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Chapter 10 of the Risk and Exposure Assessment to Support the Review of the NO, Primary
National Ambient Air Quality Standard (hereafter referred to as the "REA™) assesses the adequacy of the
current nitrogen dioxide (NO) primary National Ambient Air Quality Standard (NAAQS) of 0.053 ppm
(annual average) and alternative primary NO, standards (US EPA, 2008a). This assessment is based on
the scientific evidence provided in the NO, Integrated Science Assessment for Oxides of Nitrogen
(hereafter referred to as the "ISA™) and the exposure and risk characterization data presented in the REA
(US EPA, 2008a,b). US EPA concluded that "the scientific evidence reasonably supports a range of
standard levels from 50 ppb to 200 ppb, with strong support for a level at or below 100 ppb" based on
fewer NO,-related emergency department (ED) visits, on average, than those associated with just meeting
the current standard. US EPA based this conclusion on epidemiology studies focused on these
concentrations, and noted that this is also supported by "1) evidence from controlled human exposure
studies of airway hyper-responsiveness in asthmatics, 2) controlled human exposure and animal
toxicological studies of impaired host-defense systems and increased risk of susceptibility to viral and
bacterial infection, and 3) controlled human exposure and animal toxicological studies of airway
inflammation” (US EPA, 2008a). The REA fails to consider several issues, discussed beow, which
suggest that clinical and epidemiology studies do not provide a sufficient scientific basis for establishing a
1-hr standard of 0.05 to 0.1 ppm NO..

1. Studies assessing the association between 1-h daily maximum levels of NO, close to 0.1 ppm or
0.2 ppm and respiratory mor bidity do not support causation.

US EPA (2008a) primarily relies on six studies to support an appropriate upper end of the range of
the 1-h daily maximum NO, standard. Four of these focused on maximum 1-h NO, leves of
approximately 0.1 ppm (Ped et al., 2005; NYDOH, 2006; Ito et al., 2007; Tolbert et al., 2007). The
REA reports:
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Positive and statistically-significant associations were observed in several key US
epidemiologic studies associated with 1-h daily maximum levels of NO, close to 0.1 ppm
(Ped et al., 2005; NYDOH, 2006; Ito et al., 2007; Tolbert et al., 2007) (see Figure 5-1).
In multi-pollutant models, effect estimates remained statistically-significant in the study by
Ito and positive, but non-significant, in the other studies.

This statement is misleading. There were several single-pollutant models in these studies that did not
produce statistically significant effects. For example, the association between NO, and ED visits for
asthma in the Ped et al. (2005) study was not statistically significant. In addition, there was a "key" study
identified in Chapter 5 (Jaffe et al., 2003) for which there were no statistically significant risks based on
single-pollutant models that was not discussed in Chapter 10. Also, the risk estimates that were
statistically significant in the studies noted above were not robust; that is, they were small in magnitude and
their lower 95% confidence intervals (95% CIs) were close to 1. Both null results and the strength of
significant associations should be considered in a proper weight-of-evidence analysis, but the REA does not
do this. It should also be noted that statistical significance in these models did not fully account for all
uncertainties, such as measurement error and exposure misclassification. Had these uncertainties been
accounted for, it is possible that the risk estimates would not have been statistically significant. Finally,
and perhaps most importantly, Chapter 10 of the REA does not give appropriate weight to the correlation
of NO, with other co-pollutants, or that the study by Ito et al. (2007) was the only study reporting
statistically significant effects in multi-pollutant models. Moreover, despite reporting significant effects
using a multi-pollutant model, Ito et al. stated: "NO, may be a good indicator of more air pollution from
local combustion sources. NO, is sometimes referred to as a surrogate marker of traffic-related air
pollution.” They suggested that it may be a surrogate for ultrafine particles or an agent "that may or may
not be measured regularly and yet has some potential health effects.”

In addition to the studies assessing health effect at NO, concentrations around 0.1 ppm, the REA
relies on two studies with the highest 1-h NO, concentrations. Regarding these studies, US EPA (2008a)
states:

Positive and statistically-significant NO, effect estimates were also observed in the two key
US studies associated with the highest 1-h NO, concentrations (Linn et al., 2000; Ostro et
al., 2001). These studies were associated with 98th and 99th percentile 1-h daily
maximum NO, concentrations from 0.18 ppm to 0.21 ppm. These studies did not evaluate
multi-pollutant models. Therefore, they do not provide additional support for an
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independent association between NO, and respiratory morbidity beyond that provided by

the studies noted above.
It is notable that the REA acknowledges that these studies are not useful for assessing the causal
association between short-term NO, exposure and respiratory morbidity because effects were not evaluated
in multi-pollutant models. This is not consistent with their evaluation of studies assessing 1-h daily
maximum levels of NO, closeto 0.1 ppm, for which statistically significant effects were not found in multi-
pollutant models except those described by Ito et al. (2007), but for which US EPA still considered to
provide evidence of positive associations with NO,. The REA should put more emphasis on multi-pollutant

modds, particularly when results differ from single pollutant models.

In sum, there is no weight-of-evidence assessment in Chapter 10 of the REA. US EPA (2008a)
does not consider all data (statistically significant and not) equally, nor does it consider the uncertainties
associated with exposure measurements and the likelihood that associations between respiratory morbidity
and short-term NO, may actually be attributable to other factors. Thus, these epidemiology studies do not

provide sufficient evidence for an upper end of the range of the 1-h daily maximum NO, standard.

2. The study by Delfino et al. (2002) does not provide sufficient evidence for determining an
appropriate lower end of the range of levels for a standard.

One of two primary factors US EPA (2008a) considered for determining the lower end of the range
of levels for the standard that are supported by the evidence was the study by Ddfino et al. (2002).
Regarding this study, US EPA states:

[T]he study by Ddfino et al., (2002) provides evidence for associations between short-
term ambient NO, concentrations and respiratory morbidity in a location where NO,
concentrations were well below levels in most other key US epidemiologic studies. This
study reports positive associations between 1-h and 8-h (only 8-h associations were
statistically-significant) levels of NO, and asthma symptoms in a location where the 98th
and 99th percentile 1-h daily maximum NO, concentrations were 0.05 and 0.053 ppm,
respectively.

In fact, the study by Delfino et al. (2002) does not provide sufficient evidence for determining the
lower end of the range for severa reasons. There were only 22 asthmatic children in this study and
analyses stratified by medication use (on/off) were conducted using only 10 and 12 children, respectively.
These small numbers could have lead to unstable estimates and spurious results. As with several other
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studies, Ddfino et al. (2002) relied on fixed site monitors to determine levels in individuals, and this could
have lead to exposure misclassification, also leading to spurious results (and at the very least, led to a
higher degree of uncertainty that was not accounted for). Eight-h max NO, was statistically significantly
corrdated with every other independent variable assessed in this study (i.e., 8-h max Oz, 1-h max PM,
24-h mean PM 4, 1-h max NO,, 12-h daytime fungi, 24-h pollen, max temperature, and 24-h mean relative
humidity) and 1-h max NO, was statistically significantly correlated with all of these except 8-h max Os;
(see Table 3, Ddfino et al., 2002). Any statistically significant associations observed between 8-h NO,
and asthma symptoms may have been attributable to one of these other factors. Finally, Ddfino et al.
(2002) stated that their sensitivity analysis "identified the need for both a greater amount of data to mode
the shape of the exposure-response curve and better modding strategies to determine that shape” Given
this high level of uncertainty, the Defino et al. (2002) study is not appropriate for determining the lower

end of the range of the standard.

3. Clinical studies do not support a causal association between short-term NO, exposure and
increased airway hyper-responsiveness.

Overall, results from the clinical, controlled-exposure studies do not provide clear evidence that
there is a causal association between short-term (i.e., less than 2 hours) exposure to NO, and increased
airway hyper-responsiveness in individuals with asthma. US EPA's determination that increased airway
hyper-responsiveness to non-specific bronchial challenges occurs at near ambient concentrations (0.1 — 0.3
ppm) reies primarily on US EPA's unpublished meta-analysis of controlled exposure studies (Section
3.1.3.2 of the ISA, US EPA, 2008b). US EPA's analysis is based on a meta-analysis published by
Folinsbee (1992), and excludes studies that used specific allergen challenges, but includes an additional,
more recent study that used a non-specific bronchial challenge. US EPA's meta-analysis also focuses on
results involving resting exposures to NO,, for which the response was greater than for studies that
involved NO, exposures during exercise. US EPA's determination is questionable in that there is no clear
relationship between NO, concentration and airway hyper-responsiveness for concentrations up to 1.0 ppm;
the majority of the studies included in the meta-analysis do not show any statistically significant or
biologically meaningful effect due to NO, exposure; the greater response for subjects at rest contradicts
results from other studies and does not have a readily explainable biological basis, and the weight-of-
evidence from more recent studies does not indicate that NO, exposure up to a concentration of at least 0.4

ppm has a significant effect on airway hyper-responsiveness ether for individuals with or without asthma.
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A key tenet in establishing a causal relationship between an exposure and a subsequent response is
that the magnitude of the response should increase as exposure increases. Yet, as shown in Figure 1, there
is no clear reationship between NO, concentration and non-specific airway hyper-responsiveness for the

studies included in the Folinsbee (1992) meta-analysis.
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Figure 1. Top pand (a) shows the percent of study subjects who responded to NO, exposure with
increased airway hyper-responsiveness (relative to the number of subjects who responded with both
increased and decreased airway hyper-responsiveness but excluding those with no change) as a function of
NO, concentration. Bottom panel (b) shows the percent difference in the provocative dose required for an
airway response following exposure to either air or NO,, as a function of NO, concentration. Data from
individual studies are plotted as individual circles, based on Folinsbee (1992). Note that in Figure 1a, the
percent of positive responders is overestimated because subjects whose airway response did not differ
between air and NO, were excluded, and because it likely includes subjects whose change in
responsiveness was within the range of normal intra-individual variability. Figure 1b excludes results
from two studies, at 0.2 and 0.8 ppm, with a difference between air and NO, of 0.02 and -0.06,
respectively, because Folinsbee did not provide data on the magnitude of the response.

G:\Projects\208149_NAAQS\WorkingFiles

Goodman NOx REA Comments 12_08.doc 5 Gradient CORPORATION



Importantly, the lack of a concentration-response relationship for the studies included in the
Folinsbee (1992) meta-analysis is similarly borne out in individual studies from the Folinsbee analysis that
have evaluated more than one NO, concentration, none of which show a concentration-response between
NO, exposure and airway hyper-responsiveness (e.g., Avol et al., 1988; Bylin et al., 1988; Jorres and
Magnussen, 1990; Linn et al., 1986; Rasmussen et al., 1990, as cited in Folinsbee, 1992; Roger et al.,
1990). Further, the lack of a concentration-response for the studies included in the Folinsbee meta-analysis
is understandable when evaluating the individual studies, the majority (15 of 20) of which did not show
differences in response that were either statistically significant or biologically meaningful.

In the Folinsbee (1992) meta-analysis, a statistically significant reationship between NO, and
airway hyper-responsiveness is observed only for subjects who were exposed at rest, but not while
exercising. This counter-intuitive observation contradicts results from many controlled exposure studies
which find that exercise enhances airway response to inhaled pollutants (e.g., Bauer et al., 1986; Linn et
al., 1985; Rubinstein et al., 1990; Sheppard et al., 1981). To explain the inconsistency between the meta-
analysis and results from other studies, Folinsbee cites a study by Inman et al. (1990), in which
responsiveness to methacholine is reduced during exercise; as well as a study by Freedman et al. (1988, as
cited in Folinsbeg), in which methacholine-induced bronchoconstriction is reduced more rapidly with
exercise. However, in the studies cited by Folinsbee, exercise preceded the methacholine challenge (i.e.,
Jorres and Magnussen, 1991; Kleinman et al., 1983; Roger et al., 1990; Strand et al., 1996). Hence, the
studies by Inman et al. and Freedman et al. that Folinsbee cites do not necessarily explain the paradox

observed by Folinsbee of a greater effect on airway responsiveness at rest vs. with exercise.

As with many of the studies included in the Folinsbee analysis, more recent studies similarly do not
indicate that short-term exposure (30 minutes to 6 hours) to NO,, at levels ranging from 0.2 to 0.4 ppm,
affects airway hyper-responsiveness (e.g., Barck et al., 2005; Jenkins et al., 1999; Strand et al., 1998;
Witten et al., 2005). These more recent studies evaluated airway response to naturally occurring allergens,

including plant allergens (e.g., birch, grass, timothy) and house dust mites.

Taken together, the clinical studies do not support a causal association between short-term NO,

exposure and increased airway hyper-responsiveness.
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4. US EPA overestimated the percentage of asthmatics who may experience NO -related airway
hyper -r esponsiveness.

US EPA estimated the percentage of asthmatics who may be sensitive to NO.-induced hyper-
responsiveness based on the percentage of positive responders (i.e. individuals with increased airway
hyper-responsiveness following exposure to NO,) rdative to the number of positive responders plus the
number of negative responders (i.e., individuals with decreased airway hyper-responsiveness following NO,
exposure), as reported by Folinsbee (1992). However, the studies in the Folinsbee meta-analysis also
included data for individuals whose response did not differ between NO, and air, and who presumably
would not be sensitive to NO»-induced hyper-responsiveness. For example, the study by Orehek et al.
(21976) included data for three individuals whose response did not differ between NO, and air. By
excluding this data, US EPA overestimated the percentage of individuals with asthma who may be
susceptible to NO,-rdated airway hyper-responsiveness.

A second way in which US EPA may have overestimated the number of individuals potentially
sensitive to NO-induced hyper-responsiveness is by classifying as positive responders individuals whose
response was within normal range of intra-individual variability. As US EPA correctly notes in the REA
(US EPA, 2008a), the Folinsbee meta-analysis does not account for the magnitude of response. Yet it is
important to distinguish responses which may be due to normal day-to-day variability from responses
which are truly due to NO, exposure. Potential intra-individual variability can be estimated roughly based
on responses of subject number 16 in the study by Orehek et al. (1976), who was exposed twice to air and
twice to NO,. Using this estimate of intra-individual variability, there at least six individuals classified as
positive responders whose responses may have been due to normal variability rather than to any effect of
NO..

A third way in which US EPA may have overestimated the number of individuals potentially
susceptible to NO»-induced hyper-responsiveness is by limiting their analysis to non-specific airway hyper-
responsiveness, following challenge with pharmacological agents such as methacholine and carbochal, high
concentrations of sulfur dioxide (SO,), or cold air. In ther own, unpublished meta-analysis, US EPA
(2008b) has excluded studies from the Folinsbee (1992) analysis that used specific challenges (i.e,
allergens, such as ragweed), and has added a more recent study by Strand et al. (1996) that used a non-
specific histamine challenge.  Moreover, both of the studies that used SO, challenges assessed

responsiveness to SO, using hyperventilation, which by itsdf can increase airway hyper-responsiveness
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(discussed in US EPA, 1993). Non-specific challenges to methacholine, carbachol, and high concentrations
of SO, may overestimate responses to reevant challenges, such as ragweed, grass, and cold air, that
individuals may actually be exposed to in ther daily lives. Among studies that used specific allergen
challenges (i.e., ragweed, grass) or cold, which are more relevant than challenges with carbachal,
methacholine, or hyperventilated SO,, a significant effect of NO, on hyper-responsiveness was observed
only in the study by Bauer et al. (1986). The enhanced response to NO; in the study by Bauer et al. may
be at least partly due to use of a mouthpiece for exposing subjects to NO,. As discussed by Sheppard et al.
(1984), mouthpiece exposures tend to over-estimate responses relative to exposures involving more natural,

oronasal breathing.

By excluding individuals whose responses did not differ between NO, and air, by not accounting
for intra-individual variability, and by limiting their analysis to non-specific airway hyper-responsiveness,
US EPA overestimated the percentage of asthmatics who may experience NO,-related airway hyper-

responsiveness.

5. Evidence from epidemiological and clinical studies does not consistently support a linear no-
threshold doseresponse association between short-term NO, exposure and respiratory
mor bidity.

With regard to the epidemiological evidence, US EPA (2008a) primarily relies on section 5.3.2.9
(p. 5-15) of the ISA, which concludes that the NO, epidemiologic studies provide "little evidence of any
effect threshold." In Chapter 4 of the ISA, US EPA (2008b) states:

[O]f the epidemiology studies that attempted to look at the shape of the concentration-
response beow 50 ppb, one indicated that effects were weaker at lower levels (Hajat et al.
1999), and one showed a stegper log-linear reationship at lower doses (Burnett et al.
1997¢). The remainder found that a linear function best described the data (Burnett et al.
1997a,b; Jaffe et al. 2003; Tenias et al., 1998; Castdlsague et al., 1995). These results
do not provide adequate evidence to suggest that nonlinear departures exist along any part
of this range of NO, exposure concentrations.

US EPA (2008b) suggests several reasons why "it is difficult to identify any threshold that may exist."
These are described in Chapter 5 of the ISA ,where US EPA (2008b) states:

Factors that made it difficult to identify any threshold that may exist included:
interindividual variation; additivity of pollutant-induced effects to the naturally occurring
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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.

This statement is only partially correct. Some of these factors, such as a shallow concentration-response
curve and low data density, may mask a threshold if one exists, as the ISA correctly notes. The other
factors will not confound the identification of a threshold, but may change the shape of the concentration-
response curve. It is conceivable that US EPA is implying that these other factors will lead to a linear low-
dose concentration-response curve which, by definition, has no threshold. This view was recently put forth
by White et al. (2008), who suggested that interindividual variation, exposure misclassification, and
additivity-to-background will “tend to smooth and linearize the dose-response rdationship.” In reality,
however, this is not always the case (Rhomberg, 2008). Interindividual variation may broaden the
concentration-response curve, but it will not linearize it (as suggested by White et al., 2008). Exposure
misclassification may also flatten a concentration-response curve, and may mask what may in fact be a
stegper curve. Additivity-to-background may support a linear modd, but only under certain situations. It
isincorrect to assume it will always do so, and the REA has not assessed whether it does or does not in this

situation.

Although several studies cited in the ISA reported that a linear model provided the best fit to the
data, these data have many uncertainties (e.g., exposure misclassification, measurement error), few of
which are accounted for in statistical modds. Even if alinear modd best describes the reported data, it is
plausible that a non-linear model would have better described the data were these uncertainties taken into
account. Because of the many uncertainties, the currently-available NO, epidemiology data are simply not
robust enough to determine whether a linear no-threshold dose-response modd describes the association

between short-term NO, exposure and respiratory morbidity.

While it may be difficult to discern whether or not the epidemiology data support a linear, no
threshold concentration-response relationship between NO, and morbidity, the clinical data do not support
a linear relationship between NO, exposure and airway hyper-responsiveness, as discussed in Section 3.
Because some of the uncertainties in epidemiology studies, such as exposure misclassification, are

controlled in the clinical studies, it is much easier to discern the nature of concentration-response
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relationship for clinical studies. As noted, neither a meta-analysis of the Folinsbee studies, nor individual
studies that evaluated more than one NO, exposure concentration, provide evidence that the NO,
concentration-response relationship is linear, with no threshold. Jenkins et al. (1999), who evaluated NO,-
induced airway hyper-responsiveness following a specific allergen challenge with house dust mite, similarly

concluded that there may be a threshold for the effects of NO, on airway responses:

These results suggest that the pollutant-induced changes in airway response of mild atopic
asthmatics to allergen may be dependent on a threshold concentration, rather than the total
amount of inhaled over a period of time.

Taken together, the evidence from epidemiological and clinical studies does not consistently
support a linear no-threshold dose-response association between short-term NO, exposure and respiratory

morbidity.

6. Conclusion

In conclusion, neither epidemiology nor clinical studies provide a sufficient scientific basis for
establishing a 1-hr standard of 0.05 to 0.1 ppm NO,. Although statistically significant associations were
observed between NO, concentrations of approximately 0.1 ppm and ED visits in some (but not all)
studies, this association remained significant when exposure to other pollutants was accounted for in only
the study by Ito et al. (2007), who nonetheless concluded that NO, may be a surrogate for some other
pollutant with potential health effects, rather than actually causing adverse health effects. The study by
Ddfino et al. (2002), which US EPA relies on for establishing the lower end of potential 1-hour standards
at 0.05, is quite small (n = 22) and subject to similar limitations as those studies measuring risks at
approximately 0.1 ppm. Thus, it is too uncertain to identify the nature of the concentration-response
relationship with any confidence. Although increased airway hyper-responsiveness has been observed in
some of the clinical studies at NO, concentrations of 0.1 ppm, the majority of clinical studies show no
associations with airway hyper-responsiveness at this concentration, and no concentration-response
association up to at least 0.4 ppm NO,. Moreover, we determined that US EPA overestimated the
percentage of asthmatics who may experience NO,-related airway hyper-responsiveness. Finally, neither
epidemiological or clinical studies consistently support a linear no-threshold dose-response association
between short-term NO, exposure and respiratory morbidity. Taken together, the weight of evidence does
not support changing the current NAAQS to a 1-hr standard of 0.05 to 0.1 ppm NO..
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