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1 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is presently conducting a review of
the national ambient air quality standards (NAAQS) for ozone (O3) and related photochemical
oxidants. An overview of the approach to reviewing the O3 NAAQS is presented in the
Integrated Review Plan for the Ozone National Ambient Air Quality Standards (IRP, US EPA,
2011a). The IRP discusses the schedule for the review; the approaches to be taken in developing
key scientific, technical, and policy documents; and the key policy-relevant issues that will frame
our consideration of whether the current NAAQS for O3 should be retained or revised.

Sections 108 and 109 of the Clean Air Act (CAA) govern the establishment and periodic
review of the NAAQS. These standards are established for pollutants that may reasonably be
anticipated to endanger public health and welfare, and whose presence in the ambient air results
from numerous or diverse mobile or stationary sources. The NAAQS are to be based on air
quality criteria, which are to accurately reflect the latest scientific knowledge useful in indicating
the kind and extent of identifiable effects on public health or welfare that may be expected from
the presence of the pollutant in ambient air. The EPA Administrator is to promulgate and
periodically review, at five-year intervals, “primary” (health-based) and “secondary” (welfare-
based) NAAQS for such pollutants. 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 Act also requires that an independent scientific
review committee advise the Administrator as part of this NAAQS review process, a function
performed by the Clean Air Scientific Advisory Committee (CASAC).!

The current primary NAAQS for Og is set at a level of 0.075 ppm, based on the annual
fourth-highest daily maximum 8-hr average concentration, averaged over three years, and the
secondary standard is identical to the primary standard (73 FR 16436). The EPA initiated the

! The Clean Air Scientific Advisory Committee (CASAC) was established under section 109(d)(2) of the
Clean Air Act (CAA) (42 U.S.C. 7409) as an independent scientific advisory committee. CASAC provides advice,
information and recommendations on the scientific and technical aspects of air quality criteria and NAAQS under
sections 108 and 109 of the CAA. The CASAC is a Federal advisory committee chartered under the Federal
Advisory Committee Act (FACA). See
http://yosemite.epa.gov/sab/sabpeople.nsf/\WebCommitteesSubcommittees/CASAC%20Particulate%20Matter%20R
eview%20Panel for a list of the CASAC PM Panel members and current advisory activities.
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current review of the O3 NAAQS on September 29, 2008 with an announcement of the
development of an O; Integrated Science Assessment and a public workshop to discuss policy-
relevant science to inform EPA’s integrated plan for the review of the O3 NAAQS (73 FR
56581). The NAAQS review process includes four key phases: planning, science assessment,
risk/exposure assessment, and policy assessment/rulemaking.? A workshop was held on October
29-30, 2008 to discuss policy-relevant scientific and technical information to inform EPA’s
planning for the O3 NAAQS review. Following the workshop, EPA developed a planning
document, the Integrated Review Plan for the Ozone National Ambient Air Quality Standards
(IRP; US EPA, 2011), which outlined the key policy-relevant issues that frame this review, the
process and schedule for the review, and descriptions of the purpose, contents, and approach for
developing the other key documents for this review.® In June 2012, EPA completed the third
draft of the O3 ISA, assessing the latest available policy-relevant scientific information to inform
the review of the O3 standards. The Integrated Science Assessment for Ozone and Related
Photochemical Oxidants - Third External Review Draft (ISA; US EPA, 2012), includes an
evaluation of the scientific evidence on the health effects of Os, including information on
exposure, physiological mechanisms by which O3 might adversely impact human health, an
evaluation of the toxicological and controlled human exposure study evidence, and an evaluation
of the epidemiological evidence including information on reported concentration-response (C-R)
relationships for Os-related morbidity and mortality associations, including consideration of
effects on susceptible populations.*

The EPA’s Office of Air Quality Planning and Standards (OAQPS) has developed this
first draft quantitative health risk and exposure assessment (REA) describing preliminary
quantitative assessments of exposure to O3 and Os-related risks to public health to support the
review of the primary O3 standards. This draft document presents the conceptual model, scope,
methods, key results, observations, and related uncertainties associated with the quantitative

analyses performed. The REA builds upon the health effects evidence presented and assessed in

2 For more information on the NAAQS review process see http://www.epa.gov/ttn/naags/review.html.

® On March 30, 2009, EPA held a public consultation with the CASAC Ozone Panel on the draft IRP. The
final IRP took into consideration comments received from CASAC and the public on the draft plan as well as input
from senior Agency managers.

* The ISA also evaluates scientific evidence for the effects of O;on public welfare which EPA will consider
in its review of the secondary O; NAAQS. Building upon the effects evidence presented in the ISA, OAQPS has
also developed a second REA titled Ozone Welfare Effects Risk and Exposure Assessment (US EPA, 2012).

1-2



© 00 N o o1 B~ W N e

e e e T i o e
~ o O~ W N LB O

18

19
20
21
22
23
24
25
26
27
28
29

the ISA, as well as CASAC advice (Samet, 20011) and public comments on a scope and methods
planning document for the REA (here after, “Scope and Methods Plan”, US EPA, 2011).
Revisions to this draft REA will draw upon the final ISA and will reflect consideration of
CASAC and public comments on this draft.

The ISA and REA will inform the development of a Policy Assessment (PA) and
rulemaking steps that will lead to final decisions on the primary O3 NAAQS, as described in the
IRP. The PA will include staff analysis of the scientific basis for alternative policy options for
consideration by senior EPA management prior to rulemaking. The PA integrates and interprets
information from the ISA and the REA to frame policy options for consideration by the
Administrator. The PA is intended to link the Agency’s scientific and technical assessments,
presented in the ISA and REA, to judgments required of the Administrator in determining
whether it is appropriate to retain or revise the current Oz standards. Development of the PA is
also intended to facilitate elicitation of CASAC’s advice to the Agency and recommendations on
any new standards or revisions to existing standards as may be appropriate, as provided for in the
Clean Air Act (CAA). The first draft PA is planned for release around the middle of August
2012 for review by the CASAC O3 Panel and the public concurrently with their review of this
first draft REA September 11-13, 2012.

1.1 HISTORY

As part of the last O3 NAAQS review completed in March 2008, EPA’s OAQPS
conducted quantitative risk and exposure assessments to estimate exposures above health
benchmarks and risks of various health effects associated with exposure to ambient Oz in a
number of urban study areas selected to illustrate the public health impacts of this pollutant (U.S.
EPA 2007a, U.S. EPA 2007b). The assessment scope and methodology were developed with
considerable input from CASAC and the public, with CASAC generally concluding that the
exposure assessment reflected generally accepted modeling approaches, and that the risk
assessments were well done, balanced and reasonably communicated (Henderson, 2006a). The
final quantitative risk and exposure assessments took into consideration CASAC advice
(Henderson, 2006a; Henderson, 2006b) and public comments on two drafts of the risk and

exposure assessments.
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The exposure and health risk assessment conducted in the last review developed exposure
and health risk estimates for 12 urban areas across the U.S. based on 2002 to 2004 air quality
data. That assessment provided annual or O3 season-specific exposure and risk estimates for
these years of air quality and for air quality scenarios simulating just meeting the then-existing 8-
hour O3 standard set in 1997 at a level of 0.08 ppm and several alternative 8-hour standards. The
strengths and limitations in the assessment were characterized, and analyses of key uncertainties
were presented.

Exposure estimates from the last assessment were used as an input to the risk assessment
for lung function responses (a health endpoint for which exposure-response functions were
available from controlled human exposure studies). Exposure estimates were developed for the
general population and population groups including school age children with asthma as well as
all school age children. The exposure estimates also provided information on exposures to
ambient O3 concentrations at and above specified benchmark levels (referred to as “exposures of
concern”) to provide some perspective on the public health impacts of health effects associated
with O3z exposures in controlled human exposure studies that could not be evaluated in the
quantitative risk assessment (e.g., lung inflammation, increased airway responsiveness, and
decreased resistance to infection).

The last human risk assessment included risk estimates based on both controlled human
exposure studies and epidemiological and field studies. Ozone-related risk estimates for lung
function decrements were generated using probabilistic exposure-response relationships based on
data from controlled human exposure studies, together with probabilistic exposure estimates
from the exposure analysis. For several other health endpoints, Os-related risk estimates were
generated using concentration-response relationships reported in epidemiological or field studies,
together with ambient air quality concentrations, baseline health incidence rates, and population
data for the various locations included in the assessment. Health endpoints included in the
assessment based on epidemiological or field studies included: hospital admissions for
respiratory illness in four urban areas, premature mortality in 12 urban areas, and respiratory
symptoms in asthmatic children in 1 urban area.

The last exposure and risk assessment helped to inform the last review and the final
decision to revise the primary O3 NAAQS to a level of 0.075 ppm, as discussed in the Final Rule
notice (73 FR 16436; March 27, 2008). As an initial matter, in considering the adequacy of the

1-4
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then-current standard, while the Administrator placed primary consideration on the body of
scientific evidence of Os-related health effects, he also considered the exposure and risk
assessment results and related uncertainties. In so doing, the Administrator considered the
estimated percentages of asthmatic and all school age children likely to experience exposures
(while at moderate or greater exertion) at and above the benchmark levels of 0.080, 0.070 and
0.060 ppm upon simulation of just meeting the then-current standard, as well as the year-to-year
and city-to-city variability and the uncertainties is those estimates. He also considered the
estimated health risks for lung function decrements, respiratory symptoms, respiratory-related
hospital admissions and mortality upon simulation of just meeting the then-current standard, as
well as the variability and uncertainties in those estimates. He recognized that these risk
estimates were indicative of a much broader array of Os-related health endpoints that could not
be included in the quantitative assessment (e.g., school absences, increased medication use,
emergency department visits) which primarily affect at-risk populations. In considering this
information, the Administrator concluded that the estimated exposures and risks were important
from a public health perspective and that they provide additional support to the evidence-based
conclusion that the then-current standard needed to be revised.

In considering the level at which a revised primary O standard should be set, within the
proposed range of 0.070 to 0.075 ppm, the Administrator again placed primary consideration on
the body of scientific evidence of Os-related health effects, while viewing the results of the
exposure and risk assessment as providing information in support of his decision. In considering
the exposure estimates simulated for meeting alternative standard levels, the Administrator
placed greatest weight on estimated exposures at and above the 0.080 ppm benchmark level, less
weight on the 0.070 ppm benchmark, and very little weight on the 0.060 ppm benchmark. Given
the degree of uncertainty in these estimates, he judged that there was not an appreciable
difference, from a public health perspective, in the estimates of exposures associated with just
meeting a standard at the upper end (0.075 ppm) versus the lower end (0.070 ppm) of the
proposed range of levels. The Administrator placed less weight on the risk estimates for meeting
alternative standard levels, and noted that the results suggest a gradual reduction in risks with no
clear breakpoint as increasingly lower standard levels are considered. Taken together, the
Administrator judged that the exposure and risk information did not provide a clear basis for
choosing a specific level within the range of levels being considered. In reaching a final
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evidence-based decision to set the standard at a level of 0.075 ppm, the Administrator noted that
this level was above the range of levels recommended by CASAC (0.060 to 0.070 ppm). In
explaining the basis for this difference with CASAC, the Administrator noted that there is no
bright line clearly directing the choice of level, and the choice of an appropriate level is clearly a
public health policy judgment. In reaching his final judgment, the Administrator explained in
part that CASAC appeared to place greater weight on the results of the risk assessment as a basis
for its recommended range, while he more heavily weighed the implications of the uncertainties
associated with the exposure and risk assessments.

Following promulgation of the revised Os standard in March 2008, state, public health,
environmental, and industry petitioners filed suit against EPA regarding that final decision.
At EPA’s request the consolidated cases were held in abeyance pending EPA’s voluntary
reconsideration of the 2008 decision. A notice of proposed rulemaking to reconsider the
2008 final decision was issued by the Administrator on January 6, 2010. On September 2,
2011, the Office of Management and Budget returned the draft final rule on reconsideration
to EPA for further consideration. EPA decided to coordinate further proceedings on its
voluntary rulemaking on reconsideration with this ongoing periodic review, by deferring the
completion of its voluntary rulemaking on reconsideration until it completes its statutorily-
required periodic review. In light of that, the litigation on the 2008 final decision is no
longer being held in abeyance and is proceeding. The 2008 O3 standards remain in effect.

1.2 CURRENT RISK AND EXPOSURE ASSESSMENT: GOALS AND PLANNED
APPROACH

The goals of the current quantitative exposure and health risk assessments are (1) to
provide estimates of the number of people in the general population and in sensitive populations
with Oz exposures above benchmark levels while at moderate or greater exertion levels; (2) to
provide estimates of the number of people in the general population and in at-risk populations
with impaired lung function resulting from exposures to Os; (3) to provide estimates of the
potential magnitude of premature mortality and selected morbidity health effects in the
population, including at-risk populations, where data are available to assess these groups,
associated with recent ambient levels of O3 and with just meeting the current primary O

standard and any alternative standards that might appropriately be considered in selected urban
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study areas; (4) to develop a better understanding of the influence of various inputs and
assumptions on the exposure and risk estimates to more clearly differentiate alternative standards
that might be considered including potential impacts on various at-risk populations; and (5) to
gain insights into the distribution of risks and patterns of risk reduction and uncertainties in those
risk estimates. In addition, we have conducted an assessment to provide nationwide estimates of
the potential magnitude of premature mortality associated with ambient O3 exposures to more
broadly characterize this risk on a national scale. This assessment includes an evaluation of the
distribution of risk across the U.S., to assess the extent to which we have captured the upper end
of the risk distribution with our urban study area analyses.

This current quantitative risk and exposure assessment builds on the approach used and
lessons learned in the last O3 risk and exposure assessment and focuses on improving the
characterization of the overall confidence in the exposure and risk estimates, including related
uncertainties, by incorporating a number of enhancements, in terms of both the methods and data
used in the analyses. This risk assessment considers a variety of health endpoints for which, in
staff’s judgment, there is adequate information to develop quantitative risk estimates that can
meaningfully inform the review of the primary O3 NAAQS.

The results from this risk and exposure assessment will be considered from a policy
perspective in the PA. The PA will also evaluate the entire body of scientific evidence of
relationships between O3 and a wide array of health endpoints, including those considered in the
risk assessment, from a policy perspective. These evidence-based and exposure/risk-based
considerations will inform staff’s assessment of various policy options as discussed in the PA.

This first draft REA provides an assessment of exposure and risk associated with recent
ambient levels of O3 and O3 air quality simulated to just attain the current primary O3 standards.
Subsequent drafts of the REA will evaluate potential alternative O3 standards based on

considerations discussed in the first draft of the Policy Assessment.

1.3 ORGANIZATION OF DOCUMENT

The remainder of this document, when final, will be organized as follows. Chapter 2
provides a conceptual framework for the risk and exposure assessment, including discussions of
O3 chemistry, sources of O3 precursors, exposure pathways and microenvironments where O3

exposure can be high, at-risk populations, and health endpoints associated with Os. This
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conceptual framework sets the stage for the scope of the risk and exposure assessments. Chapter
3 provides an overview of the scope of the quantitative risk and exposure assessments, including
a summary of the previous risk and exposure assessments, and an overview of the current risk
and exposure assessments. Chapter 4 discusses air quality considerations relevant to the
exposure and risk assessments, including available O3 monitoring data, and important inputs to
the risk and exposure assessments. Chapter 5 describes the inputs, models, and results for the
human exposure assessment, and discusses the literature on exposure to O3, exposure modeling
approaches using the Air Pollution Exposure Model (APEX), the scope of the exposure
assessment, inputs to the exposure modeling, sensitivity and uncertainty evaluations, and
estimation of results. Chapter 6 describes the estimation of health risks based on application of
the results of human clinical studies, including discussions of health endpoint selection,
approaches to calculating risk, and results. (We note that work is continuing on Chapter 6 and we
expect to release a first draft of that chapter in August.) Chapter 7 describes the estimation of
health risks in selected urban areas based on application of the results of observational
epidemiology studies, including discussions of air quality characterizations, model inputs,
variability and uncertainty, and results. Chapter 8 describes the national scale risk
characterization and urban area representativeness analysis. Chapter 9 provides an integrative
discussion of the exposure and risk estimates generated in the analyses drawing on the results of
the analyses based on both clinical and epidemiology studies, and incorporating considerations

from the national scale risk characterization.
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2 CONCEPTUAL FRAMEWORK

In this chapter, we summarize the conceptual framework for assessing exposures to O;
and the associated risks to human populations. This conceptual framework includes elements
related to characterization of ambient Oz and its relation to population exposures (Section 2.1),
important sources of O3 precursors including oxides of nitrogen (NOy) and volatile organic
compounds (VOC) (Section 2.2), exposure pathways and important microenvironments where
Os exposures may be high (Section 2.3), populations that may be at greater risk due to increased
exposure or other factors that increase vulnerability and susceptibility (Section 2.4), and health

outcomes identified in the literature as associated with ambient O3 (Section 2.5).

2.1 OZONE CHEMISTRY

Os occurs naturally in the stratosphere where it provides protection against harmful solar
ultraviolet radiation, and it is formed closer to the surface in the troposphere by both natural and
anthropogenic sources. O3 is not emitted directly into the air, but is created when its two primary
precursors, volatile organic compounds (VOC) and oxides of nitrogen (NOy), combine in the
presence of sunlight. VOC and NOy are, for the most part, emitted directly into the atmosphere.
Carbon monoxide (CO) and methane (CHy) are also important for Oz formation (US EPA, 2012,
section 3.2.2).

Rather than varying directly with emissions of its precursors, O3 changes in a nonlinear
fashion with the concentrations of its precursors. NOy emissions lead to both the formation and
destruction of O3, depending on the local quantities of NOy, VOC, and radicals such as the
hydroxyl (OH) and hydro-peroxy (HO2) radicals. In areas dominated by fresh emissions of NOx,
these radicals are removed via the production of nitric acid (HNO3), which lowers the O;
formation rate. In addition, the scavenging of O3 by reaction with NO is called “titration,” and is
often found in downtown metropolitan areas, especially near busy streets and roads, and in
power plant plumes. This titration results in local valleys in which ozone concentrations are low
compared to surrounding areas. Titration is usually short-lived confined to areas close to strong
NOx sources, and the NO, formed this way leads to Oz formation later and further downwind. .
Consequently, ozone response to reductions in NOy emissions is complex and may include ozone

decreases at some times and locations and increases of ozone to fill in the local valleys of low
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ozone. In areas with low NOy concentrations, such as those found in remote continental areas to
rural and suburban areas downwind of urban centers, the net production of O3 typically varies
directly with NOy concentrations, and increases with increasing NOy emissions.

In general, the rate of Oz production is limited by either the concentration of VOCs or
NOy, and O3 formation using these two precursors relies on the relative sources of OH and NOx.
When OH radicals are abundant and are not depleted by reaction with NOy and/or other species,
O; production is referred to as being “NOy-limited” (US EPA, 2012, section 3.2.4). In this
situation, O3 concentrations are most effectively reduced by lowering NOy emissions, rather than
lowering emissions of VOCs. When the abundance of OH and other radicals is limited either
through low production or reactions with NOy and other species, O3 production is sometimes
called “VOC-limited” or “radical limted” or “NOy-saturated” (Jaegle et al., 2001), and O3 is most
effectively reduced by lowering VOCs. However, even in NOy-saturated conditions, very large
decreases in NOy emissions can cause the ozone formation regime to become NOy limited.
Consequently, reductions in NOy emissions (when large) can make further emissions reductions
more effective at reducing ozone. Between the NOy-limited and NOy-saturated extremes there is
a transitional region where Oj is relatively insensitive to marginal changes in both NOy and
VOC:s. In rural areas and downwind of urban areas, O3 production is generally NOx-limited.
However, across urban areas with high populations, conditions may vary. For contrast, while
data from monitors in Nashville, TN suggest NOy-limited conditions exist there, data from

monitors in Los Angeles suggest NOy-saturated conditions (US EPA, 2012, Figure 3-3).

2.2 SOURCES OF O3 AND O3 PRECURSORS

O; precursor emissions can be divided into anthropogenic and natural source categories,
with natural sources further divided into biogenic emissions (from vegetation, microbes, and
animals) and abiotic emissions (from biomass burning, lightning, and geogenic sources). The
anthropogenic precursors of O3 originate from a wide variety of stationary and mobile sources.

In urban areas, both biogenic and anthropogenic VOCs are important for O3 formation.
Hundreds of VOCs are emitted by evaporation and combustion processes from a large number of
anthropogenic sources. Based on the 2005 national emissions inventory (NEI), solvent use and
highway vehicles are the two main sources of VOCs, with roughly equal contributions to total

emissions (US EPA, 2012, Figure 3-3). The emissions inventory categories of “miscellaneous”
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(which includes agriculture and forestry, wildfires, prescribed burns, and structural fires) and off-
highway mobile sources are the next two largest contributing emissions categories with a
combined total of over 5.5 million metric tons a year (MT/year).

On the U.S. and global scales, emissions of VOCs from vegetation are much larger than
those from anthropogenic sources. Emissions of VOCs from anthropogenic sources in the 2005
NEI were ~17 MT/year (wildfires constitute ~1/6 of that total), compared to emissions from
biogenic sources of 29 MT/year. Vegetation emits substantial quantities of VOCs, such as
isoprene and other terpenoid and sesqui-terpenoid compounds. Most biogenic emissions occur
during the summer because of their dependence on temperature and incident sunlight. Biogenic
emissions are also higher in southern and eastern states than in northern and western states for
these reasons and because of species variations.

Anthropogenic NOy emissions are associated with combustion processes. Based on the
2005 NEI, the three largest sources of NOy are on-road and off-road mobile sources (e.g.,
construction and agricultural equipment) and electric power generation plants (EGUs) (US EPA,
2012, Figure 3-3). Emissions of NOy therefore are highest in areas having a high density of
power plants and in urban regions having high traffic density. However, it is not possible to
make an overall statement about their relative impacts on O3 in all local areas because EGUs are
sparser than mobile sources, particularly in the west and south and because of the nonlinear
chemistry discussed in Section 2.1.

Major natural sources of NOy in the U.S. include lightning, soils, and wildfires. Biogenic
NOy emissions are generally highest during the summer and occur across the entire country,
including areas where anthropogenic emissions are low. It should be noted that uncertainties in
estimating natural NOy emissions are much larger than for anthropogenic NOy emissions.

Ozone concentrations in a region are affected both by local formation and by transport
from surrounding areas. Ozone transport occurs on many spatial scales including local transport
between cities, regional transport over large regions of the U.S. and international/long-range
transport. In addition, Oj is also transfered into the troposphere from the stratosphere, which is
rich in Oj, through stratosphere-troposphere exchange (STE). These inversions or “foldings” usually
occur behind cold fronts, bringing stratospheric air with them (U.S. EPA, 2012, section 3.4.1.1).
Contribution to O3 concentrations in an area from STE are defined as being part of background O3

(U.S. EPA, 2012, section 3.4).
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2.3 EXPOSURE PATHWAYS AND IMPORTANT MICROENVIRONMENTS

Human exposure to O3 involves the contact (via inhalation) between a person and the
pollutant in the various locations (or microenvironments) in which people spend their time.
Ozone concentrations in some indoor microenvironments, such as within homes or offices, are
considerably lower than O3 concentrations in similarly located outdoor microenvironments,
primarily due to deposition processes and the transformation of O3 into other chemical
compounds within those indoor microenvironments. Concentrations of Oz may also be quite
different in roadway environments, such as might occur while an individual is in a vehicle.

Thus, three important classes of microenvironments that should be considered when
evaluating population exposures to ambient O3 are indoors, outdoors, and in-vehicle. Within
each of these broad classes of microenvironments, there are many subcategories, reflecting types
of buildings, types of vehicles, etc. The O3 ISA evaluated the literature on indoor-outdoor O3
concentration relationships and found that studies consistently show that indoor concentrations
of Oj are often substantially lower than outdoor concentrations unless indoor sources are present.
This relationship is greatly affected by the air exchange rate, which can be affected by open
windows, use of air conditioning, and other factors. Ratios of indoor to outdoor O3
concentrations generally range from about 0.1 to 0.4 (US EPA, 2012, section 4.3.2). In some
indoor locations, such as schools, there can be large temporal variability in the indoor-outdoor
ratios because of differences in air exchange rates over the day. For example, during the school
day, there is an increase in open doors and windows, so the indoor-outdoor ratio is higher during
the school day compared with an overall average across all hours and days. In-vehicle
concentrations are also likely to be lower than ambient concentrations, although the literature
providing quantitative estimates is smaller. Studies of personal exposure to O3 have identified
that O3 exposures are highest when individuals are in outdoor microenvironments, such as
walking outdoors midday, moderate when in vehicle microenvironments, and lowest in
residential indoor microenvironments (US EPA, 2012, section 4.3.3). Thus the time spent
indoors, outdoors, and in vehicles is likely to be a critical component in estimating O3 exposures.

Another important issue in characterizing exposure involves consideration of the extent
to which people in relevant population groups modify their behavior for the purpose of
decreasing their personal exposure to O3 based on information about air quality levels made

public through the Air Quality Index (AQI). The AQI is the primary tool EPA has used to
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provide information on expected occurrences of high levels of O3 and other pollutants. The AQI
provides both the expected level of air quality in an area along with a set of actions that
individuals and communities can take to reduce exposure to air pollution and thus reduce the risk
of health effects associated with breathing ambient air pollution. There are several studies,
discussed in the O3 ISA, that have evaluated the degree to which populations are aware of the
AQI and what actions individuals and communities take in response to AQI values in the
unhealthy range. These studies suggest that susceptible populations, such as children, older
adults, and asthmatics, modify their behavior in response to days with bad air quality, most
commonly by reducing their time spent outdoors or limiting their outdoor activity exertion level.
The challenge remains in how to consider averting behaviors as they currently exist within the
assessment tools we use and how best to quantitatively estimate the impact on estimated
exposures and health risks in response to improved knowledge of participation rates, the varying
types of actions performed particularly by potentially susceptible individuals, and the duration of

these averting behaviors.

2.4 AT-RISK POPULATIONS

The O3 ISA refers to “at risk” populations as an all-encompassing term used for groups
with specific factors that increase the risk of an air pollutant- (e.g., O3) related health effect in a
population that group (US EPA, 2012, chapter 8). Populations or lifestages can experience
elevated risks from O3 exposure for a number of reasons. These include high levels of exposure
due to activity patterns which include a high duration of time in high O3 environments, e.g.
outdoor recreation or work, high levels of activity which increase the dose of O3, e.g. high levels
of exercise, genetic or other biological factors, e.g. life stage, which predispose an individual to
sensitivity to a given dose of O3, pre-existing diseases, e.g. asthma or COPD, and socioeconomic
factors which may result in more severe health outcomes, e.g. low access to primary care can
lead to increased emergency department visits or hospital admissions. Modeling of exposures to
O3 should incorporate information on time spent by potentially at-risk populations in key high O;
environments. This requires identification of populations with key exposure-related risk factors,
e.g. children or adults engaging in activities involving moderate to high levels of outdoor

exertion, especially on a repeated basis typical of student athletes or outdoor workers, as well as

2-5



O© 0 9 O N b~ W N =

W W N DN NN NN NN NN === == = = = =
— O O 0 9 N L kR WD, O OO XN N R W N = O

identifying populations with high sensitivity to Os, e.g. asthmatic children. It also requires that
information on O3 concentrations be carefully mapped to environments where at-risk populations
are likely to be exposed, e.g. near roadways where running may occur, or at schools or parks
where children are likely to be engaged in outdoor activities.

In addition to consideration of factors that lead to increased exposure to O3, modeling of
risk from O3 exposures should incorporate additional information on factors that can lead to
increased dose of O3 for a given exposure, e.g. increased breathing rates during periods of
exertion. These factors are especially important for risk estimates based on application of the
results of controlled human exposure studies which attempt to control for dose-related factors.
For risk modeling based on application of observational epidemiology results, it is also important
to understand characteristics of study populations that can impact observed relationships between
ambient O3 and population health responses.

The O ISA identifies a number of factors which have been associated with modifications
of the effect of ambient O3 on health outcomes. Building on the causal framework used
throughout the O3 ISA, conclusions are made regarding the strength of evidence for each factor
that may contribute to increased risk of an Os-related health effect based on the evaluation and
synthesis of evidence across scientific disciplines. The O3 ISA categorizes potential risk

modifying factors by the degree of available evidence. These categories include “adequate

99 ¢¢ 99 Cey

evidence,” “suggestive evidence,” “inadequate evidence,” and “evidence of no effect.” See
Table 8-1 of the O3 ISA for a discussion of these categories (US EPA, 2012, chapter 8).

Factors categorized as having adequate evidence include asthma, lifestage (children <18
and older adults >65 are more susceptible than young and middle aged adults), diets with
nutritional deficiencies, and working outdoors. For example, children are the group considered
to be at greatest risk because they breathe more air per pound of body weight, are more likely to
be active outdoors when O3 levels are high, are more likely than adults to have asthma, and their
lungs continue to develop until they are fully grown. Factors categorized as having suggestive
evidence include genetic markers, sex (some studies have shown that females are at greater risk
of mortality from O3 compared to males), low socioeconomic status, and obesity. Factors
characterized as having inadequate evidence include influenza and other respiratory infections,

COPD, cardiovascular disease, diabetes, hyperthyroidism, race, and smoking (US EPA, 2012,
section 8.5, Table 8-4).
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Populations with greater proportions of individuals with characteristics associated with
higher risk from O3 exposure are likely to have a greater risk from any given level of O;. As a
result, risk assessments focused on identifying populations with high levels of O3 risk should
focus on locations with high proportions of at-risk populations, including children and older

adults and people with asthma and low socioeconomic status.

2.5 HEALTH ENDPOINTS

The O3 ISA identifies a wide range of health outcomes associated with short-term
exposure to ambient Os, including an array of morbidity effects as well as premature mortality.
The ISA also identifies several morbidity effects and some evidence for premature mortality
associated with longer-term exposures to Os. In considering health endpoints that are
appropriate for a risk assessment, it is useful to focus on endpoints that cover susceptible
populations, provide additional information about patterns or magnitude of risk, have public
health significance, and have sufficient information available in the literature to provide an
appropriate concentration-response function, in the case of epidemiological studies, or an
appropriate exposure-response function, in the case of controlled human exposure studies.

Generally speaking, epidemiology studies are well suited to risk assessment because they
are based on population responses to ambient air pollution exposure, and include responses of
populations with a wide range of susceptibility to Os. Further, such studies can evaluate serious
health endpoints, including hospital admissions and premature mortality. However,
epidemiology studies have not traditionally been based on observations of personal exposure to
ambient Os, and instead have used population exposure surrogates, often based on simple
averages of Oz monitor observations. Controlled human exposure studies are also useful for risk
assessment, in combination with population-level assessments of exposure to ambient O3, in that
they are based on direct measurement of controlled O3 exposures to individuals. However,
controlled human exposure studies are generally focused on small numbers of relatively healthy
individuals, and therefore cannot represent the range of susceptibility in the population, and in
fact are clearly biased away from highly susceptible individuals. Controlled human exposure
studies also can only evaluate less serious indicators of health effects such as one-second forced

expiratory volume (FEV1) as an indicator of lung function or respiratory symptoms such as
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cough or pain on deep inspiration. Given the strengths and limitations in both types of studies,
analyses of risk using the results of both types of studies are appropriate.

Estimates of risk based on results of human controlled human exposure studies are
valuable because there is clear evidence from these studies that there is a causal relationship
between exposures to O3 over multiple hours and reductions in lung function at moderate levels
of exertion. In addition, results of these studies can be applied to modeled estimates of
population exposure to provide additional insights into the types of population exposure
characteristics, including activity patterns and microenvironments that are associated with high
levels of risk. Estimates of risk based on results of observational epidemiology studies are
valuable because they often focus on more serious health endpoints which could not be assessed
in controlled human exposure studies. Epidemiological studies generally evaluate health
outcomes in an entire population or subpopulation, which includes both more sensitive and less
sensitive individuals, and thus may be able to identify more serious health effects in at-risk
subpopulations which cannot be evaluated in controlled human exposure studies which generally
exclude individuals likely to experience significant adverse health effects from O3 exposure.
Epidemiological studies of O3 documented in the ISA have evaluated the relationship between
O3 and various endpoints including respiratory symptoms, respiratory-related hospitalizations
and emergency department (ED) visits, and premature mortality.

The O; ISA makes overall causal determinations based on the full range of evidence
including epidemiological, controlled human exposure and toxicological studies. Figure 2-1
shows the O; health effects which have been categorized by strength of evidence for causality in
the O3 ISA (US EPA, 2012, chapter 2). These determinations support causal relationships
between short-term exposure to Oz and respiratory effects, including respiratory-related
morbidity and mortality, a likely causal relationship with all-cause total mortality, and are
suggestive of a causal relationship for cardiovascular and central nervous system effects. The
determinations also support a likely causal relationship between long-term O exposures and
respiratory effects (including respiratory symptoms, new-onset asthma, and respiratory
mortality), and are suggestive of causal relationships between long-term O3 exposures and
mortality as well as cardiovascular, reproductive and developmental, and central nervous system

effects.
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Figure 2-1. Causal Determinations for O3 Health Effects

The ISA identifies several responses to short-term O3 exposure that have been evaluated
in controlled human exposure studies (US EPA, 2012, section 6.2.1). These include decreased
inspiratory capacity, decreased forced vital capacity (FVC) and forced expiratory volume in 1
second (FEV1); mild bronchoconstriction; rapid, shallow breathing patterns during exercise;
symptoms of cough and pain on deep inspiration (PDI); and pulmonary inflammation. While
such studies provide direct evidence of relationships between short-term Oz exposure and an
array of respiratory-related effects, there are only sufficient exposure-response data at different
concentrations to develop quantitative risk estimates for Os-related decrements in FEV1.

Within the broad category of respiratory morbidity effects, the epidemiology literature
has provided effect estimates for a wide range of health endpoints associated with short-term O;
exposures which can be used in risk assessment. These health endpoints include lung function,
respiratory symptoms and medication use, respiratory-related hospital admissions and emergency
department visits. In the case of respiratory symptoms, the evidence is most consistently

supportive of the relationship between short-term ambient O3 metrics and respiratory symptoms
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and asthma medication use in children with asthma, but not for O; and these health outcomes in
children without asthma. In the case of hospital admissions, there is evidence of associations
between shot-term ambient O3 metrics and general respiratory-related hospital admissions as
well as more specific asthma-related hospital admissions.

With regard to mortality, studies have evaluated associations between short-term ambient
O3 metrics and all-cause, non-accidental, and cause-specific (usually respiratory or
cardiovascular) mortality. The evidence from respiratory-related morbidity studies provides
strong support for respiratory-related mortality for which a causal determination has been made.
There are also a number of large studies that have found associations between O3 and all-cause
and all non-accidental mortality for which a likely causal determination has been made. Thus, it
is appropriate to assess risks for respiratory-related mortality as well as for all-cause total
mortality associated with Oz exposure.

With regard to effects associated with long-term Oz exposures, ISA reports a likely causal
relationship between O3 and respiratory-related effects, including respiratory symptoms, new-
onset asthma, and respiratory mortality.. This suggests that for long-term exposures, when
comparing the evidence for respiratory-related mortality and total mortality, the evidence is most
supportive of risks for respiratory-related mortality, supported by the strong evidence for
respiratory morbidity. As a result, it is appropriate to consider including respiratory mortality
rather than total mortality in the risk assessment, and to give consideration to additional such

respiratory-related health endpoints.
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3 SCOPE

This chapter provides an overview of the scope and key design elements of this
quantitative exposure and health risk assessment. The design of this assessment began with a
review of the exposure and risk assessments completed during the last O3 NAAQS review (US
EPA, 2007a,b), with an emphasis on considering key limitations and sources of uncertainty
recognized in that analysis.

As an initial step in the current O3 NAAQS review, in October 2009, EPA invited outside
experts, representing a broad range of expertise (e.g., epidemiology, human and animal
toxicology, statistics, risk/exposure analysis, atmospheric science) to participate in a workshop
with EPA staff to help inform EPA’s plan for the review. The participants discussed key policy-
relevant issues that would frame the review and the most relevant new science that would be
available to inform our understanding of these issues. One workshop session focused on
planning for quantitative risk and exposure assessments, taking into consideration what new
research and/or improved methodologies would be available to inform the design of quantitative
exposure and health risk assessment. Based in part on the workshop discussions, EPA developed
a draft IRP (US EPA, 2009) outlining the schedule, process, and key policy-relevant questions
that would frame this review. On November 13, 2009, EPA held a consultation with CASAC on
the draft IRP (74 FR 54562, October 22, 2009), which included opportunity for public comment.
The final IRP incorporated comments from CASAC (Samet, 2009) and the public on the draft
plan as well as input from senior Agency managers. The final IRP included initial plans for
quantitative risk and exposure assessments for both human health and welfare (US EPA, 2011a,
chapters 5 and 6).

As a next step in the design of these quantitative assessments, OAQPS staff developed
more detailed planning documents, O; National Ambient Air Quality Standards: Scope and
Methods Plan for Health Risk and Exposure Assessment (Health Scope and Methods Plan; US
EPA, 2011b) and O3 National Ambient Air Quality Standards: Scope and Methods Plan for
Welfare Risk and Exposure Assessment (Welfare Scope and Methods Plan, US EPA, 2011¢).
These Scope and Methods Plans were the subject of a consultation with CASAC on May 19-20,
2011 (76 FR 23809, April 28, 2011). Based on consideration of CASAC (Samet, 2011) and

public comments on the Scope and Methods Plan and information in the second draft ISA, we
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modified the scope and design of the quantitative risk assessment and provided a memo with
updates to information presented in the Scope and Methods Plans (Wegman, 2012). The Scope
and Methods Plans together with the update memo provide the basis for the discussion of the
scope of this exposure and risk assessment provided in this chapter.

In presenting the scope and key design elements of the current risk assessment, this
chapter first provides a brief overview of the quantitative exposure and risk assessment
completed for the previous O3 NAAQS review in section 3.1, including key limitations and
uncertainties associated with that analysis. Section 3.2 provides a summary of the design of the
exposure assessment. Section 3.3 provides a summary of the design of the risk assessment based
on application of results of human clinical studies. Section 3.4 provides a summary of the design

of the risk assessment based on application of results of epidemiology studies.

3.1 OVERVIEW OF EXPOSURE AND RISK ASSESSMENTS FROM LAST
REVIEW

3.1.1 OVERVIEW OF EXPOSURE ASSESSMENT FROM LAST REVIEW

The exposure and health risk assessment conducted in the review completed in March
2008 developed exposure and health risk estimates for 12 urban areas across the U.S., which
were chosen, based on the location of O3 epidemiological studies and to represent a range of
geographic areas, population demographics, and O3 climatology. That analysis was in part based
upon the exposure and health risk assessments done as part of the review completed in 1997."
The exposure and risk assessment incorporated air quality data (i.e., 2002 through 2004) and
provided annual or Oz season-specific exposure and risk estimates for these recent years of air
quality and for air quality scenarios simulating just meeting the existing 8-hour Os standard and
several alternative 8-hour Os standards. Exposure estimates were used as an input to the risk
assessment for lung function responses (a health endpoint for which exposure-response functions

were available from controlled human exposure studies). Exposure estimates were developed for

"In the 1994-1997 Ozone NAAQS review, EPA conducted exposure analyses for the general population,
children who spent more time outdoors, and outdoor workers. Exposure estimates were generated for 9 urban areas
for as is air quality and for just meeting the existing 1-hour standard and several alternative 8-hour standards.
Several reports that describe these analyses can be found at:
http://www.epa.gov/ttn/naaqs/standards/ozone/s_03 pr.html.
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the general population and population groups including school age children with asthma as well
as all school-age children. The exposure estimates also provided information on population
exposures exceeding potential health effect benchmark levels that were identified based on the
observed occurrence of health endpoints not explicitly modeled in the health risk assessment
(e.g., lung inflammation, increased airway responsiveness, and decreased resistance to infection)
associated with 6-8 hour exposures to O3 in controlled human exposure studies.

The exposure analysis took into account several important factors including the
magnitude and duration of exposures, frequency of repeated high exposures, and breathing
rate of individuals at the time of exposure. Estimates were developed for several indicators
of exposure to various levels of O3 air quality, including counts of people exposed one or
more times to a given Oz concentration while at a specified breathing rate, and counts of
person-occurrences which accumulate occurrences of specific exposure conditions over all
people in the population groups of interest over an O3 season.

As discussed in the 2007 Staff Paper (US EPA, 2007¢) and in Section IIa of the O3
Final Rule (73 FR 16440 to 16442, March 27, 2008), the most important uncertainties
affecting the exposure estimates were related to modeling human activity patterns over an
O; season, modeling of variations in ambient concentrations near roadways, and modeling
of air exchange rates that affect the amount of O3 that penetrates indoors. Another important
uncertainty, discussed in more detail in the Staff Paper (US EPA, 2007c¢, section 4.3.4.7),
was the uncertainty in energy expenditure values which directly affected the modeled
breathing rates. These were important since they were used to classify exposures occurring
when children were engaged in moderate or greater exertion and health effects observed in
the controlled human exposure studies generally occurred under these exertion levels for 6
to 8-hour exposures to O3 concentrations at or near 0.08 ppm. Reports that describe these
analyses (U.S. EPA, 2007a,c; Langstaff, 2007) can be found at:
http://www.epa.gov/ttn/naaqs/standards/Os/s_Os_index.html.

3.1.2 OVERVIEW OF RISK ASSESSMENT FROM LAST REVIEW
The human health risk assessment presented in the review completed in March 2008 was
designed to estimate population risks in a number of urban areas across the U.S., consistent with

the scope of the exposure analysis described above (U.S. EPA, 2007b,c). The risk assessment
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included risk estimates based on both controlled human exposure studies and epidemiological
and field studies. Os-related risk estimates for lung function decrements were generated using
probabilistic exposure-response relationships based on data from controlled human exposure
studies, together with probabilistic exposure estimates from the exposure analysis. For several
other health endpoints, Os-related risk estimates were generated using concentration-response
relationships reported in epidemiological or field studies, together with ambient air quality
concentrations, baseline health incidence rates, and population data for the various locations
included in the assessment. Health endpoints included in the assessment based on
epidemiological or field studies included: hospital admissions for respiratory illness in four urban
areas, premature mortality in 12 urban areas, and respiratory symptoms in asthmatic children in 1
urban area.

In the health risk assessment conducted in the previous review, EPA recognized that there
were many sources of uncertainty and variability in the inputs to the assessment and that there
was a high degree of uncertainty in the resulting risk estimates. The statistical uncertainty
surrounding the estimated O3 coefficients in epidemiology-based concentration-response
functions as well as the shape of the exposure-response relationship chosen for the lung function
risk assessment were addressed quantitatively. Additional uncertainties were addressed through
sensitivity analyses and/or qualitatively. The risk assessment conducted for the previous O
NAAQS review incorporated some of the variability in key inputs to the assessment by using
location-specific inputs (e.g., location-specific concentration-response functions, baseline
incidence rates and population data, and air quality data for epidemiological-based endpoints,
location specific air quality data and exposure estimates for the lung function risk assessment). In
that review, several urban areas were included in the health risk assessment to provide some
sense of the variability in the risk estimates across the U.S.

Key observations and insights from the Os risk assessment, in addition to important
caveats and limitations, were addressed in Section II.B of the Final Rule notice (73 FR 16440 to
14 16443, March 27, 2008). In general, estimated risk reductions associated with going from
current O3 levels to just meeting the current and alternative 8-hour standards showed patterns of
decreasing estimated risk associated with just meeting the lower alternative 8-hour standards
considered. Furthermore, the estimated percentage reductions in risk were strongly influenced by

the baseline air quality year used in the analysis, which was due to significant year-to-year
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variability in O3 concentrations. There was also noticeable city-to-city variability in the
estimated Os-related incidence of morbidity and mortality across the 12 urban areas.
Uncertainties associated with estimated policy-relevant background (PRB) concentrations” were
also addressed and revealed differential impacts on the risk estimates depending on the health
effect considered as well as the location. EPA also acknowledged that at the time of the previous
review there were considerable uncertainties surrounding estimates of O3 C-R coefficients and
the shape for concentration-response relationships and whether or not a population threshold or
non-linear relationship exists within the range of concentrations examined in the epidemiological

studies.

3.2 PLAN FOR THE CURRENT EXPOSURE AND RISK ASSESSMENTS
The Scope and Methods Plan, including updates (U.S. EPA, 2011b; Wegman, 2012),

outlined a planned approach for conducting the current quantitative Oz exposure and risk
assessments, including broad design issues as well as more detailed aspects of the analyses. A
critical step in designing the quantitative risk and exposure assessments is to clearly identify the
policy-relevant questions to be addressed by these assessments. More specifically, we have
identified the following goals for the exposure and risk assessment: (1) to provide estimates of
the number of people in the general population and in sensitive populations with Oz exposures
above benchmark levels; (2) to provide estimates of the number of people in the general
population and in sensitive populations with impaired lung function resulting from exposures to
O3; (3) to provide estimates of the potential magnitude of premature mortality and/or selected
morbidity health effects in the population, including sensitive populations, associated with recent
ambient levels of O3 and with just meeting the current O3 standard and any alternative standards
that might be considered in selected urban study areas; (4) to develop a better understanding of
the influence of various inputs and assumptions on the risk estimates to more clearly differentiate
alternative standards that might be considered including potential impacts on various sensitive

populations; (5) to gain insights into the distribution of risks and patterns of risk reduction and

*Policy-relevant background (PRB) ozone has been defined in previous reviews as the distribution of ozone
concentrations that would be observed in the U.S. in the absence of anthropogenic (man-made) emissions of ozone
precursor emissions (e.g., VOC, CO, NOx) in the U.S., Canada, and Mexico.
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uncertainties in those risk estimates; and (6) to understand the national mortality burden
associated with recent ambient O3, and how well the risk estimates for the set of urban areas
modeled reflect the national distribution of mortality risk. In addition, we are evaluating the
degree to which current evidence supports estimation of morbidity and mortality associated with
longer-term exposures to Os.

The planned approaches for conducting the exposure and risk analyses are briefly
summarized below. We begin with a discussion of the air quality data that will be used in both
the exposure and risk assessments, and then discuss each component of the exposure and risk

assessments.

3.21 AIR QUALITY DATA

Air quality inputs to the exposure and risk assessments include: (1) recent air quality data for
O3 from suitable monitors and meteorological data for each selected urban study area; (2) simulated
air quality that reflects changes in the distribution of O3 air quality estimated to occur when an area
just meets the current or alternative O3 standards under consideration®, and (3) O3 air quality
surfaces for recent years covering the entire continental U.S. for use in the national-scale assessment.

The urban area exposure and risk analyses are based on the five most recent years of air
quality data available at this time, 2006-2010. We are including 5 years to reflect the
considerable variability in meteorological conditions and the variation in Oz precursor emissions
that have occurred in recent years. The analyses mostly focus on the O3 season of May to
September but also include analysis of additional O3 measurements during the rest of the year.
The required O3 monitoring season varies for the urban areas as described in more detail in

Chapter 4.

Only O3 data collected by Federal reference or equivalent methods (FRMs or FEMs) are
used in the urban area risk and exposure assessments, consistent with the use of such data in most
of the health effects studies. In developing the O3 air quality surfaces for the national-scale

analysis, a combination of monitoring data and modeled O3 concentrations is used to provide

* Estimates of U.S. background concentrations (concentrations of ozone estimated to occur if
all U.S. anthropogenic emissions of NOx and VOC are eliminated) were used to set a lower bounds
for simulating air quality for just meeting the current ozone standard.
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greater coverage across the U.S. The procedure for fusing O3 monitor data with modeling results
is described further in Chapter 4.

Several O3 metrics are generated for use in the urban area exposure and risk analyses. The
exposure analyses use hourly O3 concentrations, while the risk analyses use several different
averaging times. The specific metrics used in each analysis are discussed further in following
chapters. In addition to temporal averages of O3 concentrations, spatial averages are also
generated for use in the risk analyses based on the specific averaging method applied in the
epidemiology studies. Based on the specific approaches used in the source epidemiology studies,
we develop a data set for each urban area based on a composite of all monitors according to the
method in the epidemiologic study. As in the last review, some monitoring sites may be omitted, if
needed, to best match the set of monitors that were used in the epidemiological studies.

Simulation of just meeting the current O3 standard is accomplished in this first draft
REA using a quadratic rollback method similar to what was implemented in the previous risk
and exposure analysis for the 2008 O3 NAAQS review (U.S. EPA, 2007a,b,c). This choice
was based on analyses of historical O3 data which found, from comparing the reductions over
time in daily ambient O; levels in two locations with sufficient ambient air quality data, that
reductions tended to be roughly quadratic. Based on the current understanding of how Os
forms and reacts to changes in emissions, reductions in emissions that would be needed to
meet the current standards are likely to lead to reductions in hourly concentrations for most
hours of the day, but may have little impact on concentrations for some hours, and in some
cases can lead to increases in O3 concentrations particularly during nighttime hours. The
quadratic rollback method has difficulty representing these complexities in O3 chemistry and
reduces O3 concentrations over all hours. To address this issue in the rollback methodology for
the first draft REA, we are planning to impose a lower bound on O3 concentration values
based on modeled Os levels after eliminating all U.S. anthropogenic emissions of O3
precursors (NOx and VOC). These estimates will be developed using the GEOS-Chem global
chemical transport model. This approach is applied so that O3 concentrations for any particular

hour cannot go below the estimated lower bound values.
For the second draft REA, we are evaluating approaches for simulating attainment of

current and alternative standards that are based on modeling the response of O3 concentrations to

reductions in anthropogenic NOx and VOC emissions, using the Higher-order Decoupled Direct
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Method (HDDM) capabilities in the Community Multi-scale Air Quality (CMAQ) model. This
modeling incorporates all known emissions, including emissions from nonanthropogenic sources
and anthropogenic emissions from sources in and outside of the U.S. As a result, the need to
specify values for U.S. background is not necessary, as it is incorporated in the modeling
directly. In simulations of just meeting the standards used to inform the exposure and risk
assessment, HDDM sensitivities can be applied relative to ambient measurements of O3 to
estimate how ozone concentrations would respond to changes in anthropogenic emissions within
the U.S. The evaluation of this new approach is presented in Chapter 4 of this REA and in more
detail in Simon et al. (2012).

In the previous review, background Os (referred to in that review as policy relevant
background, or PRB) was incorporated into the REA by calculating only risk in excess of PRB.
CASAC members recommended that EPA move away from using PRB in calculating risks
(Henderson, 2007). EPA is following this advice in the current REA, and as a result, the air
quality assessment will not include estimates of background O3, with the exception of providing
a floor for O3 concentrations when implementing the quadratic rollback method to simulate
attainment of the current standards. The evidence and information on background O; that is
assessed in the Integrated Science Assessment (ISA) will now be considered in the Policy
Assessment (PA). With regard to background Oz concentrations, the PA will consider available
information on ambient O3 concentrations resulting from natural sources, anthropogenic sources
outside the U.S., and anthropogenic sources outside of North America.

In providing a broader national characterization of Os air quality in the U.S., this REA
draws upon air quality data analyzed in the O3 ISA as well as national and regional trends in air
quality as evaluated in EPA’s Air Quality Status and Trends document (U.S. EPA, 2008a), and
EPA’s Report on the Environment (U.S. EPA, 2008b). This information along with additional
analyses is used to develop a broad characterization of current air quality across the nation. This
characterization includes tables of areas and population in the U.S. exceeding current O3
standards (and potential alternative standards in the second draft REA). Also included are data
on the expected number of days on which the Os standards are exceeded, adjusting for the
number of days monitored. Further, O3 levels in locations and time periods relevant to areas
assessed in key short-term epidemiological studies used in the risk analysis are characterized.

Information on the spatial and temporal characterization of O3 across the national monitoring
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network is also provided. This information is used in the comparison of the attributes of the
selected urban study areas to national distributions of attributes to help place the results of that

assessment into a broader national context.

3.2.2 EXPOSURE ASSESSMENT

The scope of the exposure assessment will ultimately include the full set of 16 urban
areas’. For this first draft REA, we have modeled 4 of the 16 urban areas, including Atlanta,
Denver, Los Angeles, and Philadelphia. All 16 areas will be modeled in the second draft REA.
These areas were selected to be generally representative of a variety of populations, geographic
areas, climates, and different O3 and co-pollutant levels, and are areas where epidemiologic
studies have been conducted that support the quantitative risk assessment. In addition to
providing population exposures for estimation of lung function effects, the exposure modeling
will provide a characterization of urban air pollution exposure environments and activities
resulting in the highest exposures, differences in which may partially explain the heterogeneity
across urban areas seen in the risks associated with Oj air pollution.

Population exposure to ambient O3 levels will be evaluated using version 4.4 of the
APEX model. The model and updated documentation are available at

http://www.epa.gov/ttn/fera/apex_download.html. APEX is based on the current state of

knowledge of inhalation exposure modeling. Exposure estimates are generated for recent O
levels, based on 2006-2010 air quality data, and for Os levels resulting from simulations of just
meeting the current 8-hour O3 NAAQS and alternative O3 standards, based on adjusting 2006-
2010 air quality data. Exposure estimates are generated for 1) the general population, 2) school-
age children (ages 5 to 18), 3) asthmatic school-age children, 4) outdoor workers, and 5) the
elderly population (aged 65 and older). This choice of population groups includes a strong
emphasis on children, which reflects the results of the last review in which children, especially
those who are active outdoors, were identified as the most important at-risk group.

The exposure estimates will be used as an input to the portion of the health risk

assessment that is based on exposure-response relationships derived from controlled human

* These cities are Atlanta, GA; Baltimore, MD; Boston, MA; Chicago, IL; Cleveland, OH; Dallas, TX;
Denver, CO; Detroit, MI; Houston, TX; Los Angeles, CA; New York, NY; Philadelphia, PA; Seattle, WA;
Sacramento, CA; St. Louis, MO; and Washington, D.C.
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exposure studies. The exposure analysis will also provide information on population exposure
exceeding levels of concern that are identified based on evaluation of health effects in the ISA.
It will also provide a characterization of populations with high exposures in terms of exposure
environments and activities. In addition, the exposure analysis will offer key observations based
on the results of the APEX modeling, viewed in the context of factors such as averting behavior

and key uncertainties and limitations of the model.

3.2.3 LUNG FUNCTION RISK ASSESSMENT

Prior EPA risk assessments for O3 have included risk estimates for lung function
decrements and respiratory symptoms based on analysis of individual data from controlled
human exposure studies. The current assessment applies probabilistic exposure-response
relationships which are based on analyses of individual data that describe the relationship
between a measure of personal exposure to Oz and the measure(s) of lung function recorded in
the study. The current quantitative risk assessment presents only a partial picture of the risks to
public health associated with short-term O3 exposures, as controlled human exposure studies
have only examined markers of short-term reversible lung responses.

The major components in the lung function risk assessment are shown in Figure 3-1. The
measure of personal exposure to ambient O is typically some function of hourly exposures —
e.g., 1-hour maximum or 8-hour maximum. Therefore, the lung function risk assessment based
on exposure-response relationships derived from controlled human exposure study data requires
estimates of personal exposure to Os, typically on a 1-hour or multi-hour basis. Because data on
personal hourly O3 exposures are not available, estimates of personal exposures to varying
ambient concentrations are derived through the exposure modeling described above. Controlled
human exposure studies, carried out in laboratory settings, are generally not specific to any particular
real world location. A controlled human exposure studies-based risk assessment can therefore
appropriately be carried out for any locations for which there are adequate air quality data on which
to base the modeling of personal exposures.

Modeling of risks of lung function decrements are based on application of results from
controlled human exposure studies. These studies involve volunteer subjects who are exposed
while engaged in different exercise regimens to specified levels of O3 under controlled

conditions for specified amounts of time. The responses measured in such studies have included
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1  measures of lung function, such as forced expiratory volume in one second (FEV1), respiratory

2 symptoms, airway hyper-responsiveness, and inflammation.
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The lung function risk assessment includes lung function decrement risk estimates, using
forced expiratory volume in one second (FEV1), for the general population, school age children,
asthmatic school age children, outdoor workers, and the elderly population (aged 65 and older)
living in 16 urban areas (4 of which are included in this first draft REA) in the U.S. These areas,
defined earlier, represent a range of geographic areas, population demographics, and O3
climatology. These 16 areas also include the 12 urban areas evaluated in the risk analyses based
on concentration-response relationships developed from epidemiological or field studies.

This lung function risk assessment estimates lung function decrements (> 10, > 24, and
>20% changes in FEV1) in children 5-18 years old associated with 8-hour exposures at moderate
exertion. These lung function estimates are based on applying data from adult subjects (18-35
years old) to children 5-18. This is based on findings from other chamber studies and summer
camp field studies documented in the 1996 Os Staff Paper (US EPA, 1996a) and 1996 O;
Criteria Document (US EPA, 1996b), that lung function changes in healthy children are similar
to those observed in healthy adults exposed to O3 under controlled chamber conditions.

Risk estimates in this first draft REA are based in part on exposure-response relationships
estimated from the combined data sets from multiple O; controlled human exposure studies. Data
from the studies by Folinsbee et al. (1988), Horstman et al. (1990), and McDonnell et al. (1991)
in addition to more recent data from Adams (2002, 2003, 2006) are used to estimate exposure-
response relationships for > 10, 15, and 20% decrements in FEV1. Based on additional studies
identified in the ISA, we will update for the second draft REA the exposure response function
using results from two additional recent clinical studies, Kim et al, 2011 and Schelegle, et al,
2009.

Risk measures estimated for lung function risk assessment the numbers of school age
children and other groups experiencing one or more occurrences of a lung function decrement
>10, > 15, and > 20% in an O3 season, and total number of occurrences of these lung function
decrements in school age children and active school age children.

We are also investigating the possibility of using for the second draft REA an alternative
model that estimates FEV 1 responses for individuals associated with short-term exposures to O
(McDonnell, Stewart, and Smith, 2010). This model is based on the controlled human exposure
data included in the prior lung function risk assessment as well as additional data sets for

different averaging times and breathing rates. These data were from 15 controlled human O;
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exposure studies that included exposure of 541 volunteers (ages 12 18-35 years) on a total of

864 occasions (see McDonnell et al., 2007, for a description of these data).

3.24 URBAN AREA EPIDEMIOLOGY BASED RISK ASSESSMENT

As discussed in the O3 ISA (US EPA, 2012), a significant number of epidemiological and
field studies examining a variety of health effects associated with ambient O3 concentrations in
various locations throughout the U.S., Canada, Europe, and other regions of the world have been
published since the last O3 NAAQS review. As a result of the availability of these
epidemiological and field studies and air quality information, this first draft REA includes an
assessment of selected health risks attributable to recent ambient Oz concentrations and health
risk reductions associated with attainment of the current O3 standard in selected urban locations
in the U.S. The second draft REA will also include assessments of the health risk reductions
associated with attainment of alternative O3 standards.

The major components of the portion of the health risk assessment based on data from
epidemiological and field studies are illustrated in Figure 3-2. The approaches used by staff to
select health endpoint categories, urban areas, and epidemiology and field studies to consider for
inclusion in the risk assessment are discussed below. Epidemiological and field studies provide
estimated concentration-response relationships based on data collected in real world settings.
Ambient O3 concentration is typically measured as the average of monitor-specific
measurements, using population-oriented monitors. Population health responses for O3 have
included population counts of school absences, emergency room visits, hospital admissions for
respiratory and cardiac illness, respiratory symptoms, and premature mortality. Risk assessment
based on epidemiological studies typically requires baseline incidence rates and population data
for the risk assessment locations. To minimize uncertainties introduced by extrapolation, a risk
assessment based on epidemiological studies can be performed for the locations in which the

studies were carried out.
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Figure 3- 2 Overview of Risk Assessment Model Based on Results of Epidemiologic

Studies

The design of this human health risk assessment reflects goals laid out in the Integrated
Review Plan (U.S. EPA, 2011a, section 5.5) including: (1) to provide estimates of the potential
magnitude of premature mortality and selected morbidity health effects in the populations in
selected urban study areas associated with recent ambient Os levels and with just meeting the
current suite of O3 standards and any alternative standards that might be considered; (2) to
develop a better understanding of the influence of various inputs and assumptions on the risk
estimates; and (3) to gain insights into the distribution of risks and patterns of risk reduction and
uncertainties in those risk estimates.

As in the risk assessment for the previous O3 NAAQS review, the current risk assessment
is focused on modeling risk for a set of selected urban study areas, chosen in order to provide
population coverage and to capture the observed heterogeneity in Os-related risk across selected

urban study areas. This assessment also evaluates the risk results for the selected urban areas
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within a broader national context to better characterize the nature, magnitude, extent, variability,
and uncertainty of the public health impacts associated with O3 exposures. This national-scale
assessment is discussed in the next section.

This risk assessment is focused on health effect endpoints for which the weight of the
evidence as assessed in the O3 ISA supports the judgment that the overall health effect category
is at least likely caused by exposure to O; either alone and/or in combination with other
pollutants. The analysis includes estimates of mortality risk associated with short-term 8-hour O3
concentrations in all 12 urban case study areas, as well as risk of hospitalization for chronic
obstructive pulmonary disease and pneumonia. In addition, the analysis includes additional
analysis of hospitalizations for additional respiratory diseases in Los Angeles, New York City,
and Detroit, due to limited availability of epidemiology studies covering these endpoints across
the 12 urban areas. The analysis also evaluates risks of respiratory related emergency
department visits in Atlanta and New York City, and risks of respiratory symptoms in Boston,
again based on availability of epidemiology studies in these locations.

This analysis will also consider the respiratory mortality and morbidity risks associated
with longer-term exposures to Os. The third draft ISA classifies respiratory effects, including
respiratory mortality and morbidity, as likely causally related to long-term exposures to Os.
However, the availability of epidemiology studies that can provide suitable C-R functions for
these endpoints for use in this risk assessment is limited. As a result, for this first draft REA, we
are providing a discussion of the potential sources of C-R functions for these endpoints, but are
not providing quantitative results, as we are still evaluating the appropriateness of applying the
results of the available epidemiology studies for this risk assessment.

We have identified multiple options for specifying the concentration-response functions
for particular health endpoints. This risk assessment provides an array of reasonable estimates
for each endpoint based on the available epidemiological evidence. This array of results
provides a limited degree of information on the variability and uncertainty in risk due to
differences in study designs, model specification, and analysis years, amongst other differences.
However, the second draft REA will provide a more comprehensive set of sensitivity analyses,
especially for the short-term exposure mortality estimates, for which we only provide two sets of

estimates based on the primary model specifications in the published studies.
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As part of the risk assessment, we address both uncertainty and variability. In the case of
uncertainty, we use a four-tiered approach developed by the World Health Organization (WHO)
and used in the risk assessment completed for the last PM NAAQS review. The WHO’s four-
tiered approach matches the sophistication of the assessment of uncertainty to the overall
complexity of the risk assessment, while also considering the potential magnitude of the impact
that the risk assessment can have from a regulatory/policy perspective (e.g., risk assessments that
are complex and are associated with significant regulatory initiatives would likely be subjected
to more sophisticated uncertainty analysis). The WHO framework includes the use of sensitivity
analysis both to characterize the potential impact of sources of uncertainty on risk estimates and
to generate an array of reasonable risk estimates. We will implement the WHO framework more
completely in the second draft REA. In the case of variability, we identify key sources of
variability associated with O3 risk (for both short-term and long-term exposure-related endpoints
included in the risk assessment) and discuss the degree to which these sources of variability are
reflected in the design of the risk assessment.

As part of the analysis, we also provide a representativeness analysis designed to support
the interpretation of risk estimates generated for the set of urban study areas included in the risk
assessment. The representativeness analysis focuses on comparing the urban study areas to
national-scale distributions for key Os-risk related attributes (e.g., demographics including
socioeconomic status, air-conditioning use, baseline incidence rates and ambient Os levels). The
goal of these comparisons is to assess the degree to which the urban study areas provide
coverage for different regions of the country as well as for areas likely to experience elevated Os-
related risk due to their specific mix of attributes related to O; risk.

The risk assessment is implemented using the environmental Benefits Mapping and
Analysis Program (BenMAP) (Abt Associates, 2008), EPA’s GIS-based computer program for
the estimation of health impacts associated with air pollution. BenMAP draws upon a database
of population, baseline incidence and effect coefficients to automate the calculation of health
impacts. EPA has traditionally relied upon the BenMAP program to estimate the health impacts
avoided and economic benefits associated with adopting new air quality rules. The following
diagram (Figure 3-3) summarizes the data inputs (in black text) and outputs (in blue text) for a

typical BenMAP analysis.

3-17



AW N =

(o)}

O o0

10
11
12
13
14

Census Woods & Poole

Population Data \ 2020 Population / Pop.ulaflon
Projections

Projections

Modeled Baseline
and Post-Control

Ambient PM
2 \ PM, ;s Incremental Air

Quality Change

PM, ;s Health Ba'ckground
Incidence and

Functions \ PM, s-Related HeaIth/ Prevalence Rates
Impacts

Economic
Valuation

Functions
\ Monetized PM, s-

related Benefits

Blue identifies a user-selected input within the BenMAP model
Green identifies a data input generated outside of the BenMAP

Figure 3- 3 Data Inputs and Outputs for the BenMAP Model

3.25 NATIONAL-SCALE MORTALITY RISK ASSESSMENT
The national-scale mortality risk assessment serves two primary purposes. First, it serves
as part of the representativeness analysis discussed above, providing an assessment of the degree
to which the urban study areas included in the risk assessment provide coverage for areas of the
country expected to experience elevated mortality rates due to Os-exposure. Second, it provides a
broader perspective on the distribution of risks associated with recent O3 concentrations

throughout the U.S., and provides a more complete understanding of the overall public health
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burden associated with O;>. We note that a national-scale assessment such as this was completed
for the risk assessment supporting the latest PM NAAQS review (US EPA, 2010) with the results
of the analysis being used to support an assessment of the representativeness of the urban study
areas assessed in the PM NAAQS risk assessment, as described here for Os.

For short-term exposure-related mortality, the assessment provides several estimates of
national mortality risk, including a full national-scale estimate including all counties in the
continential U.S., and an analysis of just the set of urban areas included in the time series studies
that provide the effect estimates used to generate the risk estimates for short-term in the urban
case study areas. We have higher confidence in the analysis based on the large urban areas
included in the epidemiology studies, but the information from the full analysis of all counties is

useful to gain understanding of the potential magnitude of risk in less urbanized areas.

3.2.6 CHARACTERIZATION OF UNCERTAINTY AND VARIABILITY IN THE
CONTEXT OF THE O3 RISK ASSESSMENT

An important component of this population health risk assessment is the characterization
of both uncertainty and variability. Variability refers to the heterogeneity of a variable of interest
within a population or across different populations. For example, populations in different regions
of the country may have different behavior and activity patterns (e.g., air conditioning use, time
spent indoors) that affect their exposure to ambient O3 and thus the population health response.
The composition of populations in different regions of the country may vary in ways that can
affect the population response to exposure to Oz — e.g., two populations exposed to the same
levels of O3 might respond differently if one population is older than the other. Variability is
inherent and cannot be reduced through further research. Refinements in the design of a
population risk assessment are often focused on more completely characterizing variability in

key factors affecting population risk — e.g., factors affecting population exposure or response —in

> In the previous O3 NAAQS review, CASAC commented that “There is an underestimation of the affected
population when one considers only twelve urban “Metropolitan Statistical Areas” (MSAs). The CASAC
acknowledges that EPA may have intended to illustrate a range of impacts rather than be comprehensive in their
analyses. However, it must be recognized that ozone is a regional pollutant that will affect people living outside
these 12 MSAs, as well as inside and outside other urban areas.” Inclusion of the national-scale mortality risk
assessment partially addresses this concern by providing a broader characterization of risk for an important ozone
health endpoint.
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order to produce risk estimates whose distribution adequately characterizes the distribution in the
underlying population(s).

Uncertainty refers to the lack of knowledge regarding the actual values of inputs to an
analysis. Models are typically used in analyses, and there is uncertainty about the true values of
the parameters of the model (parameter uncertainty) — e.g., the value of the coefficient for O3 in a
C-R function. There is also uncertainty about the extent to which the model is an accurate
representation of the underlying physical systems or relationships being modeled (model
uncertainty) — e.g., the shapes of C-R functions. In addition, there may be some uncertainty
surrounding other inputs to an analysis due to possible measurement error—e.g., the values of
daily O3 concentrations in a risk assessment location, or the value of the baseline incidence rate
for a health effect in a population®.

In any risk assessment, uncertainty is, ideally, reduced to the maximum extent possible
through improved measurement of key variables and ongoing model refinement. However,
significant uncertainty often remains, and emphasis is then placed on characterizing the nature of
that uncertainty and its impact on risk estimates. The characterization of uncertainty can be both
qualitative and, if a sufficient knowledgebase is available, quantitative.

The characterization of uncertainty associated with risk assessment is often addressed in
the regulatory context using a tiered approach in which progressively more sophisticated
methods are used to evaluate and characterize sources of uncertainty depending on the overall
complexity of the risk assessment (WHO, 2008). Guidance documents developed by EPA for
assessing air toxics-related risk and Superfund Site risks as well as recent guidance from the
World Health Organization specify multitier approaches for addressing uncertainty.

For the O; risk assessment, we are using a tiered framework developed by WHO to guide
the characterization of uncertainty. The WHO guidance presents a four-tiered approach, where
the decision to proceed to the next tier is based on the outcome of the previous tier’s assessment.

The four tiers described in the WHO guidance include:

8 It is also important to point out that failure to characterize variability in an input used in modeling can also
introduce uncertainty into the analysis. This reflects the important link between uncertainty and variability with the

effort to accurately characterize variability in key model inputs actually reflecting an effort to reduce uncertainty.
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Tier 0: recommended for routine screening assessments, uses default uncertainty factors
(rather than developing site-specific uncertainty characterizations);

Tier 1: the lowest level of site-specific uncertainty characterization, involves qualitative
characterization of sources of uncertainty (e.g., a qualitative assessment of the general magnitude
and direction of the effect on risk results);

Tier 2: site-specific deterministic quantitative analysis involving sensitivity analysis,
interval-based assessment, and possibly probability bounded (high-and low-end) assessment; and

Tier 3: uses probabilistic methods to characterize the effects on risk estimates of sources
of uncertainty, individually and combined.

With this four-tiered approach, the WHO framework provides a means for systematically
linking the characterization of uncertainty to the sophistication of the underlying risk assessment.
Ultimately, the decision as to which tier of uncertainty characterization to include in a risk
assessment will depend both on the overall sophistication of the risk assessment and the
availability of information for characterizing the various sources of uncertainty.

This risk assessment for the O3 NAAQS review is relatively complex, thereby warranting
consideration of a full probabilistic (WHO Tier 3) uncertainty analysis. However, limitations in
available information prevent this level of analysis from being completed for all important
elements of uncertainty. In particular, the incorporation of uncertainty related to key elements of
C-R functions (e.g., competing lag structures, alternative functional forms, etc.) into a full
probabilistic WHO Tier 3 analysis would require that probabilities be assigned to each
competing specification of a given model element (with each probability reflecting a subjective
assessment of the probability that the given specification is the correct description of reality).
However, for most model elements there is insufficient information on which to base these
probabilities. One approach that has been taken in such cases is expert elicitation; however, this
approach is resource-and time-intensive and consequently, it is not feasible to use this technique

in support of this Os risk assessment.’

7 While a full probabilistic uncertainty analysis is not undertaken for this risk assessment, we provide a limited
assessment using the confidence intervals associated with effects estimates (obtained from epidemiological studies)
to incorporate statistical uncertainty associated with sample size considerations in the presentation of risk estimates.
Technically, this type of probabilistic simulation represents a Tier 3 uncertainty analysis, although as noted here, it
will be limited and only address uncertainty related to the fit of the C-R functions.
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For most elements of this risk assessment, rather than conducting a full probabilistic
uncertainty analysis, we include a qualitative discussion of the potential impact of uncertainty on
risk results (WHO Tierl). The second draft REA will include additional sensitivity analyses
assessing the potential impact of sources of uncertainty on risk results (WHO Tier 2). For
sensitivity analyses, we will include only those alternative specifications for input parameters or
modeling approaches that are deemed to have scientific support in the literature (and so represent
alternative reasonable input parameter values or modeling options). This means that the array of
risk estimates presented in this assessment are expected to represent reasonable risk estimates
that can be used to provide some information regarding the potential impacts of uncertainty in

the model elements.

3.2.7 PRESENTATION OF RISK ESTIMATES TO INFORM THE O; NAAQS
POLICY ASSESSMENT

We plan to conduct the risk assessment in two phases. Phase 1, presented in this first
draft REA, includes analysis of risk associated with recent air quality and simulating air quality
to just meet the current O3 NAAQS. Phase 2, which will be included in the second draft REA,
will focus on evaluating risk associated with simulating Os air quality that just meets alternative
O3 NAAQS under consideration.

We present risk estimates in two ways: (1) total (absolute) health effects incidence for
recent air quality and simulations of air quality just meeting the current and alternative NAAQS
under consideration, and (2) risk reduction estimates, reflecting the difference between (a) risks
associated with recent air quality compared to risks associated with just meeting the current
NAAQS and (b) in Phase 2, reflecting the difference between risks associated with just meeting
the current NAAQS compared to risks associated with just meeting alternative NAAQS under
consideration.

We present an array of risk estimates in order to provide additional context for
understanding the potential impact of uncertainty on the risk estimates. We include risk
modeled across the full distribution of O3 concentrations, as well as core risk estimates ozone
concentrations down to zero and down to a surrogate for the lowest measured levels (LML) in
the epidemiology studies. According to the O3 ISA, the controlled human exposure and
epidemiologic studies that examined the shape of the C-R function and the potential presence of

a threshold have indicated a generally linear C-R function with no indication of a threshold in
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analyses that have examined the 8-hour concentrations used in this risk analysis (US EPA, 2012,
section 2.5.4.4). The approach most consistent with the statistical models reported in the
epidemiological studies is to apply the concentration-response functions to all ozone
concentrations down to zero. However, consistent with the conclusions of the ISA, we also
recognize that confidence in the nature of the concentration-response function and the magnitude
of the risks associated with very low concentrations of ozone is reduced because there are few
ozone measurements at the lowest levels in many of the urban areas included in the studies. As a
result, the LML provides a cutoff value above which we have higher confidence in the estimated
risks. In our judgment, the two sets of estimates based on estimating risk down to zero and
estimating risk down to the LML provide a reasonable bound on estimated total risks, reflecting
uncertainties about the C-R function below the lowest ozone levels evaluated in the studies.

The results of the representativeness analysis are presented using cumulative probability
plots (for the national-level distribution of Os risk-related parameters) with the locations where
the individual urban study areas fall within those distributions noted in the plots using vertical
lines. Similar types of plots are used to present the distribution of national-scale mortality
estimates based on the national-scale risk assessment, showing the location of the urban case

study areas within the overall national distribution.
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4 AIR QUALITY CONSIDERATIONS

41 INTRODUCTION

Air quality information is used in the risk and exposure analyses (Chapters 5-7) to assess
risk and exposure resulting from recent O3 concentrations, as well as to estimate the relative
change in risk and exposure resulting from adjusted O3 concentrations after simulating just
meeting the current O3 standard of 0.075 ppm. For the population exposure analyses discussed in
Chapter 5, 16 urban areas will ultimately be modeled. Four of these urban areas are modeled
for this first draft REA, and as a result, air quality information from those 4 urban areas was
analyzed for this first draft. The four urban areas evaluated for this first draft include Atlanta,
GA; Denver, CO; Los Angeles, CA and Philadelphia, PA. The lung function risk assessment
discussed in Chapter 6 uses the same air quality data as the population exposure assessment and
models the same four urban areas for the first draft. For the epidemiology-based risk assessment
discussed in Chapter 7, 12 of the 16 areas evaluated for population exposure are included, and air
quality data for all 12 of these urban areas were analyzed. These 12 urban areas include the 4
cities evaluated in the first draft exposure assessment as well as: Baltimore, MD; Boston, MA,;
Cleveland, OH; Detroit, MI; Houston, TX; New York, NY; Sacramento, CA; and St. Louis, MO.
In addition, Chapter 8 includes an assessment of the national-scale Oz mortality risk burden
based on national-scale air quality information. This chapter describes the air quality information
used in these analyses, providing an overview of monitoring data and air quality (section 4.2) as
well as an overview of air quality inputs to the risk and exposure assessments (section 4.3).

4.2 OVERVIEW OF OZONE MONITORING AND AIR QUALITY

To monitor compliance with the NAAQS, state and local environmental agencies operate
O3 monitoring sites at various locations, depending on the population of the area and typical peak
O3 concentrations (US EPA, 2012a, sections 3.5.6.1, 3.7.4). In 2010, there were 1,250 state and
local O3 monitors reporting concentrations to EPA (US EPA, 2012a, Figures 3-21 and 3-22).
The minimum number of O3 monitors required in a Metropolitan Statistical Area (MSA) ranges
from zero, for areas with a population under 350,000 and with no recent history of an O3 design
value greater than 85% of the NAAQS, to four, for areas with a population greater than 10
million and an Os design value greater than 85% of the NAAQS.? In areas for which O3

! These cities are Atlanta, GA; Baltimore, MD; Boston, MA; Chicago, IL; Cleveland, OH; Dallas, TX; Denver, CO;
Detroit, MI; Houston, TX; Los Angeles, CA; New York, NY; Philadelphia, PA; Seattle, WA; Sacramento, CA; St.
Louis, MO; and Washington, D.C.

*The current monitor and probe siting requirements have an urban focus and do not address siting in non-urban, rural
areas. States may operate 0zone monitors in non-urban or rural areas to meet other objectives (e.g., support for
research studies of atmospheric chemistry or ecosystem impacts).
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monitors are required, at least one site must be designed to record the maximum concentration
for that particular metropolitan area. Since Oz concentrations often decrease significantly in the
colder parts of the year in many areas, O is required to be monitored only during the “ozone
season,” which varies by state (US EPA, 2012a, section 3.5.6 and Figure 3-20).2
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Figure 4-1  Individual monitor 8-h daily max O3 design values displayed for the 2008-
2010 period (U.S. EPA, 2012, Figure 3-52A)

Figure 4-1 shows the location and 8-h O3 design values (3-year average of the annual 4™
highest daily maximum 8-hour O3z concentration) for all available monitors in the US for the
2008-2010 period. All 12 of the selected urban areas have 2008-2010 8-h O3 design values at or
above the current standard. Figure 4-2 shows how the 4™ highest 8-h daily max O3
concentrations vary for each of the 12 urban areas from 2006-2010. In general, all twelve cities

Some States and Territories operate 0zone monitors year-round, including Arizona, California, Hawaii, Louisiana,
Nevada, New Mexico, Puerto Rico, Texas, American Samoa, Guam and the Virgin Islands.
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show a decrease in O3 concentrations between 2006 and 2010, with an average decrease in the 4™
highest 8-h daily max O3 concentration of 9 ppb. However, there is significant year-to-year
variability, with some locations, such as Sacramento and Houston, showing increases in some
years relative to 2006 even though the 2010 values are somewhat lower.

Changes in Ozone Air Quality in Selected 12 Urban
Areas 2006-2010
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Figure 4-2  Trends in 8-h daily max O3 for the selected 12 urban areas analyzed in the
risk and exposure assessment for 2006-2010 (annual 4th highest 8-h daily
max O3 concentrations in ppm)

Table 4-1 gives the number of monitors and the required O3 monitoring season for each
of the 12 selected urban areas. The counties listed as part of each of the 12 urban areas are based
on the counties included in the Zanobetti and Schwartz (2008) study of O; and mortality in 48
U.S. cities between 1989 and 2000, which is used in the epidemiology-based health risk
assessment?. Also listed in Table 4-1 are the 8-h O3 design values for 2006-2008 and 2008-2010.
All of the cities, except for Sacramento (which showed no change), had a decrease in the O3
design value concentrations between the two 3-year periods with an average change of 7 ppb.

* It should be noted that the counties included in Table 4-1 are those analyzed in the epidemiology-based risk
assessment (Chapter 7) but differ from the counties included in the population exposure (Chapter 5) and the lung
function risk assessment (Chapter 6). These differences are explained in Chapters 5-7.
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Table 4-1: Information on the 12 Urban Case Study Areas in the Risk Assessment

Required O3 | 2006- | 2008-
Population| #of O; | Monitoring | 2008 | 2010
Study Area Counties® (2010) |Monitors|  Season (ppb)® | (ppb)®
Cobb County, GA 95 80
DeKalb County, GA March -
Atlanta Fulton County, GA 3,105,873 > October
Gwinnett County, GA
: Baltimore City, MD April - 91 89
Baltimore Baltimore County, MD 1,425,990 3 October
Middlesex County, MA April 82 76
Boston  [Norfolk County, MA 2,895,958 5 prit -
September
Suffolk County, MA
April - 84 77
Cleveland |Cuyahoga County, OH 1,280,122 4 October
Denver  |Denver County, CO 600,158 3 March - 86 8
September
. April - 82 75
Detroit  |Wayne County, Ml 1,820,584 4 September
Houston |Harris County, TX 4,092,459 17 January - ol 84
December
Los Angeles |Los Angeles County, CA | 9,818,605 17 January - 119 112
December
Bronx County, NY 89 84
Kings County, NY Aoril
New York |New York County, NY |8,175,133| 8 prit -
October
Queens County, NY
Richmond County, NY
. . . . April - 92 83
Philadelphia |Philadelphia County, PA | 1,526,006 4 October
Sacramento |Sacramento County, CA | 1,418,788 8 January - 102 102
December
. |St. Louis City, MO April - 85 77
St. Louis St. Louis County, MO 1,318,248 8 October

> Counties listed here reflect those included in the Zanobetti and Schwartz (2008) study of ozone and mortality in
48 U.S. cities between 1989 and 2000.
® These are values of the highest 4" high 8-h max average (ppb) for the counties listed for each urban area. It
should be noted that sometimes monitors with higher values occurred within the urban area but outside of the
counties included in the Zanobetti and Schwartz (2008) study and those values are not included in this table.
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43 OVERVIEW OF AIR QUALITY INPUTS TO RISK AND EXPOSURE
ASSESSMENTS

The air quality information input into the risk and exposure assessments includes both
recent air quality data from the years 2006-2010, as well as air quality data adjusted to reflect
just meeting the current O3 standard of 0.075 ppm. In this section, we summarize these air
quality inputs and discuss the methodology used to simulate air quality to meet the current
standard. Additional information is provided in Wells et al. (2012) and Simon et al. (2012).

4.3.1 Urban-scale Air Quality Inputs
4.3.1.1 Recent Air Quality

The air quality monitoring data used to inform the first draft Ozone Risk and Exposure
Assessments were hourly O3 concentrations collected between 1/1/2006 and 12/31/2010 from all
US monitors meeting EPA’s siting, method, and quality assurance criteria in 40 CFR Part 58.
These data were extracted from EPA’s Air Quality System (AQS) database’ on June 27, 2011.
Regionally concurred exceptional event data (i.e. data certified by the monitoring agency to have
been affected by natural phenomena such as wildfires or stratospheric intrusions, and concurred
upon by the EPA regional office) were not included in the assessments. However, concurred
exceptional events were rare, accounting for less than 0.01% of the total observations. All
concurred exceptional events in 2006-2010 were related to wildfires in California in 2008. There
were no concurrences of exceptional event data for stratospheric intrusions in 2006-2010 in the
data extracted on June 27, 2011.

In order to compare the monitoring data to the NAAQS, the data were split into two
overlapping 3-year periods, 2006-2008 and 2008-2010. The O3 monitors were checked for data
completeness within each period, and all monitors lacking sufficient data to calculate a valid 3-
year design value were excluded (see 40 CFR Part 50, Appendix P). All subsequent air quality
data analyses described in this chapter were performed separately on the monitoring data within
each of the two design value periods.

The sections below summarize the recent air quality data input into the epidemiological
study-based risk assessment, and the exposure and clinical study-based risk assessment. More
details on these inputs are also provided in Wells et al. (2012).

" EPA’s Air Quality System (AQS) database is a state-of-the-art repository for many types of air quality and related
monitoring data. AQS contains monitoring data for the six criteria pollutants dating back to the 1970’s, as well as more recent
additions such as air toxics, meteorology, and quality assurance data. At present, AQS receives ozone monitoring data collected
hourly from over 1,300 monitors, and is quality assured by one of over 100 state, local, or tribal air quality monitoring agencies.
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Epidemiology Based Risk Assessment

Air quality concentration data for the epidemiology-based risk analyses are input into the
environmental Benefits Mapping and Analysis Program (BenMAP; Abt Associates, 2010a) for
assessment. Gaps of 1 or 2 hours in the hourly concentration data were interpolated. These short
gaps tend to occur at regular intervals in the monitoring data due to a requirement for monitoring
agencies to turn off their monitors for brief periods in order to perform quality control checks.
Generally, quality control checks are performed during nighttime hours (between 12:00 AM and
6:00 AM) when O3 concentrations tend to be lowest. Missing intervals of 3 hours or more were
infrequent and were not replaced.

The air quality monitoring data for the 12 urban areas were area-wide spatial averages of
the hourly O3z concentrations within each area. The area boundaries were chosen to match the
study areas in Zanobetti & Schwartz (2008) which generally covered the urban population
centers within the larger metropolitan areas. The ambient data from the monitors within each
area were averaged hour-by-hour within EPA’s required O3 monitoring season. Although some
monitoring data were collected outside of the required season, often fewer monitors in an area
remained in operation outside of the required season.

For input into BenMAP, four daily metrics were calculated from the spatially averaged
hourly O3 concentrations. These metrics were:

1. Daily maximum 1-hour concentration

2. Daily maximum 8-hour concentration

3. Daytime 8-hour average concentration (10:00AM to 6:00PM)

4 Daily 24-hour average concentration

Exposure Modeling and Clinical Study Based Risk Assessment

For the exposure modeling and clinical study based risk assessment, the air quality data are input
in the Air Pollutants Exposure (APEX) model, also referred to as the Total Risk Integrated
Methodology Inhalation Exposure (TRIM.Expo) model (U.S. EPA, 2012b,c). For estimating
ambient O3 concentrations to use in the exposure model, we use hourly O; concentrations from
the AQS. The specific monitors used in the urban areas modeled and the method for estimating
and replacing missing data are described in Appendix 4-B.

4.3.1.2 Air Quality after Simulating “Just Meeting” Current O3 Standard

In addition to recent air quality concentrations, the risk and exposure assessments also
consider the relative change in risk and exposure when considering the distribution of O3
concentrations after simulating “just meeting” the current O standard of 0.075 ppm. The
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sections below summarize the methodology applied for this first draft REA to simulate just
meeting the current NAAQS by “rolling back” the baseline distribution of recent O3
concentrations and an alternative simulation approach being considered for the 2™ draft of the
REA. More details on these inputs are also provided in Wells et al. (2012), and a more complete
description of the alternative simulation approach is provided in Simon et al. (2012).

Methods

The *“quadratic rollback” method was used in the previous O3 NAAQS review to adjust
ambient O3 concentrations to simulate minimally meeting current and alternative standards (U.S.
EPA, 2007). As the name implies, quadratic rollback uses a quadratic equation to reduce high
concentrations at a greater rate than low concentrations. The intent is to simulate reductions in
O5 resulting from unspecified reductions in precursor emissions, without greatly affecting
concentrations near ambient background levels (Duff et al., 1998).

Two independent analyses (Johnson, 2002; Rizzo, 2005; 2006) were conducted to
compare quadratic rollback with other methods such as linear (proportional) rollback and
distributional (Weibull) rollback. Both analyses used different rollback methods to reduce
concentrations from a high O3 year to simulate levels achieved during a low O3 year, then
compared the results to the ambient concentrations observed during the low O3 year. Both
analyses concluded that the quadratic rollback method resulted in an 8-hour O3 distribution most
similar to that of the ambient concentrations.

In this review, quadratic rollback was used to simulate reductions in Oz concentrations in
areas which failed to meet EPA’s current O3 NAAQS of 0.075 ppm (75 ppb). Hourly Os
concentrations were reduced so that the highest design value in each area was exactly 75 ppb, the
highest value meeting the NAAQS. Concentrations at the remaining monitors in each area were
similarly reduced using the quadratic rollback coefficients calculated at the highest monitor.
Quadratic rollback was performed independently within each area for two design value periods,
2006-2008 and 2008-2010. In some of the 12 urban areas, the monitor with the highest design
value was not within the area boundaries chosen to match the study areas in Zanobetti &
Schwartz (2008). In these cases, the high monitor was included in the quadratic rollback, and the
0zone concentrations at the monitors within the Zanobetti & Schwartz (2008) study area were
similarly reduced. In this way, while the high monitor outside of the study area would have been
simulated to have a design value of 75 ppb to just meet the standard, the design value at the
monitors within the study area would have been simulated to have design values below 75 ppb.

To avoid reducing O3 concentrations below background levels, background “floor”
values were set defining minimum values beyond which quadratic rollback would not be applied.
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Background concentrations were estimated from two GEOS-Chem modeling simulations for the
model year of 2006: one with zero U.S. anthropogenic emissions (i.e. U.S. background) but with
all other anthropogenic and natural emissions globally, and the other with all anthropogenic and
biogenic emissions included (i.e. base case) (Zhang et al., 2011). The monitors in each study
area were paired with their appropriate GEOS-Chem grid cells, potentially matching multiple
monitors to the same cell. The paired hourly U.S. background and base case concentrations were
then spatially averaged in the same way as the O3 monitoring data (as described in 4.3.1.1).
Medians by area, month, and hour of the day were calculated from the spatially-averaged U.S.
background and base case modeled concentrations, and ratios of the U.S. background to base
case concentrations were calculated to provide monthly diurnal profiles of the ratio of U.S.
background to total ozone for every month for every area®. Next, the U.S. background ratios
were multiplied by the respective monitored values in each of the 5 years, 2006-2010, to obtain
the U.S. background floor values.

The U.S. background floor values were compared to the hourly “rolled back” air quality
values for each area. If there was an hour for which the O3 concentration had been “rolled back”
to below the U.S. background floor value, then that hourly concentration value was set equal to
whichever was lower: the U.S. background floor value or to the original monitored O3
concentration value for that hour.

Figure 4-3 shows diurnal profiles of seasonally averaged U.S. background floor values
for the 12 urban case study areas in the risk assessment. The U.S. background floor values show
a diurnal pattern similar to that of the observed Oz concentrations, with the highest values
occurring in the early afternoon hours and the lowest values occurring around sunrise.
Generally, the highest U.S. background values occurred in the spring, while the other three
seasons were more difficult to distinguish. Denver was a notable exception to this pattern,
having nearly identical U.S. background floor values in the spring and summer months.

Figure 4-4 shows box-and-whisker plots of the U.S. background floor values in the 12
urban case study areas. The distribution of the U.S. background floor values varied from area to
area, but generally ranged from near 0 to between 30 and 40 ppb, with median between 10 and
20 ppb.

8 .
Values were set equal to one, if greater than one.
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Figure 4-4  Distribution of U.S. Background Floor Values in the Urban Case Study
Areas

Table 4-2 contains selected summary statistics generated to evaluate the frequency and
magnitude of the U.S. background adjustments in the quadratic rollback procedure. Overall,
over 20% of the rollback concentrations were adjusted, however, the average magnitude of the
adjustments was very small (< 0.2 ppb), and even the largest adjustment was less than 5 ppb.
Over 95% of the adjustments simply returned the rollback concentrations to their original
monitored values instead of the modeled U.S background value, and again the average
magnitude of the adjustment was very small (< 0.2 ppb). In conclusion, the U.S. background
adjustment procedure had little effect on the rollback concentrations.

Table 4-2 Frequency and Magnitude of the U.S. Background Adjustments, 2006 — 2008

% Rollback | % Replaced | % Replaced Average Maximum
Values with Monitor | with Floor Adjustment | Adjustment
Urban Area Adjusted Values Values (ppb) (ppb)
Atlanta 16.7 97.2 2.8 0.10 2.3
Baltimore 19.7 96.8 3.2 0.15 2.2
Boston 16.4 96.3 3.7 0.17 1.2
Cleveland 20.0 96.2 3.8 0.18 1.6
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Denver 14.4 96.2 3.8 0.20 2.4
Detroit 14.9 96.8 3.2 0.13 1.3
Houston 28.4 96.4 3.6 0.15 1.6
Los Angeles 24.6 93.9 6.1 0.29 4.5
New York 16.4 96.7 3.3 0.09 14
Philadelphia 18.7 96.2 3.8 0.16 2.0
Sacramento 24.3 92.1 7.9 0.34 3.0
Saint Louis 12.8 97.1 2.9 0.11 1.1
OVERALL 20.5 95.5 4.5 0.17 4.5

Figure 4-5 shows seasonal average diurnal profiles of the observed and rollback composite
monitor values in the 12 urban case study areas for 2006-2008. The gray and blue lines are
averages over the required O3z monitoring season (see Table 4-1), while the red and green lines
are averages over the “peak” O3 months, June — August. The June — August averages are higher
than the O3 season averages, except in Houston where the highest O3 concentrations are often
observed in April-May and September-October. The diurnal patterns are generally quite similar
from area to area, with most of the variation occurring in the peak concentration heights during
the daytime hours.

4-11




© 00 N O O hWDN -

el el o ol =
o U W N R O

Atlanta Baltimore Boston Cleveland

G0
G0
60

A

| | |
1] 6 12 18 24 0 B 12 18 24 0 B 12 18 24 0 B 12 18 24

40

20 40

fi
)}

20 40

Py

20

Demver Detroit Houston Los Angeles
= (=B I = =
[im) [im) w0 w0
It It ﬂ Ir .g':\ Ir
Sy FJ =
o Eh =1 S T o | £ = | 4
MY, [ ke M TP
= 1 1 1 = 1 1 1 = | T 1 1 = 1 1 1
1] B 12 18 24 0 B 12 18 24 0D B 12 18 24 0D B 12 18 24
New York Philadelphia Sacramento Saint L ouis
= =
w0
D -
=T
SN
fo] 1 1 1 fo] 1 1 1 f] 1 1 1 fo] 1 1 1
1] B 12 18 24 0 B 12 18 24 0 B 12 18 24 0D g 12 18 24
Ozone Season o g o 5 070N Season o o . o June- August June - August
Observed Rollback Observed Rollback

Figure 4-5  Diurnal Profiles of Seasonally Averaged Composite Monitor Values in the
Urban Case Study Areas, 2006-2008

Future Directions for Rollback

As described above, for this first draft REA we are using the same quadratic rollback
method applied in the previous review. Based on the current understanding of how O3 forms and
reacts to changes in emissions, reductions in emissions that would be needed to meet the current
standards are likely to lead to reductions in hourly concentrations for most hours of the day, but
these reductions may have little impact on concentrations for some hours, and in some cases can
lead to increases in Os concentrations, particularly during nighttime hours. The quadratic
rollback method has difficulty representing these complexities in O3 chemistry and reduces O3
concentrations over all hours; it assumes that all monitors in an area exhibit the same response to
emissions changes. (Wells et al., 2012). To address this issue in the rollback methodology for
this first draft REA, we imposed a lower bound on O3 concentration values based on modeled
U.S. background O3 levels.
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For this first draft of the REA, we have evaluated approaches for simulating attainment of
current and alternative standards that are based on modeling the response of O3 concentrations to
reductions in anthropogenic NOx and VOC emissions, using the Higher-Order Decoupled Direct
Method (HDDM) capabilities in the Community Multi-scale Air Quality (CMAQ) model. This
modeling incorporates all known emissions, including emissions from non-anthropogenic
sources and anthropogenic emissions from sources in and outside of the U.S. As a result, the
need to specify values for U.S. background concentrations is not necessary, as it is incorporated
in the modeling directly. In simulations of just meeting the standards used to inform the
exposure and risk assessment, HDDM sensitivities can be applied relative to ambient
measurements of O; to estimate how ozone concentrations would respond to changes in
anthropogenic emissions within the U.S. Application of this approach also addresses the
recommendation by the National Research Council of the National Academies (NRC, 2008) to
explore how emissions reductions might effect temporal and spatial variations in Os;
concentrations, and to include information on how NOy versus VOC control strategies might
affect risk and exposure to Os. The new approach using HDDM, discussed in detail in Simon et
al., 2012, seems promising, and EPA staff propose to use it in simulating just meeting the current
and alternative O3 standards for the second draft of the REA.

4.3.2 National-scale Air Quality Inputs

In contrast to the urban study areas analysis, the national-scale analysis employs a data
fusion approach that takes advantage of the accuracy of monitor observations and the
comprehensive spatial information of the CMAQ modeling system to create a national-scale
“fused” spatial surface of seasonal average O3. The spatial surface is created by fusing 2006-
2008 measured O3 concentrations with the 2007 CMAQ model simulation, which was run for a
12 km gridded domain, using the EPA’s Model Attainment Test Software (MATS; Abt
Associates, 2010b), which employs the Voronoi Neighbor Averaging (VNA) technique (Timin et
al., 2010) enhanced with information on the spatial gradient of Oz provided by CMAQ results.
More details on the ambient measurements and the 2007 CMAQ model simulation, as well as the
spatial fusion technique, can be found in Wells et al. (2012) and Hall et al. (2012). It should also
be noted that this same spatial fusion technique was employed for a national-scale risk
assessment by Fann et al. (2012) to produce “fused” spatial fields for O3 and PM;sand in the PM
NAAQS REA to produce a national-scale spatial field for PM,s (U.S. EPA, 2010).

Two “fused” spatial surfaces were created for: (1) the May-September mean of the 8-hr
daily maximum (consistent with the metric used by Bell et al. 2004); and (2) the June-August
mean of the 8-hr daily mean from 10am to 6pm (consistent with the metric used by Zanobetti
and Schwartz 2008) O3 concentrations across the continental U.S. Figure 4-6 and Figure 4-7
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show the geographic distribution of these spatial surfaces. Figure 4-8 shows the frequency and
cumulative percent of the seasonal average O3 concentrations by grid cell, using both metrics.
May-September average 8-hr daily maximum concentrations are most frequently in the 40-50
ppb range, while June-August average 8-hr daily mean concentrations are more evenly
distributed across a range of 20-70 ppb. Maximum concentrations for the June-August mean of
the 8-hr daily mean concentrations from 10am to 6pm are generally higher than for the May-
September mean of the 8-hr daily maximum concentrations since the seasonal definition is
limited to the summer months when O3 tends to be highest. The maximum, minimum, mean,
median, and 95" percentile concentrations for both 8-hr daily maximum and 8-hr daily mean are
shown in Table 4-3. These seasonal average metrics are not equivalent to the averaging time for
the current NAAQS, which is based on the 4™ highest value rather than seasonal mean, so the
values should not be directly compared against the NAAQS.
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Figure 4-6  Seasonal (May-September) average 8-hr. daily maximum baseline O
concentrations (ppb) at the surface, based on a 2007 CMAQ model
simulation fused with average 2006-2008 observations from the Oz monitor
network.
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Seasonal (June-August) average 8-hr. daily mean (10am-6pm) baseline Os
concentrations (ppb) at the surface, based on a 2007 CMAQ model
simulation fused with average 2006-2008 observations from the Oz monitor

network.
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Table 4-3 Statistical characterization of the May-September average 8-hr daily
maximum and the June-August 8-hr daily mean (10am-6pm) O3
concentration (ppb), based on 2006-2008 monitor observations fused with
2007 CMAQ-modeled O3 levels.

June-August average daily 10am —
May-September average 8-hr daily 6pm daily mean concentration
maximum concentration (ppb) (ppb)
Maximum 65.0 85.5
Minimum 19.7 18.0
Mean 41.8 40.4
Median 42.6 41.3
95" Percentile 51.6 55.1
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S CHARACTERIZATION OF HUMAN EXPOSURE TO OZONE

5.1 INTRODUCTION

As part of the last O3 NAAQS review, EPA conducted exposure analyses for the general
population, all school-age children (ages 5-18), active school-age children, and asthmatic school-
age children (EPA, 2007a,b). Exposure estimates were generated for 12 urban areas for recent
years of air quality and for just meeting the existing 8-hr standard and several alternative 8-hr
standards. EPA also conducted a health risk assessment that produced risk estimates for the
number of children and percent of children experiencing impaired lung function and other
respiratory symptoms associated with the exposures estimated for these same 12 urban areas.

The exposure analysis conducted for the current review builds upon the methodology and
lessons learned from the exposure analyses conducted in previous reviews (U.S. EPA, 1996a,
2007a,b), as well as information provided in the third draft ISA (EPA, 2012a). EPA will be
conducting exposure modeling for 16 urban areas located across the U.S., listed in Table 5-3). In
this first draft REA, results are presented for four of these areas, Atlanta, Denver, Los Angeles,
and Philadelphia.

Population exposures to ambient O3 levels are modeled using the Air Pollutants Exposure
(APEX) model, also referred to as the Total Risk Integrated Methodology Inhalation Exposure
(TRIM.Expo) model (U.S. EPA, 2012b,c). Exposure estimates are developed for Os levels in
recent years, based on 2006 to 2010 ambient air quality measurements. Exposures are also
estimated for Os levels associated with just meeting the current 8-hr O3 NAAQS, based on
adjusting data derived from the ambient monitoring network as described in Chapter 4 with
additional details in Wells et al. (2012). Exposures are modeled for 1) the general population, 2)
school-age children (ages 5-18), and 3) asthmatic school-age children. The strong emphasis on
children reflects the fi