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Executive Summary 

The "Policy Assessment for the Review of the Ozone National Ambient Air Quality Standards, External 
Review Draft" (hereafter, the draft Ozone PA) addresses whether newly available scientific evidence and 
risk-based information support or call into question the adequacy of the public health protection afforded 
by the current annual primary ozone National Ambient Air Quality Standard (NAAQS). 
 
The draft Ozone PA concludes that new scientific evidence and results from the exposure and risk analyses 
do not call into question the adequacy of the standard.  However, a review of the evidence and risk-based 
information indicates that the current standard may be more conservative than necessary to protect public 
health. 
 
The 2013 Ozone Integrated Science Assessment (ISA) and 2019 draft Ozone ISA concluded that there are 
causal and likely to be causal relationships between short- and long-term ozone exposure, respectively, and 
respiratory effects.  The 2019 draft Ozone ISA concluded that there is a likely causal relationship between 
short- and long-term ozone exposure and metabolic effects.  Based on these causal determinations, the draft 
Ozone PA focuses its risk assessment on respiratory effects following short-term exposure to ozone, as it 
concludes that the strongest scientific evidence regarding ozone and adverse health effects comes from 
studies of respiratory endpoints and, in particular, lung function. 
 
The draft Ozone PA indicates that evidence from controlled human exposure studies suggests adverse 
respiratory effects at concentrations as low as 60 ppb ozone.  However, the observed effects are not 
statistically significant or adverse at this concentration.  As such, the inclusion of 60 ppb as a benchmark 
concentration in the exposure and risk assessment is extremely conservative. 
 
Considering that the draft Ozone PA evaluated risks of exposures to 60 ppb ozone, and did so in the most 
sensitive population (children with asthma breathing at an elevated rate), its conclusion that the current 
primary ozone standard is adequate to protect public health is warranted.  In fact, the overly conservative 
nature of this assessment indicates that the current standard may be more stringent than necessary to protect 
public health. 
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1 Introduction 

The "Policy Assessment for the Review of Ozone National Ambient Air Quality Standards (External 
Review Draft)" (hereafter, the draft Ozone PA) reviews the currently available scientific literature 
pertaining to the human health effects associated with ozone exposure and evaluates the potential policy 
implications of the body of scientific evidence.  The draft PA takes into account the scientific evidence 
presented in the "Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft)" (hereafter the draft Ozone ISA; US EPA, 2019) and ultimately evaluates the adequacy of 
the current ozone primary National Ambient Air Quality Standard (NAAQS).  The draft Ozone PA 
concludes that new scientific evidence and results from the exposure and risk analyses do not call into 
question the adequacy of the current ozone primary NAAQS. 
 
The draft Ozone PA indicates that the strongest scientific evidence regarding ozone risks to human health 
comes from studies of respiratory endpoints; this  consists of controlled human exposure and epidemiology 
studies, as well as animal toxicity studies.  The draft Ozone PA concludes that currently available scientific 
evidence and risk-based information do not call into question the adequacy of the public health protection 
afforded by the current primary NAAQS.  While this is true, it should also be noted that this evidence and 
information also indicate that the current standard may be more stringent than necessary to protect public 
health. 
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2 The general approach for reviewing evidence is 
inadequate (3.1.2). 

The draft Ozone PA expanded on previous assessments and considered new scientific evidence discussed 
in the draft Ozone ISA to assess the adequacy of the current ozone primary NAAQS.  As discussed in our 
comments on the draft Ozone ISA (Gradient, 2019), there are several issues with the evaluation of evidence 
in this document. 
 
Briefly, study quality information is limited and presented in an unclear manner in an online database, and 
in the draft Ozone ISA, study quality is not fully or consistently considered.  Furthermore, while the draft 
Ozone ISA emphasizes biological plausibility for each health outcome with regard to ozone exposure, the 
evidence presented does not demonstrate a complete pathway from exposure to downstream health 
endpoints.  As a result, causal determinations are not based on a transparent, systematic, balanced review 
of the available evidence. 
 
The NAAQS systematic review and causal determination framework should be updated to allow for 
conclusions that are reflective of the weight of scientific evidence, and this framework should be followed 
and described in a transparent manner in the ISA.  Suggestions for an updated framework are described in 
Gradient's comments on the draft Ozone ISA (Gradient, 2019). 
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3 Nature of Health Effects (3.3.1) 

The draft Ozone PA cites the draft Ozone ISA's conclusions that the current evidence supports causal and 
likely to be causal relationships between short- and long-term ozone exposure, respectively, and respiratory 
effects.  In addition, the draft Ozone ISA states that newly available evidence indicates a likely causal 
relationship between ozone and metabolic effects.  Below, we demonstrate that the evidence presented in 
the draft Ozone ISA for respiratory and metabolic effects does not support EPA's causal determinations at 
ambient ozone concentrations. 
 
3.1 Short-term exposure evidence does not support a causal classification for 

respiratory effects (3.3.1.1). 

The draft Ozone PA states that the strongest evidence for ozone-induced health effects comes from the 
scientific literature on short-term ozone and transient decrements in pulmonary function and respiratory 
symptoms (i.e., coughing and pain on deep inspiration).  The draft Ozone PA cites findings from controlled 
human exposure studies discussed in the 2013 Ozone ISA as the primary evidence for these effects. 
 
As discussed below, the evidence for respiratory effects does not support EPA's conclusion that there is a 
causal relationship between short-term ozone exposure and respiratory morbidity and mortality at relevant 
concentrations.  The controlled human exposure studies indicate that there are no statistically significant 
adverse respiratory effects associated with ozone exposures below 70 ppb.  Effects reported at 60 ppb are 
also not adverse.  In addition, the 2013 Ozone ISA did not properly consider key limitations in the 
epidemiology evidence, and new studies have the same critical issues that impact the validity of the results.  
Furthermore, key toxicity studies on which EPA relied to support the epidemiology data were conducted at 
very high exposure levels that are not relevant for assessing the health effects of ambient ozone. 
 
3.1.1 Evidence from controlled human exposure studies does not support respiratory effects 

following short-term exposure to ozone at ambient levels. 

In the 2013 Ozone ISA, EPA reviewed controlled human exposure studies of ozone in healthy adults, 
focusing on four studies that assessed the association between ozone and lung function at exposures below 
80 ppb (Adams, 2002, 2006; Schelegle et al., 2009; Kim et al., 2011).  In addition, EPA presented a cross-
study analysis of controlled ozone exposures between 40 and 120 ppb and lung function in the 2013 Ozone 
ISA (Folinsbee et al., 1988; Horstman et al., 1990; McDonnell et al., 1991, 2007; Adams, 2002, 2003, 
2006) with a smooth curve that represented a linear relationship between ozone and forced expiratory 
volume in the 1 second (FEV1). 
 
As discussed in Gradient's comments on the draft Ozone ISA (Gradient, 2019), we evaluated the same data.  
We estimated the group mean decrease in ΔFEV1 for a given ozone concentration and fit both linear and 
sigmoid models across the studies.  The linear model suggests a protective effect of ozone below ~50 ppb, 
which is biologically implausible.  However, the sigmoid model fits the data and indicates that there is a 
likely threshold.  This is consistent with biological data that support a threshold mode of action.  EPA 
should consider a chemical agent's mode of action when choosing a statistical model for dose-response 
data. 
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Based on evidence presented in the 2013 Ozone ISA, the draft Ozone PA claims that young adults 
experience statistically significant decreases in group mean pulmonary function after 6.6 hours of 60 ppb 
ozone exposure with moderate exertion.  This conclusion is based on studies by Kim et al. (2011), Schelegle 
et al. (2009), and Adams (2006), as well as a re-analysis of Adams (2006) by Brown et al. (2008); yet, only 
the findings by Kim et al. (2011) were statistically significant.   
 
In the re-analysis of Adams (2006), Brown (2008) reported a statistically significant decrement in FEV1 at 
a 60 ppb square-wave mean ozone concentration using a t-test applied to the 6.6 hour data.  This analysis 
excluded all other time points (i.e., 1, 2, 3, 4.6, and 5.6 hours) and did not account for other responses from 
different exposure scenarios (i.e., triangular mean 40, 60, and 80 ppb and square-wave 80 ppb ozone).  
Thus, this statistically significant finding can be attributed to the majority of the data being selectively 
omitted from the analysis. 
 
Discarding data is inappropriate, especially in light of more powerful and complex statistical models (e.g., 
mixed effect models) that can be employed (Gradient, 2011).  Such post hoc selection of a data subset when 
valid and otherwise non-problematic observations exist calls into question the rationale for such action.  
The primary rationale for Brown (2008) to remove data from other experimental conditions was apparently 
to avoid stringent reductions in the critical p-value for statistical significance due to multiple comparisons 
procedures.  These other data still exist, so leaving them out of the analysis does not eliminate the issue.  In 
addition, Nicolich (2007,) conducted a reanalysis of the full dataset from Adams (2006); the findings were 
consistent with the findings of Adams (2006), confirming that there was no statistically significant 
decrement in group mean FEV1 following 60 ppb ozone exposure. 
 
Finally, effects at 60 ppb are not clinically adverse.  The American Thoracic Society (ATS) stated that 
transient loss of lung function could be considered adverse if the loss is accompanied by respiratory 
symptoms (ATS, 2000).  In a more recent statement, ATS expressed that small changes in lung function 
without symptoms should only be considered adverse in individuals with pre-existing compromised 
function, such as asthma (Thurston et al., 2017).  The controlled human exposure studies focused on young, 
healthy adults and decrements in lung function were not accompanied by respiratory symptoms. 
 
3.1.2 Animal toxicity studies are not informative regarding ambient ozone exposures. 

In studies that investigated the effects of ozone in animals with asthma or airway hyperresponsiveness, the 
asthmatic phenotype has been modeled by allergic sensitization of the respiratory tract.  There are only a 
limited number of studies that have observed airway hyperresponsiveness in rodents and guinea pigs at less 
than 300 ppb ozone.  Studies discussed in the 2013 Ozone ISA and new studies discussed in the draft Ozone 
ISA do not provide evidence for human respiratory effects at ambient concentrations.  Many of the cited 
studies in the draft Ozone ISA reported effects only at concentrations as high as 1,000 or 2,000 ppb.  For 
example, the 2013 Ozone ISA included a study by Funabashi et al. (2004; US EPA, 2013 ); the authors 
reported changes in pulmonary function (increased respiratory resistance and decreased dynamic 
compliance) in mice exposed to 1,000 ppb ozone.  More recent studies reviewed in the draft Ozone ISA 
report increased airway responsiveness at exposure concentrations as high as 2,000 ppb (e.g., Kasahara et 
al., 2015; Stober et al., 2017; Cho et al., 2018 US EPA, 2019).  The draft Ozone ISA noted that 800 ppb 
was the lowest ozone dose that increased airway responsiveness.  Furthermore, setting aside the issue of 
high ozone exposure doses, there is also uncertainty regarding the relevance of the evidence because of the 
differences in airway morphology in rodents compared with humans.  While evidence of ozone-induced 
respiratory effects has been documented in non-human primates, a more biologically relevant species, the 
effects occurred following episodic exposure to 500 ppb ozone.  These findings do not provide evidence of 
ozone-induced respiratory effects in humans at ambient concentrations, as mechanisms of biological effects 
may differ at high vs. low ozone concentrations. 
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3.1.3 Epidemiology studies are insufficient to provide evidence on short-term ozone 

exposure and respiratory effects. 

The draft Ozone ISA cites new studies and previously reviewed studies from the 2013 Ozone ISA as 
evidence of ozone-induced respiratory effects.  As discussed in Gradient's previous comments on the 2013 
Ozone ISA, there are several key limitations of the epidemiology studies (Goodman and Sax, 2012).  
Furthermore, the EPA Administrator indicated in 2014 proposed rule that these limitations precluded their 
use in risk assessment, and they are not considered in the risk assessment in the draft Ozone PA (US EPA, 
2014; Gradient, 2015).  These same issues that make these studies inadequate for use in risk assessment 
also create uncertainty regarding the interpretation of their results and their application to causal 
determinations. 
 
For example, many of the studies cited as key evidence for short-term ozone exposure and respiratory 
endpoints estimate personal exposure based on data from central ambient monitoring sites.  However, the 
lack of agreement between ambient and personal exposures is a source of exposure measurement error and 
has been highlighted in previous Clean Air Science Advisory Committee (CASAC) reviews (CASAC, 
2006) and other more recent studies (Avery et al., 2010a,b).  Personal ozone exposures are often lower than 
ambient ones and are rarely correlated with concentrations at ambient sites (CASAC, 2006). 
 
Also, many studies presented in the draft Ozone ISA do not analyze the role of copollutants in statistical 
models, so it is unclear whether the reported adverse effects are attributed to ozone.  Although the draft 
Ozone ISA acknowledges the complexity of determining the effects of ozone alone due to its high 
correlation with other copollutants, it is not clear whether findings that did consider copollutants were 
deemed "higher quality" and given more weight that others in the evidence evaluation. 
 
Similarly, the draft Ozone ISA appears to downplay studies with null results.  In many instances, null results 
are discounted or assumed to be "positive," without a full consideration of study quality.  For example, the 
draft Ozone ISA mentioned the potential exposure measurement error in the study by Sarnat et al. (2015) 
but states that the positive yet null findings are likely a result of "the short length of the time-series" (US 
EPA, 2019) and does not consider that the association could be truly null.  Furthermore, an evaluation of 
the draft Ozone ISA's study review process suggests that studies with positive results are not subject to the 
same level of scrutiny. 
 
3.2 Long-term exposure evidence does not support a likely causal classification 

for respiratory effects (3.3.1.1). 

The draft Ozone PA also discusses long-term respiratory effects evidence discussed in the draft Ozone ISA.  
The draft Ozone ISA states that new evidence supports the 2013 Ozone ISA's conclusion that there is a 
likely causal relationship between long-term ozone exposure and respiratory effects.  Furthermore, the draft 
Ozone ISA states that animal toxicity studies and human epidemiology studies support the effects of ozone 
on new-onset asthma in nonhuman primates and children, respectively. 
 
As discussed below, the evidence does not support EPA's conclusion that there is a likely causal relationship 
between long-term ozone exposure and respiratory morbidity and mortality at ambient concentrations.  The 
animal toxicity studies often report effects at high ozone concentrations that are not relevant to ambient 
exposure levels; different mechanisms may be involved at high ozone exposures.  New epidemiology 
studies have the same critical issues as older ones that impact the validity of their results.  Furthermore, in 
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many instances, the draft Ozone ISA appears to make definitive conclusions regarding causality from a 
limited number of animal toxicity or human epidemiology studies. 
 
3.2.1 Animal toxicity evidence is limited and not relevant to ambient ozone concentrations. 

Several studies evaluated the effects of long-term ozone exposure in both rodents and infant rhesus 
monkeys.  Infant rhesus monkeys are ideal animal models because their lung branching pattern and airway 
distribution are more closely related than other animals' to those of humans.  Recent studies cited in the 
draft Ozone ISA report statistically significant changes in airway growth and development, airway 
responsiveness, and the immune system in infant monkeys that suggest that long-term ozone exposure may 
lead to the development of asthma.  Yet, these conditions all occurred following exposure to 500 ppb ozone 
(Chou et al., 2011; Moore et al., 2012; Murphy et al., 2013; Clay et al., 2014; Crowley et al., 2017).  Studies 
in rodents also report statistically significant effects at only high concentrations (e.g., 500 or 2,000 ppb), 
which may involve different mechanisms that are not relevant to ambient concentrations.  The findings 
from these studies are not informative regarding human health effects at ambient ozone concentrations. 
 
3.2.2 Evidence from epidemiology studies is limited. 

Many of the epidemiology studies cited as key evidence for the effects of long-term ozone exposure and 
respiratory effects suffer from the same limitations as discussed in Section 3.1.3.  The draft Ozone ISA 
acknowledges that recent epidemiology studies have issues with exposure measurement error due to the use 
of fixed-site air monitors and confounding by copollutants. 
 
Despite this, the draft Ozone ISA appears to make causal conclusions regarding the effects of long-term 
ozone on specific respiratory endpoints using limited epidemiology evidence.  For example, according to 
the draft Ozone ISA, there were no studies in the 2013 Ozone ISA that examined the association between 
ozone and chronic obstructive pulmonary disease (COPD); one new study is discussed in the 2019 draft 
Ozone ISA (To et al., 2016).  To et al. (2016) investigated the association between long-term ozone 
exposure and COPD incidence in adults with incident asthma.  Notably, the authors included multiple 
individual- and ecological-level covariates and information on other comorbidities in both single- and two-
pollutant models (i.e., ozone and PM2.5).  The authors reported a statistically significant association between 
ozone and COPD incidence in asthmatics; however, the results were attenuated, albeit positive, in the two-
pollutant model, which suggests confounding by PM2.5.  There is also potential for exposure measurement 
error, because air pollution data were collected from fixed monitoring sites.  In addition, a majority of the 
health risk factor data (e.g., smoking, body mass index) were collected at baseline from surveys and likely 
changed over the course of the study.  Setting aside these issues, one study is not sufficient evidence to 
suggest an association. 
 
Finally, the draft Ozone ISA cites several cross-sectional studies as evidence of long-term ozone's effects 
on allergic responses.  This evidence base includes a new cross-sectional study by Weir et al. (2013) that 
is evaluated in the draft Ozone ISA.  Causal conclusions cannot be determined from cross-sectional studies. 
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3.3 Evidence for other health effects following ozone exposure is inadequate 
(3.3.1.2). 

3.3.1 Evidence for metabolic effects is inadequate. 

The evidence for metabolic effects does not support EPA's conclusion that there is a likely causal 
relationship between such effects and short- and long-term ozone exposure at relevant concentrations.  The 
draft Ozone ISA acknowledges that there is limited evidence from epidemiology and controlled human 
exposure studies, but indicates that animal toxicity studies provide robust evidence of the impact of short-
term ozone exposure on metabolic effects.  While key animal toxicity studies may support the effects of 
short-term ozone on glucose impairment at 500-1,000 ppb, the evidence for other metabolic endpoints is 
not consistent, and most studies only evaluated ozone exposure concentrations that are far higher than 
ambient levels.  Also, animal toxicity and human epidemiology studies are limited regarding the long-term 
effects of ozone on metabolic endpoints.  Overall, the evidence presented is inadequate to classify causation 
for ozone exposure and metabolic effects in humans at ambient concentrations. 
 
3.3.2 Evidence for other endpoints is inadequate. 

As indicated in the 2019 draft Ozone ISA, evidence for short-term ozone exposure and cardiovascular 
effects and total mortality does not support a likely causal relationship.  However, it also is not suggestive 
of a causal relationship; rather, it remains inadequate to address causality, if not suggestive of a lack of an 
association.  Similarly, while the draft Ozone ISA concludes that the evidence for other endpoints does not 
support causal or likely causal associations, like the evidence for short-term ozone exposure and 
cardiovascular effects and total mortality, this evidence falls short of being suggestive. 
 
3.4 Exposure concentrations associated with health effects are not evaluated 

properly (3.3.3). 

The draft Ozone PA states that the current evidence does not alter the previous conclusions regarding the 
ozone exposure duration and concentration associated with health effects.  However, the 2013 and 2019 
draft Ozone ISAs and the draft Ozone PA all indicate that adverse respiratory effects (particularly lung 
function decrements) occur at lower exposure concentrations than the evidence supports. 
 
3.4.1 Controlled human exposures studies do not support effects at 70 ppb or lower. 

The draft Ozone PA states that "[t]he lowest concentration for which lung function decrements have been 
found to be statistically significantly increased over responses to filtered air remains approximately 60 ppb" 
(US EPA, 2019).  Evidence from 6.6-hour controlled human exposure studies do not support ozone-induced 
respiratory effects at concentrations below 70 ppb; effects at 60 ppb are neither statistically significant nor 
adverse.  As discussed in Section 3.1.1, the evidence does not support decrements in lung function at 70 
ppb or lower. 
 
3.4.2 Epidemiology evidence is insufficient for determining exposure circumstances that can 

elicit health effects. 

With regard to epidemiology evidence, the draft Ozone PA states: 
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We recognize that these studies are generally focused on investigating the existence of a 
relationship between O3 occurring in ambient air and specific health outcomes, and not on 
detailing the specific exposure circumstances eliciting such effects. While the evidence 
base of epidemiologic studies of associations between O3 and respiratory effects and health 
outcomes (e.g., asthma-related hospital admission and emergency department visits), as a 
whole, provides strong support for the conclusions of causality, as summarized in section 
3.3.1 above these studies generally do not measure personal exposures of the study 
population or track individuals in the population with a defined exposure to O3 alone.  
(US EPA, 2019) 

 
It is appropriate to recognize that the epidemiology evidence cannot provide accurate information on ozone 
exposure to be considered in the exposure analyses.  In addition, as discussed in Gradient's comments on 
the draft Ozone ISA (Gradient, 2019), there are considerable limitations in the epidemiology evidence that 
create uncertainty regarding the interpretation of these studies' results.  In fact, the draft Ozone PA states 
that, during the "last review, the Administrator placed relatively less weight on the air quality 
epidemiologic-based risk estimates, in recognition of an array of uncertainties, including, for example, those 
related to exposure measurement error (80 FR 65346, October 26, 2015)" (US EPA, 2019).  It is appropriate 
that the draft Ozone PA does not consider these studies in the risk assessment. 
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4 Using a benchmark concentration of 60 ppb in the 
exposure and risk assessment is conservative (3.4). 

The draft Ozone PA used air monitoring data and the Comprehensive Air Quality Model with Extensions 
(CAMx) instrumented with the higher order decoupled direct method (HDDM) in conjunction with EPA's 
Air Pollutant Exposure (APEX) model to estimate percentages of the population in eight key study areas 
that will experience days with elevated ozone exposure at or above benchmark concentrations and 
decrements in lung function.  The draft Ozone PA indicates that the benchmark concentrations chosen 
(i.e., 60, 70, and 80 ppb) represent the concentrations associated with effects in controlled human exposure 
studies.  In addition, exposure analyses focused on populations breathing at an elevated rate.  Risk was 
characterized for both children aged 5-18 years and adults with and without asthma; ultimately, children 
with asthma were chosen as the focus of the assessment.  The results presented are numbers and percentages 
of individuals in simulated populations estimated to experience one or more days with 7-hour average 
exposure at or above benchmark concentrations or a lung function decrement at or above 10%, 15%, or 
20%, all while breathing at an elevated rate.  In addition, results for adjusted air quality conditions scenarios 
in which monitors had a design value equal to 65 or 75 ppb are also presented. 
 
The use of the most sensitive population (children with asthma breathing at an elevated rate) is appropriate.  
However, a benchmark of 60 ppb is extremely conservative, because effects at this exposure concentration 
were not statistically significant or adverse.  As such, this analysis indicates that the current standard is 
more than adequate to protect public health. 
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5 Evidence indicates that the standard may be more 
protective than necessary (3.5). 

The draft Ozone PA states that "[t]he currently available evidence regarding O3 exposures associated with 
health effects is largely similar to that available at the time of the last review and does not indicate effects 
attributable to exposures of shorter duration or lower concentrations than previously understood" (US EPA, 
2019).  However, as discussed above, this evidence indicates that the current standard may be more stringent 
than necessary to protect public health. 
 
The draft Ozone PA indicates that the epidemiology studies reporting positive associations between ozone 
and respiratory health outcomes, such as asthma-related hospital admissions and physician and emergency 
department visits, are not helpful for understanding the health effects associated with the current standards.  
Only a few of these studies were conducted in areas that met the current annual standards; as the draft 
Ozone PA states, these studies should not be used in the exposure and risk analyses.  In addition, as 
discussed in Sections 3.2.2 and 3.1.4, these same limitations make them insufficient to provide evidence 
for causal determinations for ozone and respiratory effects. 
 
The draft Ozone PA states that the current primary NAAQS of 70 ppb ozone is protective of the public 
health.  This conclusion is based on the draft Ozone PA's exposure and risk analyses, which is based on 
evidence from the 6.6-hour controlled human exposure studies that were evaluated in the 2013 Ozone ISA.  
As a result, no alternative standards for the primary ozone NAAQS have been proposed.  While it is true 
that new evidence does not support an alternative, lower standard, it also indicates that the current standard 
is more stringent than necessary to protect public health. 
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6 Conclusions 

The draft Ozone PA indicates that the strongest scientific evidence regarding ozone and adverse health 
effects comes from studies of respiratory endpoints.  Furthermore, the draft Ozone PA indicates that 
evidence from controlled human exposures studies suggests adverse respiratory effects at concentrations as 
low as 60 ppb ozone.  However, the observed effects are not statistically significant or adverse at this 
concentration.  As such, the exposure and risk assessment should not have included 60 ppb as a benchmark 
concentration. 
 
Even so, because the draft Ozone PA evaluated risks of exposures to 60 ppb in the most sensitive population 
(children with asthma breathing at an elevated rate), its conclusion that the current primary ozone NAAQS 
is adequate to protect public health is certainly warranted.  However, it should be noted that the overly 
conservative nature of this assessment indicates that the current standard is in fact likely more stringent 
than necessary to protect public health.  



 
 
 

   12 
 
\\camfs\G_Drive\Projects\219186_API_Ozone_ISA\TextProc\r2112619k.docx 

References 

Adams, WC. 2002. "Comparison of chamber and face-mask 6.6-hour exposures to ozone on pulmonary 
function and symptoms responses." Inhal. Toxicol. 14(7):745-764.  

 

Adams, WC. 2003. "Comparison of chamber and face mask 6.6-hour exposure to 0.08 ppm ozone via 
square-wave and triangular profiles on pulmonary responses." Inhal. Toxicol. 15(3):265-281.  

 

Adams, WC. 2006. "Comparison of chamber 6.6-h exposures to 0.04-0.08 ppm ozone via square-wave and 
triangular profiles on pulmonary responses." Inhal. Toxicol. 18(2):127-136.  

 

American Thoracic Society (ATS). 2000. "What constitutes an adverse health effect of air pollution?" Am. 
J. Respir. Crit. Care Med. 161:665-673.  

 

Avery, CL; Mills, KT; Williams, R; McGraw, KA; Poole, C; Smith, RL; Whitsel, EA. 2010a. "Estimating 
error in using ambient PM2.5 concentrations as proxies for personal exposures." Epidemiology 21(2):215-
223.  

 

Avery, CL; Mills, KT; Williams, R; McGraw, KA; Poole, C; Smith, RL; Whitsel, EA. 2010b. "Estimating 
error in using residential outdoor PM2.5 concentrations as proxies for personal exposures: A meta-
analysis." Environ. Health Perspect. 118(5):673-678.  

 

Brown, JS; Bateson, TF; McDonnell, WF. 2008. "Effects of exposure to 0.06 ppm ozone on FEV1 in 
humans: A secondary analysis of existing data." Environ. Health Perspect. 116(8):1023-1026.  

 

Clean Air Scientific Advisory Committee (CASAC). 2006. Letter to S. Johnson (EPA) re: Clean Air 
Scientific Advisory Committee’s (CASAC) Teleconference Meeting to Provide Additional Advice to the 
Agency Concerning Chapter 8 (Integrative Synthesis) of the Final Ozone Air Quality Criteria Document 
(AQCD). Clean Air Scientific Advisory Committee (CASAC). EPA-CASAC-06-007, 42p., June 5. 

 

Cho, Y; Abu-Ali, G; Tashiro, H; Kasahara, DI; Brown, TA; Brand, JD; Mathews, JA; Huttenhower, C; 
Shore, SA. 2018. "The microbiome regulates pulmonary responses to ozone in mice." Am. J. Respir. Cell 
Mol. Biol. 59(3):346-354. doi: 10.1165/rcmb.2017-0404OC.   

 

Chou, DL; Gerriets, JE; Schelegle, ES; Hyde, DM; Miller, LA. 2011. "Increased CCL24/eotaxin-2 with 
postnatal ozone exposure in allergen-sensitized infant monkeys is not associated with recruitment of 
eosinophils to airway mucosa." Toxicol. Appl. Pharmacol. 257(3):309-318. doi: 
10.1016/j.taap.2011.09.001.   

 

Clay, CC; Maniar-Hew, K; Gerriets, JE; Wang, TT; Postlethwait, EM; Evans, MJ; Fontaine, JH; Miller, 
LA. 2014. "Early life ozone exposure results in dysregulated innate immune function and altered 
microRNA expression in airway epithelium." PLoS ONE 9(3):e90401. doi: 10.1371/journal.pone.0090401.   

 

Crowley, CM; Fontaine, JH; Gerriets, JE; Schelegle, ES; Hyde, DM; Miller, LA. 2017. "Early life allergen 
and air pollutant exposures alter longitudinal blood immune profiles in infant rhesus monkeys." Toxicol. 
Appl. Pharmacol. 328:60-69. doi: 10.1016/j.taap.2017.05.006.   

 



 
 
 

   13 
 
\\camfs\G_Drive\Projects\219186_API_Ozone_ISA\TextProc\r2112619k.docx 

Folinsbee, LJ; McDonnell, WF; Horstman, DH. 1988. "Pulmonary function and symptom responses after 
6.6-hour exposure to 0.12 ppm ozone with moderate exercise." JAPCA 38:28-35.  

 

Funabashi, H; Shima, M; Kuwaki, T; Hiroshima, K; Kuriyama, T. 2004. "Effects of repeated ozone 
exposure on pulmonary function and bronchial responsiveness in mice sensitized with 
ovalbumin." Toxicology 204(1):75-83. doi: 10.1016/j.tox.2004.06.047.  

 

Goodman, JE; Sax, SN. [Gradient]. 2012. "Comments on the Integrated Science Assessment for Ozone and 
Related Photochemical Oxidants (Third External Review Draft)." Report to American Petroleum Institute. 
125p., August 15. 

 

Goodman, JE. [Gradient]. 2011. "Comments to the CASAC Ozone Review Panel for the Reconsideration 
of the 2008 NAAQS." Report to American Petroleum Institute. 13p., February 7. 

 

Gradient. 2015. "Comments on the National Ambient Air Quality Standards for Ozone Proposed Rule, 79 
Fed. Reg. 75,234, Docket ID No. EPA–HQ–OAR–2008–0699." 30p., March 16. 

 

Gradient. 2019. "Comments on the Integrated Science Assessment for Ozone and Related Photochemical 
Oxidants (External Review Draft), Docket ID: EPA-HQ-ORD-2018-0274 (Draft)." Report to American 
Petroleum Institute, Washington, DC. 37p., November 1. 

 

Horstman, DH; Folinsbee, LJ; Ives, PJ; Abdul-Salaam, S; McDonnell, WF. 1990. "Ozone concentration 
and pulmonary response relationships for 6.6-hour exposures with five hours of moderate exercise to 0.08, 
0.10, and 0.12 ppm." Am. Rev. Respir. Dis. 142:1158-1163.  

 

Kasahara, DI; Mathews, JA; Park, CY; Cho, Y; Hunt, G; Wurmbrand, AP; Liao, JK; Shore, SA. 
2015. "ROCK insufficiency attenuates ozone-induced airway hyperresponsiveness in mice." Am. J. 
Physiol. Lung Cell. Mol. Physiol. 309(7):L736-L746. doi: 10.1152/ajplung.00372.2014.  

 

Kim, CS; Alexis, NE; Rappold, AG; Kehrl, H; Hazucha, MJ; Lay, JC; Schmitt, MT; Case, M; Devlin, RB; 
Peden, DB; Diaz-Sanchez, D. 2011. "Lung function and inflammatory responses in healthy young adults 
exposed to 0.06 ppm ozone for 6.6 hours." Am. J. Respir. Crit. Care Med. 183:1215-1221.  

 

McDonnell, WF; Kehrl, HR; Abdul-Salaam, S; Ives, PJ; Folinsbee, LJ; Devlin, RB; O'Neil, JJ; Horstman, 
DH. 1991. "Respiratory response of humans exposed to low levels of ozone for 6.6. hours." Arch. Environ. 
Health 46(3):145-150.  

 

McDonnell, WF; Stewart, PW; Smith, MV. 2007. "The temporal dynamics of ozone-induced FEV1 
changes in humans: An exposure-response model." Inhal. Toxicol. 19(6-7):483-494.  

 

Moore, BD; Hyde, D; Miller, L; Wong E; Frelinger J; Schelegle ES. 2012. "Allergen and ozone exacerbate 
serotonin-induced increases in airway smooth muscle contraction in a model of childhood asthma." 
Respiration 83(6):529-542. doi: 10.1159/000336835.   

 

Murphy, SR; Schelegle, ES; Miller, LA; Hyde, DM; Van Winkle, LS. 2013. "Ozone exposure alters 
serotonin and serotonin receptor expression in the developing lung." Toxicol. Sci. 134(1):168-179. doi: 
10.1093/toxsci/kft090.   

 



 
 
 

   14 
 
\\camfs\G_Drive\Projects\219186_API_Ozone_ISA\TextProc\r2112619k.docx 

Nicolich, M. 2007. "Attachment A: Some Additional Statistical Analyses of the FEV1 Pulmonary 
Response Data From the W.C. Adams Data (2006)." EPA-HQ-OAR-2005-0172-4163, 18p., April 24. 
Accessed on November 08, 2012 at http://www.regulations.gov.  

 

Sarnat, SE; Winquist, A; Schauer, JJ; Turner, JR; Sarnat, JA. 2015. "Fine particulate matter components 
and emergency department visits for cardiovascular and respiratory diseases in the St. Louis, Missouri-
Illinois, metropolitan area." Environ. Health Perspect. 123(5):437-444. doi: 10.1289/ehp.1307776.  

 

Schelegle, ES; Morales, CA; Walby, WF; Marion, S; Allen, RP. 2009. "6.6-Hour inhalation of ozone 
concentrations from 60 to 87 parts per billion in healthy humans." Am. J. Respir. Crit. Care 
Med. 180(3):265-272.  

 

Stober, VP; Johnson, CG; Majors, A; Lauer, ME; Cali, V; Midura, RJ; Wisniewski, HG; Aronica, MA; 
Garantziotis, S. 2017. "TNF-stimulated gene 6 promotes formation of hyaluronan-inter-a-inhibitor heavy 
chain complexes necessary for ozone-induced airway hyperresponsiveness." J. Biol. Chem. 292(51):20845-
20858. doi: 10.1074/jbc.M116.756627.   

 

Thurston, GD; Kipen, H; Annesi-Maesano, I; Balmes, J; Brook, RD; Cromar, K; De Matteis, S; Forastiere, 
F; Forsberg, B; Frampton, MW; Grigg, J; Heederik, D; Kelly, FJ; Kuenzli, N; Laumbach, R; Peters, A; 
Rajagopalan, ST; Rich, D; Ritz, B; Samet, JM; Sandstrom, T; Sigsgaard, T; Sunyer, J; Brunekreef, B. 
2007. "A joint ERS/ATS policy statement: What constitutes an adverse health effect of air pollution? An 
analytical framework." Eur. Respir. J. 49(1):1600419. doi: 10.1183/13993003.00419-2016.  

 

To, T; Zhu, J; Larsen, K; Simatovic, J; Feldman, L; Ryckman, K; Gershon, A; Lougheed, MD; Licskai, C; 
Chen, H; Villeneuve, PJ; Crighton, E; Su, Y; Sadatsafavi, M; Williams, D; Carlsten, C. 2016. "Progression 
from asthma to chronic obstructive pulmonary disease. Is air pollution a risk factor?" Am. J. Respir. Crit. 
Care Med. 194(4):429-439. doi: 10.1164/rccm.201510-1932OC.  

 

US EPA. 2013. "Integrated Science Assessment for Ozone and Related Photochemical Oxidants 
(Final)." National Center for Environmental Assessment (NCEA). EPA/600/R-10/076F, 1251p., February. 

 

US EPA. 2014. "National ambient air quality standards for ozone (Proposed rule)." Fed. Reg. 79:75234-
75411. 40 CFR Parts 50, 51, 52, 53 and 58. December 17. 

 

US EPA. 2019. "Integrated Science Assessment for Ozone and Related Photochemical Oxidants (External 
Review Draft)." National Center for Environmental Assessment (NCEA). EPA/600/R-19/093, 1411p., 
September. 

 

Weir, CH; Yeatts, KB; Sarnat, JA; Vizuete, W; Salo, PM; Jaramillo, R; Cohn, RD; Chu, H; Zeldin, DC; 
London, SJ. 2013. "Nitrogen dioxide and allergic sensitization in the 2005-2006 National Health and 
Nutrition Examination Survey." Respir. Med. 107(11):1763-1772. doi: 10.1016/j.rmed.2013.08.010.   

 

 


	Table of Contents
	Executive Summary
	1 Introduction
	2 The general approach for reviewing evidence is inadequate (3.1.2).
	3 Nature of Health Effects (3.3.1)
	3.1 Short-term exposure evidence does not support a causal classification for respiratory effects (3.3.1.1).
	3.1.1 Evidence from controlled human exposure studies does not support respiratory effects following short-term exposure to ozone at ambient levels.
	3.1.2 Animal toxicity studies are not informative regarding ambient ozone exposures.
	3.1.3 Epidemiology studies are insufficient to provide evidence on short-term ozone exposure and respiratory effects.

	3.2 Long-term exposure evidence does not support a likely causal classification for respiratory effects (3.3.1.1).
	3.2.1 Animal toxicity evidence is limited and not relevant to ambient ozone concentrations.
	3.2.2 Evidence from epidemiology studies is limited.

	3.3 Evidence for other health effects following ozone exposure is inadequate (3.3.1.2).
	3.3.1 Evidence for metabolic effects is inadequate.
	3.3.2 Evidence for other endpoints is inadequate.

	3.4 Exposure concentrations associated with health effects are not evaluated properly (3.3.3).
	3.4.1 Controlled human exposures studies do not support effects at 70 ppb or lower.
	3.4.2 Epidemiology evidence is insufficient for determining exposure circumstances that can elicit health effects.


	4 Using a benchmark concentration of 60 ppb in the exposure and risk assessment is conservative (3.4).
	5 Evidence indicates that the standard may be more protective than necessary (3.5).
	6 Conclusions
	References

