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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

September 2016 1-4 Draft — Do Not Quote or Cite



© 00 N o O b~

10

12

13

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).

September 2016 1-12 Draft — Do Not Quote or Cite



© 00 N O O b W N -

e e =
N R O

W W NN DNDNDNDNMDMDNDMNDNDNDNDNDNPRPEPERFRPR P PR P P
m O © 0 N O Ol A W NP O O© 0 NO O b W

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)

September 2016 1-14 Draft — Do Not Quote or Cite



© 00 N O O b W DN P

W W W W NN DNDNDDNMNMNNMNDMNDNDNDNDNNMNNEREPERFRP P ERPRFPRP R PR P PR
W NN P O © 00N O O D WOWDNPFP O O 0O NO O b WOWDN P O

(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.

September 2016 1-15 Draft — Do Not Quote or Cite



© 00 N O O W N -

W W W W DN DNDNDDNDMNNMNMNDNDNDNDNNMNNNERPEP R PR PR PR P PP
W NN P O © 00N O O b WP OO 0O NO O b WOWDN P O

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

September 2016 1-18 Draft — Do Not Quote or Cite



o O A W N B

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.?
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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
Buff