment process. Without
adequate planning, most risk assessments will not succeed in providing the type of information
that risk management needs to make a well-founded decision. Thorough planning and scoping is
commonly conducted before any substantive work is done on the risk assessment. Planning and
scoping is important for developing a common understanding of why the risk assessment is being
conducted, the scope of the assessment, the quantity and quality of data needed to answer the
assessment questions, and how risk managers will use the results. This step is also a focal point
for stakeholder involvement in the risk assessment process. The specific goals of planning and
scoping include:

*  The approaches, including a review of the risk dimensions and technical elements that may
be evaluated in the assessment;

» The relationships among potential assessment end points and risk management options;

*  An analysis plan and a conceptual model (articulated in the problem formulation phase - see
Chapter 6);

* The resources (for example, data or models) required or available;

» The identity of those involved and their roles (for example, technical, legal, or stakeholder
advisors); and

» The schedule to be followed (including provision for timely and adequate internal, and
independent, external peer review).

5.3.2 The Planning and Scoping Process

The five essential steps in the planning and scoping process include (1) identifying the concern;
(2) identifying who needs to be involved; (3) determining the scope of the risk assessment; (4)
describing why there may be a problem (i.e., describing the presumed interrelationship among
sources of risk, humans receiving the exposure, and potential health effects); and (5) determining
how risk managers will evaluate the concern. Each is described in a separate subsection below.

5.3.2.1 What is the Concern?

Most risk assessments are conducted because of a regulatory requirement, a community need or
concern, or some other reason. The specific concems and the resources available to address
those concerns will largely shape the risk assessment scope and methods. For example, a simple,
screening-level risk assessment may be adequate to support a typical pollution permitting process
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while a detailed analysis may be necessary to respond to a particular community concern (e.g.,
are children in a nearby school exposed to harmful levels of air toxics from all sources in the
community?).

At the end of this first step, risk assessors usually identify the full breadth of the concerns of the
participating stakeholders and clearly articulate which of those concerns will be the focus of the
risk assessment and why. For example, in a community-level multisource analysis, some
community stakeholders may be concerned about nuisance odor while others are concerned about
potential cancer health risks from airborne pollutants. At the end of this step, all stakeholders
should be clear that the risk assessment cannot address the odor issue but, rather, will focus on
the cancer concern. This is also the time to identify other resources or means for attempting to
address the non-risk related odor issue.

Stakcholders often identify a wide range of concerns in the risk assessment process that risk
assessment methods may be unable to address. It is always important to acknowledge the
legitimacy of stakeholder concerns and to work to clarify the limitations of the risk assessment
process — especially when assessors are working to respond to community concemns. At the same
time, risk assessors often assist in identifying the proper path for responding to non-risk related
issues. Proceeding in this manner will help create an attitude of trust, foster buy-in of the risk
assessment process and results, and avoid creating false expectations.

5.3.2.2 Who Needs to be Involved?

The key participants in the planning and scoping process include, at minimum, the risk managers
who will use the results of the risk assessment and the risk assessment technical team who will
perform the analysis.

» Risk managers are the persons or groups with the authority to make the decisions about the
acceptability of risk and how an unacceptable risk may be mitigated, avoided, or reduced.
For regulatory requirements (e.g., permitting, compliance), the risk manager usually is a
government agency such as EPA or a S/L/T authority. For voluntary efforts, the risk
manager(s) generally will include members of the potentially affected or interested parties
(e.g., industry representatives, community leaders, local government).

+ The risk assessment technical team includes those experts who will perform the activities
involved in the risk assessment, including environmental scientists, modelers, chemists,
toxicologists, ecologists, and engineers.

These individuals need to understand the goals of the risk assessment, how the results will be
used, the amount and quality of information necessary to make key decisions, and the
uncertainties associated with the inputs, risk assessment methods, and resulting risk estimates.

The specific concerns from step one may generate the need for a diverse set of individuals or
groups with an interest in having the assessment done (“interested or affected parties™).” Each
group may have a unique set of questions, concerns, and fears. It is important to design the risk
assessment to address as many of these issues as possible within available time and resources.
Planning and scoping begins with a dialogue among these individuals and groups; consequently,
the initial planning and scoping team may need to expand over time to include additional
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participants, including public officials,

~

/Examples of Possible Interested or Affected Parties

citizens, and industry representatives. In .
many cases, technical experts who live in State governments Affected industry
the affected communities can be effective Tr1ball governments Civic organizations
participants because they have both the Local governments Business owners
. Community groups Trade associations
trust of the local community and the . . .
. . . . Grassroots organizations  Labor unions
technical skills to explain complex issues. - .
Tor Environmental groups Public health groups
A Strgng community 1nv01ver‘nent-eff0rt Consumer rights groups  Academic institutions
carly in the process can he'lp identify these Religious groups Impacted citizens
concerns (see Part V of this Volume). Civil rights groups Other federal agencies
One tool helpful in translating general goals - /

into specific metrics is an objectives
hierarchy, which is a hierarchic list starting with the overall goal of a project and moving down in
levels to (component) purposes or outcomes, outputs and specific activities (see

EPA’s Planning for Ecological Risk Assessment: Developing Management Objectives (Section
3.4.2) at http://www.cpa.gov/NCEA/raf/pdfs/eco_objectives-sab_6-01.pdf.

It is beneficial if planning and scoping participants understand the following six questions before
the risk assessment begins:

*  What is the goal of the risk assessment and how will the results be used? A risk
assessment might be conducted to compare the costs of various emissions control options
versus the benefits in terms of reduced risks. Some conduct risk assessments primarily for
informational purposes — for example, how much do individual pollution sources contribute
to total risks within a given community? Risk management goals may be risk-related (e.g.,
reducing risks from exposure to air toxics; reducing the incidence of a specific adverse effect
such as cancer); economic (e.g., reducing risks without causing job loss or raising taxes); or
related to public policy (e.g., protecting children and other sensitive populations). Generally,
each risk assessment is designed to provide information that will support the identified goals.

«  What information will the risk assessors collect and what analyses will they perform on
those data? The risk assessors develop the scope of the risk assessment during planning and
scoping. For example, participants may select a limited number of chemicals from all those
released in an area to be analyzed throughout the risk assessment process (the chemicals of
potential concern or COPC), or the assessment may focus on only a limited number of
exposure pathways that may be most important. Stakeholders should understand exactly
what the risk assessment is (and by extension, what it is not) going to evaluate.

»  What are the major concerns of the local community? Significant concerns that the risk
assessment does not address can result in “show stoppers” that complicate or delay the risk
management decision. Clarifying what the risk assessment is not going to study, and why,
before the assessment begins will help to reduce this possibility. As an example, many
communities express concerns about perceived disease clusters. All stakeholders need to
understand that the risk assessment process is not used to evaluate disease clusters or
establish causc-effect relationships between air pollution and existing cases of disease.
However, stakeholders often raise this concern, and it is imperative that the planning and
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scoping team acknowledge these concerns and direct them to the appropriate resources.
Given the prevalence of this concern in areas with air toxics concerns, this Volume includes a
lengthy discussion in Part VI of this Volume on options for addressing such issues.

*  What are the roles and responsibilities of each participant? Stakeholders often address
many administrative issues during planning and scoping, including who will lead the risk
assessment, who will perform each of the various tasks, who will pay for it, and when the
participants need the results.

*  What are the available resources and schedules? Time and money are always limited;
therefore, the planning and scoping process will almost certainly involve trade-offs between
the amount and quality of information participants desire and the time and monetary
resources available to obtain and analyze the information. Participants often choose to
determine critical milestones and institute a clear, yet reasonably flexible, schedule to keep
the assessment on track.

+  What documentation and other products are required? Regulatory requirements often
include specific types of information in specific formats. In a community-level analysis,
stakeholders may want specific information such as maps indicating estimated levels of air
pollutants in different parts of the community. Thus, documentation requirements are meant
to provide transparency throughout the risk assessment process, from the initiation of the
planning and scoping step to the presentation of the final product. Participants are urged to
document all important decisions, goals, discussions, schedules, resource allocations, roles
and responsibilities, data quality objectives. Participants also may document the analytical
approach such that anyone may follow the methodology of the risk assessment.

Finally, risk assessors, risk managers, and all other stakeholders generally recognize the
sensitivity of their roles throughout the risk assessment process. Specifically, there must be no
direct or indirect actions on the part of any stakeholder to influence the outcome of the science-
based analysis. Even the appearance of such activity can severely undermine trust in the risk
assessment as a valid analysis tool.

5.3.2.3  What is the Scope?

The risk assessment scope helps determine how comprehensive the analysis will be. The scope
of a risk assessment may be narrow or broad, depending on the specific risk management goals.
For example, a relatively broad goal such as “reducing risks from exposure to air toxics” may
require a relatively broad risk assessment that examine many types of sources (e.g., stationary,
mobile) and dozens of specific air toxics. In contrast, a more narrow goal such as “reducing the
potential cancer risk in the community” may result in a risk assessment that focuses more
narrowly on only those air toxics that contribute to cancer. Geography (e.g., political
boundaries), demographics (e.g., focusing on a subset of exposed populations), legal
requirements (e.g., statutes or regulations), or methodological or data limitations can all narrow
the scope. Most importantly, time and money will almost always limit the scope of the risk
assessment.

April 2004 Page 5-12



Participants can determine scope by listing and answering critical assessment questions such as:

»  What specific sources are to be included?

»  What specific air toxics are to be included?

*  What are the physical boundarices of the study area?

»  What are the temporal constraints of the study?

«  What potential exposure pathways will be evaluated?

«  What potentially exposed populations will be assessed?
»  What types of health risks will be evaluated?

The details of scope (e.g., what sources are to be included, what potential pathways will be
included) are developed during the problem formulation stage (see Chapter 6).

The goal of the scoping process is to produce a clear understanding of what the risk assessment
should and should not include and why. For example, if available data or methods make it
impossible to assess a potential exposure pathway, the planning and scoping team may need to
re-evaluate the goals and expectations of the risk assessment process.

53.24  Why is There a Problem?

The problem statement pften summarizes 4 Example Problem Statement ™\
the end result of the scoping process,

describing the specific concerns that the risk Air toxics emissions may be causing increased

assessment will address. Problem statements long-term inhalation health risk (both cancer and
often also include statements about how the noncancer concerns) to people in the immediate
risk assessors will evaluate these concerns. vicinity of Acme Refining Company. A

The problem statement is commonly as modeling risk assessment will be performed to
specific as possible and may also include evaluate potential long-term human health
explicit statements of what will not be impacts of inhalation exposures to all air toxics

emitted by the facility. Inhalation risks for
populations within 50 km of the Acme property
boundary will be assessed under residential
exposure conditions. Non-inhalation pathways
will not be assessed for either human or

Qcological receptors. /

assessed in the risk assessment.

53.2.5 How will Risk Managers
Evaluate the Concern?

The risk assessments are most often designed
to provide input to risk managers to help
inform the decisions they must make. Part of the planning and scoping process is developing an
understanding of the types of information needed by the risk managers and the level of
uncertainty in that information that can be tolerated. It does not make sense to conduct an
expensive risk assessment if the eventual results will not be helpful to decision makers.

53.2.6  Lessons Learned on Planning and Scoping

EPA’s Science Policy Council has evaluated the planning and scoping process, particularly as it
relates to cumulative risk assessments (http://www.epa.gov/osp/spe/2cumrisk.htm). From an
assessment of five case studies, a working group identified the following lessons learned:®
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» Early and extensive involvement of the risk manager (decision maker) helped focus the
process toward a tangible product.

»  Purporting that planning and scoping will be quick and easy is likely to be counterproductive;
it is a lot more work than people assume. However, it ultimately saves time by helping to
organize everyone’s thinking and usually results in a better quality assessment.

» Stakeholder engagement is essential at the beginning, because their patience is directly
proportional to their sense of influence in the process. They have been helpful in identifying
important public health endpoints that were not initially considered by EPA in the process of
developing a conceptual model.

»  Conceptual models are helptul in demonstrating how one program relates to other regulatory
activities as well as the relationship between stressors and effects beyond traditional
regulatory paradigms.

» Debate over terminology and brainstorming sessions are necessary to reach a consensus. A
clear set of definitions aids this process.

» The planning and scoping process cannot be prescriptive, because the context of each
situation is different. Planning and scoping is particularly valuable when the assessment will
be complex, controversial, or precedential. At this time, planning and scoping usually
precede cumulative risk assessments.

»  Clear objectives, resource commitments, and estimated schedules from management will
drive the approach and level of detail that can be considered.

+ Explaining uncertainty to stakeholders is critical despite a hesitancy to reveal all that is
known and not known about chemical risks. While revealing these uncertainties may lead to
criticism and political ramifications, it can also develop a sense of trust, credibility, and
support for the decision making process.

It should also be noted that the entire planning and scoping (and risk assessment process) is
inherently iterative in nature. As the analysis proceeds and participants learn more about the
study area, participants may find the initial assumptions in the conceptual model inadequate and
they will need to modify the conceptual model (and, thus, the analysis plan). For example,
suppose a conceptual model was developed that assumed a chemical was released from a facility
that is generally thought to deposit quickly from the air, is highly persistent, and has a large
bioaccumulation potential, thus requiring a multipathway analysis. Once the emissions inventory
is verified, it is found that this chemical is actually not used or produced by facility, rendering the
multipathway analysis moot for this chemical. (Multipathway analysis may still be needed for
other chemicals in the emissions.)

When such changes are required in the conceptual model and analysis plan, all key stakeholders
may be apprised of the change and ideally agree to any alterations in the goals of the overall
assessment. The initial goal of “no surprises at the end of the assessment” is still maintained in
light of evolving information.

April 2004 Page 5-14



References

1. U.S. Environmental Protection Agency. 2003. Framework for Cumulative Risk Assessment.
Risk Assessment Forum, Washington, DC 20460, May 2003, EPA/630/P02/001F. Available
at http://cfpub.cpa.govincearaf/recordisplay.cfm?deid=54944.

2. U.S. Environmental Protection Agency. 1999. Residual Risk Report to Congress. Office of
Air Quality Planning and Standards, Research Triangle Park, NC 27711, March 1999,
EPA/453/R99/001. Available at http:/www.epa.gov/ttncaaal/t3/reports/risk_rep.pdf.

3. U.S. Environmental Protection Agency. 1992. Guidelines for Exposure Assessment. Federal
Register 57:22888-22938, May 29, 1992. Available at

4. U.S. Environmental Protection Agency. 1997. Guidance on Cumulative Risk Assessment.
FPart 1. Planning and Scoping Science Policy Council, Washington, D.C. Available at:
http://www.epa.gov/osp/spe/cumrisk2.htm.

5. U.S. Environmental Protection Agency. 2003. Framework for Cumulative Risk Assessment.
Risk Assessment Forum, Washington, D.C. 2003. EPA/630/P02/001F. Available at:
http://cfpub.cpa.gov/neea/rat/recordisplay.cfim?deid=54944.

6. U.S. Environmental Protection Agency. 2001. Risk Assessment Guidance for Superfund
(RAGS): Volume I - Human Health Evaluation Manual (Part D, Standardized Planning,
Reporting and Review of Superfund Risk Assessments) Final. Office of Emergency and
Remedial Response, Washington, D.C. Available at:
http://www.epa.gov/superfund/programs/risk/ragsd/index . htm.

7. U.S. Environmental Protection Agency. 1999. Risk Assessment Guidance for Superfund:
Volume 1 - Human Health Evaluation Manual. Supplement to Part A, Community
Involvement in Superfund Risk Assessments. Office of Solid Waste and Emergency
Response, Washington, D.C. EPA/540/R98/042/PB99/963303.

8. U.S. Environmental Protection Agency. 2002. Lessons Learned on Planning and Scoping for
Environmental Risk Assessments. Science Policy Council, Washington, D.C. Available at:
http://www.epa.gov/osp/spe/handbook.pdf.

April 2004 Page 5-15



Chapter 6 Problem Formulation: Inhalation Risk
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6.1 Introduction

This chapter discusses the problem formulation step, which takes the results of the planning and
scoping process and translates them into two critical products:

* A conceptual model that explicitly identifies the sources, receptors, exposure pathways, and
potential adverse human health effects that the risk assessment will evaluate (described in
Section 6.2); and

« An analysis plan that outlines the analytical approaches that will be used in the risk
assessment (described in Section 6.3).

An additional section on data quality (Section 6.4) is also included as a reference for those
portions of the risk assessment that involve data collection (e.g., emissions inventories,
monitoring). EPA’s Framework for Cumulative Risk Assessment” provides a more detailed
discussion of the problem formulation process.

6.2  Developing the Conceptual Model

The general concern and approach articulated in the problem statement usually receives more
detail in a study-specific conceptual model. This model explicitly identifies the sources,
receptors, exposure pathways, and potential adverse human health effects that the risk assessment
is going to evaluate. The study-specific conceptual model comprises both a picture and written
description that illustrate: the current understanding of what sources are releasing air toxics in a
particular place; how the chemicals may be transported from the point of release to the point
where people can breathe them; and the types of health effects that may result. Risk assessors
commonly include both a pictorial illustration (such as a technical drawing) and a narrative
description of each of the above elements in the conceptual model.

The conceptual model establishes the physical boundaries of the assessment area and focuses the
risk assessment on several key elements, including sources, chemicals released, fate and transport
mechanisms, potentially exposed populations, potential exposure pathways and routes of
exposure (e.g., breathing, ingesting), and potential adverse effects. Although participants may
revise or refine the conceptual model during the risk assessment, it is important to develop an
initial conceptual model early on.

Critical elements to be included in the conceptual model include:

* The sources of air toxics. The identity, location (latitude/longitude), and physical nature of
the sources being evaluated (which may include factories, small businesses, cars/trucks,
forest fires, etc.), including general emissions characteristics (e.g., stack locations, heights,
other stack parameters, control device efficiency, operating schedules).

» Stressors. The specific air toxics that will be evaluated. Information on air toxics may come
from emissions inventories, previous monitoring or modeling studies, permits, or estimates
based on the principal processes or activities occurring at the source or site. Many risk
assessments begin with a relatively large number of stressors that are of potential concern
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(chemicals of potential concern, or COPC) and narrow these to the subset that contributes
most to exposure and risk.

* The exposure pathways/media 4

. Chemicals of Potential Concern (COPC) \
of concern. The environmental

compartments into which the air Chemicals of potential concern (COPC) are those air
toxics move after they are released | toxics that are evaluated in the risk assessment because
and through which human they have the potential to affect the risk management
exposure can occur. Once decision. The corresponding term for ecological risk
released from the sources, air assessment are chemicals of potential ecological concern
toxics begin to disperse by the (COPEC). The risk assessment often finds that most of

the risk is associated with a subset of the COPC. The
subset, which drives the risk management decisions, is
Qeferred to as chemicals of concern (COC). /

wind away from the point of
release and may remain airborne;
convert into a different substance;
and/or deposit out of the air onto
soils, water, or plants. People may be exposed to air toxics by breathing contaminated
outdoor and/or indoor air (inhalation); ingestion (for the small number of air toxics that can
accumulate in soils, sediments, and foods — a process called bioaccumulation); and skin
(dermal) contact with deposited air toxics. Air toxics risk assessments always evaluate the
inhalation exposure pathway. However, when sources release chemicals that persist and
which also may bioaccumulate, analysis of non-inhalation pathways may also be necessary
(see Parts I and IV for information on inhalation pathways).

e Routes of exposure. Potential routes of exposure include inhalation, ingestion, and dermal
absorption.

+ Subpopulations. The human populations potentially receiving exposure to the air toxics,
including information about demographics (race, ethnicity, economic status, etc.) and
potentially sensitive subgroups (e.g., elderly, children). Depending on the goals of the risk
assessment, the conceptual model may need to consider populations currently living in a
given area as well as those that might move into the area in the future.

* Endpoints. The harmful effects that may result from exposure to air toxics, including
cancer, respiratory effects, birth defects, and reproductive and neurological disorders. Air
toxics can damage the organs at the initial point of contact or enter the body and move via the
bloodstream to other target organs or tissues. Choice of endpoints generally depends on the
toxic effects exhibited by the specific air toxics being assessed. Risk assessors generally
represent potential adverse health effects to humans from exposure to air toxics through the
inhalation pathway as cancer and noncancer outcomes (see Exhibit 5-3). Unless risk
assessors study a specific chemical that is linked to a specific health outcome (which is not
usually the case), a general statement that “risk of cancer and noncancer hazard will be
evaluated” is usually sufficient.

o Metrics. It should be determined how cancer risk and noncancer hazard will be estimated
and reported.

Exhibit 6-1 provides an example of a generalized conceptual model for air toxics risk
assessments with examples of possible linkages. The example shown is a graphical illustration;
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it would also be possible to develop a pictorial illustration. The conceptual model for a specific
risk assessment will likely include only part of this general model. For example, pathways
involving soil, water, and food will only be included if PB-HAP compounds are COPC. In the
conceptual model, the sources, pathways, and expected health outcomes are drawn to illustrate
what the assessors think may be happening in the study when sources are releasing air toxics to
the environment. For a specific study, risk assessors would augment the illustration with the
actual names/locations of sources, the COPC they release, the populations of concern and their
location, and the specific health outcomes of concem (the generic endpoints of cancer and
noncancer health outcomes, as drawn here, are usually sufficient for this stage of the assessment).
The accompanying narrative will describe each of the elements of the illustration in detail and
will provide sufficient information to clarify the critical elements of each piece of the picture.
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This figure illustrates a general conceptual model for air toxics risk assessments with examples of
potential linkages. The conceptual model for a specific risk assessment will likely include only part of
this general model. In this figure, the heavy lines represent the conceptual model used for the initial
National-scale Air Toxics Assessment (Draft for EPA Science Advisory Board Review, available
online at http://www .epa.gov/ttn/atw/sab/sabrev.html). This assessment focused on 33 air toxics and
was limited to inhalation exposures. Cancer and noncancer endpoints were assessed using
distributions, estimated percentages of the population within specified risk or hazard index ranges, and
estimated incidence (only for cancer cases).
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If PB-HAP compounds identified in Exhibit 4-2 (or other air toxics that persist and may \
bioaccumulate and/or bioconcentrate) are present in emissions, both the conceptual model and the
analysis plan may need to consider pathways other than inhalation (e.g., deposition to soil and
surface waters, uptake by biota, and ingestion of these media and biota) for human and ecological
receptors. For purposes of this Reference Manual, we discuss the elements/considerations for the
conceptual model and analysis plan that are particular to multipathway human health risk
assessment in Part Il and ecological risk assessment in Part IV. However, the planning, scoping,
and problem formulation process specific to multipathway analyses is generally integrated with the
\process Jor the inhalation analysis as early as feasible. )

6.3  Developing the Analysis Plan

Risk assessors use the study-specific conceptual model as a guide to help determine what types,
amount, and quality of data are needed for the study to answer the questions the risk assessment
has set out to evaluate. Specifically, the analysis plan matches each element of the conceptual
model with the analytical approach that the assessors will use to develop data about that element
(Exhibit 6-2).

Most often, the analysis plan details the link between cach element of the conceptual model and
the specific analytical approach. The participants would then describe each of the analytical
approaches in sufficient detail to provide the risk assessors with sufficient direction to allow
them to produce the desired high quality data. For example, when determining exposure
concentrations of COPC at the point of exposure to humans, the analysis plan will describe the
exact sampling/analytical lab methods and/or models that risk assessors will use to generate this
data, who will perform the analyses, when the analyses will be done, quality assurance/quality
control requirements (including data validation procedures), roles/responsibilities of analysts, and
documentation requirements. This section of the analysis plan would also provide a discussion
of how data gaps should be identified and documented and how assessors will address
uncertainties.

The analysis plan may also include a comparison between the level of confidence needed for the
management decision and the actual level of confidence it expects from alternative analytical
approaches; this will determine which alternative best meets the management goals, within the
constraints of time and resources. In addition, the analytical approach may include a phased or
tiered risk assessment approach to facilitate management decisions (see Section 6.4 below).

The analysis plan is most helpful when it contains explicit statements of how participants
selected the various analytical approaches, what piece of the conceptual model they intended the
approach to evaluate, how the approach integrates with other analytical elements, and specific
milestones for completing the risk assessment. Assessors generally include uncertainties
associated with analyses, and approaches for addressing these uncertainties, in the analysis plan
when possible.
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Sources How will information on the sources in the analysis (e.g., source location,
important release parameters) be obtained and analyzed?

Pollutants How will chemicals of potential concern (COPC) be confirmed and their
emissions values be estimated?

Exposure pathways How will the identified exposure pathways be assessed? How will ambient
concentrations be estimated?

Exposed population(s)  How will exposures to populations of interest be characterized? How will
their exposure concentrations be estimated? What will be the temporal
resolution? What sensitive subpopulations may be affected?

Endpoints How will information on the toxicity of the COPC be obtained (what are the
data sources)? What risk metrics will be derived for the risk
characterization?

In addressing the above aspects of the analysis, the plan should also clearly describe the following:

»  How will quality be ensured in each step (e.g., what will be included in the quality
assurance/quality control plans)?

»  How will uncertainty and variability in the results be assessed?

»  How will all stages of the assessment be documented?

»  Who are the participants and what are their roles and responsibilities in the various activities?

»  What is the schedule for each step (including milestones)?

»  What are the resources (¢.g., time, money, personnel) being allocated for each step?

The analysis plan may not result in just one document, but rather in a combination of multiple
work plans that, taken together, constitute “the analysis plan.” For example, for a study where
assessors will perform both air dispersion modeling and air monitoring, participants may develop
a separate work plan for both modeling and monitoring. However, assessors usually develop a
master plan that describes all the different pieces and their relationship to one other.

The remainder of this subsection describes the important elements of the analysis plan, including:

e ldentification of sources;

» Identification of chemicals of potential concern;
+ Identification of exposure pathways/routes;

* Identification of exposed populations; and

* Identification of endpoints and metrics.

6.3.1 Identification of the Sources
As noted in Part I, EPA classifies sources of air toxics into a variety of categories for regulatory
purposes, including stationary sources, mobile sources, and indoor sources (see Chapter 4). In

addition, risk assessors also commonly group substances by their chemical and physical
properties to both better estimate the fate and transport of chemicals in the environment and to
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make inferences about the types of exposure pathways likely to be important in the exposure
assessment.

This part of the analysis plan specifies the approach to be used to identify the specific sources
that will form the initial focus of the analysis. Depending on the goals of the risk assessment,
these sources may be limited to a single source or multiple sources at a facility (i.e., facility-
specific risk assessments discussed in Volume I1 of this reference library) or may cover a wider
varicty of sources, including mobile sources, stationary sources, and possibly other sources such
as indoor and natural sources (e.g., community-based risk assessments discussed in Volume IIT of
this reference library). Identifying sources may be relatively straightforward (e.g., for facility-
specific risk assessments) or may involve considerable research, particularly when dealing with a
large number of smaller sources. In such an analysis, the initial tier of evaluation generally
focuses on all identifiable sources within the assessment area. In subsequent tiers, it may be
possible to remove some of these sources from the exposure assessment if one can determine that
they contribute a very small fraction to the total risk estimate. Chapter 12 contains the
techniques for conducting this type of screening.

6.3.2 Identification of the Chemicals of Potential Concern

This part of the analysis plan specifies the approach to be used to identify the most important air
toxics that sources release (i.e., the chemicals of potential concern, or COPC). The COPCs will
be the primary focus of the exposure and risk assessment. The initial tier of analysis often
includes all of the air toxics released from the identified important sources. Depending on the
specific air toxics of concern, the risk assessment also may need to consider secondary
compounds that are formed from the reaction in the atmosphere.

Two techniques are available to focus the risk assessment on the most important air toxics:

* During problem formulation, a simple toxicity-emissions weighted screening approach can be
conducted (discussed in Section 6.3.2.1).

*  Once an initial risk characterization has been performed, subsequent tiers of analysis may
remove specific chemicals from the COPC list if they are determined to contribute only a
very small fraction to the total risk estimate (discussed in Section 6.3.2.2).

(Note that some assessors may wish to simply carry through the analysis all of the chemicals
emitted to the assessment area. This is appropriate; however, it may require sufficient resources
and result in little useful information.)

6.3.2.1 Toxicity-Weighted Screening Analysis

To determine which air toxics to include in the Tier 1 inhalation risk assessment, a relative risk
evaluation called a toxicity-weighted screening analysis (TWSA) may be calculated based on
the emissions data for all air toxics released from the facility/source being assessed. A TWSA is
particularly useful if there are a large number of air toxics in the facility/source emissions and
there is a desire to focus the risk analysis on a smaller subset of air toxics that contribute the most
to risk. A TWSA can be performed as described below.
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The TWSA is intended to be entirely emissions- and toxicity-based, without considering
dispersion, fate, receptor locations, and other exposure parameters. It essentially compares the
emissions rates of each air toxic to a hypothetical substance with an inhalation unit risk value of
1 per pg/m’ (for carcinogenic effects) and/or a reference concentration (RfC) of 1 mg/m’ (for
noncancer cffects). It requires emissions (release) information as well as the applicable
dose-response values (see Chapter 12). However, is also can be used even with a single emission
point and many air toxics. The steps for emissions-based toxicity-emissions weighted screening
are presented below.

1. Identify all the inhalation unit risks (IURs) and RfCs for the air toxics in the facility/source

emissions.

Determine the emission rate (e.g., tons/year) of each air toxic.

Multiply the emission rate of each air toxic by its IUR to obtain a toxicity-emissions product.

Rank-order the toxicity-emissions products and obtain the sum of all products.

Starting with the highest ranking product, proceed down the list until the cumulative sum of

the products reaches a high proportion (e.g., 99 percent) of the total of the products for all the

air toxics. Include in the assessment all the air toxics that contributed that proportion (e.g.,

99 percent) of the total (see Exhibit 6-3 for an example calculation).

6. Repeat steps 3-5, but instead divide the emissions rate by the RfCs to obtain “noncancer
equivalent tons”/year (see Exhibit 6-4 for an example calculation).

bl

Chemicals with no toxicity data will necessarily not be included in the initial list of COPCs
identified by the TWSA screening process. However, this does not necessarily mean that they
are not potential risk drivers. Chemicals with no toxicity data are to be evaluated as part of the
overall uncertainty analysis for the risk assessment. If there is sufficient evidence to support the
hypothesis that an omitted chemical is a potential risk driver, the risk assessment team may opt to
develop a toxicity value for the chemical (see Chapter 12 for more information on identifying
toxicity values for chemicals). Also, if evidence suggests that a chemical that is screened out
(e.g., is below the 99™ percentile in the TWSA) would nevertheless have an individual HQ or
cancer risk greater than the selected screening level, the assessor may consider keeping the
chemical in the list of COPCs.

6.3.2.2  Risk-Based Screening Analysis

In subsequent tiers of analysis, a risk-based screening analysis can be used to further focus the
assessment on the significant air toxics of concern. This approach would be similar to the
TWSA except that estimated individual cancer risk and noncancer hazard estimates would be
used instead of toxicity-weighted emissions (an example risk-based screening analysis is
presented in Chapter 13). A risk-based screening analysis might include the following steps:

1. Using applicable input data, run a simple dispersion and/or exposure model and calculate
cancer risk at a selected point (e.g., maximum exposed individual location).

2. Rank-order the individual risk estimates for each emitted air toxic and obtain the sum of the
cancer risk.

3. Starting with the highest ranking cancer risk, proceed down the list until the individual air
toxics contributing a large proportion (e.g., 99 percent) of the total risk are included. Include
those air toxics in subsequent tiers of analysis.

4. Repeat steps 1-3 for noncancer hazard.

April 2004 Page 6-7



Cancer

Air Toxic Emissions IUR Equivalent Percent | Cumulative
(tons/year) Tons/year of Total Percent

1,3-butadiene 8.2 x 10! 3.0 x 107 2.5x10° 23.8% 23.8%
carbon tetrachloride 1.5 x10° 1.5 x 107 2.2 %107 21.3% 45.1%
beryllium compounds 8.6 x 10 2.4 %107 2.1x10° 19.8% 64.9%
arsenic compounds 42 x 10" 43 x 107 1.8 x 107 17.5% 82.4%
2,3,7,8-TCDD 2.0 x10° 3.3 x 10 6.6 x 10™* 6.4% 88.8%
chromium (VI) compounds 3.7 x 107 1.2x 107 4.4 x10* 4.3% 93.1%
polycyclic organic matter™ 43 2.1 x 10" 3.7 x10* 3.6% 96.7%
cadmium compounds 1.0 x 10! 1.8 x 107 1.8 x 10" 1.8% 98.4%
formaldehyde 8.9 1.3 x 107 1.2 x10* 1.1% 99.5%
1,3-dichloropropene 5.2 4.0x10° 2.1x10° 0.2% 99.7%
allyl chloride 2.8 6.0 x 10° 1.7 x10° 0.2% 99.9%
methylene chloride 1.9 x 10! 4.7 x 107 8.7 x 10° 0.1% 100.0%
benzene 9.3 x10* 7.8 x 10°¢ 7.3 x 107 0.0% 100.0%
Total 1.0 x 107 100.0%

5% of emissions.

Heavy line denotes 99% cutoff. In this example, 1,3-dichloropropene, allyl chloride, methylene
chloride, and benzene could be dropped from the cancer analysis.
@ Cancer equivalent tons/year and [UR are based on the assumption that benzo(a)pyrene represents

6.3.3 Identification of the Exposure Pathways/Routes

This part of the analysis plan specifies the approach to be used to identify the specific exposure
pathways/routes that will be assessed. An exposure pathway/route describes the movement of air
toxics from the point of release to the point where exposure may occur and generally consists of

four elements:

b

April 2004

A source and mechanism of release (emissions);
A transport medium (for inhalation, air);

A point of potential human contact with the contaminated medium (the exposure point); and
An exposure route at the contact point (e.g., inhalation).
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Air Toxic Emissions REC gqo::ic\i:llfef; Percent Cumulative
(tons/year) Tons/year of Total Percent
beryllium compounds 8.6 x 10" 2.0x 107 4.3 x 10* 38.3% 38.3%
1,3 butadiene 8.2 x 10 2.0 %107 4.1 x10* 36.7% 75.0%
arsenic compounds 42 x 10" 3.0 x 107 1.4 x10* 12.6% 87.6%
cadmium compounds 1.0 x 10" 2.0x 107 5.1 x 10° 4.6% 92.1%
carbon tetrachloride 1.5 x10° 4.0 x 10° 3.7 x 10° 3.3% 95.4%
allyl chloride 2.8 1.0 x 107 2.8 x 10° 2.5% 97.9%
formaldehyde 8.9 9.8 x 107 9.1 x 10° 0.8% 98.7%
2,3,7,8-TCDD 2.0x 107 4.0 x 10™ 5.0 x 107 0.4% 99.1%
chromium (VI) compounds 3.7 x 107 1.0 x 10" 3.7 x 107 0.3% 99.5%
toluene 1.3 x 107 4.0 x 10" 3.2 x 107 0.3% 99.8%
1,3-dichloropropene 5.2 2.0 x 107 2.6 x10° 0.2% 100.0%
methylene chloride 1.9 x 10’ 1.0 1.9 x 10’ 0.0% 100.0%
benzene 9.3 x 107 6.0 x 107 1.6 0.0% 100.0%
Total 1.1 x10° 100.0%

Heavy line denotes 99% cutoff. In this example, chromium (VI) compounds, toluene, 1,3-
dichloropropene, methylene chloride, and benzene could be dropped from the noncancer analysis.

A critical determination in the exposure assessment is whether the potential exposure pathways
identified during scoping arc complete (i.c., there is a plausible mechanism by which the air
toxic emitted from the source can reach the exposure point and a plausible mechanism by which
the human receptor can come into contact with the chemical at the exposure point). Exposure
cannot occur without a complete exposure pathway; and therefore if assessors determine that a
potential exposure pathway is incomplete, they will generally document and drop the exposure

from the risk assessment.

The exposures to be assessed depend on the needs articulated in the planning and scoping and
problem formulation steps, including the specific laws and regulations that mandate a potential

decision. For example, air toxics risk assessments commonly rely primarily on current land uses
when evaluating exposures, while risk assessments conducted in the Superfund program
commonly assess current and future land uses (i.e., air toxics risk assessments usually presume
that the current land use within the area of impact of a source(s) will remain unchanged into the
foreseeable future). The need, reasons, and methodology to evaluate alternate (e.g., future) land
use conditions may be carefully considered and fully articulated during the problem formulation
and planning/scoping phase of the assessment. As will be discussed later, in screening-level air
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toxics risk assessments, it is common to assess exposures at the point of maximum offsite
ambient concentrations, whether or not someone actually lives there (the maximum exposed
individual or MEI location).

In addition, advanced tools (such as the RAIMI approach; see Volume III of this reference
library) allow exposure assessments to evaluate the contemporaneous impact of multiple sources
on a assessment area, identify the main contributors to the impact, and evaluate “what it”
scenarios (e.g., what if this source cut its emissions by half; what if a roadway doubled its
traffic?). Ultimately, the needs of the risk manager will drive such decisions.

For inhalation risk assessments, assessors evaluate only one exposure pathway (inhalation);
multipathway risk assessments, on the other hand, focus on all relevant pathways (i.e., inhalation
and any other relevant pathway, such as ingestion or dermal; see Part Il of this Reference
Manual for a description of how multipathway analyses are done). Exhibit 6-5 illustrates the
exposure pathways/routes that are commonly assessed for air toxics inhalation risk assessments.
Note that depending on the types of sources and specific COPCs they release, some of these
pathways may or may not be relevant for any particular study.

Outdoor emissions of vapor phase chemicals
—— »outdoor air
—— indoor air (by penetration of outdoor air into indoor spaces)

Outdoor emissions of particles
—— > outdoor air
——>1indoor air (by penetration of outdoor air into indoor spaces)

Note:
»  Other media/routes may be applicable for particular risk assessments;
»  When available, information on indoor source contributions may also be considered.

Whether the exposures to be assessed include workers depends on the needs articulated in the
planning/scoping and problem formulation steps. For example, the Department of Labor’s
Occupational Safety and Health Administration (OSHA) generally regulates the exposures of
workers to the chemicals they are exposed to in their workplace, and therefore these exposures
generally are not considered in an air toxics risk assessment. When workers are exposed to
chemicals not generated in their workplace (e.g., office workers exposed by a nearby factory), a
decision may be made to consider the risks.

Exhibit 6-6 provides an example of an exposure pathway evaluation summary for a hypothetical
study. The exposure pathways identified for further assessment will depend on the specific types
of chemicals released (including their chemical and physical form), the physical relationship of
the sources to the human receptors, meteorological conditions, and the relationship between
indoor and outdoor air for the chemicals under study (for indoor exposure component).
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indoor activities

. Exposure Route Pathwa .
Potentially Exposed post ’ Y Reason for Selection or
Po uia tion Medium, and Selected for Exclusion
P Exposure Point Evaluation?
Inhalation of . . .
nhatation ot vapor Residents live year-round in
phase chemicals during Yes .
. Smallville
outdoor activities
Preliminary analysis suggests that
. . significant particulat tter is
Inhalation of particulate 10 SIZITeant partictia’e matter 1s
. released from sources in the
matter during outdoor No
. assessment area and that the
activities . ..
chemicals released remain in the
vapor phase
Current Land Use
Residents live year-round in
Residents living in Inhalation of vapor Smallville and released chemicals
Smallville, USA phase chemicals during Yes have the potential to penctrate
indoor activities indoors; the COPC are also
released by indoor sources
Residents live year-round in
Smallville and no significant
Inhalation of particle particulate matter is released from
phase chemicals during No sources in the assessment area and

the chemicals released remain in
the vapor phase. There are no
known indoor sources.

reference manual.

Note: Assessment of completed non-inhalation exposure pathways are discussed in Part I of this
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The approach for characterizing exposure pathways/routes in the analysis plan usually considers
a variety of information about the assessment area (as articulated in the conceptual model),
including how it will be bounded for the analysis. The analysis plan also specifies how exposure
will be estimated and quantified, including whether modeling and/or monitoring will be used.
The following subsections discuss:

¢ Characteristics of the assessment area;

¢ Scale of the assessment area;

» Use of modeling versus monitoring; and
* Quantification of exposure.

6.3.3.1 Characteristics of the Assessment Area

The physical characteristics of the assessment area provide a basis for identifying potential
exposure pathways/routes and receptor populations of concern. They also are important
considerations for selecting and providing input parameters for the air quality models to be used
and/or for establishing monitoring sites. There is no universal classification system for
describing the characteristics of the assessment area, but the following information is generally
important for inhalation exposure assessments:

* Urban versus rural setting. This distinction provides general information about the way
that air toxics will disperse in the environment once released and the expected number and
types of receptors. For example, releases in rural areas may tend to move downwind with a
relatively simple dispersion pattern, while releases in a large city are likely to disperse in very
complex patterns depending the size and placement of buildings. Additionally, some of the
newer dispersion models can adjust both for direction dependencies as well as time of year
due to changes in foliage.

» Simple versus complex terrain. Terrain affects both the way that air toxics will disperse in
the environment once released and the amount of dilution that will occur before they reach
receptors. For example, a plume might pass over nearby receptors in simple terrain, but
might intercept receptors located on elevated terrain (e.g., a plateau or hill) at the same
distance from the source. Assessors can determine the terrain of any area in the United States
from topographic maps available from the USGS (sce below).

» Climate and meteorology. Climate features such as temperature and precipitation patterns,
and meteorological features such as wind speed and direction will affect the fate and
movement of air toxics in the atmosphere and after deposition. Seasonal and diurnal
conditions may be major factors affecting rates of contaminant migration where precipitation
rates or temperatures vary greatly according to the season or time of day. It also is important
to note whether unusual weather conditions occur frequently within the assessment area, as
these can have significant effects on contaminant fate and transport (see Appendix G).

*  Other important geographic features. Nearby geographic features such as a lake or ocean
can have significant effects on contaminant dispersion and may require the use of special
dispersion models (see Chapter 9). For multipathway human health and/or ecological risk
assessments, exposure setting also may include such elements as water bodies and associated
watersheds, ecological receptors, and agricultural lands (see Parts Il and IV).
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Current land use (and in limited instances, potential future land use) is an important factor to
consider in determining the exposure pathways and specific exposure points that are commonly
evaluated in the risk assessment (particularly for higher-tier risk assessments). Land use can
typically be 