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EXECUTIVE SUMMARY

This draft Policy Assessment (PA) has been prepared by staff in the Environmental
Protection Agency’s (EPA) Office of Air Quality Planning and Standards (OAQPS) as part of
the Agency’s ongoing review of the primary (health-based) national ambient air quality
standards (NAAQS) for nitrogen dioxide (NO-). It presents analyses and preliminary staff
conclusions regarding the policy implications of the key scientific and technical information that
informs this review. When final, the PA is intended to “bridge the gap” between the relevant
scientific evidence and technical information and the judgments required of the EPA
Administrator in determining whether to retain or revise the current standards. Development of
the PA is also intended to facilitate advice and recommendations on the standards to the
Administrator from an independent scientific review committee, the Clean Air Scientific
Advisory Committee (CASAC), as provided for in the Clean Air Act (CAA).

Staff’s preliminary conclusions in this draft PA are informed by consideration of the
scientific evidence summarized and assessed in the Integrated Science Assessment for Oxides of
Nitrogen — Health Criteria (ISA) and updated analyses comparing ambient NO2 concentrations to
health-based benchmarks, included herein. Emphasis is given to considering the extent to which
the evidence newly available since the last review alters conclusions drawn in the last review
with regard to health effects related to ambient exposure to NO., the exposure concentrations at
which they occur, and populations that may be at increased risk for effects.

The overarching questions in this review, as in all NAAQS reviews, focus on the support
provided by the available scientific and technical information for the adequacy of the current
standards, and on the extent to which that scientific and technical information supports
consideration of potential alternative standards. The analyses presented in this draft PA to
address such questions lead to the preliminary staff conclusion that it is appropriate to consider
retaining the current primary NO; standards, without revision, in this review. Accordingly, staff
have not identified potential alternative standards for consideration in this review. Advice from
CASAC and public comments, based on review of this draft PA, will inform staff’s consideration
of the scientific and technical information and staff’s conclusions in the final PA.

History of Primary NO, NAAQS

The NAAQS for NO2 was initially promulgated in 1971. At that time, the Administrator
set a standard with an annual averaging time and a level of 53 ppb to protect against respiratory
disease in children that had been reported in the available studies. In subsequent reviews of the
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primary NO2 NAAQS, completed in 1985 and 1996, the annual standard was retained without
revision.

The last review of the primary NO2 NAAQS was completed in 2010. In that review, the
EPA supplemented the existing primary annual NO> standard by establishing a new 1-hour
standard. After considering an integrative synthesis of the body of evidence on human health
effects related to NO2 exposures and the available information from quantitative assessments of
NO:z exposures and health risks, the Administrator determined that the annual standard alone was
not sufficient to protect the public health from the array of effects that could occur following
short-term exposures to ambient NO». To increase protection against such exposures, the 1-hour
NO: standard was set with a level of 100 ppb, based on the 3-year average of the 98th percentile
of the annual distribution of daily maximum 1-hour concentrations. The EPA also retained the
existing annual NO; standard with its level of 53 ppb.

The Administrator particularly noted the potential for adverse health effects to occur
following exposures to elevated NO> concentrations that can occur around major roads.
Accordingly, the revisions to the primary NO2 NAAQS in 2010 were accompanied by revisions
to the ambient air monitoring and reporting requirements. States were required to locate monitors
within 50 meters of heavily trafficked roadways in large urban areas and in other locations where
maximum NO> concentrations were expected occur. Near-road NO2 monitors were initially
required to become operational between January 1, 2014 and January 1, 2017. Currently, there
are approximately 65 near-road monitors in operation in urban areas across the U.S., with
approximately one to two years of data available from most of these monitors.

Scope and Approach in the Current Review

Consistent with the review completed in 2010, this review focuses on health effects
associated with gaseous oxides of nitrogen and the protection afforded by the current primary
NO; standards. The gaseous oxides of nitrogen include NO- and nitric oxide (NO), together
referred to as NOx, and their gaseous reaction products. Health effects associated with particulate
species (e.g., nitrates) are addressed in the review of the NAAQS for particulate matter (PM).
Additionally, the EPA is separately reviewing the welfare effects associated with oxides of
nitrogen and the protection provided by the secondary NO> standard in conjunction with a review
of the secondary SO, standard.

Staff’s approach to reviewing the primary NO. standards in the current review is focused
on addressing a series of key policy-relevant questions. Consideration of these questions in the
final PA is intended to inform the Administrator’s decisions as to whether, and if so, how, to
revise the current NO- standards. The Administrator’s ultimate judgments on the primary
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standards will most appropriately reflect an interpretation of the available scientific evidence and
information that neither overstates nor understates the strengths and limitations of that evidence
and information. This approach is consistent with the requirements of sections 108 and 109 of
the CAA, as well as with how the EPA and the courts have historically interpreted the CAA.

Characterization of NOx Emissions Sources and Trends in Ambient NO, Concentrations

As was the case in previous reviews, the major sources of NOx emissions include
highway vehicles, off-highway vehicles, and fuel combustion. Estimates indicate a 54%
reduction in NOx emissions across all source categories since 1980, and emissions are expected
to decrease further as existing regulatory programs continue to be implemented. Reductions in
NOx emissions over past decades have occurred largely as the result of substantial decreases in
emissions from mobile sources and from fuel combustion. Based on recent estimates, mobile
sources remain the largest source of NOx emissions in the U.S., contributing approximately 40%
of the total.

Consistent with reductions in NOx emissions, ambient NO> concentrations have declined
substantially since 1980 (i.e., by about 60% and 75% for annual and hourly concentrations,
respectively). Based on recent data, all NO2> monitors measure ambient concentrations that meet
the existing NAAQS. Analyses of historical data indicate that monitoring sites meeting the
current 1-hour NO> standard have corresponding annual average NO2 concentrations of about 35
ppb or below. Based on ongoing reductions in NOx emissions, we anticipate that ambient NO-
concentrations will continue to decline across most of the U.S.

Because mobile sources remain the largest contributors to NOx emissions in the U.S., an
important part of the current review is the evaluation of monitoring data from recently deployed
near-road NO2 monitors. Depending on local conditions, ambient NO> concentrations can be
higher near roadways than at sites in the same area but farther removed from the road (and from
other sources of NOx emissions). Analyses included in this draft PA indicate that NO>
concentrations are generally highest at sampling sites nearest to the road and decrease as distance
from the road increases. This pattern of decreasing concentrations with increasing distance from
the road has persisted over recent decades, though the absolute difference (in terms of ppb)
between NO> concentrations close to roads and those farther from roads has declined over time.

Consistent with this analysis of historical air quality information, the limited amount of
data available from recently deployed near-road monitors indicates that daily maximum 1-hour
NO- concentrations are generally higher at near-road monitors than at the non-near-road
monitors in the same area. This is the case in most of the CBSAs with near-road monitors,
though these relationships vary across CBSAs and over the years with available data, particularly
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at the upper ends of the distributions of NO, concentrations (i.e., 98™, 99" percentiles). As more
years of data from near-road monitors become available, we expect to gain an improved
understanding of these relationships.

Health Effects Evidence and Review of the Primary NO>, NAAQS

In this draft PA, we evaluate what the health effects evidence can tell us with regard to
the adequacy of the public health protection provided by the current NO> NAAQS. In doing so,
we consider the strength of the evidence for various effects and the extent to which that evidence
indicates adverse effects attributable to NO, exposures concentrations lower than previously
identified or below the current standards.

As in the last review, the strongest evidence continues to come from studies examining
respiratory effects following short-term NO> exposures (e.g., minutes up to one month). In
particular, the ISA concludes that “[a] causal relationship exists between short-term NO2
exposure and respiratory effects based on evidence for asthma exacerbation.” The strongest
support for this conclusion comes from controlled human exposure studies examining the
potential for NO,-induced increases in airway responsiveness (AR) (i.e., a hallmark of asthma) in
individuals with asthma. These studies, most of which were available in the last review, together
with an updated meta-analysis of their individual-level data, indicate increases in AR in some
people with asthma following resting exposures to NO2 concentrations from 100 to 530 ppb.
Important limitations in this evidence include the lack of a dose-response relationship between
NO- and AR and uncertainty in the adversity of the reported increases in AR. In addition, within
the range of 100 to 530 ppb, the evidence for NO2-induced increases in AR becomes less
consistent across studies that examined the lower exposure concentrations, particularly 100 ppb.

Evidence supporting the ISA conclusion also comes from epidemiologic studies reporting
associations between short-term NO> exposures and an array of respiratory outcomes related to
asthma exacerbation. Such studies consistently report associations with several asthma-related
outcomes, including asthma-related hospital admissions and emergency department visits in
children and adults. The epidemiologic evidence that is newly available in the current review is
consistent with evidence from the last review and does not fundamentally alter our understanding
of respiratory effects related to short-term NO> exposures. While our fundamental understanding
of such effects has not changed, recent epidemiologic studies do reduce some uncertainty from
the last review regarding the extent to which effects may be independently related to short-term
NO- exposures. This reduced uncertainty results from recent studies reporting health effect
associations with short-term NO- exposures in co-pollutant models and from recent studies using
improved exposure metrics.
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In addition to the effects of short-term exposures, the ISA concludes that there is “likely
to be a causal relationship” between long-term NO- exposures and respiratory effects, based on
the evidence for asthma development in children. The strongest evidence supporting this
conclusion comes from recent epidemiologic studies demonstrating associations between long-
term NO- exposures and asthma incidence. Important uncertainties in these studies result from
the methods used to assign NO2 exposures, the high correlations between NO> and other traffic-
related pollutants, and the lack of information regarding the extent to which reported effects are
independently associated with NO- rather than the overall mixture of traffic-related pollutants.
Additional support for the ISA conclusion comes from experimental studies supporting the
biological plausibility of a potential mode of action by which NO2 exposures could cause asthma
development. These include studies that support a potential role for repeated short-term NO>
exposures in the development of asthma.

While the overall evidence for NO»-related respiratory effects supports a “causal”
relationship with short-term NO- exposures and a “likely to be causal” relationship with long-
term exposures, these studies do not provide evidence that calls into question the adequacy of the
public health protection provided by current primary NO> NAAQS. In particular, compared to
the last review when the 1-hour standard was set, evidence from controlled human exposure
studies has not altered our understanding of the NO2 exposure concentrations that cause
increased AR. In addition, there remains uncertainty in this evidence due to the lack of a dose-
response relationship and uncertainty in the adversity of the response. These uncertainties are
increasingly important for the lower NO> exposure concentrations evaluated (i.e., at and near 100
ppb), where the evidence across studies is less consistent. In addition, while epidemiologic
studies report associations with asthma-related outcomes, these associations are generally in
locations that would likely have violated one or both of the existing standards over at least part
of the study periods. In the absence of studies reporting associations in locations meeting the
current NOy standards, there is greater uncertainty regarding the extent to which serious asthma
exacerbations (short-term exposures) or the development of asthma (long-term exposures) are
caused by the NO> exposures that occur with air quality meeting those standards.

Comparisons of Ambient NO» Concentrations with Health-Based Benchmarks

Beyond our consideration of the scientific evidence, we also consider the extent to which
quantitative analyses can inform conclusions on the adequacy of the public health protection
provided by the current primary NO> standards. In particular, we have conducted updated
analyses comparing NO: air quality with health-based benchmarks from 100 to 300 ppb to
estimate the potential for exposures of public health concern that could be allowed by the current
standards. Benchmarks are based on information from controlled human exposure studies
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indicating NO2-induced increases in AR and on the meta-analysis of individual-level data from
these studies.

Overall, these analyses indicate little potential for exposures to ambient NO>
concentrations that would be of public health concern in locations meeting the current 1-hour
standard. In particular, based on recent ambient measurements, all of which meet the current
standards, analyses indicate almost no potential for 1-hour exposures to NO> concentrations at or
above any of the benchmarks examined, even the lowest benchmark (i.e., 100 ppb). When air
quality is adjusted upwards to simulate just meeting the current 1-hour NO; standard, there is
also virtually no potential for exposures to the NO> concentrations that have been shown most
consistently to increase AR in people with asthma (i.e., greater than 200 ppb), even under worst-
case conditions across a variety of study areas with among the highest NOx emissions in the U.S.
Such NO2 concentrations are not estimated to occur, even at monitoring sites adjacent to some of
the most heavily trafficked roadways in the country. In addition, the current standard limits NO>
exposures that have the potential to exacerbate asthma symptoms, but for which the evidence is
less consistent (i.e., 100 ppb). Given the results of these analyses, and the uncertainties inherent
in their interpretation, there is little potential for exposures to ambient NO2 concentrations that
would be of public health concern in locations meeting the current 1-hour standard.

Preliminary Conclusions

Staff has reached the preliminary conclusion that the available scientific evidence, in
combination with the available information from quantitative analyses, supports the adequacy of
the public health protection provided by the current primary NO>. Staff further reaches the
preliminary conclusion that it is appropriate to consider retaining the current standards, without
revision, in this review.

Staff additionally notes that the final decision on the adequacy of the current standards is
largely a public health policy judgment to be made by the Administrator, drawing upon the
scientific information as well as judgments about how to consider the range and magnitude of
uncertainties that are inherent in the scientific evidence and technical analyses. In this context,
we recognize that the uncertainties and limitations associated with the many aspects of the
estimated relationships between NO- exposures and adverse respiratory effects are amplified
with consideration of increasingly lower NO2 concentrations. In staff’s view, there is appreciable
uncertainty in the extent to which reductions in asthma exacerbations or asthma development
would result from alternative NO> standards with levels lower than those of the current
standards. Thus, the basis for any consideration of alternative lower standard levels would reflect
different public health policy judgments as to the appropriate approach for weighing
uncertainties in the evidence.
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Based on all of the above considerations, as noted above, we reach the preliminary
conclusion that consideration should be given to retaining the current standard, without revision,
in this review. In light of this conclusion, we have not identified any potential alternative
standards for consideration. Our final conclusions will additionally be informed by CASAC
advice and public input on this draft PA.
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1 INTRODUCTION

1.1 PURPOSE

The U.S. Environmental Protection Agency (EPA) is conducting a review of the primary
national ambient air quality standards (NAAQS) for Nitrogen Dioxide (NO2). An overview of
the approach to reviewing the primary NO2 NAAQS is presented in the Integrated Review Plan
for the Primary NAAQS for Nitrogen Dioxide (IRP, U.S. EPA, 2014). 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 NO2 should be retained or revised.

As part of the review process, this draft Policy Assessment (PA) has been prepared by
staff in the EPA’s Office of Air Quality Planning and Standards (OAQPS). When final, 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) NAAQS for NO,. CASAC advice and public
input on this draft PA will be considered in developing a final PA. The final PA will present the
EPA’s staff conclusions regarding the 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 NO; standards will reflect the judgments of the Administrator.

The development of the PA is also intended to facilitate advice to the Agency and
recommendations to the Administrator from an independent scientific review committee, the
Clean Air Scientific Advisory Committee (CASAC), as provided for in the Clean Air Act. As
discussed below in section 1.2.1, the CASAC is to advise not only on the Agency’s assessment
of the relevant scientific information, but also on the adequacy of the existing standards, and to
make recommendations as to any revisions of the standards that may be appropriate. The EPA
facilitates the CASAC’s advice and recommendations, as well as public input and comment, by
requesting CASAC review and public comment on one or more drafts of the PA.2

The decision whether to prepare one or more drafts of the PA is influenced by
preliminary staff conclusions and associated CASAC advice and public comment, among other

Ln this first draft PA, the terms “we” or “our” refer to staff in the EPA’s Office of Air Quality Planning and
Standards (OAQPS).

2 Beyond informing the EPA Administrator and facilitating the advice and recommendations of CASAC and the
public, the PA is also intended to be a useful reference to all parties interested in the review of the primary NO,
NAAQS. It is intended to serve as a single source of the most policy-relevant information that informs the Agency’s
review of the primary NO, NAAQS, and it is written to be understandable to a broad audience.
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factors. Typically, a second draft PA is prepared in cases where the available information calls
into question the adequacy of the current standard(s) and where staff analyses of potential
alternative standards are developed. In such cases, a second draft PA includes preliminary staff
conclusions regarding potential alternative standards and undergoes review the CASAC and
public comment prior to preparation of the final PA. When analyses of potential alternative
standards are not undertaken, a second draft PA may not be warranted.

In this draft PA, we take into account the available scientific and technical information as
assessed in the Integrated Science Assessment for Oxides of Nitrogen — Health Criteria (ISA,
U.S. EPA, 2016). In so doing, we focus on information that is most relevant 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
protection afforded by the NO> standards. This draft PA also builds upon staff’s preliminary
conclusions regarding the potential support for updated quantitative analyses of NO2 exposures
and/or health risks, as presented in the document titled Review of the Primary National Ambient
Air Quality Standards for Nitrogen Dioxide: Risk and Exposure Assessment Planning Document
(REA Planning Document, U.S. EPA, 2015), and advice from the CASAC on those preliminary
conclusions (Diez Roux and Frey, 2015).

The remainder of this chapter summarizes the NAAQS legislative requirements and
provides an overview of the history of the NO2 NAAQS (Section 1.2), summarizes the approach
used to reaching decisions in the last review of the primary NO, standard (Section 1.4), and
provides an overview of our planned approach to reviewing the primary NO- standards in the
current review (Section 1.3). Following Chapter 1, this first draft PA presents an overview of the
NO2 monitoring network and of the available information on ambient NO> concentrations and
trends (Chapter 2); staff’s consideration of the available evidence for NOz-attributable health
effects and the NO> concentrations associated with those effects (Chapter 3); staff’s
consideration of quantitative analyses (Chapter 4); and staff’s preliminary conclusions regarding
the adequacy of the existing primary NO: standards (Chapter 5).

3The “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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1.2 BACKGROUND
121 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 certain “air
pollutants” and then to issue air quality criteria for those pollutants that are listed. The
Administrator is to list those air pollutants that in her “judgment, cause or contribute to air
pollution which may reasonably be anticipated to endanger public health or welfare;” “the
presence of which in the ambient air results from numerous or diverse mobile or stationary
sources;” and “for which . . . [the Administrator] plans to issue air quality criteria....” 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 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 secondary NO> standard will be reviewed separately in conjunction with the review of
the secondary sulfur dioxide (SO>) standard.

The requirement that primary standards provide an adequate margin of safety was
intended to address uncertainties associated with inconclusive scientific and technical
information available at the time of standard setting. It was also intended to provide a reasonable
degree of protection against hazards that research has not yet identified. See, e.g., State of
Mississippi v. EPA, 744 F. 3d 1334, 1353 (D.C. Cir. 2012); Lead Industries Association v. EPA,

5The 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)].

SWelfare 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.”
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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 types 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 provide 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, the 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; State
of Mississippi, 744 F. 3d at 1353.

In setting primary and secondary standards that are “requisite” to protect public health
and welfare, respectively, as provided in section 109(b), the EPA’s task is to establish standards
that are neither more nor less stringent than necessary for these purposes. In so doing, the 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.

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 now
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performed by the Clean Air Scientific Advisory Committee (CASAC) of EPA’s Science
Advisory Board.’

1.2.2 Previous NO2 NAAQS Reviews

In 1971, the EPA added nitrogen oxides to the list of criteria pollutants under section
108(a)(1) of the CAA and issued the initial air quality criteria (36 FR 1515, January 30, 1971;
U.S. EPA, 1971). Based on these air quality criteria, the EPA promulgated NAAQS for nitrogen
oxides using NO; as the indicator (36 FR 8186, April 30, 1971). Both primary and secondary
standards were set at 100 micrograms per cubic meter (ug/m3) (equal to 53 parts per billion
(ppb)), annual average. Since then, the Agency has completed multiple reviews of the air quality
criteria and primary NO; standards, as summarized in Table 1-1.

Table 1-1. Primary national ambient air quality standards for oxides of nitrogen since
1971.

Final : Averaging

Rule/Decision Indicator T Level Form

1971
8 . .

36 FR 8186 NO Annual 53 ppb® | Annual arithmetic average
April 30, 1971
1985
50 FR 25532 Primary NO; standards retained, without revision.
June 19, 1985
1996
61 FR 52852 Primary NO: standards retained, without revision.

October 8, 1996

3-year average of the 98"
2010 percentile of the annual
NO:2 1-hour 100 ppb distribution of daily
75 FR 6474 maximum 1-hour
February 9, 2010 concentrations

Primary annual NO> standard retained, without revision.

7 Lists of CASAC members and of members of the CASAC NO2 Review Panel are available at:
http://yosemite.epa.gov/sab/sabpeople.nsf/WebExternal CommitteeRosters?OpenView&committee=CASAC&secondname=Clea
n%20Air%20Scientific%20Advisory%20Committee and
http://yosemite.epa.gov/sab/sabpeople.nsf/WebCommitteesSubcommittees/CASAC%200xides%200f%20Nitrogen%20Primary
%20NAAQS%20Review%20Panel%20(2013-2016), respectively.

8 The official level of the annual NO; standard is 0.053 ppm, equal to 53 ppb, which is shown here for the purpose
of clearer comparison to the 1-hour standard.
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The EPA retained the primary NO; standard, without revision, in reviews completed in
1985 and 1996 (50 FR 25532, June 19, 1985; 61 FR 52852, October 8, 1996). In the latter of the
two decisions, the EPA concluded that “the existing annual primary standard appears to be both
adequate and necessary to protect human health against both long- and short-term NO-
exposures” and that “retaining the existing annual standard is consistent with the scientific data
assessed in the Criteria Document (U.S. EPA, 1993), the Staff Paper (U.S. EPA, 1995), and the
advice and recommendations of [the] CASAC” (61 FR 52854, October 8, 1996).

The last review of the air quality criteria for oxides of nitrogen (health criteria) and the
primary NO> standard was initiated in December 2005 (70 FR 73236, December 9, 2005).%1°
The EPA’s plans for conducting that review were presented in the Integrated Review Plan for the
Primary National Ambient Air Quality Standard for Nitrogen Dioxide (2007 IRP, U.S. EPA,
2007a), which included consideration of comments received during a CASAC consultation as
well as public comment on a draft IRP. The scientific assessment for the review was described in
the 2008 Integrated Science Assessment for Oxides of Nitrogen — Health Criteria (2008 ISA,
U.S. EPA, 2008a), multiple drafts of which received review by the CASAC and the public. The
EPA also conducted quantitative human risk and exposure assessments after consultation with
the CASAC and receiving public comment on an analysis plan (U.S. EPA, 2007b). These
technical analyses were presented in the Risk and Exposure Assessment to Support the Review of
the NO2 Primary National Ambient Air Quality Standard (2008 REA, U.S. EPA, 2008b),
multiple drafts of which received CASAC and public review.

In the course of reviewing the second draft REA in the last review, the CASAC expressed
the view that the document would be incomplete without the addition of a policy assessment
chapter presenting an integration of evidence-based considerations and risk and exposure
assessment results. The CASAC stated that such a chapter would be “critical for considering
options for the NAAQS for NO2” (Samet, 2008a, p.4). In addition, within the period of the
CASAC’s review of the second draft REA, the EPA’s Deputy Administrator indicated in a letter
to the CASAC chair, addressing earlier CASAC comments on the NAAQS review process, that
the risk and exposure assessment would include “a broader discussion of the science and how
uncertainties may affect decisions on the standard” and “all analyses and approaches for
considering the level of the standard under review, including risk assessment and weight of
evidence methodologies” (Peacock, 2008, p. 3). Accordingly, the final 2008 REA included a

9 Documents related to the current review as well as reviews complete in 2010 and 1996 are available at:
http://Awww.epa.gov/ttn/naags/standards/nox/s_nox_index.html.

10 The EPA conducted a separate review of the secondary NO2 NAAQS jointly with a review of the secondary SO2 NAAQS. The
Agency retained those secondary standards, without revision, to address the direct effects on vegetation of exposure to gaseous
oxides of nitrogen and sulfur (77 FR 20218, April 3, 2012).
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policy assessment chapter that considered the scientific evidence in the 2008 ISA and the
exposure and risk results presented in other chapters of the 2008 REA as they related to the
adequacy of the then current primary annual NO> standard and potential alternative standards for
consideration (U.S EPA, 2008b, chapter 10).*! The CASAC discussed the final version of the
2008 REA, with an emphasis on the policy assessment chapter, during a public teleconference on
December 5, 2008 (73 FR 66895, November 12, 2008). Following that teleconference, the
CASAC offered comments and advice on the primary NO; standard in a letter to the
Administrator (Samet, 2008b)

In a notice published in the Federal Register on July 15, 2009, the EPA proposed to
supplement the existing primary annual NO- standard by establishing a new short-term standard
(74 FR 34404, July 15, 2009). After considering an integrative synthesis of the body of evidence
on human health effects associated with the presence of NO in the air and the exposure and risk
information, the Administrator determined that the existing primary NO>. NAAQS, based on an
annual arithmetic average, was not sufficient to protect the public health from the array of effects
that could occur following short-term exposures to ambient NO>. In so doing, the Administrator
particularly noted the potential for adverse health effects to occur following exposures to
elevated NO> concentrations that can occur around major roads (75 FR 6482, February 9, 2012).
In a notice published in the Federal Register on February 9, 2010, the EPA finalized a new short-
term NO> standard with a level of 100 ppb, based on the 3-year average of the 98th percentile of
the annual distribution of daily maximum 1-hour concentrations. The EPA also retained the
existing primary annual NO- standard with a level of 53 ppb, annual average (75 FR 6474,
February 9, 2010). The Agency’s final decision included consideration of the CASAC’s advice
(Samet, 2009) and public comments on the proposed rule. The EPA’s final rule was upheld
against challenges in a decision issued by the U.S. Court of Appeals for the District of Columbia
Circuit on July 17, 2012. API v. EPA, 684 F.3d 1342 (D.C. Cir. 2012).

Revisions to the NAAQS were accompanied by revisions to the data handling
procedures, the ambient air monitoring and reporting requirements, and the Air Quality Index
(AQI).*? As described in Chapter 2, one aspect of the new monitoring network requirements

11 Subsequent to the completion of the 2008 REA, the EPA Administrator Jackson called for additional key changes to the
NAAQS review process including reinstating a policy assessment document that contains staff analysis of the scientific bases for
alternative policy options for consideration by senior EPA management prior to rulemaking (Jackson, 2009).

2 The current federal regulatory measurement methods for NO2 are specified in 40 CFR part 50, Appendix F and 40 CFR part 53.
Consideration of ambient air measurements with regard to judging attainment of the standards is specified in 40 CFR part 50,
Appendix S. The NO2 monitoring network requirements are specified in 40 CFR part 58, Appendix D, section 4.3. The EPA
revised the AQI for NO: to be consistent with the revised primary NO2 NAAQS as specified in 40 CFR part 58, Appendix G.
Certain topics related to implementation of the new standard were also discussed in the Federal Register notices for the proposed
and final rules (74 FR 34404; 75 FR 6474).
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included requirements for states to locate monitors near heavily trafficked roadways in large
urban areas and in other locations where maximum NO2 concentrations can occur. Subsequent to
the 2010 rulemaking, the Agency revised the deadlines by which the near-road monitors were to
be operational in order to implement a phased deployment approach (78 FR 16184, March 14,
2013). The near-road NO2 monitors were required to become operational between January 1,
2014 and January 1, 2017.

1.2.3 Current Review of the Primary NO2 NAAQS

In February 2012, the EPA announced the initiation of the current periodic review of the
air quality criteria for oxides of nitrogen and of the Primary NO> NAAQS and issued a call for
information in the Federal Register (77 FR 7149, February 10, 2012). 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, and
biology) participated in a workshop held by the EPA on February 29 to March 1, 2012 in
Research Triangle Park, NC. The workshop provided an opportunity for a public discussion of
the key policy-relevant issues around which the Agency would structure this NO2 primary
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, the EPA developed a draft plan for the
Integrated Science Assessment for Nitrogen Oxides — Health Criteria (ISA) and a draft plan for
the Integrated Review Plan for the Primary National Ambient Air Quality Standards for
Nitrogen Dioxide (IRP) outlining the schedule, process, and key policy-relevant questions that
would guide the evaluation of the air quality criteria for NO2 and the review of the primary NO>
NAAQS. The draft plan for the ISA was released in May of 2013 (78 FR 26026) and was the
subject of a consultation with the CASAC on June 5, 2013 (78 FR 27234). Comments received
from that consultation were considered in the preparation of first draft ISA, and preliminary
drafts of key ISA chapters were reviewed by subject matter experts at a public workshop hosted
by the EPA’s National Center for Environmental Assessment (NCEA) in May 2013 (78 FR
27374). The First External Review Draft Integrated Science Assessment for Oxides of Nitrogen —
Health Criteria was released in November 2013 (78 FR 70040). During this time, the draft IRP
was also in preparation and was released in February 2014 (79 FR 7184). Both the draft IRP and
first draft ISA were reviewed by the CASAC at a public meeting held in March 2014 (79 FR
8701), and the first draft ISA was further discussed at an additional teleconference held in May
2014 (79 FR 17538). The CASAC finalized its recommendations of the first draft ISA and the
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draft IRP in letters dated June 10, 2014, and the final IRP was released in June 2014 (79 FR
36801).

The EPA released the Second External Review Draft Integrated Science Assessment for
Oxides of Nitrogen — Health Criteria in January 2015 (80 FR 5110) and the Review of the
Primary National Ambient Air Quality Standards for Nitrogen Dioxide Risk and Exposure
Assessment Planning Document (REA Plan) in May 2015 (80 FR 27304), both of which were
review by the CASAC at a public meeting held in June 2015 (80 FR 22993). A follow-up
teleconference with the CASAC was held in August 2013 (80 FR 43085) to finalize
recommendations on the second draft ISA, and the final Integrated Science Assessment for
Oxides of Nitrogen — Health Criteria was released in January 2016 (81 FR 4910). The
CASAC’s recommendations on the draft REA Plan were provided to the EPA in a letter dated
September 9, 2015, and the EPA has prepared this draft PA after considering the CASAC’s
advice and public comments.

In addition, a complaint against the EPA has been filed for failure to complete its review
of the primary NAAQS for NO2. Center for Biological Diversity et al. v. McCarthy, (No. 4:16-
cv-03796-VC, N.D. Cal., July 7, 2016). The EPA anticipates that this litigation will result in
court-ordered deadlines for completion of the review.

1.3 SCOPE OF THE CURRENT REVIEW

Consistent with the review completed in 2010, this review will focus on health effects
associated with gaseous oxides of nitrogen and the protection afforded by the primary NO>
standards.® The gaseous oxides of nitrogen include NO2 and nitric oxide (NO) as well as their
gaseous reaction products. Total oxides of nitrogen include these gaseous species as well as
particulate species (e.g., nitrates). Collectively, we refer to the total set of species as NOy (U.S.
EPA, 2013b, Section 2.2, Figure 2-1). Health effects associated with the particulate species are
addressed in the review of the NAAQS for particulate matter (PM) (78 FR 30866, January 15,

13Section 108(c) of the CAA specifies that the air quality criteria relating to NO, include consideration of nitric and
nitrous acids, nitrites, nitrates, nitrosamines, and other carcinogenic and potentially carcinogenic derivatives of
oxides of nitrogen.
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2013; U.S. EPA, 2009).1* The EPA is separately reviewing the welfare effects associated with
oxides of nitrogen and the protection provided by the secondary NO- standard in conjunction
with a review of the secondary SOz standard (78 FR 53452, August 29, 2013).°

When referring to the group of gaseous oxidized nitrogen compounds as a whole, the ISA
and other assessment documents developed in this review use the term “oxides of nitrogen.” In
the last review, the EPA used “NOXx” as the abbreviation for oxides of nitrogen. However, based
on the definition commonly used in the scientific literature, in this review, the abbreviation NOx
will refer specifically to the sum of NO, and NO concentrations, rather than all oxides of
nitrogen (U.S. EPA, 2016).%¢

1.4 GENERAL APPROACH FOR REVIEW OF THE STANDARDS

As described in Section 1.1 above, this draft PA presents a transparent evaluation and
staff’s preliminary conclusions regarding the adequacy of the current primary NO. standards.
Staff’s considerations and preliminary conclusions in this draft document are based on the
available body of scientific evidence assessed in the ISA (U.S. EPA, 2016) and on the results of
guantitative analyses comparing NO- air quality to NO2 benchmarks based on the available
health evidence. In the final PA, staff’s considerations and conclusions on the adequacy of the
existing standards, and on the potential alternatives, if any, that are appropriate to consider, will
also be informed by the advice and recommendations received from CASAC during its review of
this draft of the PA and by public input received. Staff’s considerations and conclusions in the
final PA are intended to inform the Administrator’s decisions as to whether the existing primary
NO- standards should be retained or revised and, if revised, what revisions are appropriate.

Section 1.4.1 below summarizes the approach used by the Administrator in reaching
conclusions in the last review of the primary NO2 NAAQS. Building on this approach from the
last review, Section 1.4.2 summarizes the planned approach to be taken by staff in this review to
inform the Administrator’s decisions on the primary NO2, NAAQS.

14 Additional information on the PM NAAQS is available at:
http://www.epa.gov/ttn/naags/standards/pm/s_pm_index.html.

15 Additional information on the ongoing and previous review of the secondary NO, and SO, NAAQS is available
at: http://www.epa.gov/ttn/naags/standards/no2so2sec/index.html.

16« the term “oxides of nitrogen” (NOv) refers to all forms of oxidezed nitrogen (N) compounds, including nitric
oxide (NO), nitrogen dioxide (NO2), and all other oxidized N-containing compounds formed from NO and NO;”
(U.S. EPA, 2016, p. 2-1). “A large number of oxidized nitrogen species in the atmosphere are formed from
the oxidation of NO and NOz. These include nitrate radicals (NOs), nitrous acid (HONO), nitric acid
(HNO:s), dinitrogen pentoxide (N20s), nitryl chloride (CINO2), peroxynitric acid (HNOa4), PAN and its
homologues (PANS), other organic nitrates like alkyl nitrates [including isoprene nitrates(IN)], and pNOs”
(U.S. EPA, 2016, p. 2-2).
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1.4.1 Approach Used in the Last Review

As noted above (Section 1.2.2), the last review of the primary NO2 NAAQS was
completed in 2010 (75 FR 6474, February 9, 2010). In that review, the EPA established a new 1-
hour standard to provide increased public health protection, including for people with asthma and
other at-risk populations,®’ against an array of adverse respiratory health effects that had been
linked to short-term NO> exposures (75 FR 6498 to 6502; U.S. EPA, 20084, Sections 3.1.7 and
5.3.2.1; Table 5.3-1). Specifically, the EPA established a short-term standard defined by the 3-
year average of the 98" percentile of the annual distribution of daily maximum 1-hour NO;
concentrations, with a level of 100 ppb. In addition to setting the new 1-hour standard, the EPA
retained the existing annual standard with its level of 53 ppb (75 FR 6502, February 9, 2010).
Together, the two standards were concluded to provide protection against adverse respiratory
health effects associated with short-term exposures to NO2 and effects potentially associated with
long-term exposures. As discussed further in Chapter 2 below, in conjunction with the revised
primary NO2 NAAQS, the EPA also established a two-tiered monitoring network composed of
(1) near-road monitors which would be placed near heavily trafficked roads in urban areas and
(2) monitors located to characterize areas with the highest expected NO2 concentrations at the
neighborhood and larger spatial scales (also referred to as “area-wide” monitors) (75 FR 6505 to
6506, February 9, 2010).

Key aspects of the Administrator’s approach to reaching these decisions are described
below. Section 1.4.1.1 summarizes her approach to reaching the conclusion that it was
appropriate to revise the primary NO2 NAAQS. Section 1.4.1.2 summarizes her approach to
considering the elements of a revised standard. Section 1.4.1.3 discusses the key uncertainties in
the evidence and information identified in the last review.
1.4.1.1 Approach to Considering the Need for Revision

The 2010 decision to revise the existing primary NO> standard was based largely on the
body of scientific evidence published through early 2008 and assessed in the 2008 ISA (U.S.
EPA, 2008a); the quantitative exposure and risk analyses and the assessment of the policy-

17 As used here and similarly throughout this document, the term population refers to persons having a quality or
characteristic in common, such as a specific pre-existing illness or a specific age or lifestage. Lifestage refers to a
distinguishable time frame in an individual’s life characterized by unique and relatively stable behavioral and/or
physiological characteristics that are associated with development and growth (i.e., children and older adults).
Identifying at-risk populations includes consideration of intrinsic (e.g., genetic or developmental aspects) or
acquired (e.g., disease or smoking status) factors that increase the risk of health effects due to exposure to oxides of
nitrogen as well as extrinsic factors such as those related to socioeconomic status, reduced access to health care, or
exposure. The ISA characterizes the strength of the evidence for various at-risk populations (U.S. EPA, 2016,
Chapter 7).
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relevant aspects of the evidence presented in the REA (U.S. EPA, 2008b);*8 the advice and
recommendations of the CASAC (Samet, 2008); and public comments on the proposal.

As an initial consideration in reaching this decision, the Administrator noted that the
evidence relating short-term (minutes to hours) NO> exposures to respiratory morbidity was
judged in the ISA to be “sufficient to infer a likely causal relationship” (75 FR 6489, February 9,
2010; U.S. EPA, 2008a, Sections 3.1.7 and 5.3.2.1).%° The scientific evidence included
controlled human exposure studies providing evidence of increases in airway responsiveness in
people with asthma following short-term exposures to NO2 concentrations as low as 100 ppb?°
and epidemiologic studies reporting associations between short-term NO2 exposures and
respiratory effects in locations that would have met the annual standard.

The quantitative analyses presented in the 2008 REA included exposure and risk estimates
for air-quality adjusted to just meet the annual standard. The Administrator took note of the REA
conclusion that risks estimated for air quality adjusted upward to simulate just meeting the
current standard could reasonably be concluded to be important from a public health perspective,
while additionally recognizing the uncertainties associated with adjusting air quality in such
analyses (75 FR 6489, February 9, 2010). For air quality adjusted to just meet the existing annual
standard, the REA findings given particular attention by the Administrator included the
following: “a large percentage (8 to 9%) of respiratory-related emergency department visits in
Atlanta could be associated with short-term NO2 exposures; most asthmatics in Atlanta could be
exposed on multiple days per year to NO2 concentrations at or above 300 ppb; and most
locations evaluated could experience on-/near-road NO> concentrations above 100 ppb on more
than half of the days in a given year” (75 FR 6489, February 9, 2010; U.S. EPA, 2008b, Section
10.3.2).

In reaching the conclusion on adequacy of the then-existing standard, the Administrator
also considered advice received from the CASAC. In its advice, the CASAC agreed that the
primary concern in the review was to protect against health effects that have been associated
with short-term NO> exposures. The CASAC also agreed that the annual standard alone was not

18 As discussed in the IRP for NO, (U.S. EPA, 2014, section 1.3), due to changes in the NAAQS process, the last
review of the NO, NAAQS did not include a separate Policy Assessment document. Rather, the REA for that review
included a policy assessment chapter.

9 In contrast, the evidence relating long-term (weeks to years) NO exposures to adverse health effects was judged
to be either “suggestive but not sufficient to infer a causal relationship” (respiratory morbidity) or “inadequate to
infer the presence or absence of a causal relationship” (mortality, cancer, cardiovascular effects,
reproductive/developmental effects) (75 FR 6478, February 9, 2010). The causal framework used in the ISA for the
current review is discussed below in Chapter 3.

2 Transient increases in airway responsiveness have the potential to increase asthma symptoms and worsen asthma
control (74 FR 34415, July 15, 2009; U.S. EPA, 2008a, sections 5.3.2.1 and 5.4).
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sufficient to protect public health against the types of exposures that could lead to these health
effects. As noted in its letter to the EPA Administrator, “[The] CASAC concurs with EPA’s
judgment that the current NAAQS does not protect the public’s health and that it should be
revised” (Samet, 2008, p. 2).

Based on the considerations summarized above, the Administrator concluded that the
then-existing NO> primary NAAQS was not requisite to protect public health with an adequate
margin of safety and that the standard should be revised in order to provide increased public
health protection against respiratory effects associated with short-term exposures, particularly for
at-risk populations and lifestages such as asthmatics, children, and older adults (75 FR 6490,
February 9, 2010). Upon consideration of approaches to revising the standard, the Administrator
concluded that it was appropriate to set a new short-term standard, in addition to the existing
annual standard with its level of 53 ppb, as described below.

1.4.1.2 Approach to Considering the Elements of a Revised Standard

In considering appropriate revisions in the last review, each of the four basic elements of
the NAAQS (indicator, averaging time, level, and form) was evaluated. The sections below
summarize the approaches used by the Administrator, and her final decisions, on each of those
elements.
Indicator

In the review completed in 2010, as well as in previous reviews, the EPA focused on NO>
as the most appropriate indicator for oxides of nitrogen because the available scientific
information regarding health effects was largely indexed by NO». Controlled human exposure
studies and animal toxicological studies provided specific evidence for health effects following
exposures to NO». In addition, epidemiologic studies typically reported effects associated with
NO; concentrations?! (75 FR 6490, February, 9, 2010; U.S. EPA 2008b, Section 2.2.3). Based on
the information available in the last review, and consistent with the views of the CASAC (Samet,
2008, p.2; Samet, 2009, p.2), the EPA concluded it was appropriate to continue to use NO- as the
indicator for a standard that was intended to address effects associated with exposure to NO3,
alone or in combination with other gaseous oxides of nitrogen. In so doing, the EPA recognized
that measures leading to reductions in population exposures to NO2 will also reduce exposures to
other oxides of nitrogen (75 FR 6490, February, 9, 2010).
Averaging time

2L The degree to which monitored NO reflected actual NO; concentrations, as opposed to NO; plus other gaseous
oxides of nitrogen, was recognized as an uncertainty (75 FR 6490, February, 9, 2010; U.S. EPA 2008b, section
2.2.3).
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In considering the most appropriate averaging time(s) for the NO, primary NAAQS, the
Administrator noted the available scientific evidence as assessed in the ISA, the air quality
analyses presented in the REA, the conclusions of the policy assessment chapter of the REA, and
recommendations from the CASAC.?? Her key considerations are summarized below.

When considering averaging time, the Administrator first noted that the evidence relating
short-term (minutes to hours) NO> exposures to respiratory morbidity was judged in the ISA to
be “sufficient to infer a likely causal relationship” (U.S. EPA, 2008a, section 5.3.2.1) while the
evidence relating long-term (weeks to years) NO2 exposures to adverse health effects was judged
to be either “suggestive but not sufficient to infer a causal relationship” (respiratory morbidity)
or “inadequate to infer the presence or absence of a causal relationship” (mortality, cancer,
cardiovascular effects, reproductive/developmental effects) (U.S. EPA, 2008a, Sections 5.3.2.4-
5.3.2.6). The Administrator concluded that these judgments most directly supported an averaging
time that focused protection on effects associated with short-term exposures to NO».

In considering the level of support available for specific short-term averaging times, the
Administrator noted that the policy assessment chapter of the REA considered evidence from
both experimental and epidemiologic studies. Controlled human exposure studies and animal
toxicological studies provided evidence that NO2 exposures from less than 1 hour up to 3 hours
can result in respiratory effects such as increased airway responsiveness and inflammation (U.S.
EPA, 2008a, Section 5.3.2.7). She specifically noted the ISA conclusion that exposures of
asthmatic adults to 100 ppb NO- for 1-hour (or 200 to 300 ppb for 30 minutes) can result in
small but significant increases in nonspecific airway responsiveness (U.S. EPA, 2008a, Section
5.3.2.1). In addition, the epidemiologic evidence provided support for short-term averaging times
ranging from approximately 1 hour up to 24 hours (U.S. EPA, 2008a, Section 5.3.2.7). Based on
this, the Administrator concluded that a primary concern with regard to averaging time is the
degree of protection provided against effects associated with 1-hour NO concentrations. Based
on REA analyses of ratios between 1-hour and 24-hour NO- concentrations (U.S. EPA, 2008b,
Section 10.4.2), she further concluded that a standard based on 1-hour daily maximum NO>
concentrations could also be effective at protecting against effects associated with 24-hour NO-
exposures.

Based on the above, the Administrator judged that it was appropriate to set a new NO>
standard with a 1-hour averaging time. She concluded that such a standard would be expected to
effectively limit short-term (e.g., 1- to 24-hours) exposures that have been linked to adverse
respiratory effects. She also retained the existing annual standard to continue to provide
protection against effects potentially associated with long-term exposures to oxides of nitrogen

22 She also considered public comments received on the proposal (75 FR 6490, February, 9, 2010)
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(75 FR 6502, February, 9, 2010). These decisions were consistent with CASAC advice to
establish a short-term primary standard for oxides of nitrogen based on using 1-hour maximum
NO:z concentrations and to retain the current annual standard (Samet, 2008, p. 2; Samet, 2009, p.
2).

Level

With consideration of the available health effects evidence, exposure and risk analyses,
and air quality information, the Administrator set the level of the new 1-hour NO- standard at
100 ppb. This standard was focused on limiting the maximum 1-hour NO2 concentrations in
ambient air (75 FR 6474, February, 9, 2010).2 In establishing this new standard, the
Administrator emphasized the importance of protecting against exposures to peak concentrations
of NO., such as those that can occur around major roadways. Available evidence and
information suggested that roadways account for the majority of exposures to peak NO>
concentrations and, therefore, are important contributors to NO.-associated public health risks
(U.S. EPA, 2008b, Figures 8-17 and 8-18).

In setting the level of the new 1-hour standard at 100 ppb, the Administrator noted that
there is no bright line clearly directing the choice of level. Rather, the choice of what is
appropriate is a public health policy judgment entrusted to the Administrator. This judgment
must include consideration of the strengths and limitations of the evidence and the appropriate
inferences to be drawn from the evidence and the exposure and risk assessments.

The Administrator judged that the existing evidence from controlled human exposure
studies supported the conclusion that the NO2-induced increase in airway responsiveness at or
above 100 ppb presented a risk of adverse effects for some asthmatics, especially those with
more serious (i.e., more than mild) asthma. The Administrator noted that the risks associated
with increased airway responsiveness could not be fully characterized based on available
controlled human exposure studies, and thus she was not able to determine whether the increased
airway responsiveness experienced by asthmatics in these studies was an adverse health effect.
However, the Administrator concluded that asthmatics, particularly those suffering from more
severe asthma, warrant protection from the risk of adverse effects associated with the NO»-
induced increase in airway responsiveness. Therefore, the Administrator concluded that the
controlled human exposure evidence supported setting a standard level no higher than 100 ppb to
reflect a cautious approach to the uncertainty regarding the adversity of the effect. However,
those uncertainties led her to also conclude that this evidence did not support setting a standard
level lower than 100 ppb (75 FR 6500-6501, February, 9, 2010)..

23 In conjunction with this new standard, the Administrator established a 2-tiered monitoring network that included
monitors sited to measure the maximum NO- concentrations near major roadways, as well as monitors sited to
measure maximum area-wide NO- concentrations.
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The Administrator also considered the more serious health effects reported in NO>
epidemiologic studies. She noted that a new standard focused on protecting against maximum 1-
hour NO- concentrations in ambient air anywhere in an area, with a level of 100 ppb and an
appropriate form (as discussed below), would be expected to limit area-wide?* NO2
concentrations to below those in locations where epidemiologic studies had reported associations
with respiratory-related hospital admissions or emergency department visits. The Administrator
also concluded that such a 1-hour standard would be consistent with the REA conclusions based
on the NO2 exposure and risk information (75 FR 6501, February, 9, 2010).

Given the above considerations and the comments received on the proposal, and
considering the entire body of evidence and information before her, as well as the related
uncertainties, the Administrator judged it appropriate to set a 1-hour standard focused on limiting
the maximum allowable NO> concentrations that can occur anywhere in an area, with a level of
100 ppb. Specifically, she concluded that such a standard, with an appropriate form as discussed
below, would provide a significant increase in public health protection compared to that provided
by the annual standard alone and would be expected to protect against the respiratory effects that
have been linked with NO> exposures in both controlled human exposure and epidemiologic
studies. This includes limiting exposures at and above 100 ppb for the vast majority of people,
including those in at-risk groups, and maintaining area-wide NO- concentrations below those in
locations where key U.S. epidemiologic studies had reported that ambient NO. was associated
with clearly adverse respiratory health effects, as indicated by increased hospital admissions and
emergency department visits. The Administrator also noted that a standard level of 100 ppb was
consistent with the consensus recommendation of the CASAC. (75 FR 6501, February, 9, 2010).

In setting the standard level at 100 ppb rather than at a lower level, the Administrator also
acknowledged the uncertainties associated with the scientific evidence. She noted that a 1-hour
standard with a level lower than 100 ppb would only result in significant further public health
protection if, in fact, there is a continuum of serious, adverse health risks caused by exposure to
NO: concentrations below 100 ppb and/or associated with area-wide NO> concentrations well
below those in locations where key U.S. epidemiologic studies had reported associations with
respiratory-related emergency department visits and hospital admissions. Based on the available
evidence, the Administrator did not believe that such assumptions were warranted. Taking into
account the uncertainties that remained in interpreting the evidence from available controlled
human exposure and epidemiologic studies, the Administrator observed that the likelihood of
obtaining benefits to public health with a standard set below 100 ppb decreased, while the

2As discussed below in Chapter 2, area-wide concentrations refer to those measured by monitors that have been
sited to characterize ambient concentrations at the neighborhood and larger spatial scales.
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likelihood of requiring reductions in ambient concentrations that go beyond those that are needed
to protect public health increased. (75 FR 6501-02, February, 9, 2010).
Form

The “form” of a standard defines the air quality statistic that is to be compared to the level of
the standard in determining whether an area attains the standard. The Administrator recognized that
for short-term standards, concentration-based forms which reflect consideration of a statistical
characterization of an entire distribution of air quality data with a focus on a single statistical metric,
such as the 98™ or 99" percentile, can better reflect pollutant-associated health risks than forms based
on expected exceedances. This is the case because concentration-based forms give proportionally
greater weight to days when pollutant concentrations are well above the level of the standard than to
days when the concentrations are just above the level of the standard. # In addition, she concluded
that when averaged over three years, these concentration-based forms provide an appropriate balance
between limiting peak pollutant concentrations and providing a stable regulatory target, facilitating
the development of stable implementation programs (75 FR 6492, February, 9, 2010).

In the last review, the EPA considered two specific concentration-based forms (i.e., the 98"
and 99 percentile concentrations), averaged over 3 years, for the new 1-hour NO; standard. The
focus on the upper percentiles of the distribution was based, in part, on evidence of health effects
associated with short-term NO- exposures from experimental studies which provided information on
specific exposure concentrations that were linked to respiratory effects. In a letter to the
Administrator following issuance of the Agency’s proposed rule, the CASAC recommended a form
based on the 3-year average of the 98™ percentile of the distribution of 1-hour daily maximum NO;
concentrations (Samet, 2009, p. 2). In making this recommendation, the CASAC noted the potential
for instability in the higher percentile concentrations and the absence of data from the near-road
monitoring network.

Given the limited available information on the variability in peak NO, concentrations near
important sources of NO> such as near major roadways, and given the recommendation from the
CASAC regarding the potential for instability in the 99™ percentile concentrations, the Administrator
judged it appropriate to set the form based on the 3-year average of the 98" percentile of the annual
distribution of daily maximum 1-hour NO- concentrations. In addition, consistent with the CASAC’s
advice (Samet, 2008, p. 2; Samet, 2009, p.2), the EPA retained the form of the annual standard (75
FR 6502, February, 9, 2010).
1.4.1.3 Areas of Uncertainty in Last Review

While the available scientific information informing the last review was stronger and
more consistent than in previous reviews and provided a strong basis for decision making in that

%5 Compared to an exceedance-based form, a concentration-based form reflects the magnitude of the exceedance of a
standard level not just the fact that such an exceedance occurred.
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review, the Agency recognized that areas of uncertainty remained. These were generally related
to the following: (1) understanding the role of NO2 in the complex ambient mixture which
includes a range of co-occurring pollutants (e.g., PM2s, CO and other traffic-related pollutants;
ozone (O3), SO»,) (e.g., 75 FR 6485 February 9, 2010); (2) understanding the extent to which
monitored ambient NO, concentrations used in epidemiologic studies reflect exposures in study
populations and the range of ambient concentrations over which we continue to have confidence
in the health effects observed in the epidemiologic studies (e.g., 75 FR 6501, February 9, 2010);
(3) understanding the magnitude and potential adversity of NO2-induced respiratory effects
reported in controlled human exposure studies (e.g., 75 FR 6500, February 9, 2010); and (4)
understanding the NO, concentration gradients around important sources, such as major roads,
and relating those gradients to broader ambient monitoring concentrations (e.g., 75 FR 6479,
February 9, 2010).

1.4.2 General Approach for the Current Review

Staff’s approach to reviewing the primary NO- standards in the current review builds off
the approach taken in the last review and reflects the updated scientific and technical information
now available, as assessed in the 2016 ISA. Our considerations and conclusions related to the
primary NO> standards in the current review are framed by a series of key policy-relevant
questions, expanding upon those presented in the IRP at the outset of this review (U.S. EPA,
2014). Our consideration of these questions in the final PA is intended to inform the
Administrator’s decisions as to whether, and if so how, to revise the current NO- standards.

In reaching conclusions on options for the Administrator’s consideration, we note that the
final decision to retain or revise the current primary NO; standard is a public health policy
judgment to be made by the Administrator. This final decision by the Administrator will draw
upon the available scientific evidence for NO:-attributable health effects and on information
from available quantitative analyses, including judgments about the appropriate weight to assign
the range of uncertainties inherent in the evidence and analyses. Our general approach in the
current review to informing these decisions recognizes that the available health effects evidence
reflects a continuum from relatively higher NO2 concentrations, at which scientists generally
agree that health effects are likely to occur, through lower concentrations, at which the likelihood
and magnitude of a response become increasingly uncertain. In developing preliminary
conclusions in this draft PA, we are mindful that the Administrator’s ultimate judgments on the
primary standard will most appropriately reflect an interpretation of the available scientific
evidence and information that neither overstates nor understates the strengths and limitations of
that evidence and information. This approach is consistent with the requirements of sections 108
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and 109 of the CAA, as well as with how the EPA and the courts have historically interpreted the
CAA.

Figure 1-1 below provides an overview of our approach in this review. We believe that
the general approach outlined in Figure 1-1 provides a comprehensive basis to help inform the
judgments required of the Administrator in reaching decisions about the current and, if
appropriate, potential alternative primary NO; standards.
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1 Figure 1-1. Overview of the Approach to Reviewing the Primary NO2 NAAQS.
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2 NO2 AIR QUALITY

This chapter presents information on NO2 atmospheric chemistry, monitoring, and
ambient concentrations, with a focus on information that is most relevant for our review of the
primary NO> standards. It is intended as a prologue for detailed discussions on the evidence for
health effects and ambient exposures to NO; that follow in the subsequent chapters, and as a
source of information to help interpret those effects in the context of air quality. We generally
focus on NO: in this chapter, as this is the indicator for oxides of nitrogen and most relevant to
the evaluation of health evidence, however, a more thorough characterization of oxides of
nitrogen is presented in the ISA (U.S. EPA, 2016, Chapter 2).

In this chapter, Section 2.1 provides an overview of the atmospheric chemistry of NO»
formation and the NOx emissions that contribute to ambient NO». Section 2.2 discusses NO>
ambient monitoring methods and provides an overview of the U.S. ambient monitoring network
for NO>. Section 2.3 summarizes information on recent ambient concentrations of NOa,
including information from the near-road monitoring network, and on long-term temporal trends
in NO: air quality.

2.1 NO2 ATMOSPHERIC CHEMISTRY AND NOx EMISSIONS
2.1.1 Atmospheric Chemistry

Ambient concentrations of NO> are influenced by both direct NO> emissions and by
emissions of nitric oxide (NO), with the subsequent conversion of NO to NO- primarily though
reaction with ozone (O3). The initial reaction between NO and O3 to form NO2 occurs fairly
quickly during the daytime, with reaction times on the order of minutes. However, NO, can also
be photolyzed to reform NO, creating new Oz in the process (U.S. EPA, 2016, Section 2.2).

Due to the close relationship between NO and NO», and their ready interconversion, these
species are often grouped together and referred to as NOx. The majority of NOx emissions are in
the form of NO. For example, 90% or more of tail-pipe NOx emissions are in the form of NO,
with only about 2 to 10% emitted as NO> (Itano et al., 2014; Kota et al., 2013; Jimenez et al.,
2000; Richmond-Bryant et al., 2016). NOx emissions from mobile sources require time and
sufficient O3 concentrations for the conversion of NO to NO near roadways. As a result, while
ambient NO> concentrations are often elevated near important sources of NOx emissions, such as
major roadways, the highest concentrations do not always occur immediately adjacent to those
sources.
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The near-road environment provides a clear example of the interplay between NOx
emissions, meteorology, and the atmospheric chemistry that impacts ambient NO>
concentrations. Vehicular emissions tend to peak during the morning and afternoon commutes,
while peak Oz concentrations generally occur in the late morning to early evenings. In addition,
atmospheric mixing tends to be the strongest during the daytime, rapidly diluting roadway
emissions. Given the relative timing of Oz availability and peak atmospheric mixing conditions,
the highest near-road NO- concentrations often occur during the early morning hours (i.e., before
atmospheric mixing can rapidly dilute emissions) (Kimbrough et al., 2016; Richmond-Bryant et
al., 2016).2°

2.1.2 Emissions

The National Emissions Inventory (NEI)?’ is a national compilation of emissions sources
collected from state, local, and tribal air agencies, as well as emission estimates developed by the
EPA from data on specific source sectors. Anthropogenic sources account for 97% of NOx
emissions in the U.S., with highway vehicles, off-highway vehicles, and fuel combustion
identified in the NEI as the largest contributors. More specifically, highway vehicles include all
on-road vehicles, including light duty as well as heavy duty vehicles, both gasoline- and diesel-
powered. Off-highway vehicles and engines include aircraft, commercial marine vessels,
locomotives, and nonroad equipment. Fuel combustion-utilities includes electric power
generating units (EGUSs), which derive their power generation from all types of fuels. EGU
emissions are dominated by coal combustion, which accounts for 86% of all NOx emissions from
utilities in the 2011 NEI. The fuel combustion-other category includes commercial/institutional,
industrial, and residential combustion of biomass, coal, natural gas, oil, and other fuels. Other
anthropogenic sources include field burning, prescribed fires, and various industrial processes
(e.g., cement manufacturing, oil and gas production). On a national scale, agricultural field
burning and prescribed fires are the greatest contributors to the Other Anthropogenic sources
category. Biogenics and Wildfires include emissions estimates for plants and soil (i.e., biogenics)
and for wildfires.

Nationwide estimates indicate a 54% decrease in total NOx emissions from 1980 to 2014
(Figure 2-1) as a result of multiple regulatory programs. These include the Acid Rain Program;

%6 Ambient NO, concentrations around stationary sources of NOx emissions are similarly impacted by the
availability of O3 and by meteorological conditions, althought surface-level NO, concentrations can be less impacted
in cases where stationary source NOx emissions are elevated substantially above ground level.

27 https://www.epa.gov/air-emissions-inventories
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NOx Budget Trading Program; Clean Air Interstate Rule; Cross-State Air Pollution Rule; Tier 2
On-Road Light Duty Rule; Tier 3 Light-Duty Vehicle Emissions and Fuel Standards; Heavy
Duty Truck and Bus Rule; Clean Air Diesel Rule; Locomotive and Marine Diesel Rule; Non-
road Spark-Ignition Engine Rule; Ocean-Going Vessels Rule; and Voluntary Clean Diesel
Programs.?

30,000
25,000
20,000
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10,000

5,000

Emissions (thousands of short tons

0
1980 1985 1990 1995 2000 2005 2010

Year

Figure 2-1. U.S. national average NOx emissions from 1980 to 2014. %

The overall decrease in NOx emissions has been driven primarily by decreases from the
four largest emissions sources. Specifically, compared to the 1980 NEI, estimates for 2014°°
indicate a 61% reduction in NOx emissions from Highway Vehicles, a 20% reduction from Off-
Highway vehicles and Engines, a 75% reduction from Fuel Combustion-Utilities, and a 58%
reduction from Fuel Combustion-Other (Figure 2-2, below).3!

28 See https://www.epa.gov/sites/production/files/2015-06/documents/ch _airwater fact sheet jan2015.pdf;
https://yosemite.epa.gov/sab/sabproduct.nsf/WebBOARD/INCFullReport/$File/Final%20INC%20Report 8 19 11(
without%?20signatures).pdf

2 http://www.epa.gov/air-emissions-inventories/air-pollutant-emissions-trends-data

30 2014 emissions estimates are based on projections from the 2011 NEI.

31 Highway Vehicles include all on-road vehicles, including light duty as well as heavy duty vehicles, both gasoline-
and diesel-powered. Off-Highway Vehicles and Engines include aircraft, commercial marine vessels, locomotives,
and nonroad equipment. Fuel Combustion-Ustilities includes electric power generating units (EGUs), which derive
their power generation from all types of fuels. EGU emissions are dominated by coal combustion, which accounts
for 86% of all NOx emissions from utilities in the 2011 NEI. The Fuel Combustion-Other category includes
commercial/institutional, industrial, and residential combustion of biomass, coal, natural gas, oil, and other fuels.
Other Anthropogenic sources include field burning, prescribed fires, and various industrial processes (e.g., cement
manufacturing, oil and gas production). On a national scale, agricultural field burning and prescribed fires are the
greatest contributors to the Other Anthropogenic sources category. Biogenics and Wildfires include emissions
estimates for plants and soil (i.e., biogenics) and for wildfires.
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Figure 2-2. Major sources of NOx emissions in the U.S. from the 1980 and 2014 National
Emissions Inventories.

Despite substantial reductions, mobile source-related emissions still dominate the NOx emissions
inventory. Highway vehicles are the largest source NOx emissions in the U.S., contributing 40%
of the total NOx emissions. Off-highway vehicles and engines account for 21% of emissions,
EGUs for 14%, fuel combustion-other for 12%, other anthropogenic sources for 9%, and
biogenics and wildfires for 3%.3?

In contrast to the reductions estimated across the largest categories of NOx emitters,
estimated NOx emissions were 60% higher for the other anthropogenic category (Figure 2-2,
above), with the greatest increases observed for oil and gas production, agricultural field burning,
prescribed fires, and mining. While the fraction of total NOx emissions that comes from oil/gas
production is only about 5% nationwide, regional and local contributions from this industry can
be much higher. For example, estimates in New Mexico, Oklahoma, and Texas indicate that up
to about 14 to 17% of state NOx emissions come from oil and gas operations.

32 http://www.epa.gov/air-emissions-inventories/air-pollutant-emissions-trends-data
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2.2 AMBIENT NO2 MONITORING
2.2.1 NO2 Methods

Ambient NOz concentrations are measured by monitoring networks operated by state,
local, and tribal air agencies, which are typically funded in part by the EPA. The main network
of monitors providing ambient data for use in implementation activities related to the NAAQS is
the State and Local Air Monitoring Stations (SLAMS) network. This network relies on a
chemiluminescent Federal Reference Method (FRM) and on Federal Equivalent Methods (FEM)
that use either chemiluminescence or direct measurement of NO>. Chemiluminescent-based
FRMs only detect NO in the sample stream. Therefore, a two-step process is employed to
measure NO2, based on the subtraction of NO from oxidized nitrogen.*? Data produced by
chemiluminescent analyzers include NO, NOz, and NOx measurements, which are all routinely
logged by state and local agencies. Hourly average values are typically reported to the EPA’s Air
Quality System (AQS). There have been recent advances in methods that provide direct
measurements of NOg, including cavity attenuated phase shift [CAPS] spectrometry and cavity
ring-down spectroscopy, but these methods do not provide NO or NOx data (U.S. EPA, 2016,
Section 2.4).

2.2.2 Ambient Monitoring Network

Ambient NO2 monitors in the SLAMS network began operating in the late 1970s and
have been used to make measurements supporting NAAQS compliance, the Photochemical
Assessment Monitoring Station (PAMS) program, and other objectives at the national, state, and
local levels. As of 2015, approximately 462 NO2 monitors were in operation across the nation
and reporting to AQS. The network is currently growing with the addition of near-road monitors
(discussed below) and as part of the revisions to the PAMS requirements (80 FR 65291,
December 28, 2015).

33 First, the analyzer determines the amount of NO in the sample air. Second, the analyzer re-routes air flow so that
the sample air stream passes over a heated molybdenum oxide catalytic converter reducing a large majority (if not
all) of the oxidized nitrogen species present in the sample stream to NO, before again measuring the amount of NO
in the sample. The analyzer then subtracts the measured, actual ambient NO, determined in the first step, from the
amount measured in the second step, allowing for the determination of NO, NO,, and NOx (where NOx = NO +
NO,). The catalytic converter can convert nitric acid (HNOs) and peroxyacetyl nitrate to NO, which would
subsequently be counted as NO,. Photolytic-chemiluminescence FEM carries out the reduction of NO, to NO in a
photolytic converter with a known converter efficiency rate, which is specific to NO and, thus, is not subject to the
same positive bias potential as the chemiluminescent FRM.
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In consideration of the location and measurement taken, each monitor is assigned a
spatial scale associated with the size of the area that it represents. The monitor spatial scales are
defined in 40 CFR 58 appendix D as:

1. Microscale: area dimensions ranging from several meters up to about 100 meters.

2. Middle scale: areas up to several city blocks in size with dimensions ranging from
about 100 meters to 0.5 kilometer.

3. Neighborhood scale: extended city area with relatively uniform land use and
dimensions in the 0.5 to 4.0 kilometers range.

4. Urban scale: area of city-like dimensions, on the order of 4 to 50 kilometers. Within
a city, the geographic placement of sources may result in there being no single site
that can be said to represent air quality on an urban scale.

5. Regional scale: rural area of reasonably homogeneous geography without large
sources, and extends from tens to hundreds of kilometers.

6. National and global scales: concentrations characterizing the nation and the globe as
a whole.

At the time of the last review of the primary NO2 NAAQS, the majority of NO2 monitors were
sited to represent the neighborhood scale. We used the term “area-wide” to refer to monitors
sited at neighborhood, urban, and regional scales, as well as those monitors sited at either micro-
or middle-scale that are representative of many such locations in the same core-based statistical
area (CBSA)%* (75 FR 6474, February 9, 2010).

In the 2010 review of the primary NO2> NAAQS, consideration of population exposures
was focused on major roadways. Due to the lack of monitors specifically sited near major
roadways, new near-road monitoring requirements were promulgated (75 FR 6474, February 9,
2010). Specifically, one near-road monitor was required in any CBSA with a population of
500,000 or more. An additional near-road monitor was required in CBSAs with populations of at
least 2,500,000 and in CBSAs with populations of at least 500,000 with roadway segments
carrying traffic volumes of at least 250,000 vehicles per day.

The near-road network was ultimately planned to be implemented in three phases. The
first phase included CBSAs with populations greater than 1,000,000 and was required to be
operational as of January 2014. The second phase included CBSAs with populations greater than
2,500,000 or with a road segment with an AADT of at least 250,000, and was required to be in
operation starting in January 2015. The third phase of monitors for CBSAs having a population

34 A CBSA is a geographic area defined by the Office of Management and Budget (OMB) that consists of one or
more counties anchored by an urban core with a population >10,000. CBSAs have replaced metropolitan statistical
areas (MSAs) that were previously used by OMB.
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of 500,000 up to 1,000,000 were required to be in operation by January 2017.3% As of the
summer of 2016 the EPA estimates that 65 near-road monitors are in operation and reporting

data to AQS.3® Characteristics of near-road monitors are presented below in Table 2-1.

Table 2-1. Characteristics of Newly Deployed Near-Road NO2 Monitors.

CBSA

AADT of

Distance to

CBSA Full Name Population in Egggt Target Target NOngtteart
2015 Road Road (m)

. 1-85 284,920 2.0 6/15/14

Atlanta-Sandy Springs-Roswell, GA 5,710,795 1285 146,000 300 12/31/14
Austin-Round Rock, TX 2,000,860 1-35 188,150 27.0 4/16/14
Bakersfield, CA 882,176 CA 99 132,000 20.0 8/1/16
. . 1-95 186,750 16.2 4/1/14
Baltimore-Columbia-Towson, MD 2,797,407 1695/1-795 187.617 300 11/16
Birmingham-Hoover, AL 1,145,647 1-20 141,190 23.2 1/1/14
Boise, ID 676,909 1-84 103,000 32.0 4/1/12
. 1-93 198,239 10.0 6/1/13
Boston-Cambridge-Newton, MA-NH 4,774,321 1295 130,000 - 6/1/16
Buffalo-Cheektowaga-Niagara Falls, NY 1,135,230 1-90 131,019 20.0 3/24/14
Charlotte-Concord-Gastonia, NC-SC 2,426,363 1-77 153,000 30.0 7/117/14

. . . 1-90 330,000 25.0 TBD
Chicago-Naperville-Elgin, IL-IN-WI 9,551,031 180/1-92 116,400 570 TBD

Cincinnati, OH-KY-IN 2,157,719 1-75 163,000 8.0 1/1/14
Cleveland-Elyria, OH 2,060,810 1-271 153,660 20.0 8/1/14
Columbus, OH 2,021,632 1-270 142,361 32.0 1/1/14
. 1-635 235,790 24.0 4/2/14

Dallas-Fort Worth-Arlington, TX 7,102,796 120 184.680 150 312/15
1-25 249,000 8.7 6/1/13

Denver-Aurora-Lakewood, CO 2,814,330 125 192,000 6.0 10/13/15
Des Moines-West Des Moines, IA 622,899 1-235 110,000 13.0 1/1/13
. 1-96 140,500 8.5 9/1/11
Detroit-Warren-Dearborn, Ml 4,302,043 1275 172,600 290 11/15
Fresno, CA 974,861 CA 99 93,000 20.0 1/1/16
Hartford-West Hartford-East Hartford, CT 1,211,324 1-84 159,900 17.7 4/1/13
1-69/US 59 324,119 24.0 1/22/14

Houston-The Woodlands-Sugar Land, TX 6,656,947 1610 202,120 150 4/15/15
Indianapolis-Carmel-Anderson, IN 1,988,817 1-70 189,760 24.5 2/7/14
Jacksonville, FL 1,449,481 1-95 139,000 20.0 1/1/14
Kansas City, MO-KS 2,087,471 1-70 114,495 20.0 7/1/13
. 1-15 260,000 15.0 8/1/15
Las Vegas-Henderson-Paradise, NV 2,114,801 US 95 177,000 150 9/1/15
. I-5 272,000 9.0 1/1/14
Los Angeles-Long Beach-Anaheim, CA 13,340,068 =710 192.000 9.0 A/1/15
Louisville/Jefferson County, KY-IN 1,278,413 1-264 163,000 32.0 2/19/14
Memphis, TN-MS-AR 1,344,127 1-40 140,850 23.8 7/1/14
Miami-Fort Lauderdale-West Palm Beach, 6.012.331 1-95 306,000 30.0 4/20/15
FL T FL-836 197,000 - 6/1/16
Milwaukee-Waukesha-West Allis, WI 1,575,747 1-94 133,000 14.0 1/1/14
. . . 1-94/1-35W 277,000 325 4/1/13
Minneapolis-St. Paul-Bloomington, MN-WI 3,524,583 135 87,000 300 11/15

35 The EPA has proposed to remove the third phase of the near-road network (81 FR 30224, May 16, 2016).

3 The meta-data collected about these sites are available at http://www3.epa.gov/ttn/amtic/nearroad.html.
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Nashville-Davidson--Murfreesboro- 1,830,345 1-400-24 | 144,204 30.0 71114
Franklin, TN
New Orleans-Metairie, LA 1,262,888 1-610 68,015 28.5 3/18/14
. 1-95/US 1 311,234 20.0 6/26/14
New York-Newark-Jersey City, NY-NJ-PA 20,182,305 1295 166,339 8.0 o/1/16
Oklahoma City, OK 1,358,452 1-44 155,300 13.6 4/1/15
Orlando-Kissimmee-Sanford, FL 2,387,138 1-4 195,773 495 12/1/16
Philadelphia-Camden-Wilmington, PA-NJ- 6.069.875 1-95 124,610 12.0 1/1/14
DE-MD e 1-76 154,955 18.0 7/1/15
. 1-10 320,138 12.0 2/13/14
Phoenix-Mesa-Scottsdale, AZ 4,574,531 10 260.136 20.0 o/1/15
Pittsburgh, PA 2,353,045 1-376 87,534 18.0 9/1/14
Portland-Vancouver-Hillsboro, OR-WA 2,389,228 I-5 156,000 27.0 4/21/14
Providence-Warwick, RI-MA 1,613,070 1-95 186,300 5.0 4/1/14
Raleigh, NC 1,273,568 1-40 141,000 20.0 1/8/14
Richmond, VA 1,271,334 1-95 151,000 21.0 10/17/13
L . . 1-10 245,300 50.0 7/1/14
Riverside-San Bernardino-Ontario, CA 4,489,159 SR.60 215,000 9.0 1/15
Rochester, NY 1,081,954 1-490 110,990 20.0 12/18/14
Sacramento--Roseville--Arden-Arcade, CA 2,274,194 1-5 186,000 20.0 10/13/15
Salt Lake City, UT 1,170,266 - - - TBD
San Antonio-New Braunfels, TX 2,384,075 1-35 201,840 20.0 1/8/14
. I-5 160,000 - 6/1/16
San Diego-Carlsbad, CA 3,299,521 15 223,000 370 3/27/15
. 1-880 216,000 20.0 2/1/14
San Francisco-Oakland-Hayward, CA 4,656,132 1-80 265.000 5.0 8/1/16
San Jose-Sunnyvale-Santa Clara, CA 1,976,836 US 101 191,000 32.0 9/21/14
San Juan, Puerto Rico 2,196,538 De D_lego 1271300 12_'0 71/_?3%4
I-5 237,000 8.0 3/31/14
Seattle-Tacoma-Bellevue, WA 3,733,580 5 208,000 300 12/23/15
. 1-64 159,326 25.0 1/1/13
St. Louis, MO-IL 2,811,588 170 161,338 27.0 1/10/15
1-275 190,500 20.0 2/5/14
Tampa-St. Petersburg-Clearwater, FL 2,975,225 275 141,000 5.0 6/1/16
g o Beach-NorfollNewport News 1,724,876 1-264 199,000 10.0 12/1/16
Washington-Arlington-Alexandria, DC-VA- 6.097 684 1-95 297,000 16.0 4/5/16
MD-WV e DC-295 115,480 15.0 6/1/15

Italicized dates reflect anticipated start dates; a ‘-* indicates that information is not available

2.3 NO2 MONITORING DATA TRENDS AND AIR QUALITY RELATIONSHIPS

This section presents information on ambient NO> concentrations. Section 2.3.1 presents
data on national trends in ambient NO> concentrations, Section 2.3.2 presents data on the NO>
concentrations measured by recently deployed near-road monitors, Section 2.3.3 presents data on
the relationships between 1-hour and annual NO> concentrations, and Section 2.3.4 discusses
background NO> concentrations.

2.3.1 National Trends in Ambient NO2 Concentrations

The metric used to determine whether areas meet or violate the NAAQS is called a
design value (DV). In the case of NO», there are 2 types of DVs: the annual DV and the hourly
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DV. The annual DV for a particular year is the average of all hourly values within that calendar

year. The hourly DV is the three-year average of the 98th percentiles of the annual distributions

of daily maximum 1-hour NO2 concentrations. DVs are considered to be valid if the monitoring
data used to calculate them meet completeness criteria described in the CFR.%’

The long-term trends in DVs across the U.S. are displayed in Figures 2-3 and 2-4. The
distributions of valid®® DVs across the country as a function of time are shown in Figure 2-3.
Figure 2-3 shows that DVs across the country have been, on average, declining since 1980.
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Figure 2-3. Distributions of NO2 design values across the U.S. from 1980- 2015. The middle
lines represent the median, the middle white band extends from the 25th to the 75th percentile,
and the outer colored band extends from the 5th to the 95th percentile.

37 See http://www.ecfr.gov/cgi-bin/text-
idx?SID=860h930e674d72c8e0e14bb65¢c51a0047&mc=true&node=se40.2.50 111&rgn=div8 for more information
on the calculation of DVs.

38 As indicated previously, 40 CFR part 50 appendix S states that a year is considered complete when all 4 quarters
have at least 75 percent of the sampling days, with a sampling day requiring coverage of 75 percent of the hours in
the day. The 1-hour DV requires 3 years of complete data.
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Figure 2-4 shows maps of the NO2 monitoring network, with the direction of the symbol and
color of each point indicating the long term (1980-2015) trend direction.3® Since 1980, NO
sampling has been performed at 2099 sites across the continental U.S. However, only sampling
sites with data sufficient to produce at least 5 valid DVs were considered in this analysis. After
this screen, 647 and 433 monitors were used to determine trends of annual and hourly DVs,
respectively.

Figure 2-4 shows that the majority of sampling sites have observed statistically
significant downward trends in ambient NO2 concentrations, with the annual and hourly DVs
showing downward trends at 61.5% and 74.8% of monitoring sites, respectively.*® At 3.9% and
1.8% of sites the annual and hourly DVs trended upward, and at the remaining 34.6% and 23.3%
sites no significant trend was found.

3 These directions were determined using the sign of spearman correlation coefficient between DV and year. Only
DVs determined to be valid by the completeness criteria in CFR 40 Appendix S were included in the calculation.
Trend directions were determined to be insignificant if the associated p-values were greater than 0.05 (95%
confidence level).

40 Since this analysis required 5 valid DVs, these trends do not reflect the near-road monitoring network.
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Figure 2-4. Trend directions of NO2 design values for 1980-2015 at U.S. sampling sites.
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2.3.2 Near-Road NO2 Air Quality

As discussed above, the largest single source of NOx emissions is on-road vehicles, and
emissions are primarily in the form of NO, with NO> formation requiring both time and
sufficient Oz concentrations. Depending on local meteorological conditions and O3
concentrations, ambient NO> concentrations can be higher near roadways than at sites in the
same area but farther removed from the road (and from other sources of NOx emissions). To
better understand the historical relationships between distributions of NO2 concentrations at
monitors near roadways and monitors further away from roads,* the annual and hourly DVs
from 1980 to 2015 are plotted as a function of distance from road in Figures 2-5 and 2-6.%? This
analysis focused on monitors located inside the boundary of CBSAs. Figure 2-5 pools data from
all years, and Figure 2-6 presents distributions of DVs for each decade from 1980 to 2015, which
includes monitors from the EPA near-road network. In all graphs, the color is mapped to the
number of sites included in each boxplot.

41 As defined by the 2012 HPMS shapefile used to determine road locations, located at
http://www.fhwa.dot.gov/policyinformation/hpms/shapefiles.cfm. This file contains main roads that are part of the
National Highway System. See Appendix A for more details.

42 NO, monitors meeting the near-road siting requirements set forth in the 2010 NO2 NAAQS were not available in
most CBSAs prior to 2014. In particular, monitors were not sited within 50 m of the most heavily trafficked roads in
an area. Thus, the historical relationships reflected in Figures 2-5 and 2-6 do not reflect the relationships that existed
between NO; concentrations and distance from the most heavily trafficked roads.
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Figure 2-5. Distributions of NO2 design values as a function of the distances from roads in
CBSAs from 1980-2015. The middle lines represent the median, box edges represent the 25th
and 75th percentiles, and whisker ends represent the 5th and 95th percentiles.
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Figure 2-6. Distributions by decade of NO2 design values for six different bins of distances
from major roads in CBSAs. The middle lines represent the median, box edges represent the
25th and 75th percentiles, and whisker ends represent the 5th and 95th percentiles.

Figures 2-5 and 2-6 indicate that NO, DVs are generally highest at sampling sites nearest
to the road (less than 50 meters) and decrease as distance from the road increases. This
relationship is more pronounced for annual DVs than for hourly DVs (Figure 2-5). The general
pattern of decreasing DVs with increasing distance from the road has persisted over time (Figure
2-6), though the absolute difference (in terms of ppb) between NO. concentrations close to roads
and those farther from roads has decreased over time (i.e., Figure 2-6, compare 1980-1990 DVs
with 2010-2015 DVs*3). This decrease is likely due to the concurrent decrease in mobile source
NOx emissions discussed above (Figure 2-2).

43 In Figure 2-6, data from recently deployed near-road monitors are included for the 2010 to 2015 time frame.
However, because three years of data are not yet available from most near-road monitors, the 1-hour “near-road”
concentrations plotted in Figure 2-6 generally do not reflect actual hourly DVs.
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Figures 2-7, 2-8 and 2-9 further explore the relationships between NO2 concentrations
measured by newly deployed near-road monitors and those measured by non-near-road monitors
(generally area-wide*?) in the same CBSA. For the years 2013, 2014 and 2015, we identified
CBSAs with complete NO. data from at least one near-road and one non-near-road monitor.*°
Each near-road monitor was paired with the non-near-road monitor in the same CBSA that
measured the highest 98" percentile NO2 concentrations.*® Distributions of daily maximum 1-
hour NOz concentrations from these monitor pairs are presented for 2013 (Figure 2-7), 2014
(Figure 2-8) and 2015 (Figure 2-9).%’

44 Non-near-road monitors can generally be considered area-wide, but in some cases, non-near-road monitors can be
located close to stationary sources of NOx emissions.

4 As indicated, 40 CFR part 50 appendix S states that a year is considered complete when all 4 quarters have at least
75 percent of the sampling days, with a sampling day requiring coverage of 75 percent of the hours in the day.

46 98t percentiles from non-near-road monitors were based on the same years that the near-road monitor was in
operation.

47 Because three years of data are not available from most near-road monitors, true DVs could not be calculated from
measurements at these monitors.
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For the 3 years of available data, Figures 2-7 to 2-9 indicate that daily maximum 1-hour
NO:z concentrations are generally higher at near-road monitors than at the non-near-road
monitors in the same CBSA. The 98" percentile of 1-hour daily maximum concentrations (the
statistic most relevant to the current standard) were higher at near-road monitors in 58-73% of
the CBSAs evaluated, depending on the year.*®

2.3.3 Relationships between Hourly and Annual NO2 Concentrations

As discussed above, control programs have resulted in substantial reductions in NOx
emissions since the 1980s. These reductions in NOx emissions have decreased both short-term
peak NO concentrations and annual average concentrations. In Figure 2-10, we examine how
the relationship between hourly and annual NO- concentrations, based on 1-hour and annual NO>
DVs, has changed since 1980. Figure 2-10 illustrates the relationship between 1-hour and annual
DVs at individual monitors across the U.S., with data segregated by decade.*®

When considering the change from the 1980-1990 bin to the 2010-2015 bin, the median
annual DV has decreased by about 65% (i.e., from ~23 ppb to ~8 ppb) and the median 1-hour
DV has decreased by about 50% (i.e., from ~74 ppb to ~37 ppb) (Figure 2-10). At various times
in the past, a number of sites would have violated the 1-hour standard without violating the
annual standard; however, no sites would have violated the annual standard without also
violating the 1-hour standard. Furthermore, these data indicate that 1-hour DVs correspond to
annual DVs of about 35 ppb or below. Thus, meeting the 1-hour standard with its level of 100
ppb would be expected to maintain annual NO2 concentrations well-below the 53 ppb level of
the annual standard.*®

48 This is the case for 4 of 7 CBSAs in 2013, 18 of 32 CBSAs in 2014, and 29 of 37 CBSAs in 2015.

49 Because the annual DV is based on a single year of data, while the 1-hour DV is based on three years of data, the
pairing is based on the last year of data included as part of each DV (i.e., the 2012 annual DV at a particular monitor
is paired with the hourly DV based on data from 2010-2012 from the same monitor).

50 Near-road monitors are not included in this analysis due to the limited amount of data available.
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2.3.4 Background NO2 Concentrations

In the context of the review of a NAAQS, the EPA generally defines background
concentrations in a way that distinguishes among concentrations that result from precursor
emissions that are relatively less controllable from those that are relatively more controllable
through U.S. policies or through international agreements. One approach to considering
background concentrations is to estimate the pollutant concentrations that would exist in the
absence of anthropogenic emissions from the U.S., Canada, and Mexico. Such background
concentrations are referred to as North American Background (NAB). NAB includes
contributions resulting from emissions by natural sources (e.qg., soils, wildfires, and lightning
around the world and by anthropogenic sources outside of the U.S., Canada, and Mexico.%!

NO:z background concentrations are much lower than the NO2 concentrations currently
measured in the ambient air (and much lower than current standard levels). In particular, as
discussed in the 2008 ISA, NAB is less than 300 ppt over most of the continental U.S. and less
than 100 ppt in the eastern U.S. (U.S. EPA, 2008, Figure 2.4-18). The distribution of background
concentrations in the 2008 ISA was shown to reflect the distribution of soil NO emissions and
lightning, with some local increases due to biomass burning, mainly in the western U.S. In the
northeastern U.S., where present-day NO> concentrations are highest, NAB contributes <1% to
the total NO2 concentration (U.S. EPA, 2016, Section 2.5.6).

51 Other approaches to defining background include U.S. background (USB), which includes contributions from
emissions from natural sources and from anthropogenic sources outside the U.S., and natural background, which
includes only contributions from emissions from natural sources.
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3 CONSIDERATION OF EVIDENCE FOR NO2-RELATED HEALTH
EFFECTS

In this chapter, the scientific evidence on health effects attributable to short or long-term
NO- exposure is discussed, with a focus on the most policy relevant information. Staff has drawn
from the EPA’s synthesis and assessment of the scientific evidence presented in the Integrated
Science Assessment for Oxides of Nitrogen — Health Criteria (ISA) (U.S. EPA, 2016). In this
chapter, Section 3.1 summarizes the weight of evidence approach used in evaluating and
integrating scientific evidence in the ISA. Section 3.2 characterizes the evidence for health
effects attributable to short-term NOz exposures, and Section 3.3 characterizes the evidence for
health effects attributable to long-term NO> exposures. Section 3.4 discusses the potential public
health implications of NOz-attributable effects.

3.1 WEIGHT OF EVIDENCE IN THE ISA

In the current review of the primary NO2 NAAQS, the Agency has used two frameworks:
one for characterizing the strength of the available scientific evidence for health effects
attributable to NO. exposures and the other a recently developed framework to classify evidence
for factors that may increase risk in some populations or lifestages (U.S. EPA, 2015, Preamble,
Section 6). These frameworks provide the basis for robust, consistent, and transparent evaluation
of the scientific evidence, including uncertainties in the evidence, and for drawing conclusions
on air pollution-related health effects and at-risk populations.

With regard to characterization of the health effects, the ISA uses a five-level hierarchy
to classify the overall weight-of-evidence into one of the following categories: causal
relationship; likely to be a causal relationship; suggestive of, but not sufficient to infer, a causal
relationship; inadequate to infer a causal relationship; and not likely to be a causal relationship
(U.S. EPA, 2015, Preamble Table II). In using the weight of evidence approach to inform
judgments about the likelihood that various health effects are caused by exposure to NOz, the
ISA notes that confidence in the relationship increases when the evidence base is large and
consistently supports a relationship with a particular health endpoint. In addition, biological
plausibility, strength, and coherence in the evidence are important aspects considered in making
judgments regarding causal relationships. Conclusions about biological plausibility, consistency,
and coherence of NO»-related health effects are drawn from the integration of multiple lines of
evidence including epidemiologic, controlled human exposure, and animal toxicological studies
as discussed in the ISA (U.S. EPA, 2015, Section5.c.) and further described below. In this draft
PA, we consider the full body of health evidence, placing the greatest emphasis on the effects for
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which the evidence has been judged in the ISA to demonstrate a “causal” or a “likely to be a
causal” relationship with NO. exposures.

Controlled human exposure studies can provide direct evidence of relationships between
pollutant exposures and human health effects (U.S. EPA, 2015, Preamble section 4.c). Because
data on health effects in these studies are collected under closely monitored conditions, this type
of evidence can provide information on exposure concentrations, durations, and ventilation rates
under which effects can occur, as well as information on exposure-response relationships.
Further, as discussed in the ISA, controlled human exposure studies can provide clear and
compelling evidence for an array of human health effects that are directly attributable to acute
exposures to NO2 per se (i.e., as opposed to other oxides of nitrogen species, for which NOz is an
indicator, or other co-occurring pollutants) (U.S. EPA, 2016, Preamble Section 4.c). In addition,
exposure concentrations used in some controlled human exposure studies are near those found in
the ambient air and results are not subject to uncertainties related to inter-species variation.

Toxicological studies in animals provide another line of experimental evidence that can
inform understanding of effects related to NO2 exposures, particularly the biological action of a
pollutant under controlled and monitored exposure circumstances. Compared to controlled
human exposure studies, animal toxicological studies can examine more severe outcomes,
invasive endpoints (i.e., pathology), and effects of long-term exposures. However, results from
animal studies are subject to uncertainty due to inter-species variation.®? Also, animal studies are
often conducted with NO> concentrations well above those in ambient air. Although some of
these high concentrations are considered to be ambient-relevant because of dosimetric
considerations (U.S. EPA, 2016, Section 1.2), results from animal studies are subject to
uncertainties regarding the likelihood that such effects could occur with ambient exposures in
humans. Nonetheless, evidence from animal studies can provide support for effects observed in
human studies. Together, evidence from human and animal studies can provide information on
and confidence regarding key events in the proposed mode(s) of action, which informs biological
plausibility for health effects observed in epidemiologic studies.

Epidemiologic studies provide information on associations between variability in short-
term and long-term average ambient NO> concentrations and various health outcomes, including
those related to asthma exacerbation and incidence (i.e., airway responsiveness, lung function

52 “The differences between humans and other species have to be considered, including metabolism, hormonal
regulation, breathing pattern, and differences in lung structure and anatomy. Given these differences, uncertainties
are associated with quantitative extrapolations of observed pollutant-induced pathophysiological alterations between
laboratory animals and humans, as those alterations are under the control of widely varying biochemical, endocrine,
and neuronal factors.” (U.S. EPA, 2016, pp. liii).
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decrements, respiratory symptoms, pulmonary inflammation, hospital admissions, emergency
department visits, and asthma incidence) (U.S. EPA, 2016, Chapters 5 and 6). Epidemiologic
studies can inform our understanding of the effects in the study population of real-world
exposures to the range of NO concentrations in ambient air, and can provide evidence of
associations between exposures to ambient NO2 and serious acute and chronic health effects that
cannot be assessed in controlled human exposure studies. Moreover, epidemiologic studies often
include populations or lifestages that may have increased risk for pollutant-related health effects
(e.g., individuals with pre-existing disease, children, and older adults). In evaluating
epidemiologic studies, it is important to consider the degree of uncertainty introduced by
potential confounding variables (e.g., other pollutants, temperature) and other factors (e.g., study
design exposure assessment, statistical methods) affecting the level of confidence that the
observed health effects are independently related to ambient exposure to NOa.

The ISA also includes an evaluation and synthesis of evidence across scientific
disciplines to inform whether specific populations or lifestages may be at increased risk of a
health effect related to NO2 exposures. The ISA characterizes the evidence for a number of
“factors”, including both intrinsic (i.e., biologic, such as pre-existing disease or lifestage) and
extrinsic (i.e., non-biologic, such as diet or socioeconomic status) factors. The categories
considered in classifying the evidence for these potential at-risk factors are “adequate evidence,”
“suggestive evidence,” “inadequate evidence,” and “evidence of no effect.” These categories are
discussed in more detail in the ISA (U.S. EPA, 201, Section 5.c, Table II). In this PA, we focus
our consideration of potential at-risk populations and lifestages on those factors for which the
ISA judges there is “adequate” evidence (U.S. EPA, 2016, Table 7-27). The primary NAAQS are
set to protect the public health with an adequate margin of safety, including the health of
populations®® at increased risk for pollutant-related health effects, and thus, identifying at-risk
populations and lifestages is a critical part of this review. At-risk populations and potential
public health implications are discussed in more detail in Section 3.4.

3.2 EFFECTS OF SHORT-TERM NO2 EXPOSURES

This section discusses the nature of the health effects that have been shown to occur following
short-term NO- exposures (Section 3.2.1) and the NO> concentrations at which those effects have
been demonstrated to occur (Section 3.2.2).

53 As defined in Chapter 1, the term “population” refers to people having a quality or characteristic in common,
including a specific pre-existing illness or a specific age or lifestage.

September 2016 3-3 Draft — Do Note Quote or Cite



© 00 N O O b WO DN

e ol el
A W N KL O

ol ol e e
© o N o O

NN DNDN
WO

W W N DN DN DN DD
P O © 0 N o o1 &~

3.2.1 Nature of Effects

Across previous reviews of the primary NO2, NAAQS (U.S. EPA, 1993; U.S. EPA,
2008), evidence has consistently demonstrated respiratory effects attributable to short-term NO-
exposures. In the last review, the 2008 ISA concluded that evidence was “sufficient to infer a
likely causal relationship between short-term NO> exposure and adverse effects on the
respiratory system” based on the large body of epidemiologic evidence demonstrating positive
associations with respiratory symptoms and hospitalization or ED visits as well as supporting
evidence from controlled human exposure and animal studies (U.S. EPA, 2008, p. 5-6). Evidence
for cardiovascular effects and mortality evaluated in the 2008 ISA was weaker and was judged
“inadequate to infer the presence or absence of a causal relationship” or “suggestive of, but not
sufficient to infer, a causal relationship,” respectively. In particular, the 2008 ISA noted an
overarching uncertainty in determining the extent to which NO- is independently associated with
effects or if NO> is a marker for the effects of another traffic-related pollutant or mix of
pollutants (U.S. EPA, 2008, Section 5.3.2.2 t0 5.3.2.6).

For the current review, there is newly available evidence for both respiratory effects and
other health effects critically evaluated in the ISA as part of the full body of evidence informing
the nature of the relationship between health effects and short-term exposures to NO2 (U.S. EPA,
2016). In characterizing the available evidence and the causal determinations presented in the
ISA, this section poses the following policy-relevant questions:

e To what extent does the currently available scientific evidence strengthen, or otherwise
alter, our conclusions from the last review regarding health effects attributable to
short-term NO:2 exposure? Have previously identified uncertainties been reduced?
What important uncertainties remain and have new uncertainties been identified?

As discussed above, causal determinations for health effects related to short-term NO-
exposures are presented in the ISA, which classifies short-term exposures as those that are one
month or less (U.S. EPA, 2016). Table 3-1, below, lists the causal determinations from the ISA
for the current review as well as those from the previous review for respiratory and
cardiovascular health effects, and mortality.>* It is noteworthy that the causal determinations for
respiratory and cardiovascular health effects have been strengthened in the current review due, in
part, to more explicit consideration of the evidence integrated for specific outcomes (e.g., asthma
exacerbation for respiratory) rather than broad outcome categories (e.g., all respiratory effects).

54 Short-term exposure studies on reproductive and birth health effects and cancer are considered in the context of
long-term exposures for cohesive discussion.
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The evidence informing these determinations, including uncertainties in that evidence, is
summarized below.

Table 3-1. Causal determinations for short-term nitrogen dioxide (NO2) exposure and
health effects evaluated in the ISA for Oxides of Nitrogen in the previous and current
reviews

Health effect Review completed 2010 Current Review

Sufficient to infer a likely causal

Respiratory relationship

Causal relationship

Inadequate to infer the presence or  Suggestive of, but not sufficient to

Cardiovascular . . ; . -
absence of a causal relationship infer, a causal relationship

Suggestive of, but not sufficientto ~ Suggestive of, but not sufficient to

Total Mortality infer, a causal relationship infer, a causal relationship

Respiratory

The ISA concludes that evidence for respiratory effects related to short-term NO-
exposures indicates that there is a causal relationship, primarily based on evidence for asthma
exacerbation. This conclusion is strengthened from the last review “because epidemiologic,
controlled human exposure, and animal toxicological evidence together can be linked in a
coherent and biologically plausible pathway to explain how NO2 exposure can trigger an asthma
exacerbation” (U.S. EPA, 2016, p. 1-17). The 2008 ISA described much of the same evidence
and determined it was “sufficient to infer a likely causal relationship”, citing uncertainty as to
whether the epidemiologic results for NO primarily reflected the effects of other traffic-related
pollutants. The 2008 ISA did not explicitly evaluate the extent to which various lines of evidence
supported effects on asthma attacks. In contrast, in the current review the ISA states that “the
determination of a causal relationship is not based on new evidence as much as it is on the
integrated findings for asthma attacks with due weight given to experimental studies” (U.S. EPA,
2016, p. 1xxxiii). When taken together, the epidemiologic evidence for asthma attacks and
controlled human exposure study findings for increased airway responsiveness (AR)®® and
allergic inflammation demonstrate that short-term NO> exposure has an independent relationship
with respiratory effects, specifically with asthma exacerbation, and is not just an indicator for
other traffic-related pollutants.

5 The ISA states that airway responsiveness is “inherent responsiveness of the airways to challenge by
bronchoconstricting agents” (U.S. EPA, 2016, p. 5-9). More specifically, airway responsiveness refers to increased
sensitivity of the airways to an inhaled bronchoconstricting agent. This is most often quantified as the dose of
challenge agent that results in a 20% reduction in FEV1, but some studies report the change in FEV; for a specified
dose of challenge agent. The change in specific airways resistance (sRaw) is also used to quantify AR.
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The evaluation of controlled human exposure studies in the ISA focuses on results from a
recently published meta-analysis of NO.-induced increases in AR by Brown (2015). AR has
been the key respiratory outcome from controlled human exposures in the previous and current
reviews of the primary NO2 NAAQS, and the ISA specifically notes that “airway
hyperresponsiveness can lead to poorer control of symptoms and is a hallmark of asthma” (U.S.
EPA, 2016, p. 1-18). Brown (2015) examined the relationship between AR and NO> exposures in
subjects with asthma across the large body of controlled human exposure studies, most of which
were available in the last review (Tables 3-2 and 3-3). More specifically, the meta-analysis
identified the fraction of individuals having an increase in AR following NO> exposure,
compared to the fraction having a decrease, across studies. The meta-analysis also stratified
results to consider the influence of factors that may affect results including exercise/rest and non-
specific/specific challenge agents.>®

The results from the meta-analysis demonstrate that the majority of study volunteers with
asthma experienced increased AR following resting exposure to NO> concentrations ranging
from 100 to 530 ppb, relative to filtered air. While results from individual studies did not always
demonstrate NO2-induced increases in AR, particularly for exposure concentrations between 100
and 200 ppb (U.S. EPA, 2016, Table 5-1), the meta-analysis indicates that when data are pooled,
a statistically significant majority of study volunteers experienced an increase in nonspecific
airway responsiveness following (1) 20 to 60-minute exposures to 400-530 ppb NO-, (2)
30-minute exposures to 250 to 300 ppb NO-, and (3) 60-minute exposures to 100 to 200 ppb
NO.. When comparing results across the three exposure categories, not including study
volunteers that experienced no change in AR, the fractions of individuals with increased AR are
73%, 78%, and 67%, respectively, and all were statistically significant with p-values < 0.05
(U.S. EPA, 2016, Table 5-3). In addition, the meta-analysis shows that, for some study
volunteers, NO exposures reduced by one-half the dose of a challenge agent required to increase
airway responsiveness, indicating the potential for NO2-induced increases in AR to be clinically
relevant in about a quarter of the volunteers with asthma exposed to NO; at rest.®’

%6 "Bronchial challenge agents can be classified as nonspecific (e.g., histamine; SO; cold air) or specific (i.e., an
allergen). Nonspecific agents can be differentiated between “direct” stimuli (e.g., histamine, carbachol, and
methacholine) which act on airway smooth muscle receptors and “indirect” stimuli (e.g., exercise, cold air) which
act on smooth muscle through intermediate pathways, especially via inflammatory mediators. Specific allergen
challenges (e.g., house dust mite, cat allergen) also act “indirectly” via inflammatory mediators to initiate smooth
muscle contraction and bronchoconstriction.” (U.S. EPA, 20186, p. 5-8)

57 With regard to this, the ISA notes that “In a joint statement of the American Thoracic Society (ATS) and
European Respiratory Society, one doubling dose change in PD is recognized as a potential indicator, although not a
validated estimate, of clinically relevant changes in airway responsiveness (Reddel et al., 2009).”
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Controlled human exposure studies also evaluated a range of other respiratory effects,
including lung function decrements, respiratory symptoms, and pulmonary inflammation. The
evidence does not consistently demonstrate these effects following exposures to NO-
concentrations at or near those found in the ambient air in the U.S. However, a subset of studies
using exposures to 260 ppb for 15-30 min or 400 ppb for up to 6 hours provide evidence that
study volunteers with asthma and allergy can experience increased inflammatory responses
following allergen challenge. Evidence for pulmonary inflammation was more mixed across
studies that did not use an allergen challenge following NO2 exposures ranging from 300-1,000
ppb (U.S. EPA, 2016, Section 5.2.2.5).

In addition to this evidence for NO.-induced increases in AR and allergic inflammation
in controlled human exposure studies, the ISA also describes consistent evidence from
epidemiologic studies for positive associations between short-term NO> exposures and an array
of respiratory outcomes related to asthma. Thus, coherence and biological plausibility is
demonstrated in the evidence integrated between controlled human exposure studies and the
various asthma-related outcomes examined in epidemiologic studies. The ISA indicates that
epidemiologic studies consistently demonstrate NO»-health effect associations with asthma
hospital admissions and ED visits among subjects of all ages and children, and with asthma
symptoms in children (U.S. EPA, 2016, Sections 5.2.2.4 and 5.2.2.3). The robustness of the
evidence is demonstrated by associations found in studies conducted in diverse locations in the
U.S., Canada, and Asia, including several multicity studies. The evidence for asthma
exacerbation is substantiated by several recent studies with strong exposure assessment
characterized by measuring NO2 concentrations in subjects’ location(s). Epidemiologic studies
also demonstrated associations between short-term NO2 exposures and respiratory symptoms,
lung function decrements, and pulmonary inflammation, particularly for measures of personal
total and ambient NO2 exposures and NO. measured outside schools. This is important because
there is considerable spatial variability in NO2 concentrations, and measurements in subjects’
locations may better represent this variability in ambient NO2 exposures, compared to
measurements at central site monitors (U.S. EPA, 2016, Sections 2.5.3 and 3.4.4). Epidemiologic
studies generally did not find NO2-associated changes in inflammatory cell counts in populations
with asthma; however, they did consistently indicate ambient or personal NO»-associated
increases in exhaled nitric oxide (eNO, a marker of airway inflammation), which is coherent with
experimental findings for allergic inflammation (U.S. EPA, 2016, Section 5.2.2.6).
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In assessing the evidence from epidemiologic studies, the ISA not only considers the
consistency of effects across studies, but also evaluates other study attributes that affect study
quality, including potential confounding and exposure assignment. Regarding potential
confounding, the ISA notes that NO> associations with asthma-related effects persist with
adjustment for temperature; humidity; season; long-term time trends; and PM1o, SO2, or Os.
Recent studies also add findings for NO- associations that generally persist with adjustment for
key copollutants, including PM2s and traffic-related copollutants such as elemental carbon (EC)
or black carbon (BC), ultra-fine particles (UFPs), or carbon monoxide (CO) (examined in few
studies). Confounding by organic carbon (OC), PM metal species, or volatile organic compounds
(VOCs) is poorly studied, but NO2 associations with asthma exacerbation tend to persist in the
few available copollutant models. We recognize, however, that copollutant models have inherent
limitations and cannot conclusively rule out confounding (U.S. EPA, 2015, Section 4.b). Recent
epidemiologic results also suggest asthma exacerbation in relation to indices that combine NO>
with EC, PM_5, Oz, and/or SO concentrations, but neither epidemiologic nor experimental
studies strongly indicate synergistic effects between NOz and copollutants (U.S. EPA, 2016,
Section 5.2.9).

Finally, the ISA also notes that results based on personal exposures or pollutants
measured at people’s locations also provide support for NO> associations that are independent of
PM.s, EC/BC, OC, or UFPs. Compared to ambient NO2 concentrations measured at central-site
monitors, personal NO2 exposure concentrations and indoor NO2 concentrations exhibit lower
correlations with many traffic-related copollutants (e.g., r = -0.37 to 0.31). Thus, these health
effect associations with personal and indoor NO2 may be less prone to confounding by these
traffic-related copollutants (U.S. EPA, 2016, Section 1.4.3).

Overall, in consideration of this evidence in answering the question posed above, we note
that for respiratory effects, the strongest evidence supporting the conclusion of the causal
relationship determined in the ISA comes from controlled human exposure studies demonstrating
NO:z-induced increases in AR in individuals with asthma, with supporting evidence for a range of
respiratory effects from epidemiologic studies. The conclusion of a causal relationship in the ISA
is based on this evidence, and its explicit integration within the context of effects related to
asthma exacerbation. Most of the controlled human exposure studies assessed in the ISA were
available in the last review, particularly studies of non-specific AR, and thus, do not themselves
provide substantively new information. However, the newly available meta-analysis by Brown
(2015) has partially addressed an uncertainty from the last review by demonstrating the potential
for clinically relevant NO-induced increases in AR pooling data from a limited number of
studies. Similarly, the epidemiologic evidence that is newly available in the current review is

September 2016 3-8 Draft — Do Note Quote or Cite



© 00 N O O B~ W N P

N DN NN RNNDNDRERRRRRR R B B
N~ o 00 WNEF O © 0N OO Ul A W N L O

N N
© o

W W W w w
A WO N P O

consistent with evidence from the last review and does not alter our understanding of respiratory
effects related to ambient NO2 exposures. New epidemiologic evidence does, however, reduce
some uncertainty from the last review regarding the extent to which effects may be
independently related to NO; as there is more evidence from studies using measures that better
capture personal exposure as well as a more robust evidence base examining copollutant
confounding. Some uncertainty remains in the epidemiologic evidence regarding confounding by
the most relevant copollutants (i.e., those from traffic).

Cardiovascular

The evidence for cardiovascular health effects and short-term NO2 exposures in the ISA
was judged “suggestive of, but not sufficient to infer, a causal relationship” (U.S. EPA, 2016,
Section 5.3.11), which is stronger than the conclusion in the last review that the evidence was
"inadequate to infer the presence or absence of a causal relationship.” The recent causal
determination was primarily supported by consistent epidemiologic evidence from multiple new
studies indicating associations for triggering of a myocardial infarction. However, further
evaluation and integration of evidence points to uncertainty related to exposure measurement
error and potential confounding by traffic-related pollutants. There is consistent evidence
demonstrating NO>-associated hospital admissions and ED visits for ischemic heart disease,
myocardial infarction, and angina as well as all cardiovascular diseases, which is coherent with
evidence from other studies indicating NO»-associated repolarization abnormalities and
cardiovascular mortality. There are experimental studies that provide some evidence for effects
on key events in the proposed mode of action (e.g., systemic inflammation) but do not provide
evidence that is coherent with the epidemiologic studies to help rule out chance, confounding,
and other biases. Beyond evidence for myocardial infarction, there were studies examining other
cardiovascular health effects, but results across these outcomes are inconsistent. While the
evidence is stronger in the current review than in the last review, it does not substantially alter
our understanding of cardiovascular effects related to short-term NO2 exposures, and important
uncertainties remain regarding the independent effects of NO..

Mortality

The ISA concludes that the evidence for short-term NO> exposures and total mortality is
“suggestive of, but not sufficient to infer, a causal relationship” (U.S. EPA, 2016, Section 5.4.8),
which is the same conclusion reached in the last review (U.S. EPA, 2008). Several recent
multicity studies add to the evidence base for the current review and demonstrate associations
that are robust in copollutant models with PM1o, Oz, or SO2. However, confounding by traffic-
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related copollutants is of greatest concern, which is not examined in the available copollutant
models for NO2-associated mortality. Overall, the recent evidence assessed in the ISA builds
upon and supports conclusions in the last review, but key limitations across the evidence include
a lack of biological plausibility as experimental studies and epidemiologic studies on
cardiovascular morbidity, a major cause of mortality, do not clearly provide a mechanism by
which NOz-related effects could lead to mortality as well as uncertainties regarding the
independent effect of NO..

3.2.2 Consideration of NO2 Concentrations: Health Effects of Short-Term NO2 Exposures

In evaluating the NO> exposure concentrations associated with health effects within the
context of the adequacy of the current standard, we consider the following specific question:

e To what extent does the evidence indicate adverse respiratory effects attributable to
short-term exposures to NO2 concentrations lower than previously identified or that
would be allowed by the current standards?

In addressing this question, we evaluate the extent to which NO»-induced adverse effects have
been reported over the ranges of NO2 exposure concentrations evaluated in controlled human
exposure studies and the extent to which NO2-associated effects have been reported for
distributions of ambient NO> concentrations in epidemiologic study locations meeting existing
standards. Each of these is discussed below.

3.2.2.1 NO2 Concentrations in Controlled Human Exposure Studies

Controlled human exposure studies, most of which were available and considered in the
last review, have evaluated various respiratory effects following short-term NO2 exposures.
These include AR, inflammation and oxidative stress, respiratory symptoms, and lung function
decrements, as discussed in detail in the ISA (U.S. EPA, 2016) and summarized above in Section
3.2.1. Generally, when considering respiratory effects from controlled human exposure studies in
healthy adults without asthma, evidence does not indicate respiratory symptoms or lung function
decrements following NO> exposures below 4,000 ppb and limited evidence indicates airway
inflammation following exposures below 1,500 ppb (U.S. EPA, 2016, Section 5.3.7). There is a
substantial body of evidence demonstrating increased AR in healthy adults with exposures in the
range of 1,500-3,000 ppb.

Evidence for respiratory effects following exposures to NO2 concentrations at or near
those found in the ambient air is strongest for AR in individuals with asthma (U.S. EPA, 2016,
Section 5.2.2 p. 5-7). In contrast, controlled human exposure studies evaluated in the ISA do not
provide consistent evidence for respiratory symptoms, lung function decrements, or pulmonary
inflammation in adults with asthma following exposures to NO> concentrations at or near those
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in ambient air (i.e., <1,000 ppb; U.S. EPA, 2016, Section 5.2.2). There is some indication of
allergic inflammation in adults with allergy and asthma following exposures to 260-1,000 ppb.
However, evidence across studies is inconsistent, making it difficult to interpret the likelihood
that these effects could potentially occur following NO- exposures at or below the level of the
current standard.

Thus, in considering evidence from controlled human exposure studies to address the
above question, we focus on the body of evidence for NO2-induced increases AR in adults with
asthma. In evaluating the NO exposure concentrations at which increased AR is observed, we
consider both the group mean results reported in individual studies and the results evaluated
across studies in a recent meta-analysis (Brown, 2015; U.S. EPA, 2016, Section 5.2.2.1). Group
mean responses in individual studies, and the variability in those responses, can provide insight
into the extent to which observed changes in AR are due to NO2 exposures, rather than to chance
alone, and have the advantage of being based on the same exposure conditions. The meta-
analysis by Brown (2015) can aid in identifying trends in individual-level responses across
studies and can have the advantage of increased power to detect effects, even in the absence of
statistically significant effects in individual studies.

Tables 3-2 and 3-3 (adapted from the ISA; U.S. EPA, 2016, Tables 5-1 and 5-2) provide
details for the studies examining AR in individuals with asthma at rest and with exercise,
respectively. These tables note various study details including the exposure concentration,
duration of exposure, type of challenge (nonspecific or specific®®), number of study subjects,
number of subjects having an increase or decrease in AR following NO2 exposure, average
provocative dose (PD; dose of challenge agent required to elicit a particular magnitude of change
in FEV1 or other measure of respiratory function) across subjects, and the statistical significance
of the change in AR following NO2 exposures.

Table 3-2. Resting exposures to nitrogen dioxide and airway responsiveness in
individuals with asthma.2

Change
in ARP Average PD + SE®
NO2 Exp. Challenge
Reference ppb (min) Type N + - Air NO2 p-value?
Ahmed et al., 1983a 100 60 Non-specific, 20 13 7 6.0+24 27+0.8 NA

CARB

%8 As previously described, bronchial challenge agents can be classified as nonspecific (e.g., histamine; sulfur
dioxide, SO»; cold air) or specific (i.e., an allergen). Nonspecific agents can be differentiated between “direct”
stimuli (e.g., histamine, carbachol, and methacholine) and “indirect” stimuli (e.g., exercise, cold air) (U.S. EPA,
2016)
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Table 3-2. Resting exposures to nitrogen dioxide and airway responsiveness in
individuals with asthma.2

Change
in ARP Average PD + SE°
NO2 Exp. Challenge
Reference ppb (min) Type N + - Air NO2 p-value?
Orehek et al., 1976 100 60 Non-specific, 20 14 3 056+0.08 0.36+0.05 <0.01¢
CARB
Hazucha et al., 1983 100 60 Non-specific, 15 6 7 1.9+04 20+1.0 n.s.
METH
Ahmed et al., 1983b 100 60 Specific, RAG 20 10 8 9.0+5.7 11.7+7.6 n.s.
Tunnicliffe et al., 1994 100 60 Specific, HDM 8 3 5 -14.62 -14.41 n.s.
AFEV1 AFEV1
Bylin et al., 1988 140 30 Non-specific, 20 14 6 0.39+0.07 0.28+0.05 0.052f
HIST
Orehek et al., 1976 200 60 Non-specific, 4 3 0 0.60+£0.10 0.32+0.02 n.s.
CARB
Jorres et al., 1990 250 30 Non-specific, 14 11 2 465+51 37.7+35 <0.01
SOz
Barck et al., 2002 260 30 Specific, BIR, 13 5 7 -5+2 -4+2 n.s.
TIM AFEV1 AFEV1
Strand et al., 1997 260 30 Specific, BIR, 18 9 9 860%450 970+ 450 n.s.
TIM
Strand et al, 1998 260 30 Specific,BIR 16 11 4 -01+0.8 -25+1.0 0.03
AFEV1 AFEV1
Bylin et al., 1988 270 30 Non-specific, 20 14 6 0.39+0.07 0.24+0.04 <0.01
HIST
Tunnicliffe et al., 1994 400 60 Specific, HDM 8 8 0 -14.62 -18.64 0.009
AFEV1 AFEV1
Bylin et al, 1985 480 20 Non-specific, 8 5 0 >30 >20 0.04
HIST
Mohsenin et al., 1987 500 60 Non-specific, 10 7 2 9.2+4.7 46+26 0.042
METH
Bylin et al., 1988 530 30 Non, specific, 20 12 7 0.39%+0.07 0.34+0.08 n.s.
HIST

AR = airway responsiveness; BIR = birch; CARB = carbachol; Exp. = exposure; HDM = house dust mite allergen;

HIST = histamine; METH = methacholine; NA = not available; NO, = nitrogen dioxide; n.s. = less than marginal statistical
significance, p > 0.10; RAG = ragweed; SO, = sulfur dioxide; TIM = timothy

@ Adapted from Table 5-1 in Integrated Science Assessment for Oxides of Nitrogen (Health) — Final (U.S. EPA, 2016, Section
5.2.2.1)

bChange in AR: number of individuals showing increased (+) or decreased (-) airway responsiveness after NO, exposure
compared to air.

°PD + SE: arithmetic or geometric mean provocative dose (PD) + standard error (SE). See individual papers for PD
calculation and dosage units. AFEV; indicates the change in FEV; response at a constant challenge dose.

dStatistical significance of increase in AR to bronchial challenge following NO, exposure compared to filtered air as reported in
the original study unless otherwise specified. Statistical tests varied between studies, e.qg., sign test, t-test, and analysis of
variance.

€Statistical significance for all individuals with asthma from analysis by Dawson et al. (1979). Orehek et a. (1976) only tested
for differences in sub-sets of individuals classified as “responders” and “non-responders.”

This p-value from p. 609 of Bylin et al. (1988) corrects the “n.s.” indicated in the 2016 ISA and Brown (2015)
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Table 3-3.

Exercising exposures to nitrogen dioxide and airway responsiveness in
individuals with asthma.2

Change
in ARP Average PD + SE°
NO2 Exp. Challenge
Reference ppb (min) Type N + - Air NO:2 p-valued
Roger et al., 1990 150 80 Non-specific, 19 104 7¢ 3.3+0.7 3.1+07 n.s.
METH
Kleinman et al., 1983 200 120 Non-specific, 31 20 7 8.6+29 3.0+11 <0.05
METH
Jenkins et al., 1999 200 360 Specific, 11 6 5 2.94 2.77 n.s.
HDM
Jorres et al., 1991 250 30 Non-specific, 11 6 5 04116 041+1.6 n.s.
METH
Strand et al., 1996 260 30 Non-specific, 19 13 5 296 + 76 229 + 56 0.08
HIST
Avol et al., 1988 300 120 Non-specific, 37 119 16 -8.4+1.8 -10.7+2.0 n.s.
COLD d
AFEV1 AFEV:1
Avol et al., 1989 300 180 Non-specific, 34 12¢ 21 -5+2 -4 +2 n.s.
COLD d
AFEV1 AFEV1
Bauer et al., 1986 300 30 Non-specific, 15 9 3 0.83+0.12 0.54+0.10 <0.05
COLD
Morrow et al., 1989 300 240 Non-specific, 20 7¢ 2¢ 3.31+8.64° -6.98 + 3.35° n.s.
CARB AFEV1 AFEV:1
Roger et al., 1990 300 80 Non-specific, 19 8 9¢ 33+0.7 3.3+0.8 n.s.
METH
Rubinstein et al., 1990 300 30 Non-specific, 9 4 5 125+023 1.31+£0.25 n.s.
SO2
Riedl et al., 2012 350 120 Non-specific, 15 6 7 75+26 7.0+3.8 n.s.
METH
Riedl et al., 2012 350 120 Specific, 15 4 11 -69%17 -05+17 <0.05
CA AFEV; AFEV;
Jenkins et al., 1999 400 180 Specific, 10 7 3 3.0 2.78 0.018
HDM
Witten et al., 2005 400 180 Specific, 15 8 7 550+ 240 160 + 60 n.s.
HDM
Avol et al., 1988 600 120 Non-specific, 37 13¢ 16 -84+138 -104+2.2 n.s.
COLD °  AFEV: AFEV;
Roger et al., 1990 600 80 Non-specific, 19 11¢ 8¢ 3.3%0.7 3.7+1.1 n.s.
METH
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AR = airway responsiveness; BIR = birch; CARB = carbachol; Exp. = exposure; HDM = house dust mite allergen;

HIST = histamine; METH = methacholine; NA = not available; NO, = nitrogen dioxide; n.s. = less than marginal statistical
significance, p > 0.10; RAG = ragweed; SO, = sulfur dioxide; TIM = timothy

@ Adapted from Table 5-2 in Integrated Science Assessment for Oxides of Nitrogen (Health) — Final (U.S. EPA, 2016, Section
5.2.2.1)

bChange in AR: number of individuals showing increased (+) or decreased (-) airway responsiveness after NO, exposure
compared to air.

°PD % SE: arithmetic or geometric mean provocative dose (PD) + standard error (SE). See individual papers for PD
calculation and dosage units. AFEV; indicates the change in FEV; response at a constant challenge dose.

dStatistical significance of increase in AR to bronchial challenge following NO, exposure compared to filtered air as reported in
the original study unless otherwise specified. Statistical tests varied between studies, e.qg., sign test, t-test, analysis of
variance.

€Statistical significance for all individuals with asthma from analysis by Dawson et al. (1979). Orehek et a. (1976) only tested
for differences in sub-sets of individuals classified as “responders” and “non-responders.”

Consideration of group mean results from individual studies

In first considering studies conducted at rest, we note that the lowest NO2 concentration
to which individuals with asthma have been exposed is 100 ppb, with an exposure duration of 60
minutes in all studies. Of the five studies conducted at 100 ppb, a statistically significant increase
in AR following exposure to NO, was only observed in the study by Orehek et al. (1976) (N =
20). Of the four studies that did not report statistically significant increases in AR following
exposures to 100 ppb NO>, three reported weak trends towards decreased AR (n = 20, Ahmed et
al., 1983b; n = 15, Hazucha et al., 1983; n = 8, Tunnicliffe et al., 1994), and one reported a trend
towards increased AR (n = 20, Ahmed et al., 1983a). Resting exposures to 140 ppb NO: resulted
in increases in AR that reached marginal statistical significance (n = 20; Bylin et al., 1988). In
addition, the one study conducted at 200 ppb demonstrated a trend towards increased AR, but
this study was small and results were not statistically significant (n = 4; Orehek et al., 1976).
Thus, individual controlled human exposure studies have generally not reported statistically
significant increases in AR following resting exposures to NO concentrations from 100 to 200
ppb. Group mean responses in these studies suggest a trend towards increased AR following
exposures to 140 and 200 ppb NO-, while trends in the direction of group mean responses were
inconsistent following exposures to 100 ppb NO-.

In next considering studies in individuals with asthma conducted with exercise, we note
that three studies evaluated NO2 exposure concentrations between 150 and 200 ppb (n = 19,
Roger et al., 1990; n = 31, Kleinman et al., 1983; n = 11, Jenkins et al., 1999). Of these studies,
only Kleinman et al. (1983) reported a statistically significant increase in AR following NO-
exposure (i.e., at 200 ppb). Roger et al. (1990) and Jenkins et al. (1999) did not report
statistically significant increases, but showed weak trends for increases in AR following
exposures to 150 ppb and 200 ppb NO., respectively. Thus, as with studies of resting exposures,
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studies that evaluated exposures to 150 to 200 ppb NO> with exercise report trends toward
increased AR, though results are generally not statistically significant.

Several studies evaluated exposures of individuals with asthma to NO2 concentrations
above 200 ppb. Of the five studies that evaluated 30 minute resting exposures to NO>
concentrations from 250 to 270 ppb, NO2-induced increases in AR were statistically significant
in three (n = 14, Jorres et al., 1990; n = 18, Strand et al., 1988; n = 20, Bylin et al., 1988).
Significant increases in airway responsiveness are also more consistently reported across studies
that evaluated resting exposures to 400-530 ppb NO2, with three of four studies reporting a
significant increase in airway responsiveness following such exposures. However, studies
conducted with exercise do not indicate consistent increases in AR following exposures to NO>
concentrations from 300 to 600 ppb (Table 3-3).%°

Consideration of results from the meta-analysis

As discussed above in Section 3.2.1, the ISA assessment of the evidence for AR in
individuals with asthma also focuses on a recently published meta-analysis (Brown, 2015)
investigating individual-level data from the studies included in Tables 3-2 and 3-3. While
individual controlled human exposure studies can lack statistical power to identify effects, the
meta-analysis of individual-level data combined from multiple studies (Brown, 2015) has greater
statistical power due to increased sample size. The meta-analysis considered individual-level
responses, specifically whether individual study subjects experienced an increase or decrease in
AR following NO> exposure compared to air exposure, combining information from the studies
presented in Tables 3-2 and 3-3. Evidence was evaluated together across all studies and also
stratified for exposures conducted with exercise and at rest, and for measures of specific and
non-specific AR. The ISA notes that these methodological differences may have important
implications with regard to results (U.S. EPA, 2016; Brown, 2015; Goodman et al., 2009).
Overall, the meta-analysis presents the fraction of individuals having an increase in AR
following exposure to various NO2 concentrations (i.e., 100 ppb, 100 ppb up to 200 ppb, 200 ppb
up to and including 300 ppb, and above 300 ppb) (U.S. EPA, 2016, Section 5.2.2.1).%° The

% There are eight additional studies with exercising exposures to 300-350 ppb NO; as presented in Table 3-3, with
exposure durations ranging from 30-240 minutes. Results across these studies are less consistent, with only two of
eight reporting significant results. Only one of four studies with exercising exposures of 400 or 600 ppb reported
statistically significant increases in airway responsiveness.

%0 Brown et al. (2015) compared the number of study participants who experienced an increase in AR following NO,
exposures to the number who experienced a decrease in AR. Study participants who experienced no change in AR
were not included in comparisons. P-value refers to the significance level of a two-tailed sign test.
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number of participants in each study and the number having an increase or decrease in AR is
indicated in Tables 3-2 and 3-3.

We first consider the meta-analysis results across all exposure conditions (i.e., resting,
exercising, non-specific challenge, and specific challenge). For 100 ppb NO- exposures, Brown
(2015) reported that, of the study participants who experienced either an increase or decrease in
AR following NO2 exposures, 61% experienced an increase (p = 0.08). For 100 to 200 ppb NO-
exposures, 62% of study subjects experienced an increase in AR following NO- exposures (p =
0.014). For 200 to 300 ppb NO:2 exposures, 58% of study subjects experienced an increase in AR
following NO2 exposures (p = 0.008). For exposures above 300 ppb NO2, 57% of study subjects
experienced an increase in AR following NO> exposures, though this fraction was not
statistically different than the fraction experiencing a decrease.

We also consider the results of Brown (2015) for various subsets of the available studies,
based on the exposure conditions evaluated (i.e., resting, exercising) and the type of challenge
agent used (specific, non-specific). For exposures conducted at rest, across all exposure
concentrations (i.e., 100-530 ppb NO2, n = 139; Table 3-2), Brown (2015) reported that a highly
significant fraction of study participants (71%, p < 0.001) experienced an increase in AR
following NO- exposures, compared to the fraction that experienced a decrease in AR. The meta-
analysis also presented results for various concentrations or ranges of concentrations. Following
resting exposure to 100 ppb NO2, 66% of study participants experienced increased non-specific
AR. For exposures to concentrations of 100 ppb up to 200 ppb, 200 ppb up to and including 300
ppb, and above 300 ppb, increased non-specific AR was reported in 67%, 78%, and 73% of
study participants, respectively.®* For non-specific challenge agents, the differences between the
fractions of individuals who experienced increased AR following resting NO2 exposures and the
fraction who experienced decreased AR reached statistical significance for all of the ranges of
exposures concentrations evaluated (p < 0.05).

In contrast to the results from studies conducted at rest, the fraction of individuals having
an increase in AR following NO> exposures with exercise was not consistently greater than 50%,
and none of the results were statistically significant (Brown, 2015). Across all NO2 exposures
with exercise, measures of non-specific AR were available for 241 individuals, 54% of whom
experienced an increase in AR following NO2 exposures relative to air controls. There were no
studies in this group conducted at 100 ppb, and for exercising exposures to 150-200 ppb, 250-

51 For the exposure category of “above 300 ppb”, exposures included 400, 480, 500, and 530 ppb. No studies used
concentrations between 300 and 400 ppb.
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300 ppb, and 350-600 ppb, the fraction of individuals with increased AR was 59%, 55%, and
49%, respectively.

In addition to examining results from studies of non-specific AR, the meta-analysis also
considered results from studies that evaluated changes in specific AR (i.e., AR following an
allergen challenge; n=130; Table 3-3) following NO> exposures. The results do not indicate
statistically significant fractions of individuals having an increase in specific AR following
exposure to NO; at concentrations below 400 ppb, even when considering resting and exercising
exposures separately (Brown, 2015). Of the three studies evaluating specific AR at
concentrations of 400 ppb, one was conducted at rest (Tunnicliffe et al., 1994) and reported a
significant fraction of individuals with increased in AR following NO2 exposure (Brown, 2015).
The other two studies were conducted with exercising exposures (Jenkins et al., 1999; Witten et
al., 2005), and the meta-analysis reported that 48% of study subjects experienced NO2-induced
increases AR. Overall, results across studies are less consistent for increases in specific AR
following NO. exposures.

Uncertainties in evidence for airway responsiveness

When considering the evidence for NO2-induced increases in AR in individuals with
asthma, there are important uncertainties that should be considered. Both the meta-analysis by
Brown (2015) and an additional meta-analysis and meta-regression by Goodman et al. (2009)
conclude that there is no indication of a dose-response relationship for exposures between 100
and 500 ppb NO- and increased AR in individuals with asthma. A dose-response relationship
generally increases confidence that observed effects are due to pollutant exposures rather than to
chance; however, a lack of a dose-response relationship does not necessarily indicate that there is
no relationship between the exposure and effect, particularly in these analyses based on between-
subject comparisons. For example, as discussed in the ISA, there are a number of methodological
differences across studies that could contribute to between-subject differences and obscure a
dose-response relationship between NO2 and AR. These include subject activity level (rest vs.
exercise) during NO- exposure, asthma medication usage, choice of airway challenge agent (e.g.,
direct and indirect non-specific stimuli), method of administering the bronchoconstricting agents,
and physiological endpoint used to assess airway responsiveness. Such methodological
differences across studies likely contribute to the variability and uncertainty in results across
studies and complicate interpretation of the overall body of evidence for NO.-induced AR. Thus,
while the lack of an apparent dose-response relationship adds uncertainty to our interpretation of
controlled human exposure studies of AR, it does not necessarily indicate the lack of an NO:
effect.

September 2016 3-17 Draft — Do Note Quote or Cite



© 00 N O O b W N -

e e o el =
© N U~ WN R O

[EY
©

W N DN N DN DN DN DD DN DNDND
O © 0o N O o A W DN - O

An additional uncertainty in interpreting these studies within the context of the adequacy
of the protection provided by the NO2> NAAQS is the clinical relevance of the reported NO»-
induced increases in AR. Clear guidelines on the clinical relevance of AR have not been
established. The meta-analysis by Brown (2015) used an approach that is consistent with
guidelines from the American Thoracic Society (ATS) and the European Respiratory Society for
the assessment of therapeutic agents (Reddel et al., 2009) to assess the potential for clinical
relevance. Specifically, based on individual-level responses reported in a subset of studies,
Brown (2015) considered a halving of the provocative dose to indicate responses that may be
clinically relevant.5? Only five studies provided data for each individual’s provocative dose.
These five studies provided individual-level data for a total of 72 study participants (116 AR
measurements) and eight NO> exposure concentrations, for resting exposures and non-specific
bronchial challenge agents. Across exposures to 100, 140, 200, 250, 270, 480, 500, and 530 ppb
NO., 24% of study participants experienced a halving of the provocative dose while 8% showed
a doubling of the provocative dose. The relative distributions of the provocative doses at
different concentrations were similar, with no dose-response relationship indicated. Although
this analysis is limited to a small subset of studies and study participants, these results support
the potential for clinically relevant increases in AR in some individuals with asthma following
NO2 exposures between 100 and 530 ppb.

Preliminary Conclusion

As in the last review, a meta-analysis of individual-level data supports the potential for
increased AR in individuals with asthma following 30 minute to 1 hour exposures to NO>
concentrations from 100 to 600 ppb, particularly for resting exposures and measures of non-
specific AR (N = 33 to 70 for various ranges of NO exposure concentrations). Individual studies
most consistently report statistically significant NO2-induced increases in AR following
exposures to NO. concentrations at or above 250 ppb. Individual studies (N = 4 to 20) generally
do not report statistically significant increases in AR following exposures to NO> concentrations
at or below 200 ppb, though the evidence suggests a trend toward increased AR following NO-
exposures from 140 to 200 ppb. In contrast, individual studies do not indicate a consistent trend
towards increased AR following 1-hour exposures to 100 ppb NO>. Important limitations in this
evidence include the lack of a dose-response relationship between NO, and AR and uncertainty

52 More specifically, clinical relevance in the ISA is based on evidence from clinical studies evaluating efficacy of
inhaled corticosteroids that are used to prevent bronchoconstriction and airway responsiveness as described by
Reddell et al. (2009). Generally, a change of at least one doubling dose is considered to be an indication of clinical
relevance (this represents a decline in AR as the dose to induce AR is doubled). Based on this, a halving of the
provocative dose is taken in the ISA to represent an increase in AR that is an indication of clinical relevance.
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in the adversity of the reported increases in AR. These limitations become increasingly important
to consider at the lower NO2 exposure concentrations (i.e., at or near 100 ppb), where the
evidence for NO2-induced increases in AR is not consistent across studies.

3.2.2.2 Concentrations in Locations of Epidemiologic Studies

We next consider distributions of ambient NO> concentrations in locations where
epidemiologic studies have examined NO> associations with asthma-related hospital admissions
or emergency department visits. These outcomes are clearly adverse and study results comprise a
key line of epidemiologic evidence in the determination of a causal relationship in the ISA (U.S.
EPA, 2016, Section 5.2.9). As in other NAAQS reviews (U.S. EPA, 2014; U.S. EPA, 2011),
when considering epidemiologic studies within the context of the adequacy of the current
standard, we emphasize those studies conducted in the U.S. and Canada.®® For short-term
exposures to NO., we emphasize studies reporting associations with effects judged in the ISA to
be robust to confounding by other factors, including co-occurring air pollutants. In addition, we
consider the statistical significance and precision of study results, and the inclusion of at-risk
populations for which the NO.-health effect associations may be larger. These considerations
help inform the range of ambient NO> concentrations over which we have the most confidence in
NO--asssociated health effects and the range of concentrations over which our confidence in
such effects is appreciably lower. In our consideration of these issues, we specifically focus on
the following question:

e To what extent have U.S. and Canadian epidemiologic studies reported associations
between asthma-related hospital admissions or emergency department visits and short-
term NO2 concentrations in study areas that would have met the current 1-hour NO2
standard during the study period?

Addressing this question can provide important insights into the extent to which NO»-
health effect associations are present for distributions of ambient NO2 concentrations that would
be allowed by the current standards. The presence of such associations would support the
potential for the current standards to allow the NO-associated effects indicated by epidemiologic
studies. To the degree studies have not reported associations in locations meeting the current
NO: standards, there is greater uncertainty regarding the potential for the reported effects to
occur following NO exposures associated with air quality meeting those standards.

8 Such studies are likely to reflect air quality and exposure patterns that are generally applicable to the U.S. In
addition, air quality data corresponding to study locations and study time periods is often readily available for
studies conducted in the U.S. and Canada. Nonetheless, we recognize the importance of all studies, including other
international studies, in the ISA’s assessment of the weight of the evidence that informs causal determinations.
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In addressing the question above and considering the available evidence, we place the
greatest emphasis on studies reporting positive, and relatively precise, health effect associations.
In evaluating whether such associations are likely to reflect NO> concentrations meeting the
existing 1-hour standard, we consider the 1-hour ambient NO2 concentrations measured at
monitors in study locations during study periods. We also consider what additional information
is available to inform our understanding of the ambient NO> concentrations that could have been
present in the study locations during the study periods (e.g., around major roads). When
considered together, this information can provide important insights into the extent to which NO-
health effect associations have been reported for NO- air quality concentrations that likely would
have met the current 1-hour NO standard.

We have identified U.S. and Canadian studies of respiratory-related hospital admissions
and emergency department (ED) visits, with a focus on studies of asthma-related effects (studies
identified from ISA Table 5-10).54 For each NO, monitor in the locations evaluated by these
studies and the ranges of years encompassed by studies, we have identified the 3-year averages
of the 98" percentiles of the annual distributions of daily maximum 1-hour NO2 concentrations.5®
These concentrations are approximations of the DVs that are used when determining whether an
area meets the primary NO2 NAAQS.% Thus, these DVs can provide perspective on whether
study areas would likely have met or violated the primary 1-hour NO2 NAAQS during the study
periods. Based on this approach, study locations could have met the current 1-hour standard over
the entire study period if all of the hourly DVs were at or below 100 ppb.

A key limitation in these analyses of NO, DVs is that currently required near-road NO»
monitors were not in place during study periods. The studies evaluated (see Figure 3-1 below)
were based on air quality from 1980-2006, with most studies spanning the 1990s to early 2000s.
As discussed above in Chapter 2, there were no specific near-road monitoring network
requirements during these years, and most areas did not have monitors sited to measure NO>

% These studies were identified in the ISA as comprising an important line of epidemiologic evidence to support the
conclusion that there is a “causal” relationship between short-term NO; exposures and respiratory effects (U.S. EPA,
2016). Strong support was also provided by epidemiologic studies for respiratory symptoms, but the majority of
studies on respiratory symptoms were only conducted over part of a year, complicating the evaluation of a DV based
on data from 3 years of monitoring data relative to the respective health effect estimates. For more information on
these studies and the DVs in the study locations, see Appendix A.

8 All study locations had maximum annual design values below 53 ppb (Appendix A).

% As described in Chapter 2, a design value is a metric used to determine whether areas meet or violate the NAAQS.
For the 1-hour NO; standard, the DV is calculated at individual monitors and based on 3 consecutive years of data
collected from that site. In the case of the 1-hour NO, standard, the design value for a monitor is based on the 3-year
average of the 98™ percentile of the annual distribution of daily maximum 1-hour NO, concentrations. For more
information on these studies and DVs, see Appendix A

September 2016 3-20 Draft — Do Note Quote or Cite



© 00 N O O b W N -

e e il O o el =
© N U~ WN R O

concentrations near the most heavily-trafficked roadways. In addition, mobile source NOx
emissions were considerably higher during the time periods of available epidemiologic studies
than in more recent years, suggesting that the NO2 concentration gradients around major roads
were likely more pronounced than indicated by data from recently deployed near-road monitors
(Figure 2-6).%" This information suggests that if the current near-road monitoring network had
been in operation during study periods, NO2 DVs measured at near-road monitors would likely
have been higher than the DVs reflected in Figure 3-1 below. This uncertainty particularly limits
the degree to which we can draw strong conclusions based on study areas with DVs that are at or
just below 100 ppb.

With this key limitation in mind, we consider what the available epidemiologic evidence
can tell us with regard to the adequacy of the public health protection provided by the current 1-
hour standard against short-term NO> exposures. Figure 3-1, below, highlights the epidemiologic
studies examining associations between asthma hospitalizations or ED visits and short-term
exposures to ambient NO that were conducted in the U.S. and Canada. These studies were
identified and evaluated in the ISA and include both the few recently published studies and the
studies that were available in the previous review. Figure 3-1 depicts the range of associations
across U.S. and Canadian studies and also indicates maximum and mean hourly DVs for the
study locations and years.®®

57 Recent data indicate that, for most near-road monitors, measured 1-hour NO concentrations are higher than those
measured at all of the non-near-road monitors in the same CBSA (Section 2.3.2).

8 Similar analyses of study area air quality were presented in the 2008 REA. However, because the 1-hour standard
was set in the 2010 final decision, the methods for calculating 1-hour NO, DVs had not been established at the time
of the development of the 2008 REA. Therefore, the study area NO, concentrations identified in the 2008 REA did
not correspond to 1-hour DVs for the current 1-hour NO; standard. As a result, even when the same study is
evaluated, study area NO; concentrations are not identical in the 2008 REA and in Figure 3-1 of this draft PA.
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Study Location (Max, Mean) Study Years
Li(2011), 2-18 yrs Detroit 55,55 2004-2006 ® \
s ® ?
Jaffe (2003), 5-34 yrs Clev/Cine 02, 83 1991-1996 &
ATSDR (2006) Manhattan 86, 86 1999-2000 ¢ &
ATSDR (2006) Bronx 94,94 1999-2000 &
Peel (2005 Atlanta 100, 90 1993-2000 ——
Peel (2005), 2-18yrs Atlanta 100, 90 1993-2000 —_—
Strickland (2010), 5-17 yrs Atlanta 100, 87 1993-2004 ¢
Ito (2007) New York City 102, 102 1999-2002 L4
Linn (2000) Los Angeles 171,170 1992-1995 ——
Burnett (1999) Toronto 227,142 1980-1994 ——
Villeneuve (2007), >2 yrs  Edmonton 242,103 1999-2002 -
Stieb (2009) Montreal 85,81 1997-2002 ——
Ottawa 198, 94 1992-2000
Edmonton 242,103 1992-2002
St. John 96, 65 1992-1996
Halifax 67, 64 1999-2002
Toronto 98,92 1999-2003
Vancouver 86, 66 1999-2003
-10 -5 0 5 10 15 20

% Increase

Figure 3-1. U.S. and Canadian epidemiologic studies of short-term NO2 exposures and asthma hospital admissions and
emergency department visits. Study locations and years are reported with hourly DVs for studies asthma hospital admissions and ED
visits with effect estimates and 95% confidence intervals, standardized as described in the ISA (U.S. EPA, 2016) Effect estimates in
blue represent studies that are new in the current review. Clev = Cleveland; Cinc = Cincinnati. If ages are not specified after the study,
then hospital admissions and ED visits for all ages were included. Li et al. reports an effect estimate from a time-series analysis and
case-crossover analysis. Because hourly DVs are based on 3 years of data, DVs for the first 2 years of a study period were not considered.
The ATSDR study did not include 3 years, thus DVs reported for these locations include data from a year preceding the study (1998).
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Figure 3-1 includes both multi-city and single city studies. In considering the information
in Figure 3-1, we note that multi-city studies tend to have greater power to detect associations.
The one multi-city study that has become available since the last review (Stieb et al., 2009)
reported a null association with asthma ED visits, based on study locations with maximum DVs
ranging from 67-242 ppb (six of seven study cities had maximum DVs at or above 85 ppb). Of
the single city studies in Figure 3-1, those reporting positive and relatively precise (i.e., relatively
narrow 95% CIs) associations were conducted in locations with maximum, and often mean, DVs
at or above 100 ppb (i.e., Linn et al., 2000; Peel et al., 2005; Ito et al., 2007; Villeneuve et al.,
2007; Burnett et al., 2009; Strickland et al., 2010). For the other single city studies in Figure 3-1,
two reported more mixed results in locations with maximum DVs around 90 ppb (Jaffe et al.,
2003; ATSDR, 2006).%° Associations in these studies were generally not statistically significant,
were less precise (i.e., wider 95% ClIs), and included a negative association (Manhattan, NY).
One single city study was conducted in a location with 1-hour DVs well-below 100 ppb (Li et al,
2011), though the reported associations were not statistically significant and were relatively
imprecise. Thus, of the U.S. and Canadian studies that can most clearly inform our consideration
of the adequacy of the current NO standards, the lone multicity study did not report a positive
health effect association and the single-city studies reporting positive, and relatively precise,
associations were generally conducted in locations with maximum 1-hour DVs at or above 100
ppb. The evidence for associations in locations with maximum DVs below 100 ppb is more
mixed, and reported associations are generally less precise.

An uncertainty in this body of evidence is the potential for copollutant confounding.
When pollutants are highly correlated, it can be difficult to determine the independent effects of
single pollutants from other pollutants in the mixture. Copollutant (two-pollutant) models can be
used in epidemiologic studies in an effort to disentangle independent effects, particularly for
pollutants emitted from the same sources. For NO», the copollutants that are most relevant to
consider are those from traffic sources such as CO, EC/BC, UFP, and benzene as well as PM2s
and PM1o, whose concentrations are more spatially homogenous (ISA, Section 3.5). Of the
studies examining asthma-related hospital admissions and ED visits in the U.S. and Canada in
Figure 3-1, three examined effect estimates from copollutant models (Ito et al., 2007; Villeneuve
et al., 2007; Strickland et al., 2010)). Ito et al. (2007) found that in copollutant models with
PM_, SO2, CO, or O3, NO2 consistently had the strongest effect estimates that were robust to the

% The study by the U.S. Agency for Toxic Substances and Disease Registry (ATSDR) was not published in a peer-
review journal. Rather, it was a report prepared by New York State Department of Health’s Center for
Environmental Health, the New York State Department of Environmental Conservation and Columbia University in
the course of performing work contracted for and sponsored by the New York State Energy Research and
Development Authority and the ATSDR.
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other copollutant. Villeneuve et al. (2007) utilized a model including NO2 and CO (r = 0.74) for
ED visits in the warm season and reported that associations for NO> were robust to CO.
Strickland et al. (2010) found that the relationship between ambient NO2 and asthma ED visits in
Atlanta, GA was robust in models including Os, but copollutant models were not analyzed for
other pollutants and the correlations between NO- and other pollutants were not reported. Taken
together, these studies provide some evidence for independent effects of NO» for asthma ED
visits, but some important traffic-related copollutants (e.g. EC/BC, VOCs) have not been
examined in this body of evidence and the limitations of copollutant models in demonstrating an
independent association are well recognized (U.S. EPA, 2015, Section 4.b).
Preliminary Conclusions

Considering this evidence together, we note the following observations. First, the only
recent multicity study evaluated, which had maximum DVs ranging from 67 to 242 ppb, did not
report a positive association between NO, and ED visits (Stieb et al., 2009). In addition, of the
single-city studies in Figure 3-1 reporting positive and relatively precise associations between
NO: and asthma hospital admissions and ED visits, most locations likely had NO> concentrations
above the current 1-hour NO> standard over at least part of the study period. Although maximum
DVs for the studies conducted in Atlanta were 100 ppb, it is likely that those DVs would have
been higher than 100 ppb had currently required near-road monitors been in place. For the study
locations with maximum DVs below 100 ppb, mixed results are reported with associations that
are generally statistically non-significant and imprecise, indicating the asthma-related ED visits
are not consistently or strongly associated with NO> concentrations in locations that could have
met the current standards. Given that near-road monitors were not in operation during study
periods, it is not clear that even these DVs below 100 ppb indicate study areas that would have
met the current 1-hour standard. Thus, when considering our analyses of study area NO>
concentrations in light of uncertainties related to roadway NO2 concentrations and copollutant
confounding, we reach the preliminary conclusion that available U.S. and Canadian
epidemiologic studies do not indicate NO»-associated hospital admissions or emergency
department visits in locations with NO. concentrations that would likely have met the current 1-
hour NO; standard.

3.3 EFFECTS OF LONG-TERM NO2 EXPOSURES
3.31 Nature of Effects

In the last review of the primary NO2 NAAQS, evidence for health effects related to long-
term ambient NO- exposure was judged “suggestive of, but not sufficient to infer” or
“inadequate to infer the presence or absence of” a causal relationship across health effect

September 2016 3-24 Draft — Do Note Quote or Cite



o N o o A W DN B

11
12

13
14
15
16
17
18

19

categories. These included respiratory, cardiovascular, and reproductive and developmental
effects as well as cancer and total mortality. In the current review, new epidemiologic evidence,
in conjunction with explicit integration of evidence across related outcomes, has resulted in
strengthening of some of the causal determinations. However, there are still a number of

uncertainties limiting our understanding of the role of long-term NO2 exposures in causing health
effects. We focus our discussion of evidence available in the current review for health effects
related to long-term NO- exposures, including strengths and limitations, on the following

overarching questions:

To what extent does the currently available scientific evidence alter or strengthen our
conclusions from the last review regarding health effects attributable to long-term NO2
exposures? Have previously identified uncertainties been reduced? What important
uncertainties remain and have new uncertainties been identified?

Table 3-4 provides an overview of the causal determinations for the previous and current
reviews for long-term NO> exposures and various health effect categories including respiratory,
cardiovascular, and reproductive and developmental effects, as well as mortality and cancer. In
particular, the causal determination between long-term NO2 exposures and respiratory effects
was strengthened to “likely to be a causal relationship.” The evidence on which these causal
judgments are based is summarized below.

Table 3-4. Causal determinations for long-term nitrogen dioxide (NO2) exposure and
health effects evaluated in the ISA for Oxides of Nitrogen in the previous and current

review

Health effect

Review completed 2010

Current Review

Respiratory

Suggestive of, but not sufficient to
infer, a causal relationship

Likely to be a causal relationship

Cardiovascular and Diabetes

Inadequate to infer the presence or
absence of a causal relationship

Suggestive of, but not sufficient to
infer, a causal relationship

Total Mortality

Inadequate to infer the presence or
absence of a causal relationship

Suggestive of, but not sufficient to
infer, a causal relationship

Reproductive and Developmental—
Fertility, Reproduction, Pregnancy

Reproductive and Developmental —
Birth Outcomes

Reproductive and Developmental—
Postnatal Development

Inadequate to infer the presence or

absence of a causal relationship?

Inadequate to infer a causal
relationship

Suggestive of, but not sufficient to
infer, a causal relationship

Inadequate to infer a causal
relationship

Cancer

Inadequate to infer the presence or
absence of a causal relationship

Suggestive of, but not sufficient to
infer, a causal relationship

@Previous review combined evidence for reproductive and developmental effects and made one causal

determination.
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Respiratory

The 2016 ISA concluded that there is “likely to be a causal relationship” between long-
term NO> exposure and respiratory effects, based primarily on evidence integrated across
disciplines for a relationship with asthma development in children. Evidence for other outcomes
integrated across epidemiologic and experimental studies, including decrements in lung function
and partially irreversible decrements in lung development, respiratory disease severity, chronic
bronchitis/asthma incidence in adults, COPD hospital admissions, and respiratory infections, is
less consistent and has larger uncertainty in whether there is an independent effect of long-term NO2
exposure (U.S. EPA, 2016, Section 6.2.9).

The conclusion of a “likely to be a causal relationship” in the current review represents a
change from 2008 ISA conclusion that the evidence was “suggestive of, but not sufficient to
infer, a causal relationship” (U.S. EPA, 2008, Section 5.3.2.4). The epidemiologic evidence base
has expanded since the last review. This expanded evidence includes several recently published
longitudinal studies that indicate positive associations between asthma incidence in children and
long-term NO- exposures, with improved exposure assessment in some studies based on NO>
modeled estimates for children’s homes or NO2 measured near children’s homes or schools.
Associations were observed across various periods of exposure, including first year of life, year
prior to asthma diagnosis, and cumulative exposure. In addition, the ISA notes several other
strengths of the evidence base including the general timing of asthma diagnosis and relative
confidence that the NO2 exposure preceded asthma development in longitudinal studies, more
reliable estimates of asthma incidence based on physician-diagnosis in children older than 5
years of age from parental report or clinical assessment, as well as residential NO>
concentrations estimated from land use regression (LUR) models with good NO> prediction in
some studies.

While the causal determination has been strengthened in this review, the ISA notes that
key uncertainties remain. For example, the ISA notes that as in the last review, a “key
uncertainty that remains when examining the epidemiologic evidence alone is the inability to
determine whether NO, exposure has an independent effect from that of other pollutants in the
ambient mixture” (U.S. EPA, 2016, Section 6.2.2.1, p. 6-21). The ISA further indicates that:
“Epidemiologic studies of asthma development in children have not clearly characterized
potential confounding by PM2 s or traffic-related pollutants [e.g., CO, BC/EC, volatile organic
compounds (VOCs)]. In the longitudinal studies, correlations with PM2s and BC were often high
(e.g., r=0.7-0.96), and no studies of asthma incidence evaluated models to address copollutant
confounding, making it difficult to evaluate the independent effect of NO,” (U.S. EPA, 2016, p.
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6-64). This is important to consider when interpreting the epidemiologic evidence regarding the
extent to which NO: is independently related to asthma development.

For additional context, the ISA also evaluated copollutant confounding in long-term
studies beyond asthma incidence to examine whether studies of other respiratory effects could
provide information on the potential for confounding by traffic-related copollutants. Several
studies examined correlations between NO- and traffic-related copollutants and found them to be
relatively high in many cases, ranging from 0.54-0.95 for PM2s, 0.54-0.93 for BC/EC, 0.2-0.95
for PM1o, and 0.64-0.86 for OC (U.S. EPA, 2016, Tables 3-10 and 6-1). Additionally, three
studies (McConnell et al., 2003; Maclintyre et al., 2014; Gehring et al., 2013) evaluated co-
pollutant models with NO2 and PM2 s, and some findings suggest that associations for NO2 with
bronchitic symptoms, lung function, and respiratory infection are not robust because effect
estimates decreased in magnitude and became imprecise when other pollutants were added in the
model. Overall, examination of evidence from studies of other respiratory effects indicates
moderate to high correlations between long-term NO2 concentrations and traffic-related
copollutants, with very limited evaluation of the potential for confounding. Thus, when
considering the collective evidence, it is difficult to disentangle the independent effect of NO>
from other traffic-related pollutants or mixtures in epidemiologic studies (U.S. EPA, 2016,
Sections 3.4.4 and 6.2.9.5).

While this uncertainty continues to apply to the epidemiologic evidence for asthma
incidence in children, the ISA describes that the uncertainty is partly reduced by the coherence of
findings from experimental studies and epidemiologic studies. Experimental studies demonstrate
effects on key events in the mode of action proposed for the development of asthma and provide
biological plausibility for the epidemiologic evidence. For example, one study demonstrated that
airway hyperresponsiveness was induced in guinea pigs after long-term exposure to NO>
[1,000—4,000 ppb; (Kobayashi and Miura, 1995)]. Other experimental studies examining
oxidative stress report mixed results, but some evidence from short-term studies supports a
relationship between NO. exposure and increased pulmonary inflammation in healthy humans.
The ISA also points to supporting evidence from studies demonstrating that short-term exposure
repeated over several days (260-1,000 ppb) and long-term NO2 exposure (2,000-4,000 ppb) can
induce Th2 skewing/allergic sensitization in healthy humans and animal models by showing
increased Th2 cytokines, airway eosinophils, and IgE-mediated responses (U.S. EPA, 2016,
Sections 4.3.5 and 6.2.2.3). Epidemiologic studies also provide some supporting evidence for
these key events in the mode of action. Evidence from epidemiologic studies also demonstrates
associations between short-term ambient NO2 concentrations and increases in pulmonary
inflammation in healthy children and adults (U.S. EPA, 2016, Section 5.2.2.5). Overall, evidence
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from experimental and epidemiologic studies provide support for a role of NO2 in asthma
development by describing a potential role for repeated exposures to lead to recurrent
inflammation and allergic responses.

In considering the evidence and conclusions presented in the ISA for addressing the
overarching questions posed above, there is new evidence available that strengthens conclusions
from the last review regarding respiratory health effects attributable to long-term ambient NO»-
exposure. The majority of new evidence is from epidemiologic studies of asthma incidence in
children with improved exposure assessment (i.e., measured or modeled at or near children’s
homes or schools), which builds upon previous evidence for associations of long-term NO. and
asthma incidence and also partly reduces uncertainties related to measurement error. Explicit
integration of evidence for individual outcome categories (e.g. asthma incidence, respiratory
infection) provides improved characterization of biological plausibility and mode of action,
including some new evidence from studies of short-term exposure supporting an effect on
asthma development. Although this partly reduces the uncertainty regarding independent effects
of NO2, because of the high correlation with other traffic-related copollutants and the lack of
copollutant model results in epidemiologic studies, the potential for confounding remains a
concern when interpreting epidemiologic studies of NO2 and asthma development. In particular,
it remains unclear the degree to which NO2 may be serving primarily as a surrogate for the
broader traffic-pollutant mix.

Cardiovascular and Diabetes

In the previous review, the 2008 ISA stated that the evidence for cardiovascular effects
attributable to long-term ambient NO, exposure was “inadequate to infer the presence or absence
of a causal relationship.” The epidemiologic and experimental evidence was limited with
uncertainties related to traffic-related copollutant confounding (U.S. EPA, 2008). For the current
review, the body of epidemiologic evidence available is substantially larger than that in the last
review and includes evidence for diabetes. The conclusion on causality is stronger in the current
review with regard to the relationship between long-term exposure to NO, and cardiovascular
effects and diabetes as the ISA judged the evidence to be “suggestive, but not sufficient to infer”
a causal relationship (U.S. EPA, 2016, Section 6.3). The strongest evidence comes from recent
epidemiologic studies reporting positive associations of NO2 with heart disease and diabetes with
improved exposure assessment (i.e., residential estimates from models that well predict NO>
concentrations in the study areas), but the evidence across experimental studies remains limited
and inconsistent and does not provide sufficient biological plausibility for effects observed in
epidemiologic studies. Thus, substantial uncertainty exists regarding the independent effect of
NO; and the total evidence is “suggestive of, but not sufficient to infer, a causal relationship”
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between long-term NO> exposure and cardiovascular effects and diabetes (U.S. EPA, 2016,
Section 6.3.9).

Reproductive and Developmental Effects

In the previous review, a limited number of epidemiologic and toxicological studies had
assessed the relationship between long-term NO exposure and reproductive and developmental
effects. The 2008 ISA concluded that there was not consistent evidence for an association
between NO> and birth outcomes and that evidence was “inadequate to infer the presence or
absence of a causal relationship” with reproductive and developmental effects overall (U.S. EPA,
2008). In the ISA for the current review, a number of recent studies added to the evidence base,
and reproductive effects were considered as three separate categories: birth outcomes; fertility,
reproduction, and pregnancy; and postnatal development (U.S. EPA, 2016, Section 6.4). Overall,
the evidence is “suggestive of, but not sufficient to infer, a causal relationship” between long-
term exposure to NO> and birth outcomes and is “inadequate to infer the presence or absence of a
causal relationship” between exposure to NO2 and fertility, reproduction and pregnancy as well
as postnatal development. Evidence for effects on fertility, reproduction, and pregnancy and for
effect on postnatal development is inconsistent across both epidemiologic and toxicological
studies. Additionally, there are few toxicological studies available. The ISA concludes the
change in the causal determination for birth outcomes reflects the large number of studies that
generally observed associations with fetal growth restriction and the improved outcome
assessment (e.g., measurements throughout pregnancy via ultrasound) and exposure assessment
(e.g., well-validated LUR models) employed by many of these studies (U.S. EPA, 2016, Section
6.4.5). For birth outcomes, there is uncertainty in whether the epidemiologic findings reflect an
independent effect of NO> exposure.

Total Mortality

In the 2008 ISA, a limited number of epidemiologic studies assessed the relationship
between long-term exposure to NO2 and mortality in adults. The 2008 ISA concluded that the
scarce amount of evidence was “inadequate to infer the presence or absence of a causal
relationship” (U.S. EPA, 2008c). The ISA for the current review concludes that evidence is
“suggestive of, but not sufficient to infer, a causal relationship” between long-term exposure to
NO2 and mortality among adults (U.S. EPA, 2016, Section 6.5.3). This causal determination is
based on evidence from recent studies demonstrating generally positive associations between
long-term exposure to NO> and total mortality from extended analyses of existing cohorts as well
as original results from new cohorts. In addition, there is evidence for associations between long-
term NO2 exposures and mortality due to respiratory and cardiovascular causes. However, there
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were several studies that did not observe an association between long-term exposure to NO2 and
mortality.

Some recent studies examined the potential for copollutant confounding by PM2s, BC, or
measures of traffic proximity or density in copollutant models with results from these models
generally showing attenuation of the NO> effect with the adjustment for PM..s or BC. It remains
difficult to disentangle the independent effect of NO> from the potential effect of the traffic-
related pollution mixture or other components of that mixture. Further, as described above, there
is large uncertainty whether long-term NO2 exposure has an independent effect on the
cardiovascular and respiratory morbidity outcomes that are major underlying causes of mortality.
Thus, it is not clear by what biological pathways NO2 exposure could lead to mortality. In
conclusion, the generally positive epidemiologic evidence with uncertainty regarding an
independent NO- effect is “suggestive of, but not sufficient to infer, a causal relationship”
between long-term exposure to NO» and total mortality (U.S. EPA, 2016, 6.5.3).

Cancer

The evidence evaluated in the 2008 ISA was judged “inadequate to infer the presence or
absence of a causal relationship” (U.S. EPA, 2008c) based on a few epidemiologic studies
indicating associations between long-term NO2 exposure and lung cancer incidence but lack of
toxicological evidence demonstrating that NO2 induces tumors. In the current review, the
integration of recent and older studies on long-term NO2 exposure and cancer yielded an
evidence base judged “suggestive of, but not sufficient to infer, a causal relationship” (U.S. EPA,
2016, Section 6.6.9). This conclusion is based primarily on recent epidemiologic evidence, some
of which shows NOz-associated lung cancer incidence and mortality but does not address
confounding by traffic-related copollutants, and is also based on previous toxicological evidence
that implicates NO; in tumor promotion (U.S. EPA, 2016, Section 6.6.9).

3.3.2 Consideration of NO2 Concentrations: Health Effects of Long-Term NO2 Exposures

In evaluating the adequacy of the current NO> standards to protect against long-term NO-
exposures, we consider the following question:
e To what extent does the evidence support the occurrence of NO2z-attributable asthma
development in children at NO2 concentrations below the existing standards?

To address this question, we consider (1) the extent to which epidemiologic studies
indicate associations between long-term NO> exposures and asthma development for
distributions of ambient NO> concentrations that would likely have met the existing standards
and (2) the extent to which effects related to asthma development have been reported following
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the range of NO> exposure concentrations examined in experimental studies. Each of these is
discussed below.

3.3.2.1 Ambient NO2 Concentrations in Locations of Epidemiologic Studies

As discussed above for short-term exposures (Section 3.2.2.2), when considering
epidemiologic studies within the context of the adequacy of the current NO> standards, we
emphasize studies conducted in the U.S. and Canada.’® We consider the extent to which these
studies report positive and relatively precise associations with long-term NO> exposures, and the
extent to which important uncertainties could impact our emphasis on particular studies. For the
studies with potential to inform our conclusions on adequacy, we also evaluate available air
quality information in study locations, focusing on DVs over the course of study periods.

In first considering the availability of studies that could inform our conclusions on
adequacy, we focus the following specif