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1. INTRODUCTION

1.1 PURPOSE

The U.S. Environmental Protection Agency (EPA) is presently conducting a review of
the national ambient air quality standards (NAAQS) for ozone (O3z). An overview of the
approach to reviewing the Oz NAAQS is presented in the Integrated Review Plan for the O
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 EPA’s consideration of whether
the current NAAQS for O3 should be retained or revised.

As part of the review process, a Policy Assessment (PA) is prepared by staff in the EPA’s
Office of Air Quality Planning and Standards (OAQPS). The PA is intended to help bridge the
gap between the relevant scientific information and assessments and the judgments required of
the EPA Administrator in determining whether, and if so how, it is appropriate to revise the
primary (health-based) and secondary (welfare-based) NAAQS for Oz. The final PA will seek to
provide EPA staff conclusions related to the broadest range of policy options that could be
supported by the currently available scientific evidence and technical information for
consideration by the Administrator. In so doing, we recognize that the selection of a specific
approach to reaching final decisions on the primary and secondary O3 standards will reflect the
judgments of the Administrator.

In this first draft of the PA, we take into account the available scientific and technical
information as assessed in the third draft of the Integrated Science Assessment for O3 and
Related Photochemical Oxidants (ISA, US EPA, 2012a) and the first drafts of the exposure and
risk assessment documents: Health Risk and Exposure Assessment for Ozone: First External
Review Draft (Health REA, US EPA, 2012b) and Welfare Risk and Exposure Assessment for
Ozone: First External Review Draft (Welfare REA, US EPA, 2012c). In so doing, we focus on
information that is most pertinent to evaluating the basic elements of NAAQS: indicator’,
averaging time, form?, and level. These elements, which together serve to define each standard,
must be considered collectively in evaluating the health and welfare protection afforded by the
Os standards. Although this first draft PA should be of use to all parties interested in this O
NAAQS review, it is written with an expectation that the reader has familiarity with the scientific

The “indicator” of a standard defines the chemical species or mixture that is to be measured in determining whether
an area attains the standard.

“The “form” of a standard defines the air quality statistic that is to be compared to the level of the standard in
determining whether an area attains the standard.
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and technical discussions contained in the third draft of the ISA and the first drafts of the Health
and Welfare REAs.

Following this introductory chapter, this draft PA is organized into two main parts.
Chapters 2 through 4 focus on the review of the primary O3 NAAQS while chapters 5 through 7
focus on the review of the secondary O3 NAAQS. The remainder of this chapter provides
background information on the NAAQS program and on the O3 NAAQS in particular (section
1.2); an overview of the O3 ambient monitoring network, precursor emissions, and Oz air quality
(section 1.3); and an overview of the approach to reviewing the O3 NAAQS and of the
organization of the remainder of this draft PA (section 1.4).

1.2 BACKGROUND

1.2.1 Legislative Requirements

Two sections of the Clean Air Act (CAA) govern the establishment and revision of the
NAAQS. Section 108 (42 U.S.C. 7408) directs the Administrator to identify and list “air
pollutants” that in her “judgment, cause or contribute to air pollution which may reasonably be
anticipated to endanger public health or welfare” and satisfy two other criteria, including “whose
presence . . . in the ambient air results from numerous or diverse mobile or stationary sources”
and to issue air quality criteria for those that are listed. Air quality criteria are intended to
“accurately reflect the latest scientific knowledge useful in indicating the kind and extent of all
identifiable effects on public health or welfare which may be expected from the presence of [a]
pollutant in the ambient air . .. .” (42 U.S.C. 7408). Section 109 (42 U.S.C. 7409) directs the
Administrator to propose and promulgate “primary” and “secondary” NAAQS for pollutants for
which air quality criteria are issued. Section 109(b)(1) defines a primary standard as one “the
attainment and maintenance of which in the judgment of the Administrator, based on such
criteria and allowing an adequate margin of safety, are requisite to protect the public health.” A
secondary standard, as defined in section 109(b)(2), must “specify a level of air quality the
attainment and maintenance of which, in the judgment of the Administrator, based on such

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

1-2
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criteria, is requisite to protect the public welfare from any known or anticipated adverse effects
associated with the presence of such air pollutant in the ambient air.”*

The requirement that primary standards include an adequate margin of safety was
intended to address uncertainties associated with inconclusive scientific and technical
information available at the time of standard setting. It was also intended to provide a reasonable
degree of protection against hazards that research has not yet identified. Lead Industries
Association v. EPA, 647 F.2d 1130, 1154 (D.C. Cir 1980), cert. denied, 449 U.S. 1042 (1980);
American Petroleum Institute v. Costle, 665 F.2d 1176, 1186 (D.C. Cir. 1981), cert. denied, 455
U.S. 1034 (1982). Both kinds of uncertainties are components of the risk associated with
pollution at levels below those at which human health effects can be said to occur with
reasonable scientific certainty. Thus, in selecting primary standards that include an adequate
margin of safety, the Administrator is seeking not only to prevent pollution levels that have been
demonstrated to be harmful but also to prevent lower pollutant levels that may pose an
unacceptable risk of harm, even if the risk is not precisely identified as to nature or degree. The
CAA does not require the Administrator to establish a primary NAAQS at a zero-risk level or at
background concentration levels, see Lead Industries Association v. EPA, 647 F.2d at 1156 n. 51,
but rather at a level that reduces risk sufficiently so as to protect public health with an adequate
margin of safety.

In addressing the requirement for an adequate margin of safety, EPA considers such
factors as the nature and severity of the health effects involved, the size of the population(s) at
risk, and the kind and degree of the uncertainties that must be addressed. The selection of any
particular approach to providing an adequate margin of safety is a policy choice left specifically
to the Administrator’s judgment. Lead Industries Association v. EPA, 647 F.2d at 1161-62;
Whitman v. American Trucking Associations, 531 U.S. 457, 495 (2001).

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

*Welfare effects as defined in section 302(h) (42 U.S.C. 7602(h)) include, but are not limited to, “effects on soils,
water, crops, vegetation, man-made materials, animals, wildlife, weather, visibility, and climate, damage to and
deterioration of property, and hazards to transportation, as well as effects on economic values and on personal
comfort and well-being.”

1-3
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Section 109(d)(1) requires that “not later than December 31, 1980, and at 5-year intervals
thereafter, the Administrator shall complete a thorough review of the criteria published under
section 108 and the national ambient air quality standards . . . and shall make such revisions in
such criteria and standards and promulgate such new standards as may be appropriate . . . .”
Section 109(d)(2) requires that an independent scientific review committee “shall complete a
review of the criteria . . . and the national primary and secondary ambient air quality standards . .
. and shall recommend to the Administrator any new . . . standards and revisions of existing
criteria and standards as may be appropriate . . . .” This independent review function is
performed by the Clean Air Scientific Advisory Committee (CASAC) of EPA’s Science
Advisory Board.?

1.2.2 Previous O3 NAAQS Reviews

Table 1-1 summarizes the O3 NAAQS that have been promulgated to date. In each
review, the secondary standard has been set to be identical to the primary standard. These
reviews are briefly described below.

Table 1-1. Summary of Primary and Secondary O3 NAAQS Promulgated During the Period
from 1971 to 2008

Final Rule Indicator Avel:agmg T Form
Time (ppm)
1971 Total T .
(36 FR 8186) | photochemical i 0.08 Not to be exceeded more than one
oxidants hr per year
1979 Attainment is defined when the
(44 FR 8202) expected number of days per
T 0 1-hr 0.12 calendar year, with maximum
' : hourly average concentration
greater than 0.12 ppm, 1s equal to
or less than 1
1993

(58 FR 13008) | EPA decided that revisions to the standards were not warranted at the time.

1997 Annual fourth-highest daily
(62 FR 38856) O; 8-hr 0.08 maximum 8-hr concentration,
) averaged over 3 years
2008 Form of the standards remained
(73 FR 16483) O; 8-hr 0.075 unchanged relative to the 1997
i i standard

5 Lists of CASAC members and of members of the CASAC O Review Panel are available at:
http://yosemite.epa.gov/sab/sabpeople.nsf/WebExternal CommitteeRosters?OpenView&committee=CASAC&secon
dname=Clean%20Air%20Scientific%20Advisory%20Committee and
http://yosemite.epa.gov/sab/sabpeople.nsf/WebExternalSubCommitteeRosters?OpenView&committee=CASAC&su
bcommittee=0zone%20Review%20Panel, respectively.
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The EPA first established primary and secondary NAAQS for photochemical oxidants in
1971 (36 FR 8186, April 30, 1971). Both primary and secondary standards were set at a level of
0.08 parts per million (ppm), 1-hr average, total photochemical oxidants, not to be exceeded
more than one hour per year. The standards were based on scientific information contained in
the 1970 Air Quality Criteria for Photochemical Oxidants (U.S. DHEW, 1970). The first
periodic review of the NAAQS for photochemical oxidants was initiated in 1977. Based on the
1978 Air Quality Criteria for Ozone and Other Photochemical Oxidants (U.S. EPA, 1978), EPA
published proposed revisions to the original NAAQS in 1978 (43 FR 16962) and final revisions
in 1979 (44 FR 8202). The level of the primary and secondary standards was revised from 0.08
to 0.12 ppm; the indicator was revised from photochemical oxidants to Os; and the form of the
standards was revised from a deterministic to a statistical form, which defined attainment of the
standards as occurring when the expected number of days per calendar year with maximum
hourly average concentration greater than 0.12 ppm is equal to or less than one.

In 1982, EPA announced plans to revise the 1978 Air Quality Criteria document (47 FR
11561), and in 1983 EPA initiated the second periodic review of the O3 NAAQS (48 FR 38009).
EPA subsequently published the 1986 Air Quality Criteria for Ozone and Other Photochemical
Oxidants (U.S. EPA, 1986) and 1989 Staff Paper (U.S. EPA, 1989). Following publication of
the 1986 Air Quality Criteria Document (AQCD), a number of scientific abstracts and articles
were published that appeared to be of sufficient importance concerning potential health and
welfare effects of O3 to warrant preparation of a Supplement (U.S. EPA, 1992). Under the terms
of a court order, on August 10, 1992 EPA published a proposed decision stating that revisions to
the existing primary and secondary standards were not appropriate at the time (57 FR 35542).
The notice explained that the proposed decision would complete EPA’s review of information on
health and welfare effects of O3 assembled over a 7-year period and contained in the 1986
AQCD and its 1992 Supplement. The proposal also announced EPA’s intention to proceed as
rapidly as possible with the next review of the air quality criteria and standards for O3 in light of
emerging evidence of health effects related to 6- to 8-hour O3 exposures. On March 9, 1993,
EPA concluded the review by deciding that revisions to the standards were not warranted at that
time (58 FR 13008).

In August 1992 EPA announced plans to initiate the third periodic review of the air
quality criteria and O3 NAAQS (57 FR 35542). On the basis of the scientific evidence contained
in the 1996 Air Quality Criteria for Ozone and related Photochemical Oxidants (U.S. EPA,
1996a), the 1996 Staff Paper (U.S. EPA, 1996b), and related technical support documents,
linking exposures to ambient O3 to adverse health and welfare effects at levels allowed by the
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then existing standards, EPA proposed to revise the primary and secondary O3 standards on
December 13, 1996 (61 FR 65716). The EPA proposed to replace the then existing 1-hour
primary and secondary standards with 8-hour average O3 standards set at a level of 0.08 ppm
(equivalent to 0.084 ppm using standard rounding conventions). The EPA also proposed to
establish a new distinct secondary standard using a biologically based cumulative, seasonal form.
The EPA completed the review on July 18, 1997 (62 FR 38856) by setting the primary standard
at a level of 0.08 ppm, based on the annual fourth-highest daily maximum 8-hr average
concentration, averaged over three years, and setting the secondary standard identical to the
revised primary standard.

On May 14, 1999, in response to challenges by industry and others to EPA’s 1997
decision, the U.S. Court of Appeals for the District of Columbia Circuit (D.C. Circuit Court)
remanded the O3 NAAQS to EPA, finding that section 109 of the Act, as interpreted by EPA,
effected an unconstitutional delegation of legislative authority. In addition, the D.C. Circuit
Court directed that, in responding to the remand, EPA should consider the potential beneficial
health effects of O3 pollution in shielding the public from the effects of solar ultraviolet (UV)
radiation, as well as adverse health effects. On January 27, 2000, EPA petitioned the U.S.
Supreme Court for certiorari on the constitutional issue (and two other issues) but did not request
review of the D.C. Circuit Court ruling regarding the potential beneficial health effects of O3. On
February 27, 2001, the U.S. Supreme Court unanimously reversed the judgment of the D.C.
Circuit Court on the constitutional issue, holding that section 109 of the CAA does not delegate
legislative power to the EPA in contravention of the Constitution, and remanded the case to the
D.C. Circuit Court to consider challenges to the O3 NAAQS that had not been addressed by that
Court’s earlier decisions. On March 26, 2002, the D.C. Circuit Court issued its final decision,
finding the 1997 O3 NAAQS to be “neither arbitrary nor capricious,” and denied the remaining
petitions for review. In response to the D.C. Circuit Court remand to consider the potential
beneficial health effects of O3 pollution in shielding the public from effects of solar (ultraviolet
or UV) radiation, on November 14, 2001, EPA proposed to leave the 1997 8-hour NAAQS
unchanged (66 FR 52768). After considering public comment on the proposed decision, EPA
published its final response to this remand on January 6, 2003, reaffirming the 8-hour O3
NAAQS set in 1997 (68 FR 614). Finally, on April 30, 2004, EPA announced the decision to
make the 1-hour O3 NAAQS no longer applicable to areas one year after the effective date of the
designation of those areas for the 8-hour NAAQS (69 FR 23966). For most areas, the date that
the 1-hour NAAQS no longer applied was June 15, 2005.

The EPA initiated the next periodic review of the air quality criteria and O3 standards in
September 2000 with a call for information (65 FR 57810). The schedule for completion of that
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rulemaking later became governed by a consent decree resolving a lawsuit filed in March 2003
by a group of plaintiffs representing national environmental and public health organizations.
Based on the Air Quality Criteria for Ozone and Other Photochemical Oxidants (US EPA, 2006)
published in March 2006 and the Staff Paper (U.S EPA, 2007a) and related technical support
documents published in July 2007, the proposed decision was published in the Federal Register
onJuly 11, 2007 (72 FR 37818). The EPA proposed to revise the level of the primary standard
to a level within the range of 0.075 to 0.070 ppm. Two options were proposed for the secondary
standard: (1) replacing the current standard with a cumulative, seasonal standard, expressed as an
index of the annual sum of weighted hourly concentrations cumulated over 12 daylight hours
during the consecutive 3-month period within the O3 season with the maximum index value, set
at a level within the range of 7 to 21 ppm-hrs, and (2) setting the secondary standard identical to
the revised primary standard. The EPA completed the review with publication of a final decision
on March 27, 2008 (73 FR 16436), revising the level of the 8-hour primary O3 standard from
0.08 ppm to 0.075 ppm and revising the secondary standard to be identical to the revised primary
standard.

1.2.3 Litigation and Reconsideration of the 2008 O3 NAAQS Final Rule

In May 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 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. Three
public hearings were held. The Agency solicited CASAC review of the proposed rule on
January 25, 2010 and additional CASAC advice on January 26, 2011. 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 the 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 ozone standards remain in effect.

1.2.4 Current O3 NAAQS Review

On September 29, 2008, the EPA’s NCEA-RTP announced the initiation of a new
periodic review of the air quality criteria for O3 and related photochemical oxidants and issued a
call for information in the Federal Register (73 FR 56581, Sept. 29, 2008). A wide range of
external experts as well as EPA staff, representing a variety of areas of expertise (e.g.,
epidemiology, human and animal toxicology, statistics, risk/exposure analysis, atmospheric
science, ecology, biology, plant science, benefits analysis) participated in a workshop, held by
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EPA on October 28-29, 2008 in Research Triangle Park, NC. The workshop provided an
opportunity for a public discussion of the key policy-relevant issues around which EPA would
structure this O3 NAAQS review and the most meaningful new science that would be available
to inform our understanding of these issues.

Based in part on the workshop discussions, EPA developed a draft IRP outlining the
schedule, process, and key policy-relevant questions that would guide the evaluation of the air
quality criteria for O3 and the review of the primary and secondary O3 NAAQS. A draft of the
integrated review plan was released for public review and comment in September 2009 and was
the subject of a consultation with the Clean Air Scientific Advisory Committee (CASAC) on
November 13, 2009 (74 FR 54562; October 22, 2009).° Comments received from that
consultation and from the public were considered in finalizing the plan and in beginning the
review of the air quality criteria. The EPA’s overall plan and schedule for this review is
presented in the Integrated Review Plan for the Ozone National Ambient Air Quality Standards.’

As part of the process of preparing the O3 ISA, NCEA hosted a peer review workshop in
October 29-30, 2008 (73 FR 56581, September 29, 2008) on preliminary drafts of key ISA
chapters. The first external review draft ISA (US EPA, 2011a; 76 FR 10893, February 28, 2011)
was reviewed by CASAC and the public at a meeting held in May 19-20, 2011 (76 FR 23809;
April 28, 2011). Based on CASAC and public comments, NCEA prepared a second draft ISA
(US EPA, 2011b; 76 FR 60820, September 30, 2011), which was reviewed by CASAC and the
public at a meeting held on January 9-10, 2012 (76 FR 236, December 8, 2011). Based on
CASAC and public comments, NCEA prepared a third draft ISA (US EPA 2012a; 77 FR 36534,
June 19, 2012), which will be reviewed at a CASAC meeting in September 2012.

The EPA’s plans for conducting the Risk and Exposure Assessment (REA) documents
that build on the scientific evidence presented in the ISA, se assessments, including the proposed
scope and methods of the analyses, were presented in two planning documents titled, Ozone
National Ambient Air Quality Standards: Scope and Methods Plan for Health Risk and
Exposure Assessment and Ozone National Ambient Air Quality Standards: Scope and Methods
Plan for Welfare Risk and Exposure Assessment (henceforth, Scope and Methods Plans).® These
planning documents outlined the scope and approaches that staff planned to use in conducting
quantitative assessments as well as key issues that would be addressed as part of the assessments.

® See http://yosemite.epa.gov/sab/sabproduct.nsf/WebProjectsby TopicCASAC!OpenView for more information on
CASAC activities related to the current Oz NAAQS review.

" EPA 452/R-11-006; April 2011; Available:

http://www.epa.gov/ttn/naags/standards/ozone/data/2011 04 OzonelRP.pdf

8 EPA-452/P-11-001 and -002; April 2011; Available:

http://www.epa.gov/ttn/naags/standards/ozone/s 03 2008 pd.html
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The documents were released for public comment in April 2011, and were the subject of a
consultation with the CASAC on May 19-20, 2011 (76 FR 23809; April 28, 2011). In designing
and conducting the initial health risk and visibility impact assessments, we considered CASAC
comments (Samet 2011) on the Scope and Methods Plans as well as public comments. In May
2012, a memo titled, Updates to information presented in the Scope and Methods Plans for the
Ozone NAAQS Health and Welfare Risk and Exposure Assessments, was made available that
described changes to elements of the scope and methods plans and provided a brief explanation
of each change and the reason for it.

On July 16, 2012, the EPA made available for CASAC review and public comment two draft
assessment documents titled, Health Risk and Exposure Assessment for Ozone, First External
Review Draft and Welfare Risk and Exposure Assessment for Ozone, First External Review Draft
(77 FR 42495, July 19, 3023). These two draft assessment documents describe the quantitative
analyses the EPA is conducting as part of the review of O3 NAAQS. Along with the third draft
ISA and this PA, these documents will be reviewed at a CASAC meeting in September 2012.

1.3 OVERVIEW OF O3 MONITORING AND AIR QUALITY

This section provides overviews of the ambient monitoring network for O3 (section
1.3.1); O3 precursor emissions and atmospheric chemistry (section 1.3.2); of ambient
concentrations (section 1.3.3); and the available evidence and information related to background
O3 (section 1.3.4). These issues are also discussed in detail in the chapter 3 of the ISA (US EPA,
2012a).

1.3.1 Oz Monitoring Network

To monitor compliance with the NAAQS, state and local monitoring agencies operate Os
monitoring sites at various locations, depending on the size of the area and typical peak O
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, 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 level 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.® For areas with required Os
monitors, at least one site must be designed to record the maximum concentration for that
particular metropolitan area. The spatial scales for Oj sites are neighborhood, urban, and

*The current monitor and probe siting requirements have an urban focus and do not address siting in non-urban, rural
areas. States may operate O; 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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regional.'® Since O3 concentrations decrease significantly in the colder parts of the year in many
areas, Os 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)."

1.3.2. Emissions and Atmospheric Chemistry

O3 is formed by photochemical reactions of precursor gases and is not directly emitted
from specific sources. In the stratosphere, ozone occurs naturally and provides protection
against harmful solar ultraviolet radiation. In the troposphere, near ground level, O3 forms
through atmospheric reactions involving two main classes of precursor pollutants: volatile
organic compounds (VOCs) and nitrogen oxides (NOx). Carbon monoxide (CO) and methane
(CHy,) are also important for Oz formation in some areas (US EPA, 2012a, section 3.2.2).

Emissions of O3 precursor compounds 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). Anthropogenic sources, including mobile sources and power plants, account for the
majority of NOx and CO emissions. Anthropogenic sources are also important for VOC
emissions, though in some locations and at certain times of the year (e.g., southern states during
summer) the majority of VOC emissions come from vegetation (US EPA, 2012a, section 3.2.1).
In practice, the distinction between natural and anthropogenic sources is often unclear, as human
activities directly or indirectly affect emissions from what would have been considered natural
sources during the preindustrial era. Thus, emissions from plants, animals, and wildfires could
be considered either natural or anthropogenic, depending on whether emissions result from
agricultural practices, forest management practices, lightning strikes, or other types of events.
(US EPA, 20124, sections 3.2 and 3.7.1).

Rather than varying directly with emissions of its precursors, Oz 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. In areas
dominated by fresh emissions of NOy, these radicals are removed, which lowers the O3 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 short-lived titration results in local valleys in which Oz concentrations are low

Neighborhood scale represents concentrations within some extended area of the city that has relatively uniform
land use with dimensions in the 0.5-4.0 km range. Urban scale represents concentrations within an area of city-like
dimensions, on the order of 4-50 km. Regional scale usually defines a rural area of reasonably homogeneous
geography without large sources, and extends from tens to hundreds of kilometers.

1Some States and Territories operate O; 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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compared to surrounding areas, but produces NO, that contributes to O3 formation later and
further downwind. Consequently, O3 response to reductions in NOy emissions is complex and
may include ozone decreases at some times and locations and, in others, increases of ozone to fill
in the local valleys of low ozone. In areas with low NOy concentrations, such as those found in
remote continental areas to rural and suburban areas downwind of urban centers, O3 production
typically varies directly with NOy concentrations (e.g. increases with increasing NOy emissions).

The formation of O3 from precursor emissions is also affected by the intensity and
spectral distribution of sunlight and atmospheric mixing. Major episodes of high ground level O
concentrations in the eastern United States are associated with slow moving high pressure
systems. High pressure systems during the warmer seasons are associated with the sinking of
air, resulting in warm, generally cloudless skies, with light winds. The sinking of air results in
the development of stable conditions near the surface which inhibit or reduce the vertical mixing
of O3 precursors. The combination of inhibited vertical mixing and light winds minimizes the
dispersal of emitted pollutants emitted in urban areas, allowing their concentrations to build up.
In addition, in some parts of the United States (e.g., in Los Angeles), mountain barriers limit
mixing and result in a higher frequency and duration of days with high Oz concentrations.
Photochemical activity involving precursors is enhanced during warmer seasons because of
higher temperatures and the availability of sunlight (US EPA, 2012a, section 3.2).

Ozone concentrations in a region are affected both by local formation and by transport of
Os and its precursors 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, Os is transfered into the troposphere from the
stratosphere, which is rich in O3 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).

1.3.3 Air Quality Concentrations

Because O3 is a secondary pollutant formed in the atmosphere from precursor emissions,
concentrations are generally more regionally homogeneous than concentrations of primary
pollutants emitted directly from stationary and mobile sources (US EPA, 20123, section 3.6.2.1).
However, variation in local emissions characteristics, meteorological conditions, and topography
can result in daily and seasonal temporal variability in ambient O3 concentrations, as well as
local and national-scale spatial variability.

Temporal variation in ambient O3 concentrations results largely from daily and seasonal
patterns in temperature, sunlight, precursor emissions, and meteorological conditions (US EPA,
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2012a, section 3.7.5). On average, ambient O3 concentrations follow well-recognized daily and
seasonal patterns, particularly in urban areas. Specifically, daily maximum O3 concentrations in
urban areas tend to occur in mid-afternoon, with more pronounced peaks in the warm months of
the O season than in the colder months (US EPA, 2012a, Figures 3-54, 3-156 to 3-157). Rural
sites also followed this general pattern, though it is less pronounced in colder months (US EPA,
2012a, Figure 3-55). With regard to seasonal variability, median maximum daily average 8-hour
(MDA&8) O3 concentrations in U.S. cities in 2007-2009 were approximately 47 ppb, with typical
ranges between 35 to 60 ppb and the highest MDAS8 concentrations above 100 ppb in several
U.S. cities.

In addition to temporal variability, there is also considerable spatial variability in ambient
O3 concentrations within cities and across different cities in the United States. With regard to
spatial variability within a city, local emissions characteristics, geography, and topography can
have important impacts. For example, fresh NO emissions from motor vehicles titrate O3 present
in the urban background air, resulting in an Oz gradient around roadways with O3 concentrations
increasing as distance from the road increases (US EPA, 2012a, section 3.6.2.1). In comparing
urban areas, the ISA notes that measured O3 concentrations are relatively uniform and well-
correlated across some cities (e.g., Atlanta) while they are more variable in others (e.g., Los
Angeles) (US EPA, 2012a, section 3.6.2.1 and Figures 3-28 to 3-36). In addition to differences
in local emissions characteristics, such differences in the uniformity of ambient O3
concentrations across urban areas can also result from differences in local geography and
topography (US EPA, 2012a, section 3.6.2.1).

With regard to spatial variability across cities, when the ISA evaluated the distributions
of 8-hour O3 concentrations for the years 2007 to 2009 in 20 cities, the highest concentrations
were reported in Los Angeles, with high concentrations also reported in several eastern and
southern cities. The maximum recorded MDAS8 was 137 ppb in Los Angeles, and was near or
above 120 ppb in Atlanta, Baltimore, Dallas, New York City, Philadelphia, and St. Louis (US
EPA, 2012a, Table 3-10). The pattern was similar for the 98" percentile of the distribution of
MDAB concentrations™, with Los Angeles recording the highest 98™ percentile concentration
(91 ppb) and many eastern and southern cities reporting 98" percentile concentrations near or
above 75 ppb. In contrast, somewhat lower 98™ percentile O5 concentrations were recorded in
cities in the western United States outside of California (US EPA, 20123, Table 3-10).

Although rural monitoring sites tend to be less directly affected by anthropogenic
pollution sources than urban sites, rural sites can be affected by transport of Oz or O3 precursors

12 Table 3-10 in the ISA analyzes the warm season. Therefore, the 98" percentile values would be an approximation
of the 4™ highest value.
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from upwind urban areas and by local anthropogenic sources such as motor vehicles, power
generation, biomass combustion, or oil and gas operations (US EPA, 2012a, section 3.6.2.2). In
addition, O3 tends to persist longer in rural than in urban areas due to lower rates of chemical
scavenging in non-urban environments. At higher elevations, increased O3 concentrations can
also result from stratospheric intrusions (US EPA, 2012a, sections 3.4, 3.6.2.2). As a result, O
concentrations measured in some rural sites can be higher than those measured in nearby urban
areas (US EPA, 20123, section 3.6.2.2) and the ISA concludes that cumulative exposures for
humans and vegetation in rural areas can be substantial, and often higher than cumulative
exposures in urban areas (US EPA, 2012a, section 3.7.5).

1.3.4 Background O3

As discussed above, and in more detail in the ISA (US EPA, 2012a, Chapter 3), ambient
concentrations of O3 in a given location can be influenced by emissions from both anthropogenic
and natural sources, by long-range transport from within and outside the United States, and by
intermixing of stratospheric and tropospheric air masses. In the last review of the O3 NAAQS,
EPA distinguished between ambient O3 that could be controlled through U.S. regulations or
through international agreements with neighboring countries and ambient O3 not generally
controllable in this manner (US EPA, 2007, section 2.7). This distinction was judged appropriate
because it had the effect of focusing policy considerations on health risks that would be
controllable through U.S. regulations and/or policies. To facilitate such a distinction, EPA
defined policy relevant background (PRB), referred to as North American Background (NAB) in
the current draft ISA (US EPA, 2012a, section 3.4) and in this draft PA, as the distribution of O
concentrations that would be observed in the U.S. in the absence of North American (i.e., U.S.,
Canada, and Mexico) anthropogenic emissions. The primary implication of this distinction was
that Os-related health risks were characterized for ambient O3 concentrations above PRB (NAB
in current review).® In this section, we discuss sources and contributions of background Os, as
well as estimated concentrations of background O3 across the U.S., with a focus on how
background Os varies spatially and temporally across the U.S. and with respect to measured or
simulated total O3 concentrations (US EPA, 20123, section 3.4).

In this first draft PA, we discuss three definitions of background O3 concentrations: (1)
NAB, which is simulated O3 concentrations that would exist in the absence of anthropogenic

BIn this review, the first draft REA (US EPA, 2012b) focuses on estimation of risks down to zero concentrations of
05 and down to lowest measured levels (LML) of Os, as reflected in the epidemiology studies used in the REA. This
is in agreement with CASAC members’ recommendation that EPA move away from using PRB in calculating risks
(Henderson, 2007). In simulating air quality that just meets the current O3 NAAQS, the first draft REA uses
modeled U.S. background concentrations as lowest values for the rollback (i.e., O3 concentrations are not rolled
back below U.S. background concentrations) (chapter 3, below).
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emissions from the U.S., Canada and Mexico; (2) U.S. background (USB), which is simulated O3
concentrations that would exist in the absence of anthropogenic emissions from the U.S.; and (3)
natural background (NB), which is simulated Oz concentrations in the absence of all
anthropogenic emissions globally. All of these definitions include contributions from natural
sources including the STE of Os, O3 resulting from photochemical reactions of emissions from
natural sources (e.g., wildfires, lightning, soil, biogenic), and global methane emissions, although
approximately 60% of global methane emissions are anthropogenic (Olivier et al, 2005). In
addition, both NAB and USB include international transport of Oz and O3 precursor emissions
from outside of North America into the U.S.*

While some of these sources contribute to background O3 in a more consistent manner,
with limited day-to-day variability (e.g. biogenic and soil emissions), other sources contribute to
background O3 more episodically (e.g. stratospheric intrusions, international transport events,
wildfires). These episodic events usually occur in relation to a specific event, such as a strong
cold front or a wildfire, and occur more often in specific geographical locations, such as at high
elevations and in wildfire prone areas during the local dry season. In addition, these episodic
sources of background have been found to be the primary drivers of high background
concentrations (US EPA, 2012a, section 3.7.3). It should also be noted that EPA has policies for
treatment of air quality monitoring data affected by these types of events. For example, EPA’s
2007 Treatment of Data Influenced by Exceptional Events Rule allows exclusion of air quality
monitoring data from regulatory determinations related to exceedances or violations of the
NAAQS and to avoid designating an area as nonattainment if a State adequately demonstrates
that an exceptional event have caused an exceedance or violation of a NAAQS.™ In addition,
Section 179B of the CAA also provides for treatment of air quality data from international
transport when emissions emanating from outside of the United States have caused an
exceedance or violation of a NAAQS.

Historically, two approaches have been used to estimate background O3z concentrations.
In the 1996 O3 AQCD, and in earlier reviews, measurements from remote monitoring sites were
used to estimate background concentrations. However, this approach has the disadvantage of not

1 USB also includes the transport of O3 and O3 precursor emissions from Canada and Mexico into the U.S.

> EPA’s 2007 Treatment of Data Influenced by Exceptional Events Rule section 319(b)(3)(B) and section 107(d)(3)
of the CAA: Exceptional events are unusual or naturally occurring events that can affect air quality but are not
reasonably controllable using techniques that tribal, state, or local air agencies may implement
(http://www.epa.gov/ttn/analysis/exevents.htm). Additional guidance related to this rule is currently under
development.

16 Section 179B states: “Notwithstanding any other provision of law, any State that establishes to the satisfaction of
the Administrator that, with respect to an 0zone nonattainment area in such State, such State would have attained the
national ambient air quality standard for ozone by the applicable attainment date, but for emissions emanating from
outside of the United States, shall not be subject to the provisions of section 181(a)(2) or (5) or section 185.”
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allowing unambiguous attribution of ambient O3 concentrations to background sources. As
noted in the 2006 O3 AQCD (U.S. EPA, 2006, section 3.9), given long-range transport of O3 and
O3 precursors from anthropogenic source regions, estimates of background concentrations in the
U.S. cannot be obtained directly from measurements of ambient O3, even measurements obtained
at relatively remote monitoring sites. In support of this conclusion, recent analyses by Parrish et
al. (2009) indicated that measured O3 concentrations at Trinidad Head, CA, a site that has
historically been characterized as reflecting NAB, only reflected background concentrations
about 30% of the time during spring, with local anthropogenic source influences present on most
days (US EPA, 2012a, section 3.4.2).

Since background O3 concentrations as defined above are a construct that cannot be
directly measured, the 2006 AQCD adopted the use of chemical transport models (CTMs) to
estimate NAB (referred to as PRB in the 2006 AQCD). An advantage of using CTMs is that
they are able to provide a broad range of O3 concentrations, spatially and temporally, from
various different environments. Another advantage of using these models to estimate background
O3 concentrations is that specific emissions sources can be turned on or off in the model,
providing insight into contributions to ambient O3 concentrations in the U.S. from natural
sources and international transport, when compared to measured or simulated base case
concentrations of O3 concentrations photochemically produced from all emissions sources.
However, it should be noted that modeled concentrations of O3 background are an estimate of O3
concentrations in the absence of specific anthropogenic emissions, and because of the nonlinear
nature of O3 chemistry, are only an approximation of how much of the O3 measured or simulated
in a given area is due to background contributions. In this way, there are important limitations to
consider when interpreting the modeling results.

Recent modeling efforts from Zhang et al. (2011) and Emery et al. (2012) have sought to
improve the spatial and temporal resolution of background estimates and to better characterize
important sources of background O3 such as fires and international transport. These applications
have produced the latest estimates for background O3 concentrations documented in the recent
literature, and the results of these modeling efforts are discussed in more detail in the ISA (US
EPA, 2012a, section 3.4) and below. The analyses provided by Zhang et al. (2011) (hereafter
referred to as GEOS-Chem) utilized the GEOS-Chem model at a grid spacing of 0.5° x 0.667°
(~50 km) over North America for modeling NAB, USB, NA, and base case Os. The analyses
provided in Emery et al. (2012) (hereafter referred to as CAMx) employed the CAMx model at
an even finer grid spacing of 12km x 12km to model NAB and base case O3, with boundary
conditions being provided by a GEOS-Chem model run at a grid spacing of 2° x 2.5°. The most
readily discernible differences in the two modeling applications are in the model grid spacing
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