O~
/&“\“ 7 &
“d \Y

& Y

™|

v (=2}

e ( iy
&, Y/
“o, o

W Nt

~AGENC=-

Policy Assessment for the Review of
the Primary National Ambient Air
Quality Standard for Sulfur Oxides,

External Review Draft



[This page intentionally left blank.]



EPA-452/P-17-003
August 2017

Policy Assessment for the Review of
the Primary National Ambient Air
Quality Standard for Sulfur Oxides,

External Review Draft

U. S. Environmental Protection Agency
Office of Air Quality Planning and Standards
Health and Environmental Impacts Division
Research Triangle Park, North Carolina



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

August 24, 2017 1-5 External Review Draft — Do Not Quote or Cite



O 0 9 &N U B~ W N

W W W W W W W N N N N N N N N N N = e e e e e e
AN L B WD =, O O 0NN R WD =, O 00 NN R WD RO

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

August 24, 2017 1-6 External Review Draft — Do Not Quote or Cite



—

W

O 0 3 O W

10

12
13
14
15
16
17
18
19
20
21
22
23
24

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 of SO, (2008 ISA, section 2.5.3). Such concentrations are referred
to as United States background or USB. The 2008 ISA analysis estimated USB concentrations of SO, to be below
0.01 ppb over much of the U.S., ranging up to a maximum of 0.03 ppb. In the U.S. Northwest, geothermal
sources (e.g., volcanoes) were estimated to be responsible for up to 80% of the ambient air concentrations
resulting solely from natural sources and sources outside of the U.S. (second draft ISA, section 2.5.5).
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2.2.1). The largest SO2-emitting sector within the U.S. is electricity generation, of which 97% of
SO, from electricity generation is from coal combustion, as shown in Figure 2-1. Other
anthropogenic sources of SO, emissions include industrial fuel combustion and process
emissions, industrial processing, commercial marine activity, and fire used in landscape
management and agriculture (second draft ISA, section 2.2.1).

Mobile Sources
(except CMV), 1.2

Commercial and\
Residential Fuel

Combustion, 2.9
Fires (Wildfires,
Prescribed,
Agricultural), 3.0

Commercial Marine
Vessels, 3.5

Figure 2-1.  Percent contribution of SO2 emissions by sector (Source: 2014 NEI).?

Figure 2-2 illustrates the emissions trends from 1990 to 2015. Declines in SOz emissions
are likely related to the implementation of Clean Air Act national control programs including
Phase I and 11 of the Acid Rain Program, the Clean Air Interstate Rule, and the Cross-State Air
Pollution Rule. An additional factor is changes in market conditions, e.g., reduction in energy
generation by coal (U.S. EIA, 2017).2

2 Total SO, emissions from the 2014 NEI were 4,942,063 tons.

3 The reduction in energy generation by coal resulted in the use of fuels that emit less SO in energy generation (U.S.
EIA, 2016).
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Figure 2-2.  National SOz emission trends by sector.

2.2 AMBIENT AIR MONITORING METHODS AND NETWORK

To promote uniform enforcement of the air quality standards set forth under the CAA, the
EPA has established federal reference methods (FRMs) and federal equivalent methods (FEMs)
for ambient air sample collection and analysis. Measurements for determinations of NAAQS
compliance must be made with FRMs or FEMs. The current SO, monitoring network relies on
the automated pulsed ultraviolet fluorescence (UVF) FRM (40 CFR Appendix A-1 to Part 50; 40
CFR Appendix A-2 to Part 50). The UVF method is a continuous automated method that
quantifies SO concentrations, providing averages across desired time periods, such as 5-minute
and 1-hour averages.

Measurements of SO, concentrations in ambient air are collected by networks of FRM
monitors, primarily operated by state and local monitoring agencies in the U.S. The main
network providing ambient data for NAAQS surveillance monitoring purposes is the State and
Local Air Monitoring Stations (SLAMS) network. In 2016, there were 363 SLAMS sites
reporting SO2 concentrations to the Air Quality System (AQS), the EPA’s repository for detailed
air pollution data. For each SO, monitoring site, the SLAMS monitoring agencies report hourly
concentrations and either the maximum 5-minute concentration in the hour (one of twelve 5-
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minute periods within an hour) or all twelve 5-minute average SO concentrations within the
hour.

Five minute SO» data have become much more widely available due to regulatory
requirements promulgated in 2010 (Figure 2-3).* Although 5-minute data were available for
fewer than 10% of monitoring sites at the time of the last review, such data (either all 12 values
in each hour or just the maximum 5-minute concentrations) are currently available for nearly all
of the operating SO sites nationwide, providing a more robust foundation for characterization of
5-minute ambient air concentrations in this review. Further, the newly available monitoring data
also include more monitors reporting the 12 consecutive 5-minute concentrations for each hour
than were available in the last review (Figure 2-3). Of the monitors reporting 5-minute data in
2016, almost 40% are reporting all twelve 5-minute SO, measurements in each hour while about
60% are reporting the maximum 5-minute SO concentration in each hour.®
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14
15 Figure 2-3.  Temporal trend in number of monitors with 5-minute data.

4 At SO, NAAQS compliance monitoring sites, air monitoring agencies are now required to report, for every hour of
the day, the hourly average and either the maximum 5-minute value (one of twelve 5-minute periods) in the hour
or all twelve 5-minute averages within the hour (75 FR 35554, June 22, 2010).

5 In 2016, three of the sites reported both the continuous 5-minute data and the maximum 5-minute data separately.
Therefore, these monitors are included in the count for each of the types of 5-minute monitors.
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2.3 AMBIENT AIR MONITORING CONCENTRATIONS

This section briefly summarizes trends and current conditions based on recent ambient air
monitoring data.

2.3.1 Trends

Ambient air concentrations of SO> in the U.S. have declined substantially from 1980 to
2015. Figure 2-4 illustrates this decline in terms of the distribution of 3-year average of annual
99" percentile daily maximum 1-hour concentrations® at 45 monitoring sites that have been
operating across this period. The average of this dataset has declined by more than 83% over the
35-year period. Over the past 15 years, a larger dataset of 227 sites operating from 2000-2015
also indicates a decline, which is on the order of 67% for the average of that dataset (Figure 2-
5).” Daily maximum 5-minute SO concentrations have also consistently declined over time from
2011 to 2015 (Figure 2-6).2
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Figure 2-4.  National temporal trend in SOz concentrations: 1980-2015 (45 sites).

Three-year average of annual 99th percentile of daily maximum 1-hour
concentrations. (Note: Dashed line indicates the current standard [75 ppb].)

6 The form of the current 1-hour SO; NAAQS is the 99" percentile of yearly distribution of 1-hour daily maximums,
averaged over 3 years.

" In Figures 2-4 and 2-5, the year on the x-axis represents the last year of the 3 year average (e.g., 2015 represents
the average of 2013-2015).

8 In Figure 2-6, the number of sites with monitors for 2011, 2012, 2013, 2014, and 2015 were 301, 321, 366, 359,
and 352, respectively.
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Figure 2-5. Temporal trend in SO2 concentrations: 2000-2015 (227 sites). Three-year
average of annual 99th percentile of daily maximum 1-hour concentrations.
(Note: Dashed line indicates the current standard [75 ppb]).
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2.3.2 Current Concentrations
2.3.2.1 Geographic Variation in Concentrations

Concentrations of SO vary across the U.S. and tend to be higher in areas with sources
having relatively higher SO, emissions (e.g., EGUs). Consistent with the locations of larger SO>
sources, higher concentrations are primarily located in the eastern half of the continental U.S.,
especially in the Ohio River valley, upper Midwest, and along the Atlantic coast (Figure 2-7).
The point source nature of SO2 emissions contribute to the relatively high spatial variability of
SO, concentrations compared with pollutants such as ozone (O3) (second draft ISA, section
3.2.3). Another contributing factor to the spatial variability is the dispersion and oxidation of SO
in the atmosphere, resulting in decreasing SO2 concentrations with increasing distance from the
source. Sulfur oxides emitted from point sources tends to travel away from the emissions source
as a plume, which may or may not impact large portions of surrounding populated areas
depending on meteorological conditions and terrain.
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Figure 2-7.  Concentrations of SOz in terms of the current standard (3-year average of annual 99™" percentile daily
maximum 1-hour concentrations) at sites with datasets meeting completeness requirements for 2013-2015.
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2.3.2.2 Seasonal and Diel Variability in Concentrations

Recent (2013-2015) data indicate that 1-hour daily maximum SO> concentrations vary
across seasons, with the greatest variations seen in the upper percentile concentrations (versus
average or lower percentiles) for each season (second draft ISA, section 2.5.3.2). This is seen in
the data presented for six urban areas in the draft ISA® (second draft ISA, section 2.5.3.2). This
variation, along with month-to-month variations in 1-hour daily maximum SO, concentrations
also presented in the ISA, were generally consistent with month-to-month emissions patterns and
the expected atmospheric chemistry of SO for a given season. For example, “summertime
minima, observed in the New York City, NY and Houston, TX, sites may correspond to
enhanced oxidation of SO, to SO4% by photochemically derived atmospheric oxidants that are
more prevalent during the humid summer (Khoder, 2002)” (second draft ISA, p. 2-55). The
differences in seasonal pattern (as well as magnitude) of concentrations among areas studied
indicate the variability of SO concentrations across local and regional scales (second draft ISA,
section 2.5.3.2).

Consistent with the nationwide diel patterns reported in the last review, 1-hour average
and 5-minute hourly maximum SOz concentrations for 2013-2015 in all six urban areas
evaluated were generally low during nighttime and approached maxima values during daytime
hours (second draft ISA, section 2.5.3.3, Figures 2-23 and 2-24). The timing and duration of
daytime maxima in the six sites evaluated were likely related to a combination of source
emissions and meteorological parameters (second draft ISA, section 2.5.3.3; U.S. EPA 2008,
section 2.5.1). For example, SO emitted from elevated point sources (e.g., power plants and
industrial sources) may be entrained into the mixed boundary layer, which expands during the
day with rising surface temperatures (U.S. EPA 2008, section 2.5.1, Figures 2-23 and 2-24).

2.3.2.3 Relationship Between 1-hour and 5-minute Concentrations
Peak concentrations within a plume of SO, downwind from, but relatively nearby to, a
source can greatly exceed mean concentrations across the plume (second draft ISA, section
2.5.4). Further, measured 5-minute concentrations at a particular location can be much higher
than the average concentration at the same location for the associated hour. However, as
emissions travel further downwind and experience ever increasing dispersion, these differences
lessen both spatially and temporally. This can contribute to greater spatial and temporal

% The six locations evaluated are: Cleveland, OH, Pittsburgh, PA, New York City, NY, St. Louis, MO-IL, Houston,
TX, and Gila County, AZ (second draft ISA, section 2.5.2.2). These six locations were based on (1) their
relevance to current health studies (i.e., areas with peer-reviewed, epidemiologic analysis), (2) the existence of
four or more monitoring sites located within the area boundaries, and (3) the presence of several diverse SO2
sources within a given focus area boundary.
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variability in 5-minute than in 1-hour concentrations, as is seen in the six urban locations
evaluated in the ISA (second draft ISA, p. 2-52).

Using monitoring data from 2013-2015, Figure 2-8 illustrates the general pattern of lower
5-minute concentrations with lower 1-hour concentrations. The left panel of Figure 2-8 shows
that across the monitors meeting data completeness criteria, on days when the maximum 1-hour
concentrations are relatively low, the maximum 5-minute concentrations are also relatively low.
Similarly, as shown in the right panel of Figure 2-8, at sites with relatively lower design values,
the distribution of maximum 5-minute concentrations is also lower. This is documented by the
distinct reduction in 99th percentile daily maximum 5-minute concentrations at lower design
values. For example, in areas with design values at or below the current standard (75 ppb), 99.9
percent of daily maximum 5-minute concentrations are at or below approximately 150 ppb.!
This contrasts with the much higher distribution of daily maximum 5-minute concentrations at
sites with design values exceeding the current standard. The 99th percentile of these daily
maximum 5-minute concentrations is 365 ppb, meaning that one percent of the days at these sites
has a maximum 5-minute concentration above 365 ppb (i.e., 210 occurrences).

10 The design value (DV) for the standard is the metric used to determine whether areas meet or exceed the NAAQS.
A design value is a statistic that describes the air quality status of a given area relative to the NAAQS. Design
values are considered to be valid if the monitoring data used to calculate them meet the regulatory completeness
criteria which for SO; require four quarters of all three years of the period to have data for at least 75 percent of
the sampling days (40 CFR 50.17 and appendix T to Part 50).

11 Additional information related to data in Figure 2-8 is presented in Appendix B.
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Figure 2-8.

Distributions of daily maximum 5-minute concentrations during 2013-
2015. Left panel presents varying distributions with varying daily maximum
1-hour concentrations. Right panel presents varying distributions with varying
design values; the last bin (>75 ppb) presents data for sites not meeting the
current standard. (Note: The values represented in the boxplots are the 25™
percentile, the median, and the 75" percentile. The asterisk represents the 99"

percentile.)

Analyses of the current monitoring dataset, expanded since the last review, provide
information on the occurrence of daily maximum 5-minute concentrations of interest at monitors
having differing design values. For example, analysis of these data for the years 2013 to 2015
indicates that among monitors with design values meeting the current standard (i.e., at or below
75 ppb), the vast majority have zero days with a daily maximum 5-minute concentration above
100 ppb or even 400 ppb. Among the few monitors with any days recording a 5-minute

concentrations above 400 ppb, the maximum number of such days in a year was five; for
monitors with any days recording 5-minute concentrations above 200 ppb, the maximum number
of such days/year was 22 (Appendix C, Figures C-2 and C-4, lower panel).
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3 REVIEW OF THE PRIMARY STANDARD FOR
SULFUR OXIDES

This chapter evaluates the policy implications of the key scientific and technical
information in the second draft ISA and draft REA. This evaluation is based on consideration of
the available body of evidence assessed in the second draft ISA and of quantitative analyses of
SOz air quality, exposures and risks presented in the draft REA and in this document. Based on
this information, the staff offer preliminary conclusions regarding each of the critical elements of
the standard, including indicator, averaging time, form, and level. The final PA will also be
informed by the advice and recommendations received from the CASAC during its review of the
draft PA, and by public comments received on the draft document. The final PA is designed to
help the Administrator in considering the currently available scientific and risk information and

formulating judgments regarding the adequacy of the current primary standard.'

3.1 APPROACH

Staff’s approach in this review of the primary standard for SOx takes into consideration
the approaches used in the previous review. The past and current approaches described below are
both based, most fundamentally, on using the EPA’s assessment of the current scientific
evidence and associated quantitative analyses to inform the Administrator’s judgment regarding
a primary standard for SOx that is requisite to protect public health with an adequate margin of
safety. In reaching conclusions on options for the Administrator’s consideration, we note that the
final decision to retain or revise the current SOz primary standard is a public health policy
judgment to be made by the Administrator.

The final decision by the Administrator will draw upon the available scientific evidence
for SOz-attributable health effects, and on quantitative analyses of population exposures and
health risks, including judgments about the appropriate weight to assign the range of
uncertainties inherent in the evidence and analyses. Therefore, in developing conclusions in this
draft PA, we are mindful that the Administrator’s judgments on the standard will reflect an
interpretation of the available scientific evidence and exposure/risk information in consideration

of the strengths and limitations of that evidence and information. Our general approach to

! 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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informing these judgments, discussed more fully below, recognizes that the available health
effects evidence reflects a continuum from relatively higher SO2 concentrations, at which
scientists generally agree that health effects are likely to occur, through lower concentrations at
which the likelihood and magnitude of a response become increasingly uncertain. This approach
is consistent with the requirements of sections 108 and 109 of the CAA, as well as with how the
EPA and the courts have historically interpreted the Act. These provisions require the
Administrator to establish primary standards that in the Administrator’s judgment are requisite to
protect public health with an adequate margin of safety. In so doing, the Administrator seeks to
establish standards that are neither more nor less stringent than necessary for this purpose. The
Act does not require that primary standards be set at a zero-risk level, but rather at a level that
reduces risk sufficiently so as to protect public health with an adequate margin of safety.>
Section 3.1.1 below summarizes the approach used in the last review of the primary

NAAQS for SOx and section 3.1.2 summarizes the general approach for the current review.

3.1.1 Approach in the Previous Review

The last review of the primary NAAQS for SOx was completed in 2010 and resulted in
substantial revisions to the standards (75 FR 35520, June 22, 2010). In consideration of the
evidence of respiratory effects in people with asthma in response to exposures as short as five
minutes, the EPA established a new short-term standard to provide increased protection for this
at-risk group and other potentially at-risk populations® against an array of adverse respiratory
effects that have been linked to short-term SOz exposures in both controlled human exposure and
epidemiologic studies (75 FR 35525, June 22, 2010; 2008 ISA, section 5.5). Specifically, the
EPA replaced the then-existing 24-hour standard with a short-term standard defined by the 3-
year average of the 99" percentile of the yearly distribution of 1-hour daily maximum SO>
concentrations, with a level of 75 ppb. In addition to replacing the 24-hour standard with a new
I-hour standard, the EPA revoked the then-existing annual standard, based largely on the lack of
sufficient health evidence to support a long-term standard and a recognition that a 1-hour
standard set at 75 ppb would have the effect of generally maintaining annual SO2 concentrations
well below the level of the revoked annual standard (75 FR 35550, June 22, 2010).

2 The four basic elements of the NAAQS (indicator, averaging time, level and form) are considered collectively in
evaluating the health protection afforded by the current standard.

3 As used here and similarly throughout the document, the term population refers to persons having a quality or
characteristic in common, such as a specific pre-existing illness or a specific age or lifestage. A lifestage refers to
a distinguishable time frame in an individual’s life characterized by unique and relatively stable behavioral and/or
physiological characteristics that are associated with development and growth. Identifying at-risk populations
includes consideration of intrinsic (e.g., genetic or developmental aspects) or acquired (e.g., disease or smoking
status) factors that increase the risk of health effects occurring with exposure to sulfur oxides as well as extrinsic,
nonbiological factors, such as those related to socioeconomic status, reduced access to health care, or exposure.
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The emphasis in the 2010 review on short-term exposures of people with asthma
reflected the health effects evidence that has expanded in this area over the four decades since
the then-existing 24-hour and annual standards were set in 1971. A key element of the expanded
evidence base was a series of controlled human exposure studies which documented effects on
lung function in people with asthma exposed, while at moderate or greater levels of exertion, for
periods as short as five minutes. In the 2010 review, the EPA also conducted quantitative
analyses of air quality data, including 5-minute ambient air measurements, and of potential
exposures for people with asthma. Consideration of these key aspects of the evidence and
quantitative analyses informed the decision in the 2010 review, which additionally addressed the
court remand* to the EPA of the EPA’s 1996 decision to retain the 1971 standards without
revision.

The evidence-based and quantitative assessments performed for the 2010 review focused
particularly on the issue of exposures to SOz in ambient air of a duration as short as five minutes
(2008 ISA; 2009 REA). The quantitative analyses documented in the REA included
characterizations of the likelihood of people with asthma being exposed (while they were at
elevated exertion®) to concentrations of SO2 from ambient air of a magnitude documented to
elicit decrements in lung function (2009 REA). These analyses were performed both for air
quality conditions associated with just meeting the then-existing standards and for conditions
associated with just meeting potential alternative standards. The REA additionally included air
quality analyses that explored the extent to which potential alternative standards with 1-hour, 24-
hour, and annual averaging times might be expected to control 5-minute ambient air
concentrations (2009 REA, section 7.3). Together the evidence-based and quantitative
assessments informed the policy options considered by the Administrator in that review.
Considerations, conclusions and judgments by the Administrator that provided the basis for her

decisions in the 2010 review are summarized below.

3.1.1.1 Considering the Need for Revision
The conclusions reached by the Administrator in the last review were based on the
extensive body of scientific evidence on SOz-related health effects and quantitative analyses of

air quality, exposure and risk. In her conclusion on the adequacy of the then-existing standards,

4See Am. Lung Ass’n v. EPA, 134 F.3d 388 (D.C. Cir. 1998) (remanding the 1996 decision to EPA).

5 The phrase “elevated ventilation” (or “moderate or greater exertion”) was used in the 2009 REA and Federal
Register notices in the last review to refer to activity levels that in adults would be associated with ventilation
rates at or above 40 liters per minute; an equivalent ventilation rate was derived in order to identify corresponding
rate for the range of ages and sizes of the simulated populations (2009 REA, section 4.1.4.4). Accordingly, this
phrase is used in this draft PA when referring to the REA from the last review. Otherwise, however, the draft
REA and draft PA for this review generally uses the phrase “elevated ventilation” to refer to the same occurrence.

August 24, 2017 3-3 External Review Draft — Do Not Quote or Cite



O 0 9 &N U B~ W N

N N N N N N N N o e e e e e e e
N N R WD = O O 0N R WD = O

which were set in 1971, the Administrator emphasized the evidence and quantitative analyses
concerning 5-minute exposures. The Administrator gave particular attention to the robust
evidence base, comprised of findings from controlled human exposure, epidemiologic, and
animal toxicological studies that collectively were judged “sufficient to infer a causal
relationship” between short-term SOz exposures ranging from 5 minutes to 24 hours and
respiratory morbidity (75 FR 35535, June 22, 2010). The “definitive evidence” for this
conclusion came from studies of 5- to 10-minute controlled exposures that reported respiratory
symptoms and decreased lung function in exercising individuals with asthma (2008 ISA, section
5.2). Supporting evidence was provided by epidemiologic studies of a broader range of
respiratory outcomes, with uncertainty noted about the magnitude of the study effect estimates,
quantification of the exposure concentration-response relationship, potential confounding by co-
pollutants, and other areas (75 FR 35535-35536, June 22, 2010; 2008 ISA, section 5.3).

In the controlled human exposure studies of exercising individuals with asthma, a dose-
response relationship was documented, with both the percentage of individuals affected and the
severity of the response increasing with increasing SOz concentrations (75 FR 35525, June 22,
2010). The evidence from these studies documents the occurrence of SOz-related decrements in
lung function based on reductions in forced expiratory volume (FEV1) and increases in specific
resistance of the airways (sRaw). Moderate® or greater decrements in lung function were reported
in response to short (5- to 10-minute) exposures to concentrations as low as 200 to 300 ppb in
approximately 5-30% of exercising individuals with asthma. In response to exposures at or above
400 ppb, approximately 20-60% experienced such decrements, frequently accompanied by
respiratory symptoms; in many studies, responses at these concentrations were often statistically
significant at the group mean level’ (75 FR 35525-35526, June 22, 2010).

In reaching conclusions regarding the significance of the reported responses to the 5- to
10-minute controlled exposures, the Administrator considered guidelines from the American
Thoracic Society (ATS), the CASAC’s written advice and recommendations, and judgments
made by the EPA in considering similar effects in previous NAAQS reviews (75 FR 35526 and

¢ In assessments for NAAQS reviews, the lung function responses described as indicative of a moderate functional
response include increases in sRaw of at least 100% (e.g., 2008 ISA; U.S. EPA, 1994, Table 8; U.S. EPA, 1996,
Table 8-3). The moderate category has also generally included reductions in FEV| of 10 to 20% (e.g., U.S. EPA,
1996, Table 8). For the 2008 ISA, the midpoint of that range (15%) was used to indicate a moderate response. A
focus on 15% reduction in FEV] is also consistent with the relationship observed between sRaw and FEV,
responses in the Linn et al. studies for which “a 100% increase in sRaw roughly corresponds to a 12 to 15%
decrease in FEV;” (U.S. EPA, 1994, p. 20). Thus, in the 2008 review, moderate or greater SO»-related
bronchoconstriction or decrements in lung function referred to the occurrence of at least a doubling in sRaw or at
least a 15% reduction in FEV; (2008 ISA, p. 3-5).

7 At concentrations of 400 to 500 ppb, the 2008 ISA notes that the evidence shows “stronger evidence with some
statistically significant increases in respiratory symptoms,” and at 600 ppb to 1 ppm, the 2008 ISA notes the
evidence to show “clear and consistent increases in SO, induced respiratory symptoms” (2008 ISA, Table 3-1).
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35536, June 22, 2010). Based on these considerations, the Administrator judged that the effects
reported in exercising people with asthma following 5- to 10-minute SOz exposures at or above
200 ppb, especially at or above 400 ppb, can result in adverse health effects (75 FR 35536, June
22,2010). In so doing, she recognized that effects reported for exposures below 400 ppb are
appreciably less severe than those at and above 400 ppb (75 FR 35547, June 22, 2010).

In applying the health effects evidence to her consideration of the adequacy of the then-
existing standards, the Administrator gave particular attention to the quantitative analyses that
evaluated the potential for exercising individuals with asthma to experience exposures of a
magnitude associated with adverse effects under air quality conditions that just met the then-
existing standards. In addition to comparison of 5-minute air concentrations in 40 U.S. counties
to S-minute concentrations of potential concern (benchmark concentrations ranging from 100-
400 ppb), the analyses included a population exposure-based assessment in two study areas, St.
Louis, MO and Greene County, MO. Five-minute exposure concentrations were estimated for
people with asthma while at elevated exertion levels. The 5-minute exposure concentrations were
compared to benchmark concentrations, and also used to estimate the risk of lung function
decrements in simulated at-risk populations. Among these analyses, the Administrator
emphasized those that utilized the 5-minute benchmark concentrations that were derived from
the controlled human exposure evidence and ranged from 100 ppb to 400 ppb. Based on her
judgments regarding the significance of effects associated with 5-minute concentrations at or
above 200 ppb and 400 ppb, the Administrator considered results of comparisons of exposure
estimates to those benchmark concentrations to be particularly important, giving greater
emphasis to those at or above 400 ppb (75 FR 35547, June 22, 2010).

The exposure-based assessment estimated the portion of the population with asthma in
these two areas that would be expected to experience 5-minute exposures at or above 400 ppb
and 200 ppb while engaged in activities causing them to be at elevated exertion levels. The
Administrator particularly noted the exposure analysis results for the St. Louis case study. This
analysis estimated that for air quality simulated to just meet the then-existing standards,
substantial percentages of children with asthma at moderate or greater exertion® would be
exposed, at least once annually, to air quality exceeding the 200 ppb and 400 ppb 5-minute
benchmarks (75 FR 35536, June 22, 2010). The Administrator judged these S-minute exposures
to be significant from a public health perspective due to their estimated frequency:
approximately 24% of children with asthma in St. Louis were estimated to be exposed while at

moderate or greater exertion at least once per year to air quality exceeding the 5-minute 400 ppb

8 In the 2009 REA, an equivalent ventilation rate of 22 L/min-m? was identified as the minimum value to reflect
“moderate” or greater exertion that would correspond to the elevated ventilation rate for the exercising subjects in
the controlled human exposure studies, which was 40-50 L/min (2009 REA, p. 236).
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benchmark. Additionally, approximately 73% of children with asthma in St. Louis at moderate or
greater exertion were estimated to be exposed at least once per year to air quality exceeding the
5-minute 200 ppb benchmark (75 FR 35536, June 22, 2010).

The Administrator also took note of the CASAC conclusion that the then-existing
standards did not adequately protect public health. Specifically, the CASAC advised that: “the
current 24-hour and annual standards are not adequate to protect public health, especially in
relation to short-term exposures to SOz (5-10 minutes) by exercising asthmatics” (Samet, 2009,
p. 15). Based on all of the considerations summarized above, the Administrator concluded that
the then-existing 24-hour and annual primary standards were not providing the requisite
protection of public health with an adequate margin of safety. In considering approaches to
revising the standards, the Administrator concluded it to be appropriate to set a new standard that
would provide requisite protection with an adequate margin of safety to people with asthma at
elevated ventilation and that would afford protection from the adverse health effects of 5-minute
to 24-hour SOz exposures (75 FR 35536, June 22, 2010).

3.1.1.2 Approach for Considering Revisions to the Standards
With regard to revisions to provide requisite public health protection, the Administrator
concluded it was appropriate to set a 1-hour SOz standard at a level of 75 ppb based on the 3-
year average of the 99" percentile of the yearly distribution of 1-hour daily maximum
concentrations. The rationale and approach for selecting the 1-hour standard is presented below

in terms of the individual elements of a NAAQS: indicator, averaging time, form, and level.

3.1.1.2.1 Indicator

In reaching her decision on the indicator for the new standard, the Administrator
considered the conclusions of the ISA and REA, as well as advice from the CASAC and public
comments (75 FR 35536, June 22, 2010). The EPA continued to focus on SOz as the most
appropriate indicator for gaseous sulfur oxides because the available scientific information
regarding health effects was overwhelmingly indexed by SO2. Although the presence of gaseous
SOx species other than SOz in ambient air had been recognized, no alternative to SO2 had been
advanced as a more appropriate surrogate for ambient gaseous SOx (75 FR 35536, June 22,
2010). Controlled human exposure studies and animal toxicological studies provided specific
evidence for health effects following exposures to SO2, and epidemiologic studies typically
reported effects associated with SOz concentrations. Based on the information available in the
last review and consistent with the views of the CASAC that “for indicator, SO is clearly the
preferred choice” (Samet, 2009, p. 14), the Administrator concluded it was appropriate to
continue to use SOz as the indicator for a standard that was intended to address effects associated

with exposure to SOz, alone or in combination with other gaseous sulfur oxides (75 FR 35536,
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June 22, 2010). In so doing, the EPA recognized that measures leading to reductions in
population exposures to SO2 will also likely reduce exposures to other sulfur oxides (75 FR
35536, June 22, 2010).

3.1.1.2.2 Averaging Time
With regard to the setting of the new standard, the Administrator agreed with the staff

conclusion, based on conclusions in the ISA, advice from the CASAC, and air quality analyses,
that the standard should be set to provide protection from short-term exposures of 5 minutes to
24 hours (75 FR 35539, June 22, 2010). Based on air quality analyses presented in the REA, the
Administrator judged that the requisite protection from 5- to 10-minute exposure events could be
provided without having a standard with a 5-minute averaging time (75 FR 35539, June 22,
2010). She judged that a standard with a 5-minute averaging time would result in significant and
unnecessary instability in public health protection (75 FR 35539, June 22, 2010).° Accordingly,
she considered other averaging times.

Results of air quality analyses in the REA suggested that a standard based on 24-hour
average SOz concentrations would not likely be an effective or efficient approach for addressing
5-minute peak SOz concentrations, likely over-controlling in some areas, while under-controlling
in others (2009 REA, section 10.5.2.2). In contrast, these analyses suggested that a 1-hour
averaging time would be more efficient and effective at limiting 5-minute peaks of SO2 (2009
REA, section 10.5.2.2.). Drawing on this information, the Administrator concluded that a 1-hour
standard, with the appropriate form and level, would be likely to substantially reduce 5- to 10-
minute peaks of SO that had been shown in controlled human exposure studies to result in
increased prevalence of respiratory symptoms and/or decrements in lung function in exercising
people with asthma (75 FR 35539, June 22, 2010). Further she found that a 1-hour standard
could substantially reduce the upper end of the distribution of SO2 concentrations in ambient air
that were more likely to be associated with respiratory outcomes (75 FR 35539, June 22, 2010).

The Administrator additionally took note of advice from the CASAC. The CASAC stated
that the REA had presented a “convincing rationale” for a 1-hour standard, and that “a one-hour
standard is the preferred averaging time” (Samet, 2009, pp. 15, 16). The CASAC further stated
that it was “in agreement with having a short-term standard and finds that the REA supports a
one-hour standard as protective of public health” (Samet, 2009, p. 1). Thus, in consideration of
the available information summarized here and the CASAC’s advice, the Administrator

concluded that a 1-hour standard (given the appropriate level and form) was an appropriate

% Such instability could reduce public health protection by disrupting an area’s ongoing implementation plans and
associated control programs (75 FR 35537, June 22, 2010).
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means of controlling short-term exposures to SO2 ranging from 5 minutes to 24 hours (75 FR
35539, June 22, 2010).

3.1.1.2.3 Form

In considering the statistical form for the new short-term standard, the Administrator
judged that the form of the standard should reflect the health effects evidence presented in the
ISA that indicated that the percentage of people with asthma affected and the severity of the
response increased with increasing SOz concentrations (75 FR 35541, June 22, 2010). She
additionally found it reasonable to consider stability (e.g., to avoid disruption of programs
implementing the standard and the related public health protections from those programs) as part
of her consideration of the form for the standard (75 FR 35541, June 22, 2010). In so doing, she
noted that a concentration-based form averaged over three years would likely be appreciably
more stable than a no-exceedance based form, which had been the form of the then-existing 24-
hour standard (75 FR 35541, June 22, 2010). The CASAC additionally stated that “[t]here is
adequate information to justify the use of a concentration-based form averaged over 3 years”
(Samet, 2009, p. 16). In consideration of this information, the Administrator judged a
concentration-based form averaged over three years to be most appropriate (75 FR 35541, June
22,2010).

In selecting a specific concentration-based form, the Administrator considered health
evidence from the ISA as well as air quality and exposure information from the REA. In so
doing, the Administrator concluded that the form of a new 1-hour standard should be especially
focused on limiting the upper end of the distribution of ambient SO2 concentrations (i.e., above
90 percentile SO2 concentrations) in order to provide protection with an adequate margin of
safety against effects reported in epidemiologic and controlled human exposure studies (75 FR
35541, June 22, 2010). The Administrator further noted, based on results of air quality and
exposure analyses in the REA, that a 99" percentile form was likely to be appreciably more
effective at limiting 5-minute peak exposures of concern than a 98" percentile form (75 FR
35541, June 22, 2010). Thus, the Administrator selected a 99™ percentile form averaged over
three years (75 FR 35541, June 22, 2010).

3.1.1.2.4 Level

In selecting the level of a new 1-hour standard, the Administrator gave primary emphasis
to the body of health effects evidence assessed in the ISA. In so doing, she noted that the
controlled human exposure studies provided the most direct evidence of respiratory effects from
exposure to SO2. The Administrator drew on evidence from these studies in reaching judgments

on the magnitude of adverse respiratory effects and associated potential public health
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significance for the air quality exposure and risk analysis results of air quality scenarios
representing just meeting alternative levels for a new 1-hour standard.

In particular, the Administrator considered effects in exercising people with asthma after
5- to 10-minute exposures as low as 200 ppb to be adverse in light of the CASAC advice on
relevance of these effects, conclusions on similar effects in prior NAAQS reviews, and ATS
guidelines (ATS, 1985, 2000). This judgment was based on several findings from the controlled
human exposures studies. Five-to 10-minute exposures to 400 ppb or greater resulted in
moderate or greater decrements in lung function in 20-60% of exercising individuals with
asthma. These decrements are often statistically significant at the group mean level and
frequently accompanied by respiratory symptoms. Thus, exposures to SO2 concentrations at or
above 400 ppb were concluded to clearly result in adverse respiratory effects based on the ATS
guidelines (ATS, 1985). Further, 5- to 10-minute exposures to 200 to 300 ppb resulted in
moderate or greater decrements in lung function in 5-30% of exercising individuals with asthma
(75 FR 35546, June 22, 2010). Although such effects have not been shown to be statistically
significant at the full study group mean level,'” or to be frequently accompanied by respiratory
symptoms, the Administrator considered effects associated with exposures as low as 200 ppb to
be adverse in light of the CASAC’s advice!! and similar conclusions in prior reviews as well as
the ATS guidelines (ATS, 1985, 2000).

The Administrator then considered what the findings of the REA exposure analyses
indicated with regard to varying degrees of protection that different 1-hour standard levels might
be expected to provide against 5-minute benchmark concentrations of 200 ppb and 400 ppb.'2
For example, the exposure assessment for St. Louis'? estimated that a 1-hour standard at 100 ppb
would likely protect more than 99% of children with asthma in that city from experiencing any
days in a year with at least one 5-minute exposure at or above 400 ppb while at moderate or
greater exertion, and approximately 97% of those children with asthma from experiencing any
days in a year with at least one exposure at or above 200 ppb while at moderate or greater
exertion (75 FR 35547, June 22, 2010). Results for the air quality scenario for a 1-hour standard

10 As summarized in section 3.2.1.1 below and described more fully in the second draft ISA for this review, study
subjects have since been characterized as falling into two subpopulations that differ in susceptibility to SO-.

' The CASAC letter on the first draft SO, REA to the Administrator stated: “CASAC believes strongly that the
weight of clinical and epidemiology evidence indicates there are detectable clinically relevant health effects in
sensitive subpopulations down to a level at least as low as 0.2 ppm SO,” (Henderson, 2008).

12 The Administrator additionally noted the results of the 40-county analysis of limited available 5-minute
concentration data that indicated for a 1-hour standard level of 100 ppb a maximum annual average of two days
per year with 5-minute concentrations above 400 ppb and 13 days with 5-minute concentrations above 200 ppb
(76 FR 35546, June 22, 2010).

13 St. Louis was one of two study areas assessed in the REA (2009 REA).
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level of 50 ppb suggested that such a standard would somewhat further limit exposures, such that
more than 99% of children at moderate or greater exertion would likely be protected from
experiencing any days in a year with a 5-minute exposure at or above the 200 ppb benchmark
concentration (75 FR 35542-47, June 22, 2010).

In considering the implications of the exposure assessment results the Administrator
noted that although she considered the health effects resulting from 5-minute SOz exposures as
low as 200 ppb to be adverse, she also recognized that such effects are appreciably less severe
than those at SOz concentrations at or above 400 ppb and found little difference between the
results for standard levels of 50 and 100 ppb with regard to 5-minute exposures at or above 400
ppb. She recognized that a standard level below 100 ppb may somewhat further limit 5-minute
SOz ambient air concentrations and exposures above 200 ppb, although she did not judge that a
standard level of 50 ppb was warranted.

Before reaching her conclusion with regard to level for the 1-hour standard, the
Administrator additionally considered the epidemiological evidence among the U.S.
epidemiologic studies (some conducted in multiple locations) reporting mostly positive and
sometimes statistically significant associations between ambient SOz concentrations and
emergency department visits and hospital admissions. She noted there was a cluster of three
studies for which 99™ percentile 1-hour daily maximum concentrations were estimated to be
between 78-150 ppb and for which the SO: effect estimate remained positive and statistically
significant in copollutant models with particulate matter (PM) (75 FR 35547, June 22, 2010).'

Given the above considerations and the comments received on the proposal, the
Administrator determined that the appropriate judgment, based on the entire body of evidence
and information available in this review, and the related uncertainties,'> was a standard level of
75 ppb. She concluded that such a standard, with a 1-hour averaging time and 99th percentile
form, would provide a significant increase in public health protection compared to the current
standards and would be expected to provide protection, with an adequate margin of safety,
against the respiratory effects that have been linked with SO2 exposures in both controlled
human exposure and epidemiologic studies. Specifically, she concluded that such a standard
would limit 1-hour exposures at and above 75 ppb. (75 FR 35548, June 22, 2010). Such a
standard was also considered likely “to maintain SO2 concentrations below those in locations

14 Regarding the monitor concentrations in these studies, the EPA noted that although they may be a reasonable
approximation of concentrations occurring in the areas, the monitored concentrations were likely somewhat lower
than the absolute highest 99™ percentile 1-hour daily maximum SO, concentrations occurring across these areas
(75 FR 35547, June 22, 2010).

15 Such uncertainties included both those with regard to the epidemiologic evidence and also those with regard to the
information from controlled human exposure studies for at-risk groups, including representation of individuals
with more severe asthma than that in study subjects (75 FR 35546, June 22, 2010).

August 24, 2017 3-10  External Review Draft — Do Not Quote or Cite



O 0 9 &N U B~ W N

[ e T T e S e S S S S S =
N SN AW = O

18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35

where key U.S. epidemiologic studies have reported that ambient SO2 is associated with clearly
adverse respiratory health effects, as indicated by increased hospital admissions and emergency
department visits.” The Administrator also found that “a 1-hour standard at a level of 75 ppb is
expected to substantially limit asthmatics’ exposure to 5—10 minute SO2 concentrations > 200
ppb, thereby substantially limiting the adverse health effects associated with such exposures.”
Lastly, the Administrator noted “that a standard level of 75 ppb is consistent with the consensus
recommendation of CASAC”. The Administrator also considered the likelihood of public health
benefits at lower standard levels, and judged a 1-hour standard at 75 ppb to be sufficient to
protect public health with an adequate margin of safety (75 FR 35547-35548, June 22, 2010).

This judgment included consideration of the appropriate degree of protection with an
adequate margin of safety for populations at increased risk for adverse respiratory effects from
short-term exposures to SOz for which the evidence supports a causal relationship with SOz
exposures. In reaching these conclusions, the Administrator considered the requirement for a
standard that is neither more nor less stringent than necessary for this purpose and recognized
that the CAA does not require that primary NAAQS be set at a zero-risk level or to protect the
most susceptible individual, but rather at a level that reduces risk sufficiently so as to protect
public health with an adequate margin of safety (75 FR 35548, June 22, 2010).

3.1.1.2.5 Revoking the Then-Existing 24-Hour and Annual Standards

In addition to setting a new 1-hour standard at 75 ppb, the then-current 24-hour and
annual standards were revoked in the last review based largely on the recognition that a 1-hour
standard set at 75 ppb would have the effect of generally maintaining 24-hour and annual SO2
concentrations well below the levels of those standards (75 FR 35550, June 22, 2010). In
addition, the annual standard was also revoked because of the lack of evidence supporting a
relationship between long-term SOz exposures and adverse health effects. That is, the 2008 ISA
judged the health evidence linking long-term SO exposure to adverse health effects to be
“inadequate” to infer the presence or absence of a causal relationship (75 FR 35550, June 22,
2010; 2008 ISA, section 5.5).

3.1.2 Approach for the Current Review

To evaluate whether it is appropriate to consider retaining the current SO2 primary
standard, or whether consideration of revision is appropriate, we have adopted an approach in
this review that builds on the general approach used in the last review and reflects the body of
evidence and information now available. As summarized above, the Administrator’s decisions in
the prior review were based on an integration of information on health effects associated with
exposure to SOz, expert judgments on the adversity and public health significance of key health
effects, air quality and related analyses and quantitative exposure and risk assessments, and
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policy judgments as to when the standard is requisite to protect public health with an adequate
margin of safety.

In conducting this assessment, we draw on the current evidence and quantitative
assessments of exposure pertaining to the public health risk of SOz in ambient air. In considering
the scientific and technical information, we consider both the information available at the time of
the last review and information newly available since the last review, including the second draft
ISA and draft REA for this review. Figure 3-1 below illustrates the basic construct of our two-
part approach in developing preliminary conclusions regarding options to consider with regard to
the adequacy of the current primary standard and, as appropriate, potential alternative standards.
In the boxes of Figure 3-1, the range of questions that we consider in sections 3.2.1 and 3.2.2
below are represented by a summary of policy-relevant questions that frame our consideration of
the scientific evidence and quantitative analyses.
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4 Figure 3-1. Overview of the approach for review of the current primary standard.
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3.2 ADEQUACY OF THE CURRENT STANDARD

In considering the adequacy of the current SOz primary standard, the overarching

question we consider is:

e Does the currently available scientific evidence- and exposure/risk-based
information, as reflected in the ISA and REA, support or call into question the
adequacy of the protection afforded by the current SO, primary standard?

To assist us in interpreting the currently available scientific evidence and the results of
recent quantitative exposure/risk analyses to address this question, we have focused on a series
of more specific questions, as detailed in sections 3.2.1 and 3.2.2 below. In considering the
scientific and technical information, we consider both the information available at the time of the
last review and information newly available since the last review which have been critically
analyzed and characterized in the 2008 ISA for the last review and the second draft ISA for the

current review.

3.2.1 Evidence-based Considerations

In considering the evidence with regard to the overarching question posed above
regarding the adequacy of the current standard, we address a series of more specific questions
that focus on policy-relevant aspects of the evidence. These questions begin with consideration
of the available evidence regarding the health effects associated with exposure to SOx, and
particularly SOz (section 3.2.1.1). The subsequent questions consider identification of
populations at-risk of SOz-related health effects (section 3.2.1.2), and the exposure durations and
levels of SO2 associated with health effects (section 3.2.1.3). Important uncertainties associated

with the evidence are considered in section 3.2.1.4.

3.2.1.1 Health Effects Associated with Exposure to SOx
Among the species of SOx (a group of closely related gaseous compounds including SOz
and SO3), SO2 is the most commonly occurring in the atmosphere. Accordingly, the large body

of scientific evidence has over the past reviews been predominantly focused on exposures to
SO..

e [s there newly available evidence that indicates the importance of SOx other than
SO with regard to abundance in ambient air, and potential for human exposures
and health effects?

As in the last review, the health effects evidence evaluated in the second draft ISA for
SOx is focused on SOz (second draft ISA, p. 5-1). This is consistent with the conclusion that
“[o]f the sulfur oxides, SO2 is the most abundant in the atmosphere, the most important in
atmospheric chemistry, and the one most clearly linked to human health effects” (second draft

ISA, p. 2-1). While “SO3 can be emitted by some sources, it reacts within seconds with water in
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the stacks or immediately after release into the atmosphere to form H2SO4 and gas-phase sulfuric
acid quickly condenses or contributes to particle formation” (second draft ISA, section 2.3).
Thus, the second draft ISA states that “only SOz is present at concentrations relevant for
chemistry in the troposphere, boundary layer, and for human exposures” (second draft ISA, p. 2-
17), and also that the available health evidence for SOx is focused on SOz (second draft ISA, p.
5-1). Thus, we conclude that the current evidence, including that newly available in this review,
continues to support a focus on SOz in considering the adequacy of public health protection
provided by the primary NAAQS for SOx.

¢ Does the current evidence alter our conclusions from the previous review regarding
the health effects associated with exposure to SO,?

Rather than altering our conclusions from the last review, the current evidence continues
to support our prior conclusions regarding the key health effects associated with SOz exposure.
Specifically, the full body of evidence continues to support the conclusion that short-term SOz
exposures of durations as short as a few minutes are causally related to respiratory effects in at-
risk individuals (second draft ISA, section 5.2.1.9). With regard to respiratory effects and long-
term exposures, as well as total mortality and short-term exposures, the evidence available in this
review is “suggestive of, but not sufficient to infer,” a causal relationship (second draft ISA,
sections 5.2.2.7 and 5.5.1.6). The evidence is inadequate for reaching conclusions regarding

causality for other categories of effects (second draft ISA, section 1.6.2).!¢

Respiratory Effects

As in the last review, the currently available evidence in this review supports the
conclusion that there is a causal relationship between short-term SOz exposure and respiratory
effects, particularly in individuals with asthma (second draft ISA, p. 1-16).!” The clearest
evidence for this conclusion comes from controlled human exposure studies available at the time

of the previous review and included in the 2008 ISA. These studies demonstrate lung function

16 Based on the currently available evidence, the ISA concluded that the evidence was inadequate to infer the
presence or absence of a causal relationship between SO, exposures and reproductive and developmental effects;
between long-term SO, exposures and mortality or cancer; and, between short- or long-term SO, exposures and
cardiovascular effects (second draft ISA, section1.6.2).

17 While effects have been documented for short (5 to 10 minutes) exposures lower than 1.0 ppm in controlled
exposure studies of individuals with asthma, the exposure concentrations consistently eliciting effects in study
su