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1 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) is conducting a review of the air
quality criteria and the primary (health-based) national ambient air quality standards (NAAQS)
for nitrogen dioxide (NOz2).! The establishment and periodic review of NAAQS are governed
primarily by sections 108 and 109 of the Clean Air Act (Act). The NAAQS are established for
pollutants that may reasonably be anticipated to endanger public health and welfare, and whose
presence in the ambient air results from numerous or diverse mobile or stationary sources. The
Act requires that NAAQS are to be based on air quality criteria, which are to accurately reflect
the latest scientific knowledge useful in indicating the kind and extent of identifiable effects on
public health or welfare that may be expected from the presence of the pollutant in ambient air.
Based on periodic reviews of the air quality criteria and standards, the Administrator is to make
revisions in the criteria and standards, and promulgate any new standards, as may be appropriate.
The Act also requires that an independent scientific review committee advise the Administrator
as part of this NAAQS review process, a function now performed by the Clean Air Scientific
Advisory Committee (CASAC).

The overall plan for this review is presented in the Integrated Review Plan for the
Primary National Ambient Air Quality Standards for Nitrogen Dioxide (IRP) (U.S. EPA, 2014a).
The IRP summarizes the Clean Air Act (CAA) requirements related to the establishment and
review of the NAAQS; the history of the primary NO2 NAAQS, including the key science and
policy issues considered in the last review; the anticipated process and schedule for the current
review of the primary NO2 NAAQS; and the anticipated scope and organization of key
assessment documents in the current review, including the Integrated Science Assessment (ISA),
the Risk and Exposure Assessment (REA), if warranted, and the Policy Assessment (PA). The
IRP also lays out the key policy-relevant issues to be addressed in this review as a series of
questions that will frame our? approach to reaching conclusions on the degree to which the
available evidence and information could support retaining or revising the current primary NO2
NAAQS.

! The EPA is separately reviewing the welfare effects associated with oxides of nitrogen and the protection provided by the
secondary NOz standard, in conjunction with a review of the secondary standard for sulfur dioxide (SOz) (U.S. EPA, 2014a,
section 1.4).

2 In this document, the terms “we” and “our” refer to staff in the EPA’s Office of Air Quality Planning and Standards (OAQPS).
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As a further step in planning for the current review, this document is intended to facilitate
CASAC advice and public input to the EPA on potential support for updated quantitative
analyses of NO2 exposures and/or health risks. To facilitate such advice and input, the EPA staff
has considered the degree to which important uncertainties identified in quantitative analyses
from previous reviews have been addressed by newly available scientific evidence, tools, or
information. Based on these considerations, this document presents our preliminary conclusions
on the extent to which updated quantitative analyses of exposures and/or health risks are
warranted in the current review. For updated analyses that are supported, this planning document
also presents our anticipated approaches to conducting such analyses and, where appropriate,
preliminary results based on illustrative examples.

Staff’s considerations and preliminary conclusions in this planning document draw from
the scientific evidence assessed in the second draft of the Integrated Science Assessment for
Oxides of Nitrogen — Health Criteria (ISA) (U.S. EPA, 2015), the discussions of key issues in
the IRP (U.S. EPA, 2014a), the NO2 Risk and Exposure Assessment Report from the last review
of the primary NO2 NAAQS (U.S. EPA, 2008a), advances in modeling tools and techniques, and
new air quality data that have become available since the last review. This document is being
submitted for review by the Clean Air Scientific Advisory Committee (CASAC) and made
available for public comment. The EPA staff will consider advice from CASAC and input from
the public in reaching conclusions regarding updated quantitative analyses in the current review.
These staff conclusions will be reflected in future documents® generated as part of this review of
the primary NO2 NAAQS, as described in Chapter 5 below.

The remainder of this chapter provides overviews of the history of the primary NO2
NAAQS (section 1.1); potential approaches to characterizing risks with quantitative analyses
(section 1.2); staff’s key considerations in evaluating the degree to which updated quantitative
analyses are supported in the current review (section 1.3); and the organization of the remainder

of this planning document (section 1.4).

3 Future documents (i.e. Risk and Exposure Assessment, Policy Assessment) will also be reviewed by CASAC and made
available for public comment.
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1.1 HISTORY OF THE PRIMARY NO; NAAQS

On April 30, 1971, EPA promulgated NAAQS for NO2 under section 109 of the CAA.
The primary standard was set at 0.053 parts per million (ppm) (53 ppb), annual average (36 FR
8186).* The EPA completed reviews of the air quality criteria and NO2 NAAQS in 1985 and
1996, with decisions to retain the annual standard without revision (50 FR 25532, June 19, 1985;
61 FR 52852, October 8, 1996).

In the last review of the primary NO2 NAAQS, completed in 2010 (75 FR 6474,
February 9, 2010), the EPA determined that the annual standard alone was not requisite’ to
protect the public from respiratory effects that could result from short-term exposures to ambient
NO:z. To provide increased public health protection, including for at-risk populations such as
people with asthma, the EPA added a new short-term NO2 standard with a level of 100 ppb,
based on the 3-year average of the 98™ percentile of the annual distribution of daily maximum 1-
hour NO:z concentrations. The EPA also retained the existing annual NO2 standard, with a level
of 53 ppb, to continue to provide protection for effects potentially associated with long-term
exposures.®

The Administrator’s final decisions on the standard placed primary emphasis on the
scientific evidence for respiratory effects attributable to short-term NO2 exposures. She viewed
the results of quantitative exposure and risk analyses as providing information in support of her
decision (75 FR 6498, February 9, 2010).” The approaches employed in the last review to

4 The secondary standard for NO2 was set identical to the primary standard.

3 In setting primary standards that are requisite to protect public health, as provided in section 109(b) of the Clean Air Act, the
EPA’s task is to establish standards that are neither more nor less stringent than necessary for these purposes.

¢ The existing primary NO2 NAAQS are specified at 40 CFR 50.11.

7 The decisions made in the last review of the primary NO> standard were informed by the extensive body of scientific evidence
published through early 2008 and assessed in the Integrated Science Assessment for Oxides of Nitrogen — Health Criteria (2008
ISA, U.S. EPA, 2008b); the quantitative exposure and risk analyses in the Risk and Exposure Assessment to Support the Review
of the NO2 Primary National Ambient Air Quality Standard (2008 REA, U.S. EPA, 2008a); the policy-relevant evidence- and
exposure-/risk-based considerations related to the primary NO2 NAAQS; the advice and recommendations of EPA’s Clean Air
Scientific Advisory Committee (CASAC, Henderson, 2008; Samet, 2008a,b, 2009); and public comments (75 FR 6474).
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estimate NO2 exposures and health risks are summarized briefly in section 1.2 below, and are
discussed in more detail in subsequent chapters of this planning document.

In conjunction with the revised primary NO2 NAAQS, the EPA established a two-tiered
monitoring network comprised of: (1) near-road monitors to be placed in locations of expected
maximum 1-hour NO:2 concentrations 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 (referred to as area-wide monitors) (75 FR 6505 to 6506,
February 9, 2010). Some near-road NO2 monitors are currently in operation, with the remainder

of the anticipated monitors scheduled to become operational by January 1, 2017.8

1.2 APPROACHES TO CHARACTERIZING RISKS

In each NAAQS review, selection of the appropriate model for the characterization of
risks is influenced by the nature and strength of the evidence for the subject pollutant. Depending
on the type of evidence available, analyses may include quantitative risk assessments based on
dose-response, exposure-response, or ambient concentration-response relationships. Analyses
may also be based on comparisons of health effect benchmark concentrations, drawn from
controlled human exposure studies, with modeled exposure estimates or ambient air quality
concentrations (i.e., as surrogates for potential ambient exposures). The variety of approaches

that have been employed in NAAQS reviews is summarized in Figure 1-1.

8 Subsequent to the 2010 rulemaking, the EPA revised the deadlines by which the near-road monitors are to be operational in
order to implement a phased deployment approach (78 FR 16184, March 14, 2013).
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Exposure-response and/or
health effect benchmarks
(e.g., O, SOy, NO9)

Internal
concentration-response
(e.g., CO, Pb) :

Ambient

concentration-response
and/or health effect benchmarks
eg., 03, NO,, SO, PM)

Risk Assessment/
Characterization

Figure 1-1. Risk characterization models employed in NAAQS Reviews.

The conceptual model for the NO2 health risk characterization conducted in the last
review is summarized below in Figure 1-2. This model was based on the available scientific
evidence assessed in the 2008 ISA, recognizing that the strongest evidence was for respiratory
effects attributable to short-term NO: exposures (U.S. EPA, 2008b, section 5.3).°

% As indicated in Figure 1-2, the 2008 REA focused on exposures to ambient NO2, though indoor sources of NOz and indoor
exposures were also evaluated (U.S. EPA, 2008a, Chapter 8).
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Key Sources of NO,

*Mobile source emissions to ambient air
*Stationary source emissions to ambient air

Exposure Pathways

*Air - Outdoors
*Air —Indoors

Routes of Exposure

sInhalation

Key At-Risk Populations Identified

*People with respiratory disease, focus on asthma (children,
adults)

Endpoints

*Airway responsiveness, based on information from controlled
human exposure studies

*Emergency department visits for respiratory causes, based on
information from epidemiologic study

Risk Metrics

*Number of days per year with ambient NO, concentrations at or
above health effect benchmarks

*Number/percent of people with asthma estimated to experience
NO, exposure concentrations at or above health effect
benchmarks

¢Estimated NO,-associated emergency department visits for
respiratory causes

Figure 1-2. Conceptual model for risk characterization in the last review of the primary
NOz2 NAAQS

Based on the conceptual model summarized in Figure 1-2, the risk characterization in the
last review employed three approaches to quantify NO2 exposures and health risks (U.S. EPA,
2008a):

1) Health effect benchmarks were identified based on information from controlled human
exposure studies of NOz-induced increases in airway responsiveness. Ambient NO2
concentrations were compared to these health effect benchmarks. In urban areas across
the U.S., such comparisons were made for ambient NO2 concentrations at locations of
NO2 monitoring sites and simulated concentrations on/near roadways (U.S. EPA, 2008a,
Chapter 7).

2) Modeled estimates of personal NO2 exposures were compared to health effect
benchmarks in a single urban area (Atlanta, GA). Exposures were characterized for
children with asthma and for people of all ages with asthma (U.S. EPA, 2008a, Chapter
8).

1-6
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3) Concentration-response relationships from an epidemiologic study were used to estimate
NOr-associated emergency department visits for respiratory causes in Atlanta, GA (U.S.
EPA, 2008a, Chapter 9).

Exposures and risks were estimated for multiple NO: air quality scenarios, including for
ambient concentrations adjusted to just meet the existing annual NO: standard (i.e., the existing
NO: standard at the time of the last review) and for concentrations adjusted to just meet potential
alternative 1-hour standards with levels from 50 to 200 ppb. The quantitative analyses conducted
in the last review are discussed in more detail in the subsequent chapters of this planning

document.

1.3 KEY CONSIDERATIONS IN THE CURRENT REVIEW

In the current review, preliminary conclusions regarding the extent to which the newly
available evidence and information address important uncertainties and support updated
quantitative analyses are based on our consideration of a variety of factors. These include the
available health evidence; the available technical information, tools, and methods; and judgments
as to the likelihood that particular quantitative analyses will add substantially to our
understanding of NO2 exposures or health risks beyond the insights gained from the analyses

conducted in the last review. These key considerations are summarized in Figure 1-3, below.

Is appropriate Is scientific and/or technical information Are results of quantitative
scientific and technical substantially different from the assessments likely to add
information available information used in previous quantitative substantially to our
to support Yesl assessments for the pollutantof interest? |Yes [ understanding of exposures or
quantitative -and- "| pollutant-attributable health
assessments? Does the new information appreciably risks, beyond the insights gained
- reduce the uncertainties or limitations of from existing assessments?
* Health evidence the last assessment? —
* Air quality information * Quantitative assessments
* Modeling approaches *+ Reduced uncertainty regarding health conducted in previous reviews
and tools outcomes, at-risk populations * Results of preliminary or
* Updated air quality information screening-level analyses
* Improved modeling approaches, tools
No
No No Yes
Updated quantitative analyses Updated quantitative analyses
Quantitative are not likely to substantially are likely to substantially
assessments are not improve the utility of improve the utility of
supported exposure and risk estimates in exposure and risk estimates in
the current review the current review

Figure 1-3. Key considerations for updated quantitative analyses.

An initial consideration is the available health effects evidence, and the foundation it may

provide for updated quantitative analyses. Our evaluation of the scientific evidence in this
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planning document is based on the assessment of that evidence in the 2" draft ISA (U.S. EPA,
2015).'% In particular, we focus on information newly available in this review that addresses
uncertainties identified in the last review and/or that may change major conclusions of the last
review, such as causality determinations for NOz-associated health effects and conclusions
regarding at-risk populations and lifestages (U.S. EPA, 2015).!!

Consistent with prior reviews, in considering the evidence with regard to support for
quantitative analyses, we give primary consideration to health endpoints for which the ISA
concludes the evidence supports a “causal” relationship or indicates that there is “likely to be a
causal” relationship. In the current review, the 2™ draft ISA (U.S. EPA, 2015) reaches the
following conclusions in this regard:

e The evidence supports “a causal relationship between short-term NO2 exposure and
respiratory effects” and the “strongest evidence is for effects on asthma exacerbation”
(U.S. EPA, 2015, Table 1-1, pp. 1-19).!? Key supporting evidence for these
conclusions comes from controlled human exposure studies of airway responsiveness
and from epidemiologic studies of asthma-related hospital admissions, emergency
department visits, and respiratory symptoms (U.S. EPA, 2015, section 1.5.1).

e The evidence “indicates there is likely to be a causal relationship between long-term
NOz2 exposure and respiratory effects” (U.S. EPA, 2015, section 1.5.1, pp. 1-21 and 1-
21) and the “strongest evidence is for effects on asthma development” (U.S. EPA,
2015, Table 1-1)."* Key supporting evidence comes from epidemiologic cohort studies

10" Staff will further consider the preliminary conclusions presented in this planning document in light of the assessment of the
evidence in the in the final ISA.

11 Conclusions in the 2" draft ISA are based on a thorough evaluation of the available scientific evidence, taking into account
factors such as the consistency and coherence of the evidence within and across disciplines (e.g., epidemiology, controlled human
exposure, and toxicology), biological plausibility, and strength and specificity of effects (U.S. EPA, 2015, Preamble, section 5).
With regard to health effects, the 2" draft 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 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, section 1.2).
With regard to potential at-risk populations, the 2" draft ISA classifies the evidence into one of the following categories:

“adequate evidence,” “suggestive evidence,” “inadequate evidence,” and “evidence of no effect” (U.S. EPA, 2015, section 7.2).

12 The ISA in the last review of the Primary NO2 NAAQS concluded the available evidence indicated that there was “likely to be
a causal relationship” between short-term NO2 exposure and respiratory effects.

13 The ISA in the last review of the Primary NO2 NAAQS concluded the available evidence was “suggestive, but not sufficient”
to infer a causal relationship between long-term NO: exposure and respiratory effects.
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reporting associations between long-term ambient NO2 concentrations (i.e., averaged
over 1—-10 years) and asthma incidence in children. Support for the biological
plausibility of effects attributable to long-term exposures is provided by “a small body
of experimental studies” (U.S. EPA, 2015, Table 1-1).

e For all other health endpoints evaluated, the evidence is either “suggestive, but not
sufficient, to infer a causal relationship” or “inadequate to infer a causal relationship”
(U.S. EPA, 2015, section 1.5.2).'4

Evaluation of the support for quantitative analyses additionally gives primary
consideration to populations and lifestages for which the ISA judges there is “adequate”
evidence for increased risk.!® In the current review, the 2™ draft ISA concludes that “there is
adequate evidence that people with asthma, children, and older adults are at increased risk for
NO2-related health effects” (U.S. EPA, 2015, Table 7-26). The second draft ISA concludes that
there is greater uncertainty for other at-risk populations because the evidence is inconsistent
and/or because the evidence is for effects that “are not clearly related to NO2 exposure” (U.S.
EPA, 2015, section 1.6.5, pp. 1-45 to 1-46).

Given these conclusions with regard to health endpoints and at-risk populations, our
consideration of potential updated quantitative analyses in this document is focused on health
outcomes related to asthma exacerbation in children and adults (short-term NO2 exposures) and
the development of asthma in children (long-term NO2 exposures). We focus particularly on the
key health studies that informed the 2™ draft ISA’s causality determinations.

1.4 ORGANIZATION OF THIS DOCUMENT

The remainder of this planning document presents our evaluations and preliminary
conclusions regarding the degree to which the newly available evidence and information
addresses important uncertainties and the support for updated quantitative analyses in the current
review. Chapters 2 through 4 present our considerations and preliminary conclusions regarding
the following:

e Analyses comparing ambient NO2 concentrations with health effect benchmarks derived
from controlled human exposure studies (Chapter 2).

14 Health outcomes for which the evidence is judged “suggestive, but not sufficient, to infer a causal relationship” can be
considered as part of the overall consideration of the health evidence in the Policy Assessment.

15 This is consistent with the approach adopted in the ongoing review of the ozone (03) NAAQS (U.S. EPA, 2014d). The ISA
framework for drawing conclusions about the role of various factors in modifying risks of air pollution exposures has been
developed since the last review of the primary NO2 NAAQS (U.S. EPA, 2015, section 1.6.5).
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e Assessment of human exposures based on modeled estimates in people with asthma, and
comparing modeled 1-hour average exposures tol-hour health effect benchmarks
(Chapter 3).

e Health risk assessment (Chapter 4).

Chapter 5 summarizes the conclusions from chapters 2 through 4, and discusses the next steps in
the current review of the primary NO2 NAAQS.

1-10



\S}

0 N N L KW

11
12
13
14
15
16
17
18
19
20
21
22

2 AIR QUALITY AND HEALTH BENCHMARK
COMPARISONS

A key part of the body of scientific evidence identified in the 2™ draft ISA as supporting
“a causal relationship between short-term NO2 exposure and respiratory effects” (U.S. EPA,
2015, Table 1-1) comes from controlled human exposure studies of airway responsiveness in
people with asthma (U.S. EPA, 2015, section 1.5.1). In the last review, the REA used
information from such studies to identify NO: health effect benchmarks. The REA compared
these benchmarks with the ambient NO2 concentrations estimated to occur under various air
quality scenarios of interest (just meeting the existing and potential alternative standards). In
these analyses, ambient NO2 concentrations served as surrogates for potential exposure
concentrations.'®

This chapter presents the considerations leading to staff’s preliminary conclusion that
new information available in the current review is expected to add substantially to our
understanding of the potential for population exposures to ambient NO2 concentrations at or
above health effect benchmarks. Updated analyses that incorporate this new information would
be expected to provide additional perspective, beyond the analyses from the last review, on the
extent to which NO2 exposures allowed by the current standard (and potential alternative
standards, as appropriate) could have important implications for public health.

Section 2.1 below provides an overview of the NO: air quality benchmark comparison
from the last review. Section 2.2 provides an overview of the information that is available in the
current review to inform updated analyses and presents staff’s preliminary conclusion that

updated analyses should be considered. Section 2.3 provides an overview of staff’s proposed

16 If ambient concentrations are properly characterized (i.e., they appropriately capture temporal and spatial variability in
concentrations across the selected study area), they would serve as a conservative estimate of ambient-related exposures. This is
because ambient NO2 concentrations are attenuated within indoor microenvironments where people commonly spend substantial
time throughout their day.
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analytical approach for updated analyses and presents preliminary results for a single illustrative

urban study area.

2.1 OVERVIEW OF THE ASSESSMENT FROM THE LAST REVIEW

In the last review, the 2008 REA included analyses comparing ambient NO2
concentrations at monitoring sites and on/near roadways to health effect benchmarks ranging
from 100 to 300 ppb (U.S. EPA, 2008a, Chapter 7). Health effect benchmarks reflected the range
of NOz2 concentrations that had been reported to increase airway responsiveness in the majority
of people with asthma, based on a meta-analysis of individual study data presented in the 2008
ISA (U.S. EPA, 2008b, Table 3.1-3).!” These comparisons of ambient NO2 concentrations to
health effect benchmarks provided perspective on the extent to which, under various air quality
scenarios, populations could potentially experience 1-hour exposures to NO2 concentrations that
could be of concern, particularly for people with asthma (U.S. EPA, 2008a, Chapter 7).

The 2008 REA’s air quality assessment was based on NO2 concentrations measured at
available U.S. monitoring sites,'® with a particular focus on 18 Core Based Statistical Areas
(CBSAs)." The 2008 REA examined the potential for ambient NO2 concentrations to be greater
than or equal to health effect benchmarks when air quality in the CBSAs was adjusted to just
meet the then-existing standard (i.e., annual standard with a level of 53 ppb) or potential
alternative 1-hour standards with levels ranging from 50 to 200 ppb (and 98™ or 99" percentile

17 Health effect benchmarks are discussed in more detail in section 2.2.2 below.

18 Air quality data was separated into two six-year time periods, 1995 to 2000 (representing historical air quality) and 2001 to
2006 (representing recent air quality) (U.S. EPA, 2008a, section 7.2.2). After applying a 75% data completeness criterion the
final analytical data base included 627 monitors collecting ambient concentrations for 4,177 site-years of data (a valid monitoring
day had >18 hourly measurements; monitors included in the analysis had >75% valid monitoring days in a year). Note, current
validity criteria use calendar quarters (75% valid monitoring days in a quarter, having all four quarters complete) to ascertain a
complete year.

19 At the time the assessment was conducted, we used the terms CMSA/MSA to describe the monitors associated with
metropolitan statistical areas. We replaced that terminology here with CBSA to reflect current terminology. First, using the
complete set of ambient monitor data, we identified whether or not monitors belonged to a CBSA.. Then, CBSA-named study
areas were identified as those having annual mean NO: concentrations occurring at a minimum of one monitor in the CBSA at or
above 25.7 ppb (i.e., the 90™ percentile concentrations across all study areas and site-years) and/or had at least one reported 1-
hour NO:z concentration greater than or equal to 200 ppb. All remaining sites not included in this collection of CBSA-named
study areas were aggregated into either one of two groups: all other CBSA or all other non-CBSA.
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forms).?’ For the air quality scenarios evaluated, the 2008 REA highlighted the number of days in
each CBSA and each year with ambient NO2 concentrations at or above one or more of the
health effect benchmarks.

At the time of the last review, we also focused portions of the air quality analyses on
characterizing NO:2 concentrations occurring on roads and in near-road environments. Mobile
sources are the largest contributors to total annual NOx emissions in the U.S. (U.S. EPA, 2008b,
section 2.2.1) and monitor-based research studies had demonstrated large gradients in ambient
NO:z2 concentrations around major roadways, with higher concentrations occurring closer to roads
and lower concentrations occurring farther away from those roads (U.S. EPA, 2008b, sections
2.5.3.2,2.5.4). Because the ambient monitoring network present at the time of the last review
was not designed to systematically measure NO2 concentrations near the most heavily trafficked
roadways, the 2008 REA simulated ambient NO2 concentrations on-/near-roads using
information from monitoring studies published in the scientific literature.?! Specifically, to

estimate on-/near-road concentrations the 2008 REA categorized ambient NO2 monitors based

20 Because annual average ambient NO2 concentrations were below the level of the annual standard (i.e., 53 ppb) and most of the
potential alternative 1-hour standards evaluated, ambient concentrations were primarily adjusted upwards to simulate just
meeting the then-existing and potential alternative standards (U.S. EPA, 2008a, section 6.3.1). For the adjusted air quality
standard scenarios, a proportional adjustment approach was used. This approach was supported by within-monitor comparisons
of low and high NO2 concentration years that largely demonstrated characteristics of a proportional relationship. Specifically,
linear regressions were performed using the distributions of daily maximum 1-hour concentrations for a low-concentration year
and a high-concentration year, measured at the same ambient monitor. Statistically significant linear regression slopes and model
R? values strongly supported features of linearity. However, in a few instances this analysis identified the presence of statistically
significant regression intercepts and deviations from linearity at upper percentile concentrations, introducing uncertainty into the
conclusion that a proportional relationship existed at all monitors (Rizzo, 2008; U.S. EPA, 2008a, section 7.4.5).

21 At the time of the last review, based on the available evidence, there was uncertainty regarding the locations of maximum NO:
concentrations with respect to roadway emissions and transformation of NO to NO.. Therefore, we characterized these simulated
concentrations as on-/near-road.
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on their distance from a road*? and applied literature-derived factors to concentrations at
monitoring sites > 100 meters (m) from a road (U.S. EPA, 2008a, section 7.2).%

For each CBSA and monitor year, the air quality at monitor locations was first adjusted to
just meet the existing annual standard or potential alternative 1-hour standards. In cases where
monitors were sited > 100 meters (m) from a road, simulated on-road concentrations were
obtained by applying on-road simulation factors after the air quality adjustment. The 2008 REA
presented the number of days per year with simulated 1-hour NO2 concentrations on-, near-, and
away-from-roads at or above the health effect benchmarks (U.S. EPA, 2008a, section 7.2.4).

2.1.1 Summary of Results

The 2008 REA presented a number of results from the analyses of NO: air quality and
health effect benchmarks (U.S. EPA, 2008a, sections 7.3.3 and 7.3.4; Appendix A), including the
following:

1. On average, simulated NO2 concentrations on/near roads were about 80% higher than
measured ambient concentrations in the same CBSA at monitoring sites > 100 m from a
road (U.S. EPA, 2008a, section 7.3.4).

2. When air quality was adjusted to just meet the existing annual NO2 standard, most
CBSAs were estimated to have between 100 and 300 days per year with simulated on-
/near-road 1-hour NO:z concentrations > 100 ppb; between 25 and 100 days per year with
simulated NO2 concentrations > 200 ppb (U.S. EPA, 2008a, Figure 7-6); and between 1
and 20 days per year with simulated NO2 concentrations > 300 ppb (U.S. EPA, 2008a,
Appendix A, Table A-122). There were fewer days per year with such NO2
concentrations at the locations of the ambient monitors (U.S. EPA, 2008a, Figure 7-3).

3. Compared to just meeting the existing annual standard:

22 In this assessment, road distances to each monitor were generally determined using a Tele-Atlas roads database in a GIS
application. The road types used to identify near-road monitors were those defined as: 1=primary limited access or interstate,
2=primary US and State highways, 3=Secondary State and County, 4=freeway ramp, 5=other ramps. Note only the monitors
falling within the 18 identified study areas had estimated distances to these identified roads types, all other monitors (either
characterized as ‘other CMSA/MSA’ or ‘all other non-CMSA/MSA’) were not used to simulate on-road concentrations.

23 The 2008 REA derived a distribution of factors using data from eleven published studies that reported NOz concentrations on-
roads (5 studies) and/or near-roads (6 studies) and NO2 concentrations within and/or beyond 100 meters (m) from a road and
assuming an exponential model for fitting the data. The 2008 REA then probabilistically applied these factors to ambient NO2
concentrations reported at ambient monitor sites > 100 m from a road (assumed in the 2008 REA to represent background NO2
concentrations, not influenced by roads). Major road types were defined in the 2008 REA as primary limited access or interstate,
primary US and State highways, Secondary State and County, freeway ramp, and other ramps (2008 REA Appendix A, Table A-
7). See Table 7-10 of the 2008 REA for the specific values of distributions that were used and Appendix A, section 8 for the
studies used and the derivation methodology (U.S. EPA, 2008a).
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a. When air quality was adjusted to just meet alternative 1-hour standards with
levels of either 50 or 100 ppb, fewer days per year had simulated 1-hour NO2
concentrations at or above health effect benchmarks (U.S. EPA, 2008a, Table 7-
29).

. When air quality was adjusted to just meet an alternative 1-hour standard with a
level of 150 ppb, similar numbers of days per year had simulated 1-hour NO2
concentrations at or above health effect benchmarks (U.S. EPA, 2008a, compare
estimates in Figure 7-6 to those in Figures 7-7 and 7-8).

0 N N AW~
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9 c. When air quality was adjusted to just meet an alternative 1-hour standard with a
10 level of 200 ppb, generally larger numbers of days per year had simulated 1-hour
11 NO:2 concentrations at or above health effect benchmarks (U.S. EPA, 2008a,

12 compare estimates in Figure 7-6 to those in Figures 7-7 and 7-8).

13 2.1.2 Uncertainties and Limitations
14 The 2008 REA identified several sources of uncertainty associated with these analyses of
15  ambient air quality (U.S. EPA, 2008a, section 7.4, Table 7-31). Key sources of uncertainty are

16  summarized below.

17 1. Spatial representativeness of assessment: The 2008 REA noted that, relative to the area

18 encompassed by the CBSAs that comprised the urban study locations, there are a

19 relatively small number of ambient monitors in each location. To the extent there are

20 locations where ambient NO2 concentrations exceed those measured by ambient

21 monitors, the occurrence of NO2 concentrations at or above health effect benchmarks

22 could be underestimated. To address this uncertainty in part, the 2008 REA developed the
23 approach to estimate on-road NO2 concentrations, though it is possible that other local

24 sources exist, perhaps differing in emissions from mobile sources, and are not accounted
25 for by the existing monitoring network (U.S. EPA, 2008a, section 7.4.4).

26 2. Simulated on-/near-road concentrations: The statistical model developed in the 2008 REA
27 to simulate on-/near-road NO2 concentrations was based on measurement data reported in
28 a limited number of peer-reviewed studies. Most of these studies used averaging times

29 much longer than the 1-hour concentrations relevant for the health benchmarks (i.e., 7-14
30 days or longer). The relationships between the study-related longer-term averaging times
31 and our use of short-term averaging times (1-hour) was not known at that time. In

32 addition, the derived factors were applied to concentrations at the away-from-road sites
33 (>100 m from roads) without considering the potential relationship between the derived
34 factors and ambient concentrations. The 2008 REA noted that if there is a concentration
35 dependence in the relationship between NO:2 on/near roads and NO: away from roads, the
36 approach used would bias the simulated concentrations, though the direction of such

37 potential bias was not known. Other uncertainties related to the appropriateness of

38 applying the literature-derived factors to specific U.S. urban study areas include; not

39 accounting for in-vehicle penetration and decay of NO2 that would likely be associated
40 with actual on-road exposures; the potential for emissions from non-road sources to

41 influence the monitors > 100 m from the road affecting their representativeness of
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background concentrations; and the selection of an exponential decay model (U.S. EPA,
2008a, section 7.4.6) to define the concentration decline with distance from the roadway.

3. Adjusting ambient concentrations to just meet air quality standards: The 2008 REA noted
that there is uncertainty in the approach used to adjust air quality to just meet the existing
annual standard and potential alternative 1-hour NO2 standards. This reflects the
uncertainty in the true relationship between the adjusted concentrations meant to simulate
a hypothetical future scenario and the historical unadjusted air quality. The adjustment
factors used to simulate just meet the existing annual and alternative 1-hour standards
assumed that all hourly concentrations would change proportionately at each ambient
monitoring site. The 2008 REA’s discussion of uncertainty with the air quality
adjustment focused on two areas: (1) uncertainty in the appropriateness of using a
proportional adjustment approach and (2) uncertainty in applying the same approach to
all ambient monitors within each urban study location (U.S. EPA, 2008a, section 7.4.5).

4. Health effect benchmarks: The health effect benchmarks used were based on a meta-
analysis of individual data from controlled human exposure studies presented in the 2008
ISA (U.S. EPA, 2008b). The 2008 ISA meta-analysis evaluated the direction of the
change in airway responsiveness, though it did not evaluate the magnitude of this change.
Therefore, there was uncertainty in the magnitude and severity of effects that occur
following exposures to NO2 concentrations at or above health effect benchmarks (U.S.
EPA, 2008a, section 4.2.5). In addition, the 2008 REA highlighted uncertainties related to
the use of benchmarks based on studies using a variety of exposure periods (generally 30
minutes to 2 hours) and subjects with asthma whose disease status was characterized as
mild, as opposed to those more severely affected (U.S. EPA, 2008a, section 7.4.7).

2.2 OVERVIEW OF INFORMATION AVAILABLE IN THIS REVIEW

The following sections provide an overview of the information available in the current
review that would be expected to reduce uncertainties from the last review and to inform the
design and interpretation of updated analyses. Section 2.2.1 discusses the data available in the
current review to inform the characterization of ambient NO2 concentrations, including
concentrations on and near roadways. Section 2.2.2 provides an overview of the health
information assessed in the 2" draft ISA (U.S. EPA, 2015) that could inform the identification of
NO: health effect benchmarks in the current review. Section 2.2.3 presents staff’s preliminary
conclusion that an updated analysis comparing ambient NO2 concentrations to health effect

benchmarks is supported in the current review.

2.2.1 Characterizing Ambient NO, Concentrations

Given the importance of roadway-associated NO2 concentrations in the last review, a
critical consideration in the current review is the extent to which new information could better
inform our understanding of ambient NO2 concentrations on and near major roadways. When
evaluating the information available in this review to inform the characterization of ambient NO:

concentrations, we consider the available ambient NO2 measurement data (section 2.2.1.1),

2-6



N =

0 N N N KW

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

information on important sources of NOx emissions (section 2.2.1.2), and information from

modeling analyses of ambient NO2 concentrations (section 2.2.1.3).

2.2.1.1 Ambient measurement data

This section discusses the ambient measurement data available in the current review that
could provide the air quality basis for updated analyses. This includes data available from the
existing NO2 ambient monitoring network (section 2.2.1.1.1), including the recently deployed
near-road monitors and data available from research studies that have characterized ambient NO2

concentrations (section 2.2.1.1.2).

2.2.1.1.1 NOz ambient monitoring network

The existing NO2 ambient monitoring network in the U.S. includes over 400 monitors.
Ambient NO2 monitors are sited to represent various spatial scales, including microscale (in
close proximity, up to 100 m from a source), middle scale (several city blocks, 100 to 500 m),
neighborhood scale (0.5 to 4 km), and urban scale (4 to 50 km) (40 CFR Part 58, Appendix D).>*
In the last review of the primary NO2 NAAQS, EPA promulgated new monitoring requirements
mandating that state and local air monitoring agencies install near-road NO2 monitoring stations
in large urban areas. Under these new requirements, state and local air agencies will operate one
near-road NO2 monitor in any CBSA with a population of 500,000 or more and two near-road
NO:2 monitors in CBSAs with populations of 2,500,000 or more or in any CBSA with a
population of at least 500,000 and with roadway segments carrying traffic volumes of at least
250,000 vehicles per day. These monitors are intended to measure ambient NO2 concentrations
in the near-road environment where evidence indicates that peak ambient NO2 concentrations
due to on-road mobile source activity can occur. The network is developing over time; the first
of three phases became operational in January of 2014 and the second phase in January of 2015.
In the current review, these near-road monitors will provide a key source of new information on
NO:z concentrations around major roadways.

Table 2-1, below, lists the CBSAs with near-road monitors currently in operation. All
near-road monitors are required to be within 50 m of the target roadway, though the majority are

within 30 m. Any updated air quality analyses conducted in the current review will consider

24 Criteria for siting ambient NO2 monitors are given in the State and Local Air Monitoring Stations/National Air Monitoring
Stations/Photochemical Monitoring Stations (SLAMS/NAMS/PAMS) Network Review Guidance (U.S. EPA, 1998).
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information from these monitors, as well as updated information on ambient NO2 concentrations
from the entire monitoring network, as it becomes available.

In addition to the newly available hourly NO2 concentrations from the near-road
monitors, updated air quality information is also available in the current review from the broader
NO:2 ambient monitoring network. Based on these monitors, Figures 2-11 and 2-12 of the 2™
draft ISA (U.S. EPA, 2015) summarize the 98" percentiles of daily maximum 1-hour NO:
concentrations and annual average NO:z concentrations, respectively. From 2011 to 2013, all
areas of the U.S. met the existing primary NO2 NAAQS (U.S. EPA, 2015, Figures 2-11 and 2-
12, Tables 2-3 and 2-4). For the NO: air quality assessment in this review, we will consider

further updated information from these monitors as it becomes available.
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1 Table 2-1. Near-road NO: monitoring sites — active as of September 2014.

Annual Distance | Probe
Target Average to Road Height
CBSA Name Road Daily Traffic | (m) (m) Start Date
Atlanta-Sandy Springs-Roswell, GA I-85 284,920 2 4.5 6/15/14
Austin-Round Rock, TX I-35 188,150 27 4 4/16/14
Baltimore-Columbia-Towson, MD 1-95 186,750 16.15 4 4/1/14
Birmingham-Hoover, AL 1-20 141,190 23.2 5.5 1/1/14
Boise, ID -84 103,000 32 4.6 4/1/12
Boston-Cambridge-Newton, MA-NH 1-93 193,000 10 4 6/1/13
Buffalo-Cheektowaga-Niagara Falls, NY 1-90 131,019 20 4 3/24/14
Charlotte-Concord-Gastonia, NC-SC I-77 153,000 30 4.5 6/22/14
Cincinnati, OH-KY-IN I-75 163,000 8 4.7 1/1/14
Cleveland-Elyria, OH 1-271 153,660 - - 9/1/2014
Columbus, OH 1-270 142,361 32 5.3 1/1/14
Dallas-Fort Worth-Arlington, TX 1-635 235,790 24 4 4/2/14
Denver-Aurora-Lakewood, CO I-25 249,000 8.7 5 6/1/13
Des Moines-West Des Moines, IA |-235 110,000 13 3 1/1/13
Detroit-Warren-Dearborn, Ml 1-96 140,500 8.5 5.2 7/27/11
Hartford-West Hartford-East Hartford, CT -84 159,900 17.7 3.6 4/1/13
Houston-The Woodlands-Sugar Land, TX -69/US59 | 324,119 24 4 1/22/14
Indianapolis-Carmel-Anderson, IN I-70 189,760 24.5 4 2/7/14
Jacksonville, FL I-95 139,000 20 4.6 1/1/14
Kansas City, MO-KS I-70 114,495 20 3 1/1/14
Los Angeles-Long Beach-Anaheim, CA I-5 272,000 9 4.5 1/1/14
Louisville/Jefferson County, KY-IN 1-264 163,000 32 4.7 1/1/14
Memphis, TN-MS-AR 1-40 140,850 23.75 4.3 7/1/14
Milwaukee-Waukesha-West Allis, W1 1-94 133,000 14 3.5 1/1/14
Minneapolis-St. Paul-Bloomington, MN-WI 1-94/1-35W | 277,000 32.5 49 4/1/13
Nashville-Davidson—Murfreesboro—Franklin, TN | I-40/1-24 144,204 30 4.5 1/1/14
New Orleans-Metairie, LA 1-610 68,015 28.5 4.2 3/18/14
New York-Newark-Jersey City, NY-NJ-PA 1-95/US 1 311,234 20 4.6 6/26/14
Philadelphia-Camden-Wilmington, PA-NJ-DE-MD | 1-95 124,610 12 5 1/1/14
Phoenix-Mesa-Scottsdale, AZ I-10 320,138 12 5.1 2/13/14
Pittsburgh, PA I-376 87,534 18 3 7/29/14
Portland-Vancouver-Hillsboro, OR-WA I-5 156,000 25 3 4/21/14
Providence-Warwick, RI-MA 1-95 186,300 5 3.9 4/1/14
Raleigh, NC 1-40 141,000 20 4.3 1/1/14
Richmond, VA 1-95 151,000 20 3.3 10/17/13
Riverside-San Bernardino-Ontario, CA 1-10 245,300 50 4.5 8/1/14
San Antonio-New Braunfels, TX I-35 201,840 20 4 1/8/14
San Francisco-Oakland-Hayward, CA 1-880 216,000 20 6.4 2/1/14
San Jose-Sunnyvale-Santa Clara, CA us 101 191,000 32 6.4 8/21/14
Seattle-Tacoma-Bellevue, WA I-5 237,000 4.5 3 3/24/14
St. Louis, MO-IL 1-64 159,326 25 3 1/1/13
Tampa-St. Petersburg-Clearwater, FL I-275 190,500 20 5 3/1/14
2
3
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2.2.1.1.2 NO;measurement research studies

As noted above (section 2.1), the 2008 REA simulated on-road NO2 concentrations by
applying a distribution of factors to NO2 concentrations at monitor locations > 100 m from the
road. In the current review, in addition to the data from recently sited near-road NO2 monitors,
our characterization of roadway-associated NO2 concentrations will be informed by available
research studies that have evaluated ambient NO2 concentrations on-road (either in-traffic or
curbside) and near roadways.

The 2" draft ISA identifies a number of studies that have characterized ambient NO:
concentrations around roadways (U.S. EPA, 2015, section 2.5.3). Most studies that were
available in the last review used passive samplers requiring sampling periods on the order of a
week or longer (U.S. EPA, 2008a, section 7.2).%° This was identified as one of the important
uncertainties in estimating on-road concentrations (i.e., simulating 1-hour on-road NO2
concentrations based on studies that used longer averaging times). Thus, at the time of the last
review we had a limited understanding of short-term (1-hour) NO2 concentrations on/near-roads
relative to concentrations measured away from roads. Several recent studies have used sampling
methods that allow for improved temporal resolution (U.S. EPA, 2015, section 2.5.3.1, Table 2-
6, Figures 2-17 and 2-18) and, as described below (section 2.3), information from such studies
could inform an updated characterization of on- and near-road NO:2 concentrations in the current
review.

There are two recent near-road transect measurement studies conducted in the U.S. where
temporally and spatially refined NO2 concentration data will be available for this review. The
first study was conducted in Las Vegas, Nevada from December 2008 to 2009 (Kimbrough et al.,
2013). This study used continuous gas analyzers to collect 5-minute measurements of NO2 and
NOx concentrations at both upwind (100 m) and downwind (20, 100, and 300 m) sites from a
major roadway (Interstate 15). The four monitoring locations used in the study were selected
along an east-west transect, approximately perpendicular to the roadway and occurring along a
railroad spur right-of-way. The second study was conducted in Detroit, Michigan from
September 2010 to June 2011 (Batterman et al., 2014). This study also collected 5-minute NO2

25 The exception was the study by Rodes and Holland (1981), which evaluated 1-hour NO2 concentrations in Los Angeles, CA.
Authors reported that hourly NO2 concentrations were about 80 to 200% higher near a major highway (8 m from road) than
concentrations away from the highway (400 to 500 m from the road). Because this is an older study, the 2" draft ISA notes that
“the vehicle fleet was not strictly regulated for NOx emissions” and “[a]s a result, the concentrations observed may not be
relevant to current conditions” (U.S. EPA, 2015, p. 2-55).
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concentrations. While the Detroit site did not favor a perpendicular transect (to the freeway)
similar to the one used in Las Vegas, four stations were deployed for this study—three
downwind and one upwind. Near-road measurement data from these two near-road transect
studies are expected to provide information regarding the overall relationship between NO2
concentrations and distance from the roadway. Data from these studies could inform or be used
to evaluate an updated mathematical/statistical approach to use in simulating on-road
concentrations using concentrations at a distance from the road and/or could be used to evaluate
similar on- and near-road concentrations predicted using air quality.

Further, there are recent air pollution roadway studies that, in addition to having near-road
measurements, also collected on-road NO2 concentrations. As part of EPA’s Geospatial
Measurement of Air Pollution (GMAP) program, mobile and stationary measurements of NO2
concentrations were collected in five study areas, two of which may have temporally and
spatially informative NO2 data available for this review to support the approach proposed to
simulate on-road concentrations. The first study was conducted in Research Triangle Park, North
Carolina, during morning-hour commutes (7:00 AM-11:30 AM) from August to October 2012
(Mukerjee et al., 2015). This study used an electric vehicle instrumented with a cavity attenuated
phase shift spectrometry-based monitor to measure in-traffic NO2 concentrations at 1-second
intervals on an interstate, major arterials, and collector roadways. Fixed site measurements
included meteorological parameters only (wind speed and direction) and not NO2 concentrations,
an important study limitation to directly informing on-road to near-road concentration
relationships in this assessment. Study results however, could provide insight into the spatial
distribution of on-road NO:2 concentrations in an urban study area and the effect of important
influential factors.

A second GMAP study that could provide more complete data for informing the on-road
to away-from-road concentration relationship was conducted in Phoenix, Arizona from October
to November 2013 (Baldauf et al., 2015). This study also used a mobile and fixed-site
measurement approach along two segments of Interstate 17. In-traffic NO2 measurements were
made at 1-second intervals during morning (9:00 AM-12:00 PM) and afternoon hours (2:00-5:00
PM) on interstate, arterial, collector, and residential roadways giving on-major-road (i.e., the

interstate) and away-from-major-road (i.e., arterial and residential) NO2 measurements. We
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expect that the measurement data from both of these studies could provide further support to

developing a factor(s) to simulate on-road concentrations from existing near-road monitor data.?®

2.2.1.2 Emissions information

If updated air quality analyses are conducted, information on NOx emissions?’ will inform
our characterization of the important sources contributing to monitored NO2 concentrations. This
section provides an overview of the information available on NOx emissions at a national level
based on recent updates to EPA’s National Emissions Inventory (NEI) and incorporated into the
2011 NEL.*

At a national level, anthropogenic sources account for more than 90% of NOx emissions
in the 2011 NEI. Vehicles are the largest source, with highway and off-highway vehicles
contributing almost 60% of the total NOx emissions nationally. Other important sources include
fuel combustion-utilities (14% of total), fuel combustion-other (11% of total), and biogenics and
wildfires (8% of total) (U.S. EPA, 2015, section 2.3.1, Figure 2-3). Compared to the national
averages, urban areas have greater contributions to total NOx emissions from both highway
vehicles and off-highway vehicles and smaller contributions from other sources (U.S. EPA,
2015, Figure 2-4, Table 2-1). For example, in the 21 largest CBSAs in the U.S., more than half
of the urban NOx emissions are from highway vehicles. Together, highway vehicles and off-
highway vehicles and engines account for more than three quarters of total emissions in these
large CBSAs (U.S. EPA, 2015, section 2.3.2).

While an emissions summary at a national level is useful, important emissions sources can
vary across locations. As discussed below (section 2.3.2), NOx emissions sources, including
mobile sources and important stationary sources, will be characterized in more detail in specific

urban study areas selected for any updated air quality analyses.

26 The three additional study areas identified in the GMAP program include Detroit, Michigan; San Francisco, California; and
Charleston, South Carolina.

27 Oxidized nitrogen compounds are emitted to the atmosphere primarily as NO, with NO converting to NO: following its
reaction with Os. Collectively, NO and NO: are referred to as NOx (U.S. EPA, 2008b, section 2.2).

28 The NEI is a national compilation of emissions estimates from all source sectors, collected from state, local, and tribal air
agencies as well as those developed by EPA. The NEI is developed on a tri-annual basis, with 2011 being the most recent base
year currently available and referred to as 2011 NEI. The next NEI base year will be 2014 and will be available in 2016. For
information on the NEI, see http://www.epa.gov/ttn/chief/eiinformation.html.
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2.2.1.3 NO; modeling research studies

Two new modeling analyses could also inform our characterization of ambient NO2
concentrations around roadways in the current review. Model estimated NO2 concentrations at
road-side receptors and at varying distances from major roadways could become available in this
review to further inform an updated approach to simulate on-road NO2 concentrations. The
intended purpose of these modeled concentrations is to provide support for estimating on-road
concentrations based on either using the new near-road monitor concentrations or using other
away-from-road concentrations. Having modeled concentrations at varying distances from a road
affords great flexibility in developing potential on-road simulation factors to be used, particularly
in knowing the influential factors that could affect the relationship between road-side and away-
from-road concentrations (e.g. wind speed/direction, mixing heights, presence of nearby
stationary sources)

The first modeling analysis used hourly link-based emissions varied by day type
(weekday vs. weekend) and hour of day developed for 17 road segments of interstate 95 in
Broward County, Florida (including Pompano, Ft. Lauderdale, and Dania beaches) using EPA’s
AERMOD dispersion model (Thurman et al., 2013). The model was used to predict hourly NO2
concentrations at road-side receptors generally spaced 5, 10, 20, 25, 50, 75, and 100 m from the
road, as well as to predict roadway median concentrations over a five-year period (2006-10).
While there are six ambient monitors available that measured NO2 concentrations to evaluate
model predictions, their time-averaging (weekly-average) and siting far from the roads evaluated
are an important limitation to this analysis.

The second modeling analysis is planned to technically correspond (e.g., same site
characteristics, meteorology, years) to the 2008-09 Las Vegas, NV measurement study
(Kimbrough et al., 2013) described above in section 2.2.1.1.2. The planned approach is to be
similar to that used for the Broward County modeling analysis, though differing by using the
latest version of AERMOD, incorporating the most recent emissions data, and in having a robust
measurement data set available (i.e., to better inform and evaluate existing model parameter
settings and assumptions). Once complete, it is expected that these modeled data could provide
further support to developing a simulation factor(s) or other approach to simulate on-road
concentrations from existing near-road monitoring data or from existing area-wide monitoring
data.

2.2.2 Evidence Informing Health Effect Benchmarks
The primary goal of any updated NOz air quality analyses will be to inform conclusions
regarding the likelihood that the existing or potential alternative standards would allow for

exposures to ambient NO2 concentrations that could be of concern for public health. One way to
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accomplish this, as was done in the 2008 REA , is to compare ambient NO2 concentrations
adjusted to just meet the existing (and alternative, if appropriate) NO2 standards with health
effect benchmarks.

In the last review, 1-hour NO2 health effect benchmarks from 100 to 300 ppb were
evaluated. These benchmarks were based on the results of an ISA meta-analysis of individual-
level data from controlled human exposure studies of non-specific airway responsiveness in
people with asthma.?’ The results of this meta-analysis indicated that the majority of study
volunteers experienced increased airway responsiveness following exposures to NO2
concentrations of 100 to 300 ppb (or higher) for 30 minutes to 2 hours (U.S. EPA, 2008b, Tables
3.1-2 and 3.1-3). At the time of the last review, airway responsiveness was the only health effect
endpoint for which controlled human exposure studies had reported effects following exposures
to NO2 at or near ambient concentrations (U.S. EPA, 2008b, section 3.4).%°

In the current review, the evidence to inform the identification of NO2 health effect
benchmarks has not changed substantially from that used in the 2008 REA, though the 2™ draft
ISA includes expanded analyses of that evidence (U.S. EPA, 2015, section 5.2.2.1). Specifically,
the 2" draft ISA includes an expanded evaluation of the magnitude and potential clinical
relevance of reported changes in airway responsiveness®!' and a discussion of the limitations
impacting characterization of the exposure-response relationship between NO2 and airway
responsiveness (U.S. EPA, 2015, section 5.2.2.1). The updated meta-analysis in the 2"¢ draft ISA
also presents results based on a broader range of studies, including studies of both non-specific
airway responsiveness and of specific airway responsiveness following allergen challenge (U.S.
EPA, 2015, Tables 5-5 and 5-6). While the availa