

















Figure 4.4-1.  Fraction of the study populations living within a specified distance from roadways. For
comparison, concentrations of the traffic pollutant black carbon are plotted as a function of
distance from the roadway.

Based on data from the American Housing Survey, approximately 36 million persons live within
300 feet (~90 meters) of a four-lane highway, railroad, or airport and 12.6% of U.S. housing units are
located within this distance (U.S. Census Bureau, 2006). Furthermore, several exposure studies offer
insight into differential exposures to NO, from traffic in childhood. In California, 2.3% of schools, grades
K-12, with a total enrollment of more than 150,000 students were located within ~500 feet (150 m) of
high-traffic roads, and a higher proportion of nonwhite and economically disadvantaged students attended
schools within close proximity to these high-traffic roadways (Green et al., 2004). Similar findings were
reported for Detroit schoolchildren (Wu and Batterman, 2006). Figure 4.4-1 shows the proportion of
study populations in Boston, MA (Garshick et al. 2003) and Los Angeles, CA (McConnell et al. 2006),
the entire U.S. (American Housing Survey, 2005), and from population exposure models (HAPEM®6,
2007) living within a certain distance from major roadways. It also presents results of air quality
measurements showing the decrease in concentration of black carbon, a traffic-related pollutant, with
increasing distance from the roadway. The considerable size of the population groups at risk indicate that
exposure to ambient NO, could have an impact on public health in the U.S.
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4.5. Summary of Public Health Issues

In the few studies that specifically examined concentration-response relationships between NO, and
health outcomes, there was little evidence of an effect threshold. However, various factors, such as
interindividual variation in response, additivity to background of effect and/or exposure, and
measurement error tend to linearize the concentration-response relationship and obscure any population-
level thresholds that might exist.

Persons with preexisting respiratory disease, children, and older adults may be more susceptible to
the effects of NO, exposure. Individuals in sensitive groups may be affected by lower levels of NO, than
the general population or experience a greater impact with the same level of exposure. A number of
factors may increase susceptibility to the effects of NO,. Studies generally reported a positive excess risk
for asthmatics, and there was emerging evidence that CVD may cause persons to be more susceptible,
though it is difficult to distinguish the effect of NO, from other traffic pollutants. Children and older
adults (65+ years) may be more susceptible than adults, possibly due to physiological changes occurring
among these age groups.

In addition to intrinsically susceptible groups, a portion of the population may be at increased
vulnerability due to higher exposures, generally people living and working near roadways. A considerable
fraction of the population resides, works, or attends school near major roadways. Of this population, those
with physiological susceptibility will have even greater risks of health effects related to NO,.
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Chapter 5. Summary and Conclusions

5.1. Introduction

The Integrated Plan for the Primary NAAQS for NO, (U.S. Environmental Protection Agency,
2007) presents a series of policy-relevant questions to structure this assessment of the scientific evidence
(Section 1.1). This ISA focuses on evaluating recent scientific evidence while incorporating information
from the last review to best inform consideration of these policy-relevant questions. The purpose of this
ISA is to form the scientific basis for regulatory decision making as it pertains to retaining or revising the
current primary NAAQS for NO, (0.053 ppm, annual average). The previous chapters present the most
policy-relevant science. This chapter first summarizes key findings and then draws conclusions about
health effects associated with exposure to NOx. These conclusions are based on explicit guidelines
(Section 1.3) derived from the Hill aspects (Hill, 1965) and modeled after other pertinent frameworks.

The framework for evaluation of evidence regarding causality is described in Chapter 1. The
framework and language draw from similar efforts across the Federal government and the wider scientific
community, especially from the recent NAS Institute of Medicine document, Improving the Presumptive
Disability Decision-Making Process for Veterans (Institute of Medicine, 2007). A five-level hierarchy is
used to be consistent with the Guidelines for Carcinogen Risk Assessment (U.S. Environmental
Protection Agency, 2005). Conclusions concerning causality of association were placed into one of five
categories with regard to weight of the evidence based on the framework. The five descriptors are:

=  Sufficient to infer a causal relationship;

= Sufficient to infer a likely causal relationship (i.e. more likely than not);
= Suggestive but not sufficient to infer a causal relationship;

» Inadequate to infer the presence or absence of a causal relationship; and
= Suggestive of no causal relationship.

This integrative discussion begins with some key conclusions from the atmospheric sciences that
are relevant to the interpretation of the health evidence and provide important underpinnings for potential
quantitative assessments, including information about ambient concentrations and monitoring, and
estimation of policy-relevant background. Consideration of exposure measurement error and exposure
assessment issues is an essential component of this review, and provides an overview of the findings that
inform the evaluation of the health evidence. Conclusions regarding causality for different categories of
health outcomes are presented. Highlights of findings that support these conclusions are presented. The
key findings from atmospheric science, exposure assessment, and health effects, including animal
toxicological, human clinical and epidemiologic studies are integrated with regard to levels at which
effects are observed, the time period (or averaging time) over which these effects are observed, and NO,
serving as the indicator for the oxides of nitrogen NAAQS, and presented in Section 5.4.
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5.2. Key Source to Exposure Findings

5.2.1. Atmospheric Science and Ambient Concentrations

An understanding of atmospheric processes affecting a given pollutant is crucial for understanding
the causal chain linking NOx sources to health effects. NO, plays a key role in the formation of O; and
photochemical smog. NO, is an oxidant and reacts to form other photochemical oxidants, including
organic nitrates like the PANs and inorganic acids like HNO;. NO, also reacts with toxic compounds such
as PAHs to form nitro-PAHs, which can be more toxic than either reactant alone.

Major anthropogenic sources of NOy include motor vehicles, power plants, and fossil fuel
combustion in general. NOx also is emitted by burning biomass fuels. Natural NOx sources include
wildfires, microbial activity in soils, and lightning. NOx is emitted by all of the above sources mainly as
NO. Atmospheric reactions oxidize NO to NO,. Thus, most NO, in the atmosphere is the result of the
oxidation of primary NO. As noted in Chapter 2, NO and NO, interconvert rapidly in the atmosphere, and
so it is often convenient to refer to their sum (NOy) instead of to them individually. The definition of
nitrogen oxides contains a number of N-containing compounds formed by the oxidation of NO, as
described in Chapter 2. Aspects of the atmospheric chemistry of NOx most relevant for interpreting the
human exposure and health evidence are:

=  The current method of determining ambient NOyx and then reporting NO, concentrations by
subtraction of NO is subject to positive interference by NOx oxidation products, chiefly HNO;,
and PAN as well as other oxidized N-containing compounds. Measurements of these oxidation
products in urban areas are sparse.

=  Products are expected to peak in the afternoon because of the continued oxidation to NO, emitted
during the morning rush hours and during conditions conducive to photochemistry in areas well
downwind of sources, particularly during summer.

= Within urban cores, where many of the ambient monitors are sited close to strong NOy sources
such as motor vehicles on busy streets (i.e., where NO, concentrations are highest), the positive
artifacts due to NO, oxidation products are much smaller on a relative basis, generally <10%.
Conversely, the positive artifacts are larger in locations more distant from local NOx sources (i.e.
where NO, concentrations are lowest) and could exceed 50%. Therefore, variable, positive
artifacts associated with measuring NO, using the FRM severely hamper its ability to serve as an
accurate and precise indicator of NO, concentrations at the typical ambient levels generally
encountered outside of urban cores. The result of these positive artifacts when using ambient
monitoring data in health outcome studies depends on whether or not the NO, oxidation products
exert the same effect as NO, on the health endpoint being considered.

= Because the dominant urban source is typically on-road vehicle emissions, ambient NO,
generally behaves with the temporal and spatial variability of other traffic-generated pollutants.

» The annual average NO, concentrations of ~15 ppb reported by the regulatory monitoring
networks are well below the level of the current NAAQS (0.053 ppm). However, daily max 1-
h avg concentrations can be greater than 100 ppb in some locations, e.g., areas with heavy traffic.

= Policy-relevant background concentrations of NO, are much lower than average ambient
concentrations and are typically less than 0.1 ppb over most of the U.S., with the highest
values found in agricultural areas.
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5.2.2. Exposure Assessment

Personal exposure to ambient and outdoor NO, is affected by many factors that influence the
contribution of ambient NO, to personal exposures. Personal activity patterns determine when, where, and
how people are exposed to NO,. The variations of these physical and exposure factors determine the
strength of the association between personal exposure and ambient concentrations in both longitudinal
and cross-sectional studies. The observed strength of the association between personal exposures and
ambient concentrations are not only affected by the variation in physical parameters (e.g., penetration
coefficient (P), mass transfer coefficient (k), air exchange rate (a), and indoor sources) but also affected
by data quality and study design. The collective variability in all of the above parameters, in general,
contributes to exposure error in air pollution-health outcome studies. The errors and uncertainties
associated with the use of ambient NO, concentrations as a surrogate for personal exposure to
ambient NO, generally tend to reduce rather than increase effect estimates, and therefore are not
expected to change the principal conclusions from NO, epidemiologic studies.

The association between the ambient component of personal exposures and ambient concentrations
is most relevant to the interpretation of epidemiologic evidence, but this type of correlation coefficient is
not generally reported. Therefore, the weak association between personal total exposures and ambient
concentrations in some longitudinal studies might not reflect the true association between the ambient
component of personal exposures and ambient concentrations. A number of studies found that personal
NO, exposure was associated with ambient NO, exposure, but the strength of the association ranged from
poor to good. Key findings related to assessing NO, exposures are listed below.

= NO; concentrations are highly spatially and temporally variable in urban areas. Intersite
correlations for NO, concentrations range from slightly negative to highly positive in examined
cities. The range of spatial variation in NO, concentrations is similar to that for Os, but larger than
that of fine particulate matter (PM, 5). Differences between 24-h avg concentrations at individual
paired sites in a MSA can be larger than the annual means at these sites.

»  Elevated and rooftop NO, measurements, particularly in inner cities, likely underestimate
concentrations and hence personal exposures occurring at lower elevations, closer to motor
vehicle emissions. Pedestrians that spend time walking in street canyons and residents that have
windows opening onto these canyons can therefore experience exposures to high near-road
concentrations that may equal or exceed those on roads in transit.

= Co-located samples showed that passive NO, samplers generally correlate well with FRM
ambient samplers, and the concentration differences are generally within 10%. However, personal
passive samplers and the ambient samplers were both subject to measurement artifacts.

= In the absence of indoor sources, indoor NO, levels are about one-half those found outdoors. In
the presence of indoor sources, particularly unvented combustion sources, NO, levels can be
much higher than reported ambient concentrations.

*  Alpha (a), the ratio of personal exposure to NO, of ambient origin to the ambient NO,
concentration, ranged from ~0.3 to ~0.6 in studies where it was determined.

» Indoor exposures to NO, are accompanied by exposures to other products of indoor combustion
and to products of indoor NO, chemistry, such as HONO.

» The evidence relating ambient levels to personal exposures was inconsistent. Some of the
longitudinal studies examined found that ambient levels of NO, were reliable proxies of personal
exposures to NO,. However, a number of studies did not find significant associations between
ambient and personal levels of NO,. The differences in results were related in large measure to
differences in study design and in exposure determinants. Measurement artifacts and differences
in analytical measurement capabilities could also have contributed to the inconsistent results.
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Indeed, in a number of the studies examined, the majority of measurements of personal NO,
concentrations were beneath detection limits, and in all studies some personal measurements were
beneath detection limits.

» In two European studies, community averages of personal total exposures were highly correlated
with either ambient or outdoor microenvironment concentrations. However, because of
limitations in these studies, caution should be exercised in using these results to determine
whether ambient concentrations of NO, can be used as surrogates for long-term community
average exposures in epidemiologic studies.

5.3. Key Health Effects Findings

5.3.1. Findings from the Previous Review

The 1993 NOx AQCD concluded that there were two key health effects of greatest concern at
ambient or near-ambient concentrations of NO;:

= Increases in airway hyperresponsiveness of asthmatic individuals after short-term exposures.
= Increased respiratory illness among children associated with longer-term exposures to NO,.

Evidence also was found for increased risk of emphysema, but this appeared to be of major concern
only with exposures to levels of NO, that were much higher than current ambient levels of NO, (U.S.
Environmental Protection Agency, 1993). Qualitative evidence regarding airway hyperresponsiveness and
lung function changes was drawn from human clinical and animal toxicological studies; these did not
elucidate a concentration-response relationship. Epidemiologic studies reported increased respiratory
symptoms with increased indoor NO, exposures. Animal toxicological findings of lung host defense
system changes with NO, exposure provided a biologically plausible basis for these results.
Subpopulations considered potentially more susceptible to the effects of NO, exposure included persons
with preexisting respiratory disease, children, and the elderly. In the 1993 AQCD, the epidemiologic
evidence for respiratory health effects was limited, and no studies had considered effects such as hospital
admissions, ED visits, or mortality.

5.3.2. New Health Effects Findings

Evidence published since the last review generally has confirmed and extended the conclusions
articulated in the 1993 AQCD. The epidemiologic evidence has grown substantially, including new field
or panel studies on respiratory health outcomes, intervention studies, numerous time-series epidemiologic
studies of effects such as hospital admissions, and a substantial number of studies evaluating mortality
risk with short-term NO, exposures. As noted above, no epidemiologic studies were available in 1993 that
assessed relationships between nitrogen oxides and outcomes such as hospital admissions, ED visits, or
mortality; in contrast, dozens of epidemiologic studies on such outcomes are now included in this
evaluation. Several recent studies also have reported findings from prospective cohort studies on
respiratory health effects with long-term NO, exposure. In addition, recent evidence characterizing the
responses of susceptible and vulnerable populations has been reported since 1993, particularly concerning
children, asthmatics, and those living or working near roadways. While not as marked as the growth in
the epidemiologic literature, a number of recent toxicological and human clinical studies provide further
insights into relationships between NO, exposure and health effects.

These new findings allow us to draw several overall conclusions concerning the health effects of
NO, exposures. These conclusions are integrated across disciplines at the organ-system level (e.g.,
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respiratory and cardiovascular morbidity, cardiopulmonary mortality). Integration at this level is generally
more meaningful than reporting on separate health effects, which themselves may be serious, but
individually do not fully characterize impacts on health. The conclusions of this ISA are summarized in
Table 5.3-1, along with those of the previous review. Following the table is more discussion of evidence
that supports these conclusions, organized by exposure duration and specific health effect.

Table 5.3-1.

Summary of evidence from epidemiologic, human clinical, and animal toxicological

studies on the health effects associated with short- and long-term exposure to

NO.,.

HEALTH OUTCOME

CONCLUSION FROM
PREVIOUS NAAQS REVIEW

CONCLUSION FROM 2008 ISA

SHORT-TERM EXPOSURE TO NO;

Respiratory Morbidity

No Overall Conclusion

“sufficient to infer a likely causal relationship”

Lung Host Defense

Human clinical studies suggest NO,
effects; Animal toxicological studies
indicate that alveolar macrophages
and humoral and cell-mediated
immune systems are affected and
show that exposure can impair the
respiratory host defense system
resulting in susceptibility to infection.

Impaired host-defense systems and increased risk of susceptibility to both
viral and bacterial infections after NO, exposures have been observed in
epidemiologic, human clinical, and animal toxicological studies.

Airway Inflammation

No Studies

Human clinical studies report effects of NO, (1-2 ppm) on airway inflammation
in healthy humans. Animal toxicological studies and limited available
epidemiologic studies on children support these findings.

Airway Hyperresponsiveness

An increase in responsiveness to
bronchoconstrictors was found in
asthmatics and healthy individuals
exposed to NO, at rest.

Human clinical studies of allergen and nonspecific bronchial challenges in
asthmatics observed increased airway hyperresponsiveness at near ambient
concentrations (0.1-0.3 ppm). Increased responsiveness to nonspecific
challenges was also observed in animals at higher NO; levels (e.g., 0.5 ppm).

Respiratory Symptoms

Children living in homes with gas
stoves are at increased risk for
developing respiratory diseases and
illnesses compared to children living
in homes without gas stoves.

Epidemiologic studies provide consistent evidence of an association of
respiratory effects with indoor and personal NO, exposures in children.
Multicity studies provide further support for associations between ambient
NO, concentrations (means of 7-70 ppb) and respiratory symptoms in
asthmatic children.

Lung Function

Lung function changes in asthmatics
reported at low (0.2 to 0.5 ppm), but
not higher (up to 4 ppm), NO,
concentrations. No convincing
evidence of lung function
decrements in healthy individuals
below 1.0 ppm.

The association between ambient NO, concentrations and lung function in
epidemiologic studies were generally inconsistent. Recent clinical evidence
generally confirms prior findings.

ED Visits / Hospital No Studies Positive and generally robust associations observed between ambient NO,

Admissions levels (means of 3-50 ppb) and increased ED visits and hospital admissions
for respiratory causes, especially asthma.

Cardiovascular Morbidity No Studies “inadequate to infer the presence or absence of a causal relationship”

Cardiovascular Effects No Studies Evidence from epidemiologic studies of heart rate variability, repolarization
changes, and cardiac rhythm disorders among heart patients with ischemic
cardiac disease are inconsistent.

ED Visits / Hospital No Studies Generally positive associations between ambient NO, concentrations and

Admissions hospital admissions or ED visits for cardiovascular disease; however, the
effects were not robust to adjustment for copollutants.

Mortality No Studies “suggestive but not sufficient to infer a causal relationship”

All Cause and No Studies Positive and generally robust associations between ambient NO,

Cardiopulmonary Mortality

concentrations and risk of nonaccidental and cardiopulmonary mortality.




CONCLUSION FROM
HEALTH OUTCOME PREVIOUS NAAQS REVIEW CONCLUSION FROM 2008 ISA

LONG-TERM EXPOSURE TO NO;

Respiratory Morbidity No Overall Conclusion “suggestive but not sufficient to infer a causal relationship”
Respiratory Effects NO, can cause emphysema Epidemiologic studies observed decrements in lung function growth
(meeting the human definition associated with long-term exposure to NO,.

criteria) in animals at high
concentrations of NO,.

Other Morbidity No Studies “inadequate to infer the presence or absence of a causal relationship”

Cancer No Studies Limited epidemiologic studies observed an association between long-term
NO, exposure and cancer; animal toxicological studies have not provided
clear evidence that NO, acts as a carcinogen.

Cardiovascular Effects No Studies Very limited epidemiologic and toxicological evidence does not suggest that
long-term exposure to NO, has cardiovascular effects.

Birth Outcomes No Studies The epidemiologic evidence for an association between long-term exposure to
NO, and birth outcomes is generally inconsistent, with limited support from
animal toxicological studies.

Mortality No Studies “inadequate to infer the presence or absence of a causal relationship”
All Cause and No Studies The results of epidemiologic studies examining the association between long-
Cardiopulmonary Mortality term exposure to NO, and mortality were generally inconsistent.

5.3.2.1. Respiratory Effects Related to Short-Term Exposure

Taken together, recent studies provided scientific evidence that NO, is associated with a range of
respiratory effects and provide evidence sufficient to infer a likely causal relationship between short-
term NO, exposure and adverse effects on the respiratory system. The greatest weight of evidence
comes predominantly from the large body of recent epidemiologic evidence, with supportive evidence
from human and animal experimental studies. The main body of evidence pertaining to causality for
respiratory health outcomes is shown in Figure 5.3-1. The epidemiologic studies generally show positive
associations between NO, and respiratory symptoms and hospitalization or ED visits, with a number
being statistically significant, particularly the more precise effect estimates. There also is a pattern of
positive associations with respiratory mortality, though most are not statistically significant. A number of
the epidemiologic studies have been conducted in locations where the ambient NO, levels are well below
the level of the NAAQS of 0.053 ppm (53 ppb) (annual average). The mean ambient concentrations,
associated with the health outcomes reported in Figure 5.3-1 are in the range of 3 to 70 ppb for 24 h avg,
with maximum ambient concentrations as high as 100 to 300 ppb.

The epidemiologic evidence for respiratory effects can be characterized as consistent, in that
associations are reported in studies conducted in numerous locations with a variety of methodological
approaches. The findings are coherent in the sense that the studies report associations with respiratory
health outcomes that are logically linked together.
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Legend to Figure 5.3-1.

Respiratory Symptoms

Schwartz et al. (1994) Cough

Mortimer et al. (2002) Asthma symptoms
Schildcrout et al. (2006) Asthma symptoms
Pino et al. (2004) Wheezy bronchitis
Ostro et al. (2001) Wheeze

Ostro et al. (2001) Cough

Delfino et al. (2002) Asthma symptoms
Segala et al. (1998) Asthma symptoms
Segala et al. 1998 Cough

10 Just et al. (2002) Cough

11 Jalaludin et al. (2004) Cough

12 Segala et al. (2004) Cough

13 von Klot et al. (2002) Wheeze

14 von Klot et al. (2002) Phlegm

15 von Klot et al. (2002) Cough

16 von Klot et al. (2002) Breathing problems
17 Ward et al (2002) Cough

18 Rodriguez et al. (2007) Cough

19 Boezen et al. (1999) LRS

0 N O~ WOWN =

©

Resplratory Disease — All Ages
Tolbert et al. (2007)

21 Peel et al. (2005)

22 Luginaah et al. (2005)

23 Luginaah et al. (2005)

24 Anderson et al. (2001)

25 Atkinson et al., (1999a)

26 Atkinson et al., (1999b)

27 Ponce de Leon et al. (1996)

28 Llorca et al. (2005)

29 Oftedal et al. (2003)

30 Hagen et al. (2000)

31 Bedeschi et al. (2007)

32 Hinwood et al., (2006)

33 Petroeschevsky et al. (2001)

Respiratory Disease — Children
34 Yang et al. (2003)

35 Luginaah et al. (2005)

36 Luginaah et al. (2005)

37 Anderson et al. (2001)

38 Atkinson et al. (1999a)

39 Atkinson et al. (1999b)

40 Ponce de Leon et al. (1996)
41 Vigotti et al. (2007)

42 Petroeschevsky et al. (2001)
43 Petroeschevsky et al. (2001)
44 Barnett et al. (2005)

45 Barnett et al. (2005)

46 Barnett et al. (2005)

47 Wong et al. (1999)

48 Linetal. (1999)

49 Gouveia and Fletcher (2000a)

Respiratory Disease — Adults
50 Luginaah et al. (2005)

51 Luginaah et al. (2005)

52 Spix et al. (1998)

53 Anderson et al. (2001)

54 Atkinson et al. (1999a)
55 Atkinson et al. (1999b)

56 Ponce de Leon et al. (1996)

57 Schouten et al. (1996)
58 Schouten et al. (1996)

59 Petroeschevsky et al. (2001)

60 Wong et al. (1999)

Respiratory Disease —
0Ider Adults (65+)

Luginaah et al. (2005)
62 Luginaah et al. (2005)
63 Fung et al. (2006)
64 Yang et al. (2003)
65 Spix et al. (1998)
66 Anderson et al. (2001)
67 Atkinson et al. (1999a)
68 Atkinson et al. (1999b)

69 Ponce de Leon et al. (1996)

70 Andersen et al. (2007b)
71 Andersen et al. (2007a)
72 Schouten et al. (1996)
73 Schouten et al. (1996)
74 Simpson et al. (2005a)
75 Hinwood et al. (2006)

76 Petroeschevsky et al. (2001)

77 Wong et al. (1999)

Asthma - All Ages
78 Peel et al. (2005)

79 lto et al. (2007)*

80 Burnett et al. (1999)
81 Anderson et al. (1998)
82 Atkinson et al. (1999a)
83 Atkinson et al. (1999b)
84 Galan et al. (2003)

85 Chardon et al. (2007)
86 Schouten et al. (1996)
87 Migliaretti et al. (2005)

88 Migliaretti and Cavallo (2004)

89 Hinwood et al. (2006)

90 Petroeschevsky et al. (2001)

91 Wong et al., (1999)
92 Tsai et al. (2006)
93 Tsai et al. (2006)
94 Yang et al. (2007)
95 Yang et al. (2007)

Asthma - Children
96 Peel et al. (2005)

97 Tolbert et al. (2000)

98 Lin etal. (2003)

99 Lin etal. (2003)

100 Sunyer et al. (1997)
101 Anderson et al. (1998)
102 Atkinson et al. (1999a)
103 Atkinson et al. (1999b)
104 Thompson et al. (2001)
105 Andersen et al. (2007b)
106 Andersen et al. (2007a)
107 Migliaretti et al. (2005)

108 Migliaretti and Cavallo (2004)
109 Migliaretti and Cavallo (2004)

110 Barnett et al. (2005)

111 Barnett et al. (2005)

112 Hinwood et al. (2006)

113 Petroeschevsky et al. (2001)
114 Petroeschevsky et al. (2001)
115 Morgan et al. (1998a)

116 Ko et al. (2007)

117 Lee et al. (2006)

118 Gouveia and Fletcher (2000a)
119 Jaffe et al. (2003)

120 Jaffe et al. (2003)

121 Linn et al. (2000)

Asthma - Adults

122 Sunyer et al. (1997)

123 Anderson et al. (1998)
124 Atkinson et al. (1999a)
125 Atkinson et al. (1999b)
126 Boutin-Forzano et al. (2004)
127 Tenias et al. (1998)

128 Castellsague et al. (1995)
129 Migliaretti et al. (2005)
130 Morgan et al. (1998a)

131 Ko et al. (2007)

132 Anderson et al. (1998)
133 Atkinson et al. (1999a)
134 Migliaretti et al. (2005)
135 Hinwood et al. (2006)
136 Ko et al. (2007)

Respiratory Mortality

137 Ostro et al. (2000)

138 Fairley (1999); (Reanalysis 2003)

139 Gamble (1998)

140 Gwynn et al. (2000)

141 Burnett et al. (2004)

142 Villeneuve et al. (2003)

143 Samoli et al. (2006)

144 Zmirou et al. (1998)

145 Biggeri et al. (2005)

146 Anderson et al. (1996)

147 Bremner et al. (1999)

148 Anderson et al. (2001)

149 Le Tertre et al. (2002)

150 Dab et al. (1996)

151 Zmirou et al. (1996)

152 Hoek et al. (2000);
(Reanalysis, Hoek (2003)

153 Hoek et al. (2000);
(Reanalysis, Hoek (2003)

154 Saez et al. (2002)

155 Garcia-Aymerich et al. (2000)

156 Saez et al. (1999)

157 Sunyer et al. (1996)

158 Borja-Aburto et al. (1998)

159 Gouveia and Fletcher (2000b)

160 Simpson et al. (2005a,b)

161 Simpson et al. (2000)

162 Tsai et al. (2003)

163 Yang et al. (2004b)

164 Wong et al. (2001)

165 Wong et al. (2002)



Animal toxicologic and human clinical studies have been conducted within the range of maximum
ambient concentrations observed in epidemiologic studies (100 to 300 ppb) and provide some supporting
evidence for the effects observed in the epidemiologic studies. Generally, exposure durations used in
human clinical studies are more similar to peak exposures than 24-h avg exposures. Tables 5.3-2 and
5.3-3 summarize the health endpoints that have been linked with NO, exposure in human clinical and
animal toxicologic studies, respectively, along with the lower range of doses or concentrations with which
these effects have been reported. To put the concentration information in perspective, average and
maximum ambient concentrations from earlier years in the United States and elsewhere were substantially
greater than current levels; yet in the 3-year period 2003—2005, 1-h excursions in the United States have
been observed in the range of 100 to 200 ppb (see Chapter 2). The human and animal findings underlying
this causal judgment are summarized below.

Table 5.3-2. Key studies and effects of exposure to NO, from clinical studies.
NO EXPOSURE
STUDY 2 DURATION OBSERVED EFFECTS
(PPM) A
(h)

Folinsbee (1992) 0.1-0.3 0.5-2.0 Meta-analysis showed increased airway responsiveness following NO, exposure in
asthmatics. Large variability in protocols and responses. Most studies used
nonspecific airway challenges. Airway responsiveness tended to be greater for resting
(mean 45 min) than exercising (mean 102 min) exposure conditions.

Barck et al. (2002, 2005a) 0.26 0.5 Asthmatics exposed to NO, during rest experienced enhanced sensitivity to bronchial

Strand et al. (1996; 1997; challenge-induced decrements in lung function and increased allergen-induced airway

1998) ’ ’ ’ inflammatory response. Inflammatory response to allergen observed in the absence of
allergen-induced lung function response. No NO,-induced change in lung function.

Gong et al. (2005) 0.3-0.4 2-4 Inconsistent effects on FVC and FEV, in COPD patients with mild exercise.

Morrow et al. (1992)

Vagaggini et al. (1996)

Azadniv et al. (1998) 1.0-2.0 2-6 Increased inflammatory response and airway responsiveness to nonspecific challenge

Blomberg et al. (1997; 1999) in healthy adults exposed during intermittent exercise. Effects on lung function and

9 ’ ’ symptoms in healthy subjects not detected by most investigators. Small decrements

Devlin et al. (1999) in FEV, reported for asthmatics.

Frampton et al. (2002)

Jorres et al. (1995)

Beil and Ulmer (1976) 220 1-3 Lung function changes (e.g., increased airway resistance) in healthy subjects. Effects

Nieding et al. (1979) not found by others at 2-4 ppm.

Nieding and Wagner (1977)

Nieding et al. (1980)

Lung Host Defenses and Immunity

Impaired host-defense systems and increased risk of susceptibility to both viral and bacterial
infections after NO, exposures were observed in epidemiologic, human clinical, and animal
toxicological studies (Section 3.1.2). A recent epidemiologic study (Chauhan et al., 2003) provided
evidence that increased personal exposure to NO, worsened virus-associated symptoms and decreased
lung function in children with asthma. The limited evidence from human clinical studies indicated that
NO, increases susceptibility to injury by subsequent viral challenge (Frampton et al., 2002). Animal
toxicological studies have shown that lung host defenses are sensitive to NO, exposure, with several
measures of such effects observed at concentrations of less than 1 ppm. The epidemiologic and
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experimental evidence indicated coherence for effects of NO, exposure on host defense (i.e., immune
system effects). This group of outcomes also provided plausibility and potential mechanistic support for
other respiratory effects described subsequently, such as respiratory symptoms or increased ED visits for
respiratory diseases.

Table 5.3-3. Summary of toxicological effects in rats from NO, exposure.

STUDY NO, (ppm) EXPOSURE DURATION OBSERVED EFFECTS
Kumae and 0.2 From conception to 12 wks Increase in BALF lymphocytes (indicative of inflammation)
Arakawa (2006) post delivery
Kumae and 0.5 Weanling period (from 5 wks Suppression of ROS (indicative of lung host defense impairment)
Arakawa (2006) old to 12 wks)
Robison et al. 0.5 0.5-10 days Depressed activation of arachidonic acid metabolism and superoxide production
(1993) (indicative of lung host defense impairment)
Mercer et al. (1995) | 0.5 spikes 9 wks Increase in the number of fenestrae in the lungs (morphological effects)

of 1.5

Barth et al. (1994) 0.8 1 or 3 days Increase in bronchiolar epithelial proliferation (morphological effects)
Note: Lowest-observed-effect level based on category BALF=Bronchoalveolar lavage fluid ROS=Reactive oxygen species

Airway Inflammation

Together, the findings of human and animal studies provided some evidence for airway
inflammation with NO, exposure, particularly in the more sensitive subgroups such as children or
asthmatics. The few epidemiologic studies that considered inflammation showed an association between
ambient NO, concentrations and inflammatory response in the airways in children. The associations were
inconsistent in the adult populations examined (Section 3.1.3). Effects of NO, on airway inflammation
have been observed in human clinical and animal toxicological studies at higher than ambient levels
(0.4-5 ppm). Human clinical studies shows that airway inflammation is increased at NO,
concentrations of <2.0 ppm; the onset of inflammatory responses in healthy subjects appears to be
between 100 and 200 ppm-min, i.e., 1 ppm for 2 to 3 h (Figure 3.1-1). Increases in biological markers
of inflammation were not observed consistently in healthy animals at levels of less than 5 ppm; however,
increased susceptibility to NO, concentrations of as low as 0.4 ppm was observed when lung vitamin C
was reduced (by diet) to levels that were <50% of normal. These data provided some evidence for
biological plausibility and one potential mechanism for other respiratory effects, such as exacerbation of
asthma symptoms or increased ED visits for asthma.

Airway Hyperresponsiveness

The evidence from human and animal experimental studies provided some evidence for increased
airway responsiveness to specific allergen challenges following NO, exposure (Section 3.1.4.1). Recent
human clinical studies involving allergen challenge in asthmatics reported that NO, exposure may
enhance the sensitivity to allergen-induced decrements in lung function and increase the allergen-
induced airway inflammatory response at exposures as low as 0.26 ppm NO, for 30 min (Figure 3.1-
2). Increased immune-mediated pulmonary inflammation also was observed in rats exposed to house dust
mite allergen following exposure to 5 ppm NO; for 3 h. Exposure to NO, also has been found to enhance
the inherent responsiveness of the airway to subsequent nonspecific challenges in human clinical studies
(Section 3.1.4.2). In general, small but significant increases in nonspecific airway hyperresponsiveness
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were observed in the range of 1.5 to 2.0 ppm for 3 h exposures in healthy adults and between 0.2
and 0.3 ppm NO, for 30 -min exposures and at 0.1 ppm NO, for 60-min exposures in asthmatics.
Subchronic exposures (6 to 12 weeks) of animals to NO; also increased responsiveness to nonspecific
challenges at exposures of 1 to 4 ppm.

Respiratory Symptoms

Consistent evidence has been observed for an association of respiratory effects with indoor and
personal NO, exposures in children at ambient concentration levels (Section 3.1.5.1). In particular, the
Pilotto et al. (2004) intervention study provided evidence of improvement in respiratory symptoms with
reduced NO, exposure in asthmatic children. This study linked respiratory effects with exposure to NO,
from an indoor combustion source,(i.c., unflued gas heaters), thus, increased confidence that NO, is not
solely a marker for an ambient air pollution mixture in observed associations with NO, from outdoor
sources (in particular traffic emissions) that has infiltrated indoors. The epidemiologic studies using
community ambient monitors also found associations between ambient NO, concentration and respiratory
symptoms (Section 3.1.4.2, see Figure 3.1-6). The results of recent multicity studies (Schildcrout et al.,
2006; Mortimer et al., 2002) provided further support for associations between respiratory symptoms and
medication use in asthmatic children. Positive associations were observed in cities where the median
range was 18 to 26 (90" percentiles: 34 to 37) ppb for a 24-h avg (Schildcrout et al., 2006) and the
mean NO; level was 32 (range: 7 to 96) ppb for a 4-h avg (Mortimer et al., 2002). These
concentrations were within the range of 24-h avg concentrations observed in recent years. In the results of
multipollutant models, NO, associations in these multicity studies were generally robust to adjustment for
copollutants including O, CO, and PM,, (Figure 3.1-7).

Most human clinical studies do not report or observe respiratory symptoms with NO, exposure, and
animal toxicological studies do not measure effects that would be considered symptoms. The
experimental evidence on immune system effects and airway inflammation discussed previously,
however, provide some plausibility and coherence for the observed respiratory symptoms in
epidemiologic studies.

Lung Function

Recent epidemiologic studies that examined the association between ambient NO, concentrations
and lung function in children and adults generally produced inconsistent results (Section 3.1.5.1). Human
clinical studies generally did not find direct effects of NO, on lung function in healthy adults at
levels as high as 4.0 ppm (Section 3.1.5.2). For asthmatics, the direct effects of NO, on lung function
also have been inconsistent at exposure concentrations of less than 1 ppm NO,.

Respiratory ED Visits and Hospitalizations

Epidemiologic evidence exists for positive associations of short-term ambient NO,
concentrations below the current NAAQS level with increased numbers of ED visits and hospital
admissions for respiratory causes, especially asthma (Section 3.1.7). A number of studies were
conducted in locations where mean 24-h concentrations were in the range of 3 to 50 (maxima: 28 to
82) ppb (Figure 5.3-1). These associations are particularly consistent among children and older adults
(65+ years) when all respiratory outcomes are analyzed together (Figures 3.1-8 and 3.1-9), and among
children and subjects of all ages for asthma admissions (Figures 3.1-12 and 3.1-13). When examined with
copollutant models, associations of NO, with respiratory ED visits and hospital admissions were
generally robust and independent of the effects of copollutants (Figures 3.1-10 and 3.1-11). In preceding
sections, mechanistic evidence was described related to host defense and immune system changes, airway
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inflammation, and airway responsiveness that provide plausibility and coherence for these observed
effects.

5.3.2.2. Cardiovascular Effects Related to Short-Term Exposure

The available evidence on the effects of short-term exposure to NO, on cardiovascular health
effects is inadequate to infer the presence or absence of a causal relationship at this time. Evidence
from epidemiologic studies of heart rate variability (HRV), repolarization changes, and cardiac rhythm
disorders among heart patients with ischemic cardiac disease was inconsistent (Section 3.2.1). In most
studies, associations with PM were found to be similar or stronger than associations with NO,. The mean
24-h concentrations generally were in the range of 9 to 39 ppb (Annex Table AX6.3-6). Generally
positive associations between ambient NO, concentrations and hospital admissions or ED visits for
cardiovascular disease have been reported in single-pollutant models where mean 24-h concentrations
generally were in the range of 20 to 40 ppb (Section 3.2.2); however, most of these effect estimates were
diminished in multipollutant models that also contained CO and PM. Mechanistic evidence of a role for
NO; in the development of cardiovascular diseases from studies of biomarkers of inflammation, cell
adhesion, coagulation, and thrombosis is lacking (Section 3.2.1.4; Seaton and Dennekamp, 2003).
Furthermore, the effects of NO, on various hematological parameters in animals are inconsistent and,
thus, provide little biological plausibility for effects of NO, on the cardiovascular system. However,
evidence from two human clinical studies was indicative of a reduction in hemoglobin with NO, exposure
at concentrations between 1.0 and 2.0 ppm (with 3 h exposures).

5.3.2.3. Mortality Related to Short-Term Exposure

The epidemiologic evidence is suggestive but not sufficient to infer a causal relationship of
short-term exposure to NO, with all cause and cardiopulmonary-related mortality. Results from several
large U.S. and European multicity studies and a meta-analysis study indicated positive associations
between ambient NO, concentrations and the risk of all-cause (nonaccidental) mortality, with effect
estimates ranging from 0.5 to 3.6% excess risk in mortality per standardized increment' (Section 3.3.1,
Figure 3.3-2). In general, the NO, effect estimates were robust to adjustment for copollutants. Both
cardiovascular and respiratory mortality were associated with increased NO, concentrations in
epidemiologic studies (Figure 3.3-3); however, similar associations were observed for other pollutants,
including PM and SO,. The range of risk estimates for excess mortality was generally smaller than that
for other pollutants such as PM. While NO, exposure, alone or in conjunction with other pollutants, may
contribute to increased mortality, evaluation of the specificity of this effect was difficult. Clinical studies
showing hematologic effects and animal toxicological studies showing biochemical, lung host defense,
permeability, and inflammation changes with short-term exposures to NO, provide limited evidence of
plausible pathways by which risks of morbidity and, potentially, mortality may be increased, but no
coherent picture is evident at this time.

5.3.2.4. Respiratory Morbidity Related to Long-Term Exposure

The epidemiologic and toxicological evidence examining the effect of long-term exposure to NO,
on respiratory morbidity is suggestive but not sufficient to infer a causal relationship at this time. A
number of epidemiologic studies examined the effects of long-term exposure to NO, and reported positive
associations with decrements in lung function and partially irreversible decrements in lung function

"Excess risk estimates are standardized to a 20-ppb incremental change in daily 24-h avg NO, or a 30-ppb incremental change in daily 1-h max NO,.
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growth (Section 3.4.1, Figures 3.4-1 and 3.4-2). Results from the Southern California Children’s Health
Study indicated that decrements were similar for boys and girls and among children who had no history of
asthma (Gauderman et al., 2004). The mean NO, concentrations in these studies range from 21.5 to

34.6 ppb. Similar associations have also been found for PM, O;, and proximity to traffic (<500 m),
though these studies did not report the results of copollutant models. The high correlation among traffic-
related pollutants made it difficult to accurately estimate the independent effects in these long-term
exposure studies. Results from the available epidemiologic evidence investigating the association between
long-term exposure to NO, and increases in asthma prevalence and incidence were suggestive (Section
3.4.2). Two major cohort studies, the Children’s Health Study in southern California (Gauderman et al.,
2005) and a birth cohort study in the Netherlands (Brauer et al., 2007) observed significant associations;
however, several other studies did not find consistent associations between long-term NO, exposure and
asthma outcomes. Epidemiologic studies conducted in both the U.S. and Europe also have produced
inconsistent results regarding an association between long-term exposure to NO, and respiratory
symptoms (Section 3.4.3). While some positive associations were noted, a large number of symptom
outcomes were examined and the results across specific outcomes were inconsistent. Animal toxicological
studies demonstrated that NO, exposure resulted in morphological changes in the centriacinar region of
the lung and in bronchiolar epithelial proliferation (Section 3.4.4), which may provide some biological
plausibility for the observed epidemiologic associations between long-term exposure to NO, and
respiratory morbidity. Susceptibility to these morphologic effects was found to be influenced by many
factors, such as age, compromised lung function, and acute infections.

5.3.2.5. Other Morbidity Related to Long-Term Exposure

The available epidemiologic and toxicological evidence was inadequate to infer the presence or
absence of a causal relationship for carcinogenic, cardiovascular, and reproductive and developmental
effects related to long-term NO, exposure. Two epidemiologic studies conducted in Europe showed an
association between long-term NO, exposure and increased incidence of cancer (Nyberg et al., 2000;
Nafstad et al., 2003). However, the animal toxicological studies provided no clear evidence that NO, acts
as a carcinogen, though it does appear to act as a tumor promoter at the site of contact (Section 3.5.1).
There were no in vivo studies supporting the hypothesis that NO, causes teratogenesis or malignant
tumors. A more likely pathway for NO, involvement in cancer induction is through secondary formation
of nitro-PAHs, as nitro-PAHs are known to be more mutagenic than the parent compounds. The very
limited epidemiologic and toxicological evidence does not indicate that long-term exposure to NO, has
cardiovascular effects (Section 3.5.2). The U.S. Women’s Health Initiative study (Miller et al., 2007) did
not find any associations between long-term NO, exposure and cardiovascular events. The toxicological
studies found some effects of NO, on cardiac performance and heart rate, but only at exposure levels of
above 4 ppm. The epidemiologic evidence was not consistent for associations between NO, exposure and
growth retardation; however, some evidence is accumulating for effects on preterm delivery (Section
3.5.3). Similarly, scant animal evidence supports a weak association between NO, exposure and adverse
birth outcomes and provides little mechanistic information or biological plausibility for the epidemiologic
findings.

5.3.2.6. Mortality Related to Long-Term Exposure

The epidemiologic evidence was inadequate to infer the presence or absence of a causal rela-
tionship between long-term exposure to NO, and mortality. In the U.S. and European cohort studies
examining the relationship between long-term exposure to NO, and mortality, results were generally
inconsistent (Section 3.6, Figure 3.6-2). Further, when associations were noted, they were not specific to
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NO,, but also implicated PM and other traffic indicators. The relatively high correlations reported
between NO, and PM indices (r ~0.8) make it difficult to interpret these associations.

5.3.2.7. Exposure Indices

The available NO, indices used to indicate short-term ambient NO, exposure are daily 1-h max;
24-h avg; and 2-week avg NO, concentrations. New data on short-term exposures have been published
since the 1993 NOx AQCD. Some studies examined only one index, and these studies form an evidence
base for that individual index. A few studies used both 1-h and 24-h data and, thus, allow a comparison of
these averaging periods. These included studies of respiratory symptoms, ED visits for asthma, hospital
admissions for asthma, and mortality. Comparisons of effect estimates for asthma ED visits for the 1-h
and 24-h time periods showed that the effect estimates are not different. Experimental studies in both
animals and humans provided evidence that short-term NO, exposure (i.e., <1 h to 2-3 h) can result in
respiratory effects such as increased airway responsiveness or inflammation, thereby increasing the
potential for exacerbation of asthma. These findings generally supported epidemiologic evidence on
short-term exposures, but did not provide evidence that distinguishes effects for one short-term averaging
period from another. Differences between daily 1-h max and 24-h avg exposures estimates are unlikely to
be well characterized by the limited monitoring data available. Though an array of studies that examined
short-term (24-h avg and 1-h maximum) NO, exposures and respiratory morbidity consistently produced
positive associations, it is not possible to discern whether these effects are attributable to average daily (or
multiday) concentrations (24-h avg) or high, peak exposures (1-h max).

5.3.2.8. Susceptible and Vulnerable Populations

Based on both short- and long-term studies of an array of respiratory health effects data, persons
with preexisting pulmonary conditions are likely at greater risk from ambient NO, exposures than
the general public, with the most extensive evidence available for asthmatics as a potentially susceptible
group. In addition, studies indicated that upper respiratory viral infections can trigger susceptibility to the
effects of exposure to NO,. There was supporting evidence of age-related differences in susceptibility to
NO, health effects such that the elderly population (>65 years of age) appeared to be at increased risk of
mortality and hospitalizations, and that children (<18 years of age) experienced other potentially adverse
respiratory health outcomes with increased NO, exposure. People with occupations that require them to
be in or close to traffic or roadways (i.e., bus and taxi drivers, highway patrol officers) may have
enhanced exposure to NO, compared to the general population, possibly increasing their vulnerability. A
considerable portion of the population resides and/or attends school near major roadways, increasing their
exposure to NO, and other traffic pollutants. Otherwise susceptible individuals (schoolchildren, older
adults) in this subpopulation may be at increased risk. Recent studies have evaluated the effect of
socioeconomic status (SES) on susceptibility to the effects of NO, exposure; however, to date, these
studies are too few in number to draw conclusions. Though data are just emerging (Romieu et al., 2006;
Islam et al., 2007), it is believed that a genetic component could be important in characterizing the
association between NO, exposure and adverse health effects.

5.3.2.9. Concentration-Response Relationships and Thresholds

The conclusions pertaining to respiratory health presented in this ISA are based on numerous
studies, including panel and field, intervention, and multipollutant studies that control for the effects of
other pollutants, and studies conducted in areas where the whole distribution of ambient 24-h avg NO,
concentrations was below the current NAAQS level of 0.053 ppm (annual average). In some cases the
mean exposure in positive epidemiologic studies are <10 ppb; the policy-relevant background
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concentration is <0.01 ppb. In studies that have examined concentration-response relationships between
NO, and health outcomes, the concentration-response relationship appears linear within the observed
range of data, including at levels below the current standard. There is little evidence of any effect
threshold (Section 4.2). Factors that made it difficult to identify any threshold that may exist included:
interindividual variation; additivity of pollutant-induced effects to the naturally occurring background
disease processes; additivity to health effects due to other environmental insults having a mode of action
similar to that of NO,; exposure error; and response measurement error. Low data density in the lower
concentration range as a result of limited monitoring is a particular problem in terms of measurement
error. Additionally, if the concentration-response relationship was shallow, identification of any threshold
that may exist will be more difficult to discern.

5.4. Conclusions

New evidence confirms previous findings in the 1993 AQCD that short-term NO, exposure is
associated with increased airway responsiveness, often accompanied by respiratory symptoms,
particularly in children and asthmatics. This ISA concludes that the strongest evidence for an association
between NO, exposure and adverse human health effects comes from epidemiologic studies of respiratory
symptoms and ED visits and hospital admissions. These new findings were based on numerous studies,
including panel and field studies, multipollutant studies that control for the effects of other pollutants, and
studies conducted in areas where the whole distribution of ambient 24-h avg NO, concentrations was
below the current NAAQS level of 0.053 ppm (53 ppb) (annual average). The effect estimates from the
U.S. and Canadian studies generally indicate a 2-20% increase in risks for ED visits and hospital
admissions. Risks associated with respiratory symptoms generally were higher. The studies providing this
evidence (summarized in Table 5.4-1) were identified based on criteria for selecting epidemiologic
studies for inclusion in the ISA (Annex Section AX1.3.2 and Annex Figure AX1.3-1). They include U.S.
and Canadian studies conducted at or near ambient concentrations, which were well-designed, properly
implemented, and thoroughly described. All of the U.S. and Canadian studies included in Figure 5.3-1 are
included in Table 5.4-1. Evidence from human clinical studies, especially for airway hyperresponsiveness
in asthmatic individuals, was generally supportive of the epidemiologic evidence (see Table 5.3-2).

These conclusions were supported by some evidence from toxicological and human clinical studies.
These data sets formed a plausible, consistent, and coherent description of a relationship between NO,
exposures and an array of adverse health effects that range from the onset of respiratory symptoms to
hospital admission. Though an array of studies that examined short-term (24-h avg and 1-h max) NO,
exposures and respiratory morbidity consistently produced positive associations, it is not possible to
discern whether these effects are attributable to average daily (or multiday) concentrations (24-h avg) or
high, peak exposures (1-h max). While the evidence supported a direct effect of short-term NO, exposure
on respiratory morbidity, the available evidence was inadequate to infer the presence or absence of a
causal relationship for morbidity and mortality effects related to long-term NO, exposure. Further, the
health evidence was inadequate to infer the presence or absence of a causal relationship for carcinogenic,
cardiovascular, and reproductive and developmental effects, or for premature mortality, related to long-
term NO, exposure.

The available evidence on the effects of short-term exposure to NO, for cardiovascular health
effects is inadequate to infer the presence or absence of a causal relationship at this time. Though there is
no human clinical or animal toxicological evidence, the epidemiologic evidence is suggestive but not
sufficient to infer a causal relationship of short-term exposure to NO, with nonaccidental and
cardiopulmonary-related mortality.

It is difficult to determine from these new studies the extent to which NO, is independently associated
with respiratory effects or if NO, is a marker for the effects of another traffic-related pollutant or mix of
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pollutants (see Section 5.2.2 for more details on exposure issues). On-road vehicle exhaust emissions are
a nearly ubiquitous source of combustion pollutant mixtures that include NO, and can be an important
contributor to NO, levels in near-road locations. Although this complicates the efforts to disentangle
specific NO,-related health effects, the evidence summarized in this assessment indicates that NO,
associations generally remain robust in multipollutant models and supports a direct effect of short-term
NO, exposure on respiratory morbidity at ambient concentrations below the current NAAQS level. The
robustness of epidemiologic findings to adjustment for copollutants, coupled with data from animal and
human experimental studies, support a determination that the relationship between NO, and respiratory
morbidity is likely causal, while still recognizing the relationship between NO, and other traffic related
pollutants. In addition, an intervention study by Pilotto et al. (2004) found that exposure to NO, from an
indoor combustion source is associated with respiratory effects; in this study NO, effects would not be
confounded by other motor vehicle emission pollutants, though potential confounding by other pollutants
from gas stove emissions, such as UFP, could occur.

Human clinical and toxicological study findings also provide support for independent effects of
NO, on respiratory health. Limited evidence from human clinical studies indicated that NO, may increase
susceptibility to injury by subsequent viral challenge; toxicological studies show that lung host defenses
are sensitive to NO, exposure. The epidemiologic and experimental evidence together show coherence for
effects of NO, exposure on host defense or immune system effects providing plausibility and mechanistic
support for respiratory symptoms and ED visits for respiratory disease. Additionally, short-term exposure
to NO, shows increased airway inflammation in human clinical and animal toxicological studies but at
exposure concentrations higher than ambient levels. Human and animal experimental studies provide
support for increased airways responsiveness to specific and nonspecific challenge following NO,
exposure. Transient increases in airway responsiveness following NO, exposure have the potential to
increase symptoms and worsen asthma control.

Identification of a concentration-response relationship is an additional uncertainty that must be
considered when describing the association of NO, and adverse health effects. In studies that have
examined concentration-response relationships between NO, and health outcomes specifically, there was
little evidence of an effect threshold. Because ambient levels of NO, are low in many of the
epidemiologic study sites, the concentration-response relationship may be shallow, making it difficult to
identify any threshold.
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Table 5.4-1. Ambient NO, concentrations and selected effect estimates from studies of respiratory
symptoms, ED visits and hospital admissions in the U.S. and Canada.Complete
results and study details in Annex Tables AX6.3-2 through AX6.3-5.

AVG STANDARDIZED? % EXCESS RISK
STUDY POPULATION TV MEAN (SD) | RANGE (95% Cl)
Respiratory Symptoms
Schwartz et al. (1994) 6 cities, U.S. 24-havg |13 ppb (NR) Max: 44 61.3% (8.2, 143.4) Cough Incidence
Mortimer et al. (2002) 8 urban areas, U.S. 4-h avg 32 ppb (NR) -7, 96 48% (2, 116) Morning Asthma Symptoms
Schildcrout et al. (2006) 8 North American Cities |24-h avg |17-26 ppb (NR) [NR 4.0% (1.0, 7.0) Asthma Symptoms
Ostro et al. (2001) LA and Pasadena, CA 1-h max 68-80 ppb (NR) |20, 220 7.0% (1.0, 13.8) Cough Onset
Delfino et al. (2002) Alpine, CA 1-hmax |24 ppb (10) 8, 53 34.6% (-17.9, 122.1) Asthma Symptoms
Delfino et al. (2003) East LA County, CA 1-hmax [7.2 ppb (2.1) 3,14 120% (-46, 2,038) Asthma Symp. Scores >1
Linn et al. (1996) Los Angeles, CA 24-havg |33 ppb (22) 1,9 ggziy’“473'211)M°”“”93Vmpm”
Emergency Department Visits — All Respiratory
Peel et al. (2005) Atlanta, GA 1-hmax |45.9 ppb (17.3) |Max: 256 |2.4% (0.9, 4.1)
Tolbert et al. (2007) Atlanta, GA 1-hmax |43.2ppb (NR) [1.0-181  |2% (0.5, 3.3)
Emergency Department Visits - Asthma
" . Cinc:50 ppb (15)

Jaffe et al. (2003) 2 cities, OH, (Clev, Cinc) [24-havg | Sioiie oo (1a) [NR 6.1% (-2.0, 14.0)
Ito et al. (2007) New York, NY 24-havg [31.1ppb (8.7) |NR 12% (7, 16)
New York State Department of g\ 21d Manhattan, NY [24-h avg  [34 ppb (NR)  |NR 6% (1, 10) Bronx. -3% (-18, 14) Manhattan
Health (2006)
Peel et al. (2005) Atlanta, GA 1-hmax |45.9 ppb (17.3) |NR %ﬁ§044&NM“&4ﬂ“Q&IQZ
Tolbert et al. (2000) Atlanta, GA 1-hmax |81.7 ppb (53.8) |5.4,306 |0.7% (-0.8, 2.3)
Hospital Admissions — All Respiratory
Burnett et al. (1997a) 16 Canadian Cities 1-hmax |35.5 ppb (16.5) |NR 'Cofli:/" (-2:4,1.8) adjusted for CO, Os, SO,
Yang et al. (2003) Vancouver, BC 24-havg [187ppb(57) |NR 12-51 ‘;ﬁ 5(7.4, 36.3)<3 yrs. 19.1% (11.2, 36.3)
Fung et al. (2006) Vancouver, BC 24-havg [16.8 ppb (4.3) 72,339 (9.1% (1.5,17.2)
Burnett et al. (2001) Toronto, ON 1-h max 44.1 ppb (NR) Max: 146 [13.3% (5.3, 22.0)
Luginaah et al. (2005) Windsor, ON, 1-hmax  |38.9ppb(12.3) |NR 6.7% (5.4, 20.4) female. -10.3% (20.3, 1.1)
Hospital Admissions — Asthma
Linn et al. (2000) Los Angeles, CA 24-havg |3.4 ppb (1.3) NR 2.8% + 1.0%
Lin et al. (2004) Vancouver, BC 24-havg |18.7ppb (5.6) |4.3,5.4 ‘ésir'fs% (12.7, 88.3) Boys. 23.0% (-11.7, 70.2)
Lin et al. (2003) Toronto, ON 24-havg |25.2 ppb (9.04) [3.0,82.0 gg“m&”&BWS”D%wAMA)
Burnett et al. (1999) Toronto, ON 24-havg [25.2 ppb (9.1) NR 2.60% (0, 5)

Note: Several U.S. and Canadian studies were excluded from Figure 5.3-1 and this table because they were either GAM-impacted (Cassino et al., 1999; Gwynn et al. 2000;
Norris et al. 1999; Stieb et al. 2000) or did not present sufficient quantitative risk estimates (Lipsett et al., 1997; Sinclair and Tolsma 2004).

#24-h avg effect estimates standardized to 20 ppb increment; 1-h max effect estimates standardized to 30 ppb increment.
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