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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. Stephen
Graham, U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards,
C539-07, Research Triangle Park, North Carolina 27711 (email: graham.stephen@epa.gov) and
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

This document, Risk and Exposure Assessment for the Review of the Primary National
Ambient Air Quality Standard for Sulfur Oxides, External Review Draft (hereafter referred to as
draft REA), describes the quantitative human exposure and risk characterization being conducted
to inform 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). This is a
concise presentation of the methods, key results, observations, and related uncertainties
associated with the quantitative analyses performed. The final REA will draw upon the final ISA
and will reflect consideration of the Clean Air Scientific Advisory Committee’s (CASAC) advice
and public comments on this draft REA.

In this review, as in each NAAQS review, the policy implications of the REA results are
considered in the policy assessment prepared for the review. The policy assessment presents
analyses and staff conclusions regarding the policy implications of the key scientific and
technical information that informs the review. The policy assessment is intended to “bridge the
gap” between the relevant scientific evidence and technical information and the judgments
required of the Administrator in his consideration of the adequacy of the current standards. The
policy assessment for this review of the primary NAAQS for SOx is titled, Policy Assessment for
the Review of the Primary National Ambient Air Quality Standard for Sulfur Oxides, External
Review Draft (draft PA; U.S. EPA, 2017a).

The remainder of this chapter summarizes the legislative requirements (section 1.1),
provides an overview of the history of the primary NAAQS for SOx (section 1.2), and describes
considerations of the CASAC’s advice and public comment in development of this draft REA.
Following Chapter 1, this draft REA presents an overview of the assessment approach (Chapter
2), describes the study areas and air quality modeling (Chapter 3), describes the exposure
modeling and risk characterization (Chapter 4), presents the exposure and risk estimates (Chapter

5), and describes the characterization of variability and uncertainty (Chapter 6).

1.1 BACKGROUND

The EPA is presently conducting a review of the primary NAAQS for SOx. Sections 108
and 109 of the Clean Air Act (CAA) govern the establishment and periodic review of the
NAAQS. Section 108 [42 U.S.C. 7408] directs the Administrator to identify and list certain air

! 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, 2017b).
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pollutants and then to issue air quality criteria for those pollutants. The Administrator is to list
those air pollutants that in his “judgment, cause or contribute to air pollution which may

99 ¢

reasonably be anticipated to 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...[the Administrator] plans to issue air quality criteria...” CAA section 108(a)(1). The
NAAQS are established for the pollutants listed. The CAA requires that NAAQS are to be based
on air quality criteria, which 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 that
may be expected from the presence of [the] pollutant in the ambient air...” CAA section
108(a)(2). Under CAA section 109 [42 U.S.C. 7409], the EPA Administrator is to propose,
promulgate, and periodically review, at five-year intervals, “primary” (health-based) and
“secondary” (welfare-based)> NAAQS for such pollutants for which air quality criteria are
issued.’ Based on periodic reviews of the air quality criteria and standards, the Administrator is
to make revisions in the criteria and standards, and promulgate any new standards, as may be
appropriate. The CAA also requires that an independent scientific review committee review the
air quality criteria and standards and recommend to the Administrator any new standards and
revisions of existing air quality criteria and standards as may be appropriate, a function now
performed by the CASAC.

The current primary NAAQS for SOx is a 1-hour standard 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
SOz concentrations. This standard was set in the last review of the primary NAAQS for SOx,
which was completed in 2010 (75 FR 35520, June 22, 2010). In comparison to the standards
existing at that time, establishment of the 1-hour standard was determined to provide increased
protection for people with asthma and other at-risk populations against an array of respiratory

effects related to short-term exposures (as short as 5 minutes) and to maintain longer-term

2 Section 302(h) of the CAA provides that all language referring to effects on welfare includes but is 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...”

3 Section 109(b)(1) [42 U.S.C. 7409] of the CAA defines a primary standard as one “the attainment and maintenance
of which in the judgment of the Administrator, based on such criteria and allowing an adequate margin of safety,
are requisite to protect the public health.” Section 109(b)(2) of the CAA directs that a secondary standard is to
“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.”
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concentrations below those specified by the then-existing standards (75 FR 35550, June 22,
2010).4

The EPA initiated the current review of the primary NAAQS for SOx in May 2013, with
a call for information from the public (78 FR 27387, May 10, 2013). The EPA held a workshop
on June 12-13, 2013 to discuss policy-relevant scientific and technical information to inform the
EPA’s planning for the review. Following the workshop, the EPA outlined the science policy
questions that would frame this review, outlined the process and schedule that the review would
follow, and provided more complete descriptions of the purpose, contents and approach for
developing the key documents for the review in the Integrated Review Plan for the Primary
National Ambient Air Quality Standard for Sulfur Dioxide (U.S. EPA, 2014; hereafter referred to
as the IRP).

The key documents in the review include an Integrated Science Assessment (ISA), a
REA (as warranted), and a PA. In general terms, the ISA is to provide a critical assessment of the
latest available scientific information upon which the NAAQS are to be based, and the PA is to
evaluate the policy implications of the information contained in the ISA and of any policy-
relevant quantitative analyses, such as a quantitative REA performed for the current review or, as
applicable, for past reviews. Based on that evaluation, the draft PA presents staff conclusions
regarding policy options for the Administrator to consider in reaching decisions on the NAAQS.?

The EPA has developed this draft REA describing the quantitative risk and exposure
assessment being conducted by the Agency to support this review of the primary SOx standard.
This document is intended to be a concise presentation of the methods, key results, observations,
and related uncertainties associated with the analyses performed. The REA builds upon the
health effects evidence presented in the ISA, as well as CASAC advice and public comments on
the REA planning document (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). The final REA will reflect consideration of CASAC and public comments on
this draft REA.

The final ISA and final REA will inform development of the final PA and the subsequent
rulemaking steps that will lead to final decisions on the primary NAAQS for SOx. The final PA

4 In the 2010 decision to establish a new 1-hour standard, the EPA revoked the then-existing 24-hour and annual
primary standards.

5 The basic elements of a standard include the indicator, averaging time, form, and level. The indicator defines the
pollutant to be measured in the ambient air for the purpose of determining compliance with the standard. The
averaging time defines the time 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 a standard defines the air quality
concentration used (i.e., an ambient air concentration of the indicator pollutant).

August 24, 2017 1-3 External Review Draft — Do Not Cite or Quote



O 0 9 &N U B~ W N

e e e e e T e e
O© &0 9 O U K~ W N = O

20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

document will include staff analysis of the scientific basis for alternative policy options for
consideration by the Administrator prior to rulemaking. The PA will integrate and interpret
information from the ISA and the REA to frame policy options for consideration by the
Administrator. The PA is intended to help “bridge the gap” between the Agency’s scientific and
technical assessments, presented in the ISA and REA and the judgments required of the
Administrator in determining whether it is appropriate to retain or revise the standards. The PA is
also intended to facilitate the CASAC’s advice to the Administrator on the adequacy of existing
standards, and any new standards or revisions to existing standards as may be appropriate.
Concurrent with the release of this draft REA, a draft PA (U.S. EPA, 2017a) is also being
released for review by CASAC and for public comment.

The schedule for completion of this review is governed by a court order which resulted
from the entry of consent decree resolving a lawsuit that was filed in July 2016 and that
concerned, in relevant part, the timing of completion of this review. Center for Biological
Diversity et al. v. McCarthy (No. 4:16-cv-07396-VC, N.D. Cal.). The order specifies that the
EPA shall issue a final ISA 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. The EPA
plans to complete the final REA in spring 2018 to inform EPA’s proposed decision.

1.2 PREVIOUS REVIEWS AND ASSESSMENTS

Reviews of the primary NAAQS for SOx completed in 1996 and 2010 included analyses
of potential exposure to SOz in ambient air (61 FR 2556, May 22, 1996; 75 FR 35520, June 22,
2010). These analyses pertained to the then-existing 24-hour and annual standards, but primarily
focused on whether additional protection was necessary to protect at-risk populations (people
with asthma) against short-term (e.g., 5S-minute) peak exposures while at elevated ventilation
rates (e.g., while exercising). The analyses that informed the review completed in 1996 focused
on potential exposures to 5-minute concentrations at or above 600 ppb for several air quality
scenarios (61 FR 2556, May 22, 1996). The 2010 review analyses estimated number of
individuals and percent of the modeled at-risk population that would be expected to experience
5-minute exposures above several concentrations of potential concern extending down to 100
ppb (“benchmark concentrations” based on findings from controlled human exposure studies)
and also the number of individuals and percent of the population expected to experience a
doubling or greater increase in specific airway resistance (sRaw) or a reduction in forced
expiratory volume in one second (FEV1) of at least 15% (U.S. EPA, 2009 [hereafter referred to
as the 2009 REA]). As summarized in more detail in the draft PA, the analyses in the 2009 REA
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informed the 2010 decision to establish a new 1-hour standard to protect at-risk populations from
short-term (e.g., S-minute) peak exposures (75 FR 35520, June 22, 2010).

The multiple quantitative analyses that informed the 1996 review decision are described
in the 1986 Addendum to the 1982 OAQPS Staff Paper (U.S. EPA, 1986), the 1994 Supplement
to the 1986 OAQPS Staff Paper Addendum (U.S. EPA, 1994) and the final decision notice (61
FR 2556, May 22, 1996). A key aspect of the design for those analyses was the focus on 5-
minute concentrations at or above 600 ppb, an exposure level that the Agency judged could pose
an immediate significant health risk for a substantial proportion of asthmatics at elevated
ventilation rates, e.g., while exercising (61 FR 25573, May 22, 1996). The available ambient
monitoring data were analyzed to estimate the frequency of 5-minute peak concentrations above
500, 600, and 700 ppb, the number of repeated exceedances of these concentrations, and the
sequential occurrences of peak concentrations within a given day (U.S. EPA, 1994; SAI, 1996).
The analysis indicated that during that period a substantial number of 5-minute concentrations at
or above 600 ppb occurred in several locations in the vicinity of certain sources (61 FR 25574,
May 22, 1996). The probability of at-risk individuals being at elevated ventilation with the
probability of encountering such peak concentrations was assessed in several exposure analyses
(U.S. EPA, 1986, 1994; Burton et al., 1987; Rosenbaum et al., 1992; Stoeckenius et al., 1990;
Sciences International, Inc., 1995).

A series of exposure analyses informed the 1994 proposed decision. These analyses
variously focused on exposures of interest associated with coal-fired power utilities, all power
utility boilers, non-utility sources of SO2 emissions and such exposures associated with projected
reduced emissions from fossil-fueled power plants after implementation of the acid deposition
provisions (Title IV) of the 1990 Clean Air Act Amendments (U.S. EPA, 1986; Burton et al.,
1987; Stoeckenius et al., 1990; Rosenbaum et al., 1992). Subsequent to the 1994 proposal, an
additional exposure analysis of non-utility sources was submitted to the rulemaking docket
(Sciences International, Inc., 1995). Together these analyses provided a range of estimates of the
number of individuals with asthma and the percent of the population with asthma estimated to be
exposed to 5-minute concentrations of 500 and 600 ppb while at elevated exertion, as well as
estimates of such individuals exposed on multiple occasions in a year. These analyses generally
employed the time-activity exposure modeling approaches and underlying data that were
available at the time.

Quantitative analyses performed for the review completed in 2010, and documented in
the 2009 REA, included analyses of the limited then-available ambient air monitoring data for 5-
minute concentrations in 40 U.S. counties and a population exposure assessment (75 FR 35520,
June 22, 2010; 2009 REA). The air quality analyses provided estimates of the annual number of

days that daily 5-minute maximum SOz concentrations at a monitor exceeded 5-minute
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concentrations of interest or benchmark concentrations® (2009 REA, Chapter 7). In the exposure-
based approach, population-based estimates of human exposure were developed using an
exposure model in order to account for time people spend in different microenvironments, as
well as for time spent at elevated ventilation rates while exposed to peak 5-minute SO2
concentrations (2009 REA, Chapter 8). The analyses were performed for recent ambient air
concentrations (unadjusted, “as is” air quality), and with ambient air concentrations adjusted to
just meet the then-existing and several potential alternative standards.

The 2009 REA simulated population exposure using version 4.3 of the Air Pollutant
Exposure (APEX) model, a probabilistic model that simulates the movement of individuals
through time and space and estimates their exposure to a given pollutant in indoor, outdoor, and
in-vehicle microenvironments.” The model was used to simulate population exposures in two
study areas: Greene County, MO and a three-county portion of the St. Louis Metropolitan
Statistical Area (MSA). The populations simulated included all people with asthma, with results
also presented for the subset of those who were children. Health risk was characterized by
estimating, for each air quality scenario: (1) the number and percent of people with asthma
exposed, while at elevated ventilation, to 5-minute daily maximum SOz concentrations that
exceeded the benchmark concentrations; and (2) the number and percent of exposed people with
asthma estimated to experience moderate or greater lung function responses (in terms of FEV|
and sRaw) at least once per year and the total number of such lung function responses estimated
to occur per year (2009 REA, Chapter 8 and 9). An extensive analysis of variability and
characterization of uncertainty accompanied the exposure estimates (2009 REA, sections 8.11
and 9.4).

1.3 CURRENT REVIEW, CASAC ADVICE AND PUBLIC COMMENT

In preparing the planning document for this REA, we considered the scientific evidence
presented in the second draft ISA (U.S. EPA, 2016) and the key science policy issues raised in
the IRP (U.S. EPA, 2014). In February, the REA Planning Document was released to the
CASAC and made available for public comment (82 FR 11356, February 22, 2017). The EPA

¢ The benchmark concentrations are concentrations chosen to represent “exposures of potential concern” which were
used in the analyses to estimate exposures and risks associated with 5-minute concentrations of SO, (75 FR
35527, June 22, 2010). Based on the evidence in the 2008 ISA and recommendations from the CASAC, staff
concluded that it was appropriate to examine 5-minute benchmark concentrations in the range of 100-400 ppb
(2009 REA, chapter 7). The comparisons of SO, concentrations to benchmark concentrations provided
perspective on the extent to which, under various air quality scenarios, there was the potential for at-risk
populations to experience SO, exposures that could be of concern.

7 The APEX model is designed to account for sources of variability that affect people’s exposures. It stochastically
generates simulated individuals using census-derived probability distributions for demographic characteristics
based on the information from the Census at the tract, block-group, or block-level (2009 REA).
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held a consultation with the CASAC and solicited comments on the REA Planning Document
during a March 2017 public meeting at which the CASAC also reviewed the second draft ISA
(82 FR 11356, February 22, 2017). The consultative advice from the CASAC and public
comments have been considered in advance of the conduct of the analyses and results presented
in this draft REA. The design of the draft REA builds upon these comments.

This draft REA is being provided to the CASAC for its review regarding the design and
conduct of these analyses, and characterization of the results in the draft REA and draft PA. The
EPA is also soliciting comment from the public on both documents. Comments and advice from
the CASAC, and public comment will be considered in development of the final REA and PA.
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2 OVERVIEW OF ASSESSMENT APPROACH

This section describes the conceptual model for exposure and associated health risk of
SOz in ambient air that guides our assessment in this review and provides an overview of the

approach implemented.

2.1 CONCEPTUAL MODEL FOR SO; EXPOSURE AND RISK

The conceptual model for our consideration of exposure and risk associated with SOz in
ambient air is illustrated in Figure 2-1. This general model guided our assessment in the last
review and, as discussed in the REA Planning Document, it remains appropriate in the current
review. The unshaded boxes indicate components included in the assessment in this review.

Current information regarding the individual components specified in the model
(emissions sources, exposure pathways, routes of exposure, exposed populations, health
endpoints and risk metrics) is summarized in the following sections. A more detailed
characterization of this information is presented in the second draft ISA (U.S. EPA, 2016).
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Figure 2-1. Conceptual model for exposure and associated health risk of SOz in ambient air.
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2.1.1 Sources of SO,

Sulfur dioxide occurs in ambient air as a result of emissions of SOz as well as emissions
of other compounds, such as reduced sulfur compounds or sulfides, that are converted to SO2 by
chemical reactions in the atmosphere. While the largest natural sources of SOz are volcanos and
wildfires, fossil fuel combustion is the main anthropogenic source of SO2 and industrial chemical
production and pulp and paper production are among the sources of reduced sulfur compounds
that are converted to SOz in the atmosphere. Anthropogenic emissions sources that contribute to
SOz in the ambient air are primarily large facilities, including coal-fired electricity generating
units (EGUs) and other industrial facilities (U.S. EPA, 2008 [hereafter referred to as the 2008
ISA], section 2.1; second draft ISA, section 2.2.1). Because such large, discrete sources are the
primary source of SOz (e.g., versus more prevalent, widespread sources), ambient concentrations
can vary substantially across an area, being relatively high in areas affected by these large
sources.

Coal-fired EGUs are an important emissions source because sulfur, which is present to
some degree in all fossil fuels, is contained in coal, although the content varies among the most
common types of coal between 0.4 and 4% by mass (second draft ISA, section 2.2). Fuel sulfur
is almost entirely converted to sulfur oxides during combustion. This makes accurate estimates
of SO2 combustion emissions possible based on fuel composition and combustion rates (second
draft ISA, section 2.2). Fuel combustion by electric utilities as well as industrial and other
sources is the largest source of anthropogenic SO2 emissions (second draft ISA, Figure 2-1).

The main indoor source of SOz is indoor combustion of sulfur-containing fuels, such as
with space heaters that are generally used as emergency or supplemental sources of heat in the
U.S. For example, a study in the eastern U.S. reported that kerosene heaters, but not fireplaces,
woodstoves, or gas space heaters, resulted in increased indoor concentrations of SO2 (second
draft ISA, section 3.4.1.1). Personal SOz exposure measurements, however, have generally been
lower than ambient air concentrations, indicating personal exposure to generally be dominated
by ambient air (outdoor) sources (second draft ISA, section 3.4.1).

The context for the REA is exposure and associated risk of SOz emitted into ambient air.

Accordingly, the conceptual model for the REA focuses on sources to ambient air (Figure 2-1).

2.1.2 Exposure Pathways and Route

Human exposure to SOz involves the contact between a person and the pollutant in the
various locations (or microenvironments, MEs) in which people spend their time. As SOz is a
gas, human exposure is by inhalation of air containing SOz. The concentrations of SOz occurring

in each ME and the associated activity performed in that ME both contribute to individual
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exposure events. These exposure events together make up an individual’s exposure (second draft
ISA, section 3.2.2).

Exposure microenvironments occur indoors (e.g., in homes, offices or stores), outdoors
(e.g., yards, parks, sidewalks) and in vehicles (e.g., automobiles, buses). All of these
microenvironments can receive ambient air that may contain SO2. Thus, the pathways by which
people are exposed to SOz in ambient air involve inhaling air while spending time in the various
MEs.

When indoors, people can be exposed to SOz from indoor sources as well as to SO2
associated with outdoor air that has infiltrated into the indoor MEs. Studies of personal exposure
have generally found that the largest portion of a person’s day is generally spent indoors (second
draft ISA, section 3.4.2.1). As a result of this and as indoor SO2 concentrations are generally
lower than SOz concentrations measured outdoors, SO2 exposure concentrations are often much
lower than SOz concentrations in ambient air (second draft ISA, section 3.4.1). As stated in the
second draft ISA, high correlations (>0.75) between indoor and outdoor SOz concentrations
indicate that variations in outdoor ambient SOz concentration are driving indoor SO2
concentrations, which is considered to be consistent with the relative lack of indoor sources of
SOz (second draft ISA, section 3.4.1.2).

Thus, personal SOz exposure is expected to be dominated by SOz emitted into ambient air
in outdoor microenvironments and also in enclosed microenvironments with high air exchange
rates, such as buildings with open windows and vehicles. This was found to be the case in
exposure modeling of recent air quality performed for the 2009 REA; more than 80% of the
events by which simulated individuals experienced elevated 5-minute exposure concentrations of
interest were in outdoor MEs (2009 REA, Figure 8-21). As was done in the 2009 REA for the
last review of the NAAQS for SOx, exposures to SOz in ambient air outdoors, as well as to

ambient air that has infiltrated indoors, are included in the REA for the current review.

2.1.3 At-Risk Populations

As at the time of the 2009 REA, the current evidence demonstrates that the populations at
increased risk of effects from SOz exposure continue to be people with asthma, including
particularly children with asthma (second draft ISA, section 6.3.1). Strong evidence of this
comes from the controlled human exposures of people with asthma exposed to SO2 when their
ventilation rates are increased, such as from exercise (second draft ISA, section 5.2.1.9).
Consistent with the controlled human exposure study findings of asthma exacerbation-related
effects, some epidemiological studies in the current evidence report associations between short-
term SO2 exposure and increased risk of asthma-related emergency department visits and

hospital admissions (second draft ISA, section 5.2.1.9).
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The short-term respiratory effects that are the focus of the quantitative assessment, and
for which the evidence for respiratory effects associated with policy-relevant SOz exposure
concentrations is strongest, are asthma exacerbation-related effects (second draft ISA, Table 1-
1). Under resting conditions, inhaled SOz is readily removed in the nasal passages (second draft
ISA, section 1.5.1). However, during activities that result in increased ventilation rates, such as
those associated with exercise, and/or an increased potential for taking breaths through the mouth
(versus the nose), there is greater transport of inhaled SOz past the nasal passages to the
tracheobronchial region of the airways where it can contribute to bronchoconstriction-related
effects and asthma exacerbation (second draft ISA, section 1.5.1). Thus, elevated ventilation rate
and breathing habit that includes some breathing through the mouth (oronasal), such as that
occurring during exercise, play important roles in eliciting SOz-related effects in at-risk
populations.

While some controlled exposure studies have included adolescents with asthma and have
indicated this age group to have similar responsiveness as adults, data are not available for
children younger than 12 years (second draft ISA, section 5.2.1.2). However, some factors
indicate that among individuals with asthma, children (e.g., younger than 13 years) may be at
greater risk than adults with asthma. For example, children, particularly younger than 13 years of
age, have a greater tendency to breathe through the mouth than do adults (second draft ISA,
section 4.1.2.2). The evidence also suggests that older adults with asthma may also be at
increased risk than younger adults with asthma (second draft ISA, section 6.5.1.2).

The evidence in controlled exposure studies documents the difference in sensitivity to
SOs-related respiratory effects of individuals with and without asthma. For example, these
studies document respiratory effects in exercising study subjects with asthma at exposure
concentrations below 1000 ppb, while higher concentrations are needed to elicit such effects in
healthy subjects and in some subjects with asthma (second draft ISA, sections 5.2.1.2 and
5.2.1.7).% The currently available information does not identify other populations at increased
risk beyond what is described here (second draft ISA, section 6.6). As indicated in Figure 2-1,
people with asthma, adults and children, are specifically included as at-risk populations in the
REA for this review.

8 The evidence from controlled exposure studies has long documented the sizeable variation in sensitivity to SO
among individuals with asthma. This was further characterized in a pooled analysis of data from five such studies
that is newly available in this review (Johns et al., 2010). This new analysis demonstrates the study population of
individuals with asthma to fall into one of two subpopulations with regard to airway responsiveness to SO,. One
subpopulation is insensitive to the bronchoconstrictive effects of SO, even at concentrations as high as 1.0 ppm,
and it is the second subpopulation that has an increased risk for bronchoconstriction at the lower concentrations of
SO, (second draft ISA, section 5.2.1.2).
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2.1.4 Health Endpoints

The health effects that are causally related to SO2 exposures are effects on the respiratory
system (second draft ISA, section 1.6). As demonstrated in long-standing evidence from
controlled human exposure studies and consistent with findings in epidemiological studies, short-
term SOz exposures (as short as a few minutes) can result in asthma exacerbation-related effects
in people with asthma. The controlled human exposure studies have demonstrated a relationship
between 5- and 10-minute peak SO2 exposures and bronchoconstriction-related decrements in
lung function in exercising individuals with asthma; depending on the exposure level, these
decrements are accompanied by respiratory symptoms (second draft ISA, section 5.2.1.2).

Lung function decrements were quantified in these studies by reductions in forced
expiratory volume in one second, FEV1, and increased specific airway resistance, sRaw. In
considering the magnitude of these responses, the second draft ISA (as in the 2008 ISA) focuses
on 15% or greater reductions in in FEV1 and increases in sRaw of 100% or more (second draft
ISA, sections 1.6.1.1 and 5.2.1.2). Such responses have been reported in some individuals with
asthma exposed to 5-minute concentrations as low as 200 ppb while exercising. Both the
percentage of individuals affected to at least this degree, and the severity of response, increases
with increasing SO2 concentrations across the range studied. At higher concentrations (above
400 ppb), such responses were frequently accompanied by respiratory symptoms (second draft
ISA, section 5.2.1.2).

2.1.5 Risk Metrics

As was the case in the 2009 REA, the risk metrics included in the current REA (bottom
panels, Figure 2-1) are based on the SO2-induced bronchoconstriction-related lung function
decrements documented in the strong evidence base of controlled human exposure studies of
exercising individuals with asthma. Bronchoconstriction, an asthma-exacerbation-related effect,
is the “most sensitive indicator of SO2-induced lung function effects” and the evidence for this
effect is strong (second draft ISA, section 5.2.1.2, p. 5-8). The first of the risk metrics included in
this REA involves characterization of the extent to which individuals with asthma were
estimated to experience 5-minute exposures at or above concentrations of potential concern
while they are at elevated breathing rates. The second metric quantifies the extent to which
individuals with asthma are estimated to experience lung function responses (in terms of a
doubling, or larger increase, in sRaw) as a result of 5-minute SO2 exposures while at elevated
breathing rates.

In deriving these two risk metrics, the controlled human exposure studies are used in two
ways: (1) to identify exposure concentrations of potential concern (“benchmark concentrations”)

and (2) to derive exposure-response (E-R) functions for lung function decrements. As described
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in more detail in section 3.5.1, the benchmark concentrations are 5-minute exposure
concentrations chosen to represent exposures of potential concern. The first metric, the
comparison of SO2 exposures to benchmark concentrations, provides perspective on the extent to
which there is potential for sensitive individuals with asthma to experience SO2 exposures that
could be of concern at air quality just meeting the current standard.

The second metric relies on the E-R function and exposure estimates to estimate risk of
decrements in lung function based on sRaw, which is a specific measure of bronchoconstriction.
The focus on sRaw as the primary indicator of lung function response is consistent with the
emphasis on this indicator in the REA for the last review. The E-R functions for sRaw are based
on more observations from individual subjects than were E-R functions based on FEV: (2009
REA, p. 332), which provides greater confidence in the resultant quantitative relationship when
compared with that developed for the FEV health endpoint.

Another category of metric shown in the conceptual model figure represents potential
asthma-exacerbation-related health outcomes that are reported in the epidemiological evidence.
As indicated by the shading in Figure 2-1, this category of metrics is not included in the current
REA as the current evidence base does not support its inclusion. This was also the case in the
2009 REA (REA Planning Document, section 3.2.3). As examined in detail in the second draft
ISA, the epidemiological evidence includes studies reporting associations between short-term
SO2 concentrations and asthma-related emergency department visits or hospitalizations. The risk
characterization for the 2009 REA focused on metrics for lung function decrements related to
bronchoconstriction, concluding that the epidemiological evidence did not support development
of an epidemiological study-based risk model. In considering support in the evidence available in
this review, the REA Planning Document for this REA reached the same conclusion (REA
Planning Document, section 3.2.3). Thus, as shown in Figure 2-1, this category of metric is not
included in the current REA.

2.2 ASSESSMENT APPROACH

The approach employed for this REA generally involves estimating population exposures
to ambient air-related SO2 concentrations and associated health risk for air quality conditions
simulated to just meet the current standard (Figure 2-2). This approach, which draws on air
monitoring data, air quality modeling and exposure modeling, was applied in three study areas
(section 3.1) selected to be informative to this review. As indicated by the case study approach,
the REA analyses are not intended to provide a comprehensive national assessment. Rather, they
are intended to provide assessments for a small set of study areas, and the associated exposed at-
risk populations, that will be informative to EPA’s consideration of potential exposures and risks

that may be associated with the air quality conditions occurring under the current SO2 standard.
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Consistent with the health effects evidence and the health risk metrics identified in
section 2.1.5, the focus is on short-term exposures of individuals in the population with asthma
during times when they are breathing at an elevated ventilation rate. In order to estimate ambient
air concentrations at the needed temporal scale of five-minute increments, the draft REA
employs air quality modeling as informed by additional information from 5-minute ambient air
monitoring data. Air quality modeling is used in order to adequately capture the spatial variation
in ambient SOz concentrations across an urban area, which can be relatively high in areas
affected by large point sources, and which the limited number of monitoring locations in each
area are unlikely to capture. Continuous 5-minute ambient air monitoring data are used to reflect
the fine-scale temporal variation in SO2 concentrations documented by these data and for which
air quality modeling is limited, e.g., by limitations in currently available input data such as
emissions estimates. Thus, five-minute concentrations in ambient air were estimated using a
combination of 1-hour concentrations from the EPA’s preferred near-field dispersion model, the
American Meteorological Society/EPA regulatory model (AERMOD), and relationships between
1-hour and 5-minute concentrations occurring in the local ambient air monitoring data.’

The Air Pollutants Exposure (APEX) model, a probabilistic human exposure model that
simulates the activity of individuals in the population, including their exertion levels and
movement through time and space, was then used to estimate 5-minute exposure concentrations
for individuals based on exposures in indoor, outdoor, and in-vehicle microenvironments. The
use of APEX for estimating exposures allows for consideration of factors that affect exposures
that are not addressed by consideration of ambient air concentrations alone. These factors include
1) attenuation in SO2 concentrations expected to occur in some microenvironments, 2) the
influence of human activity patterns on the time series of exposure concentrations, and 3)
accounting for human physiology and the occurrence of elevated ventilation rates concurrent
with SO2 exposures, all key to appropriately characterizing health risk for SO2. The estimated
exposures were then combined with findings of the controlled human exposure studies to
characterize health risk using two approaches. The first approach compares estimated exposures
to benchmark concentrations of interest, and the second combines exposures with an E-R

function to estimate the expected occurrences of decrements in lung function.

% The current information continues to support the use of an air dispersion model such as AERMOD over the use of
other models, such as photochemical models, for modeling of directly emitted SO, concentrations for use in
assessing risk and exposure for this pollutant. Unlike dispersion models, photochemical models cannot capture
the sharp concentration gradients that can occur near SO, sources. Also, SO, emissions to ambient air are
dominated by point sources, such as large coal-fired utilities, and AERMOD is the EPA’s prefe