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DISCLAIMER

This document has been prepared by staff in the Health and Environmental Impacts
Division, Office of Air Quality Planning and Standards, U.S. Environmental Protection Agency
(EPA). Any findings and conclusions are those of the authors and do not necessarily reflect the
views of the Agency. This document is being circulated to facilitated discussion with the Clean
Air Scientific Advisory Committee and for public comment to inform the EPA’s consideration of
the primary national ambient air quality standard for sulfur oxides. This information is
distributed for purposes of pre-dissemination peer review under applicable information quality
guidelines. It does not represent and should not be construed to represent any Agency
determination or policy.

Questions or comments related to this document should be addressed to Dr. Nicole
Hagan, U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
C504-06, Research Triangle Park, North Carolina 27711 (email: hagan.nicole@epa.gov).
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1 INTRODUCTION

1.1 PURPOSE

This document, Policy Assessment for the Review of the Primary National Ambient Air
Quality Standard for Sulfur Oxides, External Review Draft (hereafter referred to as Draft PA),
presents the draft policy assessment for the U.S. Environmental Protection Agency’s (EPA’s)
current review of the primary (health-based)' national ambient air quality standard (NAAQS) for
sulfur oxides (SOx).? The overall plan and schedule for this review were presented in the
Integrated Review Plan for the Primary National Ambient Air Quality Standard for Sulfur
Dioxide (IRP; U.S. EPA, 2014). The IRP also identified key policy-relevant issues to be
addressed in this review and discussed the key documents that generally inform NAAQS
reviews, including an Integrated Science Assessment (ISA), a Risk and Exposure Assessment
(REA), and a Policy Assessment (PA).

The PA presents a staff evaluation of the policy implications of the key scientific and
technical information in the ISA and REA for consideration by the Administrator.® Ultimately, a
final decision on the primary standard for SOx will reflect the judgments of the Administrator.
The role of the PA is to help “bridge the gap” between the Agency’s scientific assessments
presented in the ISA and REA, and the judgments required of the EPA Administrator in
determining whether it is appropriate to retain or revise the NAAQS.

In evaluating the adequacy of the current standard and whether it is appropriate to
consider alternative standards, the PA focuses on information that is most pertinent to evaluating

the basic elements of the NAAQS: indicator, averaging time, form, and level.* These elements,

' The EPA is separately reviewing the welfare effects associated with sulfur oxides and the public welfare protection
provided by the secondary SO, standard, in conjunction with a review of the secondary standards for nitrogen
oxides and particulate matter with respect to their protection of the public welfare from adverse effects related to
ecological effects (U.S. EPA, 2017a).

2 This review focuses on the presence in ambient air of sulfur oxides, a group of closely related gaseous compounds
that include sulfur dioxide and sulfur trioxide and of which sulfur dioxide is the most prevalent. Particulate
atmospheric transformation products of SOx, such as sulfates, are addressed in the review of the NAAQS for
particulate matter.

3 The terms “staff,” “we,” and “our” throughout this document refer to the staff in the EPA’s Office of Air Quality
Planning and Standards (OAQPS).

4 The basic elements of a standard include the indicator, averaging time, form, and level. The indicator defines the
chemical species or mixture to be measured in the ambient air for the purpose of determining whether an area
attains the standard. The averaging time defines the period over which air quality measurements are to be
obtained and averaged or cumulated. The form of a standard defines the air quality statistic that is to be compared
to the level of the standard in determining whether an area attains the standard. The level of the standard defines
the air quality concentration used for that purpose (i.e., an ambient air concentration of the indicator).
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which together serve to define each standard, must be considered collectively in evaluating the
health protection afforded by the primary standard for SOx.

The development of the PA is also intended to facilitate advice to the Agency and
recommendations to the Administrator from an independent scientific review committee, the
Clean Air Scientific Advisory Committee (CASAC), as provided for in the Clean Air Act
(CAA). As discussed below in section 1.2.1, the CASAC is to advise not only on the Agency’s
assessment of the relevant scientific information, but also on the adequacy of the current
standards, and to make recommendations as to any revisions of the standards that may be
appropriate. The EPA makes available to the CASAC and the public one or more drafts of the
PA for CASAC review and public comment.

The decision whether to prepare one or more drafts of the PA is influenced by
preliminary staff conclusions and associated CASAC advice and public comments, among other
factors. Typically, a second draft PA has been prepared in cases where the available information
calls into question the adequacy of the current standard and analyses of potential alternative
standards are developed taking into consideration CASAC advice and public comment. In such
cases, a second draft PA includes preliminary staff conclusions regarding potential alternative
standards and undergoes CASAC review and public comment prior to preparation of the final
PA. When such analyses are not undertaken, a second draft PA may not be warranted.

In this draft PA, we take into account the available scientific and technical information,
as assessed in the second draft Integrated Science Assessment for Sulfur Oxides — Health Criteria
(second draft ISA [U.S. EPA, 2016]) and the draft Risk and Exposure Assessment for the Review
of the Primary National Ambient Air Quality Standard for Sulfur Oxides, External Review Draft
(draft REA [U.S. EPA, 2017b]). The evaluation and preliminary staff conclusions presented in
this draft PA for the primary NAAQS for SOx have been informed by comments and advice
received from the CASAC in their reviews of the other draft Agency documents prepared thus
far in this NAAQS review. Review and comments from the CASAC, and public comment, on
this draft of the PA will inform the final evaluation and staff conclusions in the final PA. The
final PA will inform the Administrator’s decision in this review of the primary SO2 NAAQS.

Beyond informing the EPA Administrator and facilitating the advice and
recommendations of the CASAC, the PA is also intended to be a useful reference to all parties
interested in the review of the primary NAAQS for SOx. In these roles, it is intended to serve as
a source of policy-relevant information that is informing the Agency’s review of the primary
NAAQS for SOx, and it is written to be understandable to a broad audience.
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1.2 BACKGROUND

1.2.1 Legislative Requirements

Two sections of the CAA govern the establishment and revision of the NAAQS. Section
108 [42 U.S.C. 7408] directs the Administrator to identify and list certain air pollutants and then
to issue air quality criteria for those pollutants. The Administrator is to list those pollutants that
in his “judgment, cause or contribute to air pollution which may reasonably be anticipated to

2 ¢

endanger public health or welfare,” “the presence of which in the ambient air results from
numerous or diverse mobile or stationary sources”; and for which he “plans to issue air quality
criteria....” Air quality criteria are intended to “accurately reflect the latest scientific knowledge
useful in indicating the kind and extent of all identifiable effects on public health or welfare
which may be expected from the presence of [a] pollutant in the ambient air....” 42 U.S.C. §
7408(a)(2).

Section 109 [42 U.S.C. 7409] directs the Administrator to propose and promulgate
“primary” and “secondary” NAAQS for pollutants for which air quality criteria are issued [42
U.S.C. § 7409(a)]. Section 109(b)(1) defines primary standards as ones “the attainment and
maintenance of which in the judgment of the Administrator, based on such criteria and allowing

3 Under section

an adequate margin of safety, are requisite to protect the public health.
109(b)(2), a secondary standard must “specify a level of air quality the attainment and
maintenance of which, in the judgment of the Administrator, based on such criteria, is requisite
to protect the public welfare from any known or anticipated adverse effects associated with the
presence of [the] pollutant in the ambient air.”

The requirement that primary standards provide an adequate margin of safety was
intended to address uncertainties associated with inconclusive scientific and technical
information available at the time of standard setting. It was also intended to provide a reasonable
degree of protection against hazards that research has not yet identified. See Lead Industries
Association v. EPA, 647 F.2d 1130, 1154 (D.C. Cir 1980), cert. denied. 449 U.S. 1042 (1980);
American Petroleum Institute v. Costle, 665 F.2d 1176, 1186 (D.C. Cir. 1981), cert. denied, 455
U.S. 1034 (1982); Coalition of Battery Recyclers Ass'n v. EPA, 604 F.3d 613, 617-18 (D.C. Cir.

2010); Mississippi v. EPA, 744 F. 3d 1334, 1353 (D.C. Cir. 2013). Both kinds of uncertainties

5 The legislative history of section 109 indicates that a primary standard is to be set at “the maximum permissible
ambient air level . . . which will protect the health of any [sensitive] group of the population,” and that for this
purpose “reference should be made to a representative sample of persons comprising the sensitive group rather
than to a single person in such a group.” S. Rep. No. 91-1196, 91st Cong., 2d Sess. 10 (1970).

¢ Under CAA section 302(h) (42 U.S.C. § 7602(h)), effects on welfare include, but are not limited to, “effects on
soils, water, crops, vegetation, man-made materials, animals, wildlife, weather, visibility and climate, damage to
and deterioration of property, and hazards to transportation, as well as effects on economic values and on personal
comfort and well-being.”
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are components of the risk associated with pollution at levels below those at which human health
effects can be said to occur with reasonable scientific certainty. Thus, in selecting primary
standards that include an adequate margin of safety, the Administrator is seeking not only to
prevent pollution levels that have been demonstrated to be harmful but also to prevent lower
pollutant levels that may pose an unacceptable risk of harm, even if the risk is not precisely
identified as to nature or degree. The CAA does not require the Administrator to establish a
primary NAAQS at a zero-risk level or at background concentration levels, see Lead Industries
v. EPA, 647 F.2d at 1156 n.51, Mississippi v. EPA, 744 F. 3d at 1351, but rather at a level that
reduces risk sufficiently so as to protect public health with an adequate margin of safety.

In addressing the requirement for an adequate margin of safety, the EPA considers such
factors as the nature and severity of the health effects involved, the size of the sensitive
population(s), and the kind and degree of uncertainties. The selection of any particular approach
to providing an adequate margin of safety is a policy choice left specifically to the
Administrator’s judgment. See Lead Industries Association v. EPA, 647 F.2d at 1161-62;
Mississippi v. EPA, 744 F. 3d at 1353.

In setting primary and secondary standards that are “requisite” to protect public health
and welfare, respectively, as provided in section 109(b), the EPA’s task is to establish standards
that are neither more nor less stringent than necessary. In so doing, the EPA may not consider the
costs of implementing the standards. See generally, Whitman v. American Trucking Associations,
531 U.S. 457, 465-472, 475-76 (2001). Likewise, “[a]ttainability and technological feasibility are
not relevant considerations in the promulgation of national ambient air quality standards.”
American Petroleum Institute v. Costle, 665 F. 2d at 1185.

Section 109(d)(1) requires that “[n]ot later than December 31, 1980, and at five-year
intervals thereafter, the Administrator shall complete a thorough review of the criteria published
under section [108] and the national ambient air quality standards...and shall make such
revisions in such criteria and standards and promulgate such new standards as may be
appropriate....” Section 109(d)(2) requires that an independent scientific review committee
“shall complete a review of the criteria...and the national primary and secondary ambient air
quality standards...and shall recommend to the Administrator any new...standards and revisions
of existing criteria and standards as may be appropriate....” Since the early 1980s, this
independent review function has been performed by the CASAC of the EPA’s Science Advisory
Board.’

7 Lists of the CASAC members and of members of the CASAC Sulfur Oxides Panel are available at:
https://yosemite.epa.gov/sab/sabpeople.nsf/WebCommitteesSubcommittees/CASAC%20Sulfur%200xides%20P
anel
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1.2.2 History of the Reviews of the Primary NAAQS for SOx

The initial air quality criteria for SOx were issued in 1969 (34 FR 1988, February 11,
1969). Based on these criteria, the EPA, in initially promulgating NAAQS for SOx in 1971,
established the indicator as SO2. The two primary standards set in 1971 were 0.14 parts per
million (ppm) averaged over a 24-hour period, not to be exceeded more than once per year, and
0.03 ppm, as an annual arithmetic mean.

The first review of the air quality criteria and standards for SOx was completed in several
stages. In the first stage, the EPA released the Air Quality Criteria Document (AQCD) for PM
and SOx in December 1981, and an addendum presenting information from subsequently
available controlled human exposure studies in 1982 (U.S. EPA, 1982a, 1982b). The policy
aspects of the air quality criteria, and preliminary exposure analyses were evaluated by OAQPS
staff in the 1982 Staff Paper (U.S. EPA, 1982c).

In 1986, the EPA published a second addendum to the 1982 AQCD, presenting newly
available evidence from epidemiologic and controlled human exposure studies (U.S. EPA,
1986a). Policy-relevant aspects of the new evidence and staff findings from a companion
population exposure assessment were evaluated in a 1986 Addendum to the 1982 Staff Paper
(U.S. EPA, 1986b, 1986c¢). The CASAC reviewed all of these documents and provided advice
and recommendations with regard to decisions for the review of the standards. Based on the
evidence in the 1982 and 1986 documents, staff evaluations and CASAC recommendations, in
1988, the EPA proposed to retain the existing standards and solicited comment on the alternative
of retaining the existing standards while additionally establishing a 1-hour standard of 0.4 ppm to
protect against short-term exposures (53 FR 14926, April 26, 1988). In 1992, the American Lung
association brought a lawsuit to compel the EPA to review and, if appropriate, revise the primary
standards for SOx, and the remainder of the review was then completed under court order (59 FR
58962, November 15, 1994; 61 FR 25566, May 22, 1996).

In response to publication of additional relevant controlled human studies on health
effects of short-term SOz concentrations, the EPA prepared a supplement to the second
addendum to the 1982 AQCD (1994 AQCD supplement [U.S. EPA, 1994a]). Policy-relevant
aspects of the full body of evidence, including that newly available, along with the 1986
exposure analysis were evaluated in the 1994 Supplement to the 1982 Staff Paper (U.S. EPA,
1994b). In 1994, based on the available evidence, staff evaluations, CASAC advice, and public
comment on the 1988 proposal, the EPA re-proposed to retain the existing standards and also
solicited comment on retaining the existing standards in combination with one of three policy
options to further reduce the health risk posed by exposure to high 5-minute peaks of SOz if
additional protection were judged to be necessary (59 FR 58958, November 15, 1994). The three
alternatives were: (1) Revising the existing primary SO2 NAAQS by adding a new 5-minute
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standard of 0.60 ppm SOz, not to be exceeded more than once per calendar year; (2) establishing
a new regulatory program under section 303 of the CAA to supplement protection provided by
the existing NAAQS, with a trigger level of 0.60 ppm SOz, not to be exceeded more than once
per calendar year; and (3) augmenting implementation of existing standards by focusing on those
sources or source types likely to produce high 5-minute peak concentrations of SOx.

This review was completed in 1996 with the EPA’s decision to retain without revision the
existing standards (61 FR 25566, May 22, 1996). In reaching this decision, the Administrator
concluded, based on the staff exposure analysis, that exposure of individuals with asthma to SO2
levels that can reliably elicit adverse health effects was likely a rare event when viewed in the
context of the entire population of people with asthma. As a result, the Administrator judged that
5-minute peaks of SOz did not pose a broad public health problem when viewed from a national
perspective, and a 5-minute standard was not promulgated (61 FR 25566, May 22, 1996).

In 1996, the American Lung Association and the Environmental Defense Fund
challenged the EPA’s decision not to establish a 5-minute standard. On January 30, 1998, the
Court of Appeals for the District of Columbia (“D.C. Circuit”) found that the EPA had failed to
adequately explain its determination that no revision to the SO2 NAAQS was appropriate and
remanded the decision back to EPA for further explanation. Specifically, the court determined
that the EPA had not provided adequate rationale to support the judgment that 5S-minute peaks of
SO2 do not pose a public health problem from a national perspective even though these peaks
will likely cause adverse health impacts in a subset of individuals with asthma. American Lung
Ass’nv. EPA, 134 F. 3d 388, 392-393 (D.C. Cir. 1998). Following the remand, the EPA
requested that states voluntarily submit 5-minute SO2 monitoring data for the EPA to use to gain
a better understanding of the magnitude and frequency of high, 5-minute peak SO2
concentrations.

The next and most recent review of the air quality criteria and primary standards for SOx
was completed in 2010 (75 FR 35520, June 22, 2010). As a result of this review, the EPA
promulgated a new 1-hour standard to provide the requisite protection for at-risk populations
such as people with asthma against an array of adverse respiratory health effects related to short-
term SOz exposures. The 1-hour standard was set with SOz as the indicator based on its common
occurrence in the atmosphere and the predominance of SOz studies in the health effects
information for SOx. The standard was set at a level of 75 parts per billion (ppb), based on the 3-
year average of the annual 99" percentile of 1-hour daily maximum SO2 concentrations. The
EPA also revoked the then-existing 24-hour and annual primary standards based largely on the
conclusion that the 1-hour standard would also control longer-term average concentrations,
maintaining 24-hour and annual concentrations generally well below the levels of those

standards, and on the lack of evidence indicating the need for such longer-term standards. The
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2010 action also addressed the remand by the D.C. Circuit in 1998. The 2010 and prior standards

are summarized in Table 1-1.

Table 1-1. History of the primary national ambient air quality standard(s) for sulfur
oxides since 1971.

Final . Averaging
Rule/Decision Indicator Time Level Form
April 30, 1971 24 hours 140 ppb? one allowable exceedance
(36 FR 8186) S0;
1 year 30 pph? arithmetic average
May 22, 1996 ) . . .
(61 FR 25566) Both the 24-hour and annual average standards retained without revision
99t percentile of yearly distribution of 1-hour
g#g ?:ézég,zg?gl(% SO, 1 hour 75 ppb daily maximums, averaged over 3 years
24-hour and annual standards revoked

a Although the levels were set in terms of ppm (0.14 ppm for the 24-hour standard and 0.03 ppm for the annual standard),
they are shown here in ppb for consistency with units of current standard.

In conjunction with the 2010 revisions to the standards, the EPA revised the SO2 ambient
air monitoring regulations to require that monitoring agencies using continuous SO2 methods
report the highest 5-minute concentration for each hour of the day; many agencies additionally
report all twelve 5-minute concentrations for each hour of the day (75 FR 35554, June 22, 2010;
40 CFR 58.16). The rationale for this requirement was to provide additional monitoring data for
use in subsequent reviews of the primary standard, particularly in considering the extent of
protection provided by the 1-hour standard against 5-minute peak SOz concentrations of concern
(75 FR 35554, June 22, 2010).

After publication of the final rule, a number of industry groups and states filed petitions
for review arguing (1) that the EPA failed to follow notice-and-comment rulemaking procedures
because the proposal did not indicate that EPA was considering changing its method of
determining attainment from an air-monitoring approach to a hybrid approach using computer
modeling in combination with air monitoring, and (2) that the decision to establish a 1-hour SO2
NAAQS at 75 ppb was arbitrary and capricious because it was lower than statutorily authorized.
The D.C. Circuit rejected these challenges, dismissing the first argument for lack of jurisdiction
and denying the petitions with respect to the second argument, explaining that the EPA did not
act arbitrarily in setting the 2010 standard. National Environmental Developmental Association’s
Clean Air Project v. EPA, 686 F. 3d 803 (D.C. Cir. 2012). Accordingly, the 2010 standard was
upheld. I1d.
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1.2.3 Current SO; NAAQS Review

In May 2013, the EPA announced the initiation of the current periodic review of the air
quality criteria for sulfur oxides and the primary NAAQS for sulfur oxides and issued a call for
information in the Federal Register (78 FR 27387, May 10, 2013). A wide range of external
experts as well as EPA staff representing a variety of areas of expertise (e.g., epidemiology,
human and animal toxicology, statistics, risk/exposure analysis, atmospheric science)
participated in a workshop, held by the EPA on June 12-13, 2013 in Research Triangle Park, NC.
The workshop provided for a public discussion of the key policy-relevant issues around which
the EPA has structured the review and of the most meaningful new scientific information that
would be available in this review to inform our understanding of these issues.

Building from the workshop discussions, the EPA developed the draft Integrated Review
Plan for the Primary National Ambient Air Quality Standards for Sulfur Dioxide (IRP, U.S.
EPA, 2014) outlining the schedule, process, and key policy-relevant questions that would guide
the evaluation of the air quality criteria for SOz and the review of the primary NAAQS for SOx.
The draft IRP was released in March 2014 (79 FR 14035, March 12, 2014) and was the subject
of a consultation with the CASAC on April 22, 2014 (79 FR 16325, March 25, 2014). Comments
received from the CASAC and the public were considered in the preparation of the final IRP,
which was released in October 2014 (U.S. EPA, 2014).

The process for development of the first draft ISA included review of preliminary drafts
of key ISA chapters by subject matter experts at a public workshop hosted by the EPA’s National
Center for Environmental Assessment (NCEA) on June 23-24, 2014 (79 FR 33750, June 12,
2014). Comments received from this review as well as comments from the public and the
CASAC on the draft IRP were considered in preparation of the Integrated Science Assessment
for Sulfur Oxides — Health Criteria (External Review Draft — November 2015), released in
November 2015 (80 FR 73183, November 24, 2015). The first draft ISA was reviewed by the
CASAC at a public meeting in January 2016 and a public teleconference in April 2016 (80 FR
79330, December 21, 2015; 80 FR 79330, December 21, 2015; Diez Roux, 2016).

The EPA released the Integrated Assessment for Sulfur Oxides — Health Criteria (Second
External Review Draft — December 2016) in December 2016 (81 FR 89097), which was
reviewed by the CASAC at a public meeting in March 2017 and a public teleconference in June
2017 (82 FR 11449, February 23, 2017; 82 FR 23563, May 23, 2017). Completion of the final
ISA is expected in December 2017.

As part of the planning process for development of the REA, the EPA completed the
Review of the Primary National Ambient Air Quality Standard for Sulfur Oxides: Risk and
Exposure Assessment Planning Document (REA Planning Document, U.S. EPA, 2017c¢) in
February 2017 (82 FR 11356), and held a consultation with the CASAC at a public meeting in
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March 2017 (82 FR 11449). In consideration of CASAC comments at that consultation and
public comments, the EPA developed the draft REA (U.S. EPA, 2017b). The draft REA and this
draft PA are being provided to the CASAC for their review and released to the public for
comment. The CASAC advice and public comments will be considered in completing these
documents.

The schedule for completion of this review is governed by a consent decree entered by
the court, which, in relevant part, specifies that the appropriate EPA official issue a final
Integrated Science Assessment addressing human health effects of SOx no later than December
14, 2017; sign a notice setting forth its proposed decision concerning its review of the primary
NAAQS for SOx no later than May 25, 2018; and sign a notice setting forth its final decision
concerning its review of the primary NAAQS for SOx no later than January 28, 2019 (Consent
Decree at 4, Center for Biological Diversity et al. v. Pruitt, Case No. 3:16-cv-03796-VC (N.D.
Cal. April 28, 2017), Document No. 37).

1.3 GENERAL APPROACH AND ORGANIZATION OF THIS
DOCUMENT

This draft PA draws on the policy-relevant aspects of the scientific evidence and
quantitative air quality, exposure and risk analyses. With regard to the health effects evidence,
we consider the nature of the key effects associated with SOz in ambient air, the types and
magnitudes of exposures associated with effects, and populations at greatest risk, as well as the
uncertainties. Based on this information, we summarize associated potential public health
impacts of SOz in ambient air. We additionally consider the magnitude of exposures and risks
estimated in the REA, along with the associated uncertainties. This evaluation supports
preliminary staff conclusions with regard to the key policy-relevant questions for the review,
including whether the currently available information appears to call into question the adequacy
of public health protection afforded by the current standard.

Following this introductory chapter, chapter 2 focuses on current air quality, including
sources of SOz to ambient air, the ambient monitoring network for SOz, and trends and current
conditions. Chapter 3 focuses on the review of the primary NAAQS for SOx presenting
background information on the rationale for previous reviews and the approach followed in the
current review. Chapter 3 further discusses the adequacy of the current standards, taking into
account evidence- and exposure-/risk-based considerations, and includes preliminary staff

conclusions. Chapter 3 also identifies key uncertainties and areas for future research.
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2 CURRENT AIR QUALITY

This chapter presents a summary of our current understanding of SOx in ambient air
largely drawn from the more detailed discussion provided in the second draft ISA (second draft
ISA, chapter 2). Section 2.1 summarizes the current information on sources and emissions and
section 2.2 summarizes current ambient air monitoring methods and networks. Recent
concentrations of SO> in ambient air are summarized in section 2.3.

2.1 SOURCES TO AMBIENT AIR

In this section, we describe the most recently available information on sources and
emissions of SOx into the ambient air. The section does not provide a comprehensive list of all
sources, nor does it provide estimates of emission rates or emission factors for all source
categories. Rather, the discussion here is intended to identify the larger source categories, either
on a national or local scale, and generally describe their emissions and distribution within the
U.S. based on the U.S. EPA 2014 National Emissions Inventory (NEI).

Sulfur oxides are emitted into air from specific sources (e.g., fuel combustion processes)
and also formed in the atmosphere from other atmospheric compounds (e.g., as an oxidation
product of reduced sulfur compounds, such as sulfides). Sulfur oxides are also transformed in the
atmosphere to particulate sulfur compounds, such as sulfates. Sulfur oxides known to occur in
the troposphere include SO> and sulfur trioxide (SO3) (second draft ISA, section 2.3). As a result
of rapid atmospheric chemical reactions involving SOz, the most prevalent sulfur oxide in the
atmosphere is SO> (second draft ISA, section 2.3).

Fossil fuel combustion is the main anthropogenic source of SO2 emissions, while
volcanos and landscape fires (wildfires as well as controlled burns) are the main natural sources
(second draft ISA, section 2.1).! Industrial chemical production, pulp and paper production,
natural biological activity (plants, fungi, and prokaryotes), and volcanoes are among many
sources of reduced sulfur compounds that contribute, through various oxidation reactions in the
atmosphere, to the formation of SO> in the atmosphere (second draft ISA, section 2.1).
Anthropogenic SO2 emissions originate primarily from point sources, including coal-fired
electricity generating units (EGUs) and other industrial facilities (second draft ISA, section

1 The 2008 ISA (U.S. EPA, 2008) described a modeling analysis that estimated SO concentrations for 2001 in the
absence of any U.S. anthropogenic emissions o