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Dear Dr. Luben,

We are writing to convey comments from the California Air Resources Board (CARB)
and the California Office of Environmental Health Hazard Assessment (OEHHA) on the
U.S. Environmental Protection Agency’s (U.S. EPA) recently released External Review
Draft of the Integrated Science Assessment for Ozone and Related Photochemical
Oxidants, hereafter referred to as the draft Ozone Integrated Science Assessment. We
appreciate the opportunity to comment on this high quality document, as it is crucial
to continue to objectively and comprehensively review the available scientific evidence
on the effects of ozone in order to adequately protect public health and welfare.

CARB and OEHHA both fall under the purview of the California Environmental
Protection Agency. CARB is charged with protecting the public from the harmful
effects of air pollution and developing programs and actions to fight climate change;
staff include epidemiologists and other scientists, engineers, economists, lawyers and
policy makers. OEHHA’s mission is to protect and enhance the health of Californians
and the environment through scientific evaluations that inform, support, and guide
regulatory and other actions. OEHHA scientists, including epidemiologists and
toxicologists, recommend health-based levels of criteria air pollutants and other
toxicants and conduct epidemiological investigations of these pollutants. CARB and
OEHHA take very seriously their responsibility of carefully assessing the science
surrounding policies that have major public health implications.

The overall conclusions for most of the adverse ozone impacts reported on for health

and ecological endpoints appear to be well-considered and well-justified. These
include determining the relationship between short- and long-term ozone exposure
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and metabolic effects to be “likely to be a causal relationship”, in contrast to making
no determination in the 2013 draft Ozone Integrated Science Assessment. However,
we question several other proposed causality determinations, and suggest further
analysis and literature review. For some endpoints, there appears to be an over-
emphasis on findings from controlled human studies in healthy adults, insufficient
consideration of effects on more vulnerable segments of the population, under-
weighting of evidence from experimental studies, and/or missing publications that
could add to the evidence for causality. On these grounds, we question the change in
determination from “likely to be a causal relationship” in the 2013 Ozone Integrated
Science Assessment to “suggestive of, but not sufficient to infer, a causal relationship”
in the current draft Integrated Science Assessment for short-term ozone and
cardiovascular disease effects and total mortality. For some additional hazard traits,
there is substantial evidence of effect that warrants reconsideration of the
“suggestive” evidence categories assigned in the draft Ozone Integrated Science
Assessment. These include long-term ozone exposures and total mortality, specific
categories of pregnancy and birth outcomes, and central nervous system effects.

All of U.S. EPA’s proposed causality determinations for ecological effects appear to be
sound and well justified. These include the findings of “likely to be a causal
relationship,” for the adverse impacts of ozone on plant-insect signaling, tree survival
and herbivore growth and reproduction and the findings of a “causal relationship” for
negative impacts of ozone on terrestrial biodiversity, agricultural yield and plant
reproduction and growth. These determinations conveying the significant adverse
ecological effects of ozone will provide a robust scientific background as U.S. EPA
reviews the secondary National Ambient Air Quality Standard (NAAQS) for ozone.

Detailed comments on the draft Ozone Integrated Science Assessment are provided
to supplement this letter with a number of technical points for consideration by the

U.S. EPA as it considers revision to the document.

Comments on Process Changes to the NAAQS Process

The last review of the Ozone National Ambient Air Quality Standards, completed in
2015, was a model of scientific integrity that relied on the comprehensive and
technically sound 2013 final Ozone Integrated Science Assessment to inform the
ozone standard. Review of the current draft Ozone Integrated Science Assessment will
be compromised due to the lack of scientific expertise on the Clean Air Scientific
Advisory Committee (CASAC) and the extraordinarily foreshortened NAAQS review
process. These changes reflect a thorough disregard for the scientific process once
inherent in U.S. EPA's NAAQS reviews.

In its previous ozone NAAQS review, U.S. EPA convened a thirteen member expert
panel comprised of epidemiologists, toxicologists, ecologists, atmospheric chemists,
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and atmospheric modelers to review draft Ozone Integrated Science Assessments, the
Risk and Exposure Assessments and the Policy Assessment. This panel was well
qualified to provide valuable input on these different elements of U.S. EPA's NAAQS

review process.

Conversely, the current draft Ozone Integrated Science Assessment will be reviewed
by CASAC members who lack the expertise to fully review the Integrated Science
Assessment, such as epidemiologists. Expertise from multiple epidemioclogists is
critical since the draft Ozone Integrated Science Assessment comprises a large and
complex body of epidemioclogical evidence and causality determinations between
ozone exposure and adverse health effects heavily rely on the strength of
epidemiologic studies. Additionally, there are no ecologists on the Committee. For a
draft Ozone Integrated Science Assessment that has changed one and made four new
causality determinations since the 2013 Ozone Integrated Science Assessment, this is
an egregious oversight. This process compromises, and will continue to compromise,
U.S. EPA’s ability to adequately consider and weigh all the scientific evidence in
updating the Ozone NAAQS.

In its previous Ozone NAAQS review, U.S. EPA released multiple drafts before
finalizing its documents: three external review drafts of the Integrated Science
Assessment prior to the final document, and two drafts each of the Risk and Exposure
Assessment and Policy Assessment, before final versions were released. This iterative
process resulted in a successive series of documents that assured that U.S. EPA’s
decisions were based on the best available science.

In this current review, only one draft each of the Ozone Integrated Science
Assessment and the Policy Assessment were released for public review, with the Policy
Assessment released prior to the finalization of the Integrated Science Assessment.
The Integrated Science Assessment forms the scientific basis for the Policy
Assessment; thus, it is illogical to produce a draft Policy Assessment without first
establishing a sound Integrated Science Assessment from which to draw evidence. We
urge U.S. EPA to revise the draft Ozone Integrated Science Assessment based on a
thorough review and comment from the scientific community, and to release a second
draft for further scrutiny, before finalizing the Ozone Integrated Science Assessment.
Then, and only then, should the Policy Assessment be developed upon the foundation
of the final, fully vetted version of the Integrated Science Assessment, to ensure that it
is grounded in the best available science.

CARB and OEHHA appreciate the opportunity to comment on the draft Ozone
Integrated Science Assessment. As noted earlier, you will find detailed supplemental
comments in the attachment to this letter. However, we object to the abbreviated
nature of the review process as well as the failure to convene a scientific panel with
sufficient expertise to adequately review the draft Ozone Integrated Science
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Assessment. Given U.S. EPA’s stated intention to return its focus to protecting public
health and its fundamental obligations under the Clean Air Act to set air quality
standards that protect all citizens, we expect U.S. EPA will take all appropriate actions
to establish adequate health-protective NAAQS grounded on sound analyses, as done
previously. We are ready to work with the U.S. EPA to help ensure it does so, and to
develop effective State plans to attain those NAAQS. If you need additional
information, please contact Elizabeth Scheehle, CARB Chief of the Research Division
at (916) 322-7630 or Elizabeth.Scheehle@arb.ca.gov, or Vince Cogliano, OEHHA
Deputy Director for Scientific Programs at Vincent.Cogliano@oehha.ca.gov.

Sincerely,

Rihard W. Coréy Lauren Zeise, Ph.D.

Executive Officer Director

California Air Resources Board California Office of Environmental Health
Hazard Assessment

cc:  Kurt Karperos

Deputy Executive Officer
California Air Resources Board

John B. Faust
Branch Chief
Community and Environmental Epidemiology Research Branch

Vince Cogliano
Deputy Director for Scientific Programs
California Office of Environmental Health Hazard Assessment
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Supplemental Comments from CalEPA ARB and OEHHA
December 2, 2012 Comment Letter

The California Air Resources Board and the Office of Environmental Health Hazard
Assessment provide these additional, more detailed comments as a supplement to
those made in the December 2, 2019 comment letter on the U.S. Environmental
Protection Agency's (U.S. EPA) recently released External Review Draft of the
Integrated Science Assessment for Ozone and Related Photochemical Oxidants.

General comments

Causality determinations

Cardiovascular effects

The determination for short-term ozone exposure and cardiovascular effects was
changed from the 2013 Integrated Science Assessment category of “Likely to be a
causal relationship” to “Suggestive of, but not sufficient to infer, a causal
relationship”. We question this change as there appears to be an over-emphasis of
findings from controlled human studies in healthy adults, insufficient consideration of
effects on the more vulnerable segments of the population, under-weighting of
evidence from experimental studies, and/or fack of consideration of important
publications. The mechanistic evidence for systemic inflammation and oxidative stress
is relatively consistent across the epidemiologic, exposure assessment, and toxicologic
studies.

Total mortality

The scientific evidence supporting the relationship between short-term ozone
exposures and total mortality has not been diminished and only strengthened since
the 2013 Integrated Science Assessment which found the relationship ”likely to be a
causal relationship.” The basis for the determination in the current document that the
evidence is “Suggestive of, but not sufficient to infer, a causal relationship” is unclear
and not well supported. However we acknowledge the category Total Mortality (Non-
accidental) makes determining biological plausibility difficult since there are a myriad
of mechanisms that cause deaths. Alternative determinations to consider would be to
use the categories of Respiratory Mortality and Cardiovascular Mortality instead.

The Integrated Science Assessment is missing an important short-term ozone mortality
meta-analysis study by Bell et al. (2014). This very experienced and highly respected
group of epidemiologists found significant positive relationship among older
populations between short term ozone exposure and mortality. The meta-analysis was
a formal pooling of 73 mortality studies, and therefore, should be given substantial
weight. This study provides further support to findings of increased mortality in the
most vulnerable populations. Taken together with the discussion of studies in the
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current Integrated Science Assessment leads one to strongly question U.S. EPA’s
finding that the evidence was only suggestive for short-term ozone exposure and
mortality.

For long-term exposures, U.S. EPA states on page 6-41 “The strongest evidence for
the association between long-term ozone exposure and total {(non-accidental)
mortality continues to come from the analyses of patients with pre-existing disease
from the Medicare cohort...” Effects occurring among the most vulnerable are
important indicators of potential causal associations, as are the persistence of effects
after adjustment for confounders, and dose response showing increased effect at
higher levels of exposure, also seen for this endpoint. These findings underscore the
need to reconsider the evidence for vulnerable populations and those more highly
exposed in reaching the overall evidence conclusion in the Ozone Integrated Science
Assessment. U.S. EPA should consider a finding of “likely to be a causal relationship”
for long-term ozone exposure and mortality.

Reproductive effects

The Integrated Science Assessment presents substantial evidence for long-term ozone
exposure and several outcomes: pre-term birth, fetal growth, birthweight and body
length. In this Integrated Science Assessment, reproductive (male and female fertility
effects) and developmental effects (multiple sub-categories) were separated, a
departure from the previous assessment that is sound. However, there are likely a
number of mechanisms involved in the variety of outcomes addressed in the sub-
categories of the developmental effects portion (maternal health during pregnancy,
fetal growth, birth weight, body length, preterm birth, birth defects, fetal and infant
mortality, and effects of exposure during developmental periods). Strong findings for
any specific negative developmental outcome supports a need to consider
developmental impairment as an ozone hazard and care should thus be taken to
consider the strength of the evidence for individual outcomes. A catch-all
determination of “suggestive of, but not sufficient to infer, a causal relationship” in the
Integrated Science Assessment does not appear to reflect the range of the findings
and their significance.

Specifically, if assessed individually, the summary for fetal growth, birth weight and
body length at birth {(section 7.1.3.3.3) concludes that there is both epidemiclogic and
toxicological evidence in rodents to support conclusions regarding adverse effect from
ozone exposure. Similarly, in regards to preterm birth, “all {epidemiologic) studies that
examined ozone exposures during the 1% and 2" trimesters reported associations
elevated from the null” {(section 7.1.3.4.1). Although there were no toxicological
studies specific to preterm birth, there is very strong epidemiologic evidence coupled
with some toxicological evidence from pregnancy conditions that can sometimes lead
to preterm birth, Thus, for these two subcategories, the Integrated Science
Assessment discusses the evidence in compelling terms, and lays the basis for a
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possible “likely to be causal” conclusion, and thus careful reconsideration of the
conclusion is needed for these specific endpoints. Moreover, we suggest an
examination of studies missing from the review tables. These studies are listed below
in Section 4, “Additional Publications to Review.”

Central Nervous System

The evidence for long-term ozone exposure also supports reconsideration of the
suggestive evidence conclusion to a possible “likely to be a causal relationship” label
for central nervous system (CNS) effects as a whole. CNS effects observed in ozone
studies encompass a number of outcomes discussed in the Integrated Science
Assessment, including short-term cognitive and behavioral effects (including
depressive symptoms and impaired memory and learning), short-term neuroendocrine
effects, and effects on rates of emergency room and hospital admission for diseases of
the nervous system or mental health (short-term). Adverse effects from long-term
ozone exposure include brain inflammation and morphology, effects on cognition,
motor activity and mood, and, finally, neurodevelopmental effects.

Despite the varying outcomes from both long-term and short-term studies, the current
integrated Science Assessment only supplies a conclusion of “suggestive of, but not
sufficient to infer, a causal relationship” for both short-term and long-term CNS
categories. In the current Integrated Science Assessment, which groups long-term
ozone effects on brain inflammation and morphology (toxicological only), cognition,
motor activity, mood and neurodevelopmental effects, there appears enough
evidence to carefully consider the elevation of the current Integrated Science
Assessment conclusion to “likely to be a causal relationship” given that “toxicological
studies provide coherence for these findings.” (Section 7.2.2.4.3), even if there are few
epidemiological studies. Recently, a few epidemiological studies pertaining to suicide
and other mental health outcomes have emerged that may strengthen the evidence
for an effect and should be considered in this Integrated Science Assessment, and

these should be also considered (please see Section 4 below).

Other general comments

Wording of Causal Determinations

In this draft Integrated Science Assessment, the causal determination categories
changed from the 2013 Integrated Science Assessment’s “suggestive of a causal
relationship”’ to “suggestive of, but not sufficient to infer, a causal relationship.” The
reason for the change needs to be clearly described in the Evaluation of the Evidence
section (section 15.1.2.4). Additionally, these determinations should be made
consistently throughout the entire document. In Table IS-1 and Table ES-1, the term
"suggestive of a causal relationship” for the current assessment category is
occasionally used.
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Inconsistent Footnotes of Causal Determinations

Table ES-1, Table 1S-1, and Figure 1S-6 each summarize causal determinations for
ozone and health effects. However, their footnotes are slightly different. For instance,
in Table ES-1, “c: Denotes change in causality determination from 2013 Ozone
Integrated Science Assessment”, the c footnote is missing in the short-term total
mortality section. As another example, Table IS-1 says “b: denotes new causality
determination,” for short-term total mortality while Figure 1S-6 says “*: change in
causality determination from 2013 Ozone Integrated Science Assessment.” Given
2013 Ozone Integrated Science Assessment did not subcategorize reproductive
effects, the footnote of Figure 1S-6 should change to “+: new causality determination.”

Missing Units of Ozone Concentration Increase in Tables

Unlike the figures (all long-term exposures in this Integrated Science Assessment) that
clearly indicate a standard increase in ppb ozone concentration for the results, the
tables do not include this information. We suggest adding a column indicating the ppb
increase in ozone that the results are based on. If the tables are based on a standard
increase, that information needs to be added to the footnote for each table. Also,
since most studies report multiple results, the table would benefit by a notation
indicating the table, figure, page number or personal communication for the result.

Inconsistent Study Locations

Study locations of epidemiological studies are inconsistently described across health
outcomes in the draft Integrated Science Assessment. Some outcomes include all
populations worldwide, while others only include studies conducted in U.S. or Canada.
This implies that the robustness differs across health outcomes. Inconsistent findings
throughout the world and inconsistent findings in the U.S. have different implications,
and this point should be discussed.

The PECOS tool was not applied in the 2013 Integrated Science Assessment, and
evidence of causality for most health outcomes relied on findings worldwide.
Therefore, the causal determinations are not directly comparable since some health
outcomes in the current Integrated Science Assessment are restricted by location.

For mortality specifically, the PECOS criteria are quite different for the study
populations between short- and long-term studies (P6-3 vs. P6-26). The PECOS
criteria states that the short-term studies must be conducted in US or Canada, but the
long-term studies can be anywhere.

At-Risk Populations

Populations at risk (or vulnerable populations) are discussed in Section 1S.4.4, but are
omitted from other sections. Table IS-11 includes evidence for populations at
increased risk to the health effects of ozone, and should be mentioned in the
Executive Summary. In the previous Integrated Science Assessment in 2013, there is a
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designated chapter for this topic, “Chapter 8: Populations Potentially at Increased Risk
for Ozone-related Health Effects,” but there is no chapter or appendix covering this
topic in this draft Integrated Science Assessment. The same should be done for this
Integrated Science Assessment or populations at risk should be discussed for each
health outcome. Currently, some appendices discuss at-risk populations in the effect
modification section, but other appendices did not mention them.

Overlapping Studies between Sections on Health Effects
Appendix 3 (Respiratory), Appendix 4 (Cardiovascular), Appendix 5 (Metabolic), and
Appendix 7 (Other Health Endpoints: Lung Cancer Mortality) — all include mortality
studies. Appendix 6 Total Non-accidental Mortality also includes more of these same
mortality endpoints.
e Cardiovascular [Table 6-4 short-term exposure; Table 6-7 long-term
exposure, within which are listed by study subcategories [HD, CHD,
Stroke, CBVD, Cardiometabolic, Diabetes, Dysrhythmias, HF; Figure 6-10
long-term exposure, Cardiovascular and subcategories]
e Respiratory [Table 6-5 short-term exposure; Table 6-8 long-term
exposure, within which are listed by study subcategories COPD,
Pneumonia and flu; Figure 6-9 long-term exposure, Respiratory and
subcategories]
e Other Mortality [Table 6-9 cancer-specific, reduction in life expectancy,
in-hospital]
« Range of Categories and subcategories [6-11 long-term exposure with
and without adjustment for PMzs]

The morbidity sections {e.g., cardiovascular, respiratory) should be restricted to
morbidity outcomes and not discuss mortality outcomes. PECOS criteria restricting
study geographic areas for analysis in this Integrated Science Assessment are
dependent on causality determinations on health endpoints. These determinations
may differ between morbidity and mortality studies even if the health category is the
same. This strict separation between morbidity and mortality outcomes helps avoid
confusion on choosing appropriate studies to review for this Integrated Science
Assessment.
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Specific Comments by Section

Appendix 1: Atmospheric Source, Chemistry, Meteorology, Trends, and Background
Ozone

The focus of this Appendix is on background ozone. Although the contribution
of background ozone is becoming more important as anthropogenic emissions
are reduced, local and regional anthropogenic emissions are still the major
contributors to ozone issues. This is especially true in the more polluted
nonattainment areas. These considerations should be more clearly addressed.
There are relatively large uncertainties and great spatio-temporal variations in
VOC emissions from biogenic and wildfire sources.

NOx from fertilized soils should be considered to be anthropogenic emissions.
This Appendix should include more discussion on the impact of emissions and
meteorology on ozone in the west coast including California.

Generally, the methods and conclusions on background ozone estimation seem
reasonable.

Appendix 2: Exposure to Ambient Ozone

Page 2-14 (Line 20-22). The description of the time spent indoor/outdoors for
different races may be a bit circular. Perhaps a statement to clarify how Asians
and Blacks compare versus the total population would be helpful.

Page 2-21 (Line 4-5} — The statement “such as air purifiers” gives the impression
that all air purifiers produce ozone. The term “such as certain ozone generating
air purifiers” would be more accurate.

Page 2-21 (Line 4-5) - Also In addition to air purifiers, there are a number of
consumer products as well which can generate ozone, so the statement could
be modified to “such as certain ozone generating air purifiers and consumer
products” Reference for consumer products: {Zhang et al {2017) indoor Air
27(2) 386-39) https://onlinelibrary.wiley.com/doi/full/10.1111/ina.12307

Appendix 3: Health Effects — Respiratory

There are a number of key sentences that are repeated a number of times. This
may be the way the document is structured, but it is repetitious.

The association of the long-term impacts as likely to be causal is based on the
epidemiology studies. However there were and continue to be some concerns
for potential copollutant confounding. The animal studies do provide some
strong support and biological plausibility. Overall, more emphasis could be
placed on the animal toxicity studies.

For respiratory mortality, only studies conducted in the US or Canada should
have been reviewed according to the PECOS criteria. However, on page 3-106,
European studies are discussed.
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The Turner et al. (2016) publication discusses co-pollutant adjustment for
respiratory mortality. This discussion should be included in the Integrated
Science Assessment.

Suggestion: Publications discussing joint effects may merit further discussion.
For example, in addition to Winquist et al (2014) and Xiao et al {2016) and
Darrow (2014):

(background from prior Integrated Science Assessment period) Mauderly JL,
Samet JM. Is there evidence for synergy among air pollutants in causing health
effects? Environ Health Perspect. 2009 Jan;117(1):1-6. doi:10.128%/ehp.11654.
Epub 2008 Aug 22. Review. PubMed PMID: 19165380; PubMed Central
PMCID: PMC2627851.

Please check publication year for Byers (2015).

Appendix 4: Health Effects — Cardiovascular

There are redundant entries in some tables. Table 4-3 has multiple redundant
entries. In Table 4-30, the Martinez-Campos et al. (2012) study is entered
twice.

Some references are included in figures but missing in the References list
(Larrieu 2007 in Figure 4-4; Weichenthal 2017 and Cakmak 2018 in Figure 4-7;
Cakmak 2018 in Figure 4-8). These should be included in the References
section.

The entries in Table 4-1 are inconsistently presented, and some data are
missing. Some references are individually listed, whereas in other instances
readers are told what section to refer to obtain information on references.
Ozone concentrations are also missing from several lines.

For both Table 4-1 and Table 4-2, “No evidence...” should be worded
differently because this suggests that no studies have been done. Perhaps
instead the wording should be “Evidence of no effect...”

In the References list, on page 4-160, the reference starting with “M, A" is
missing the author names, and the article title is actually the same as that of
Arjomandi et al. (2015) that is listed on page 4-154.

Controlled human exposure studies can from one perspective can “provide the
most certain evidence indicating the occurrence of health effects in human
following specific O3 exposures”, because “effects reported in controlled
human exposure studies are due solely to O3 exposures, and the interpretation
of study results is not complicated by the presence of co-occurring pollutants
or pollutant mixtures (as is the case in epidemiological studies).” However,
from another perspective they are highly problematic. Controlled human
exposure studies are focus on healthy subjects typically adults, are subject to
uncertainties due to small sample size, have healthy subject bias, and restricted
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exposure dose and duration, which limit the ability to capture the potential
health effects of prolonged elevated exposure. This is especially of concern for
ozone where effects on those with pre-existing conditions and the most
vulnerable populations need to be considered. One example of a time limited
study is that by Rich et al. 2018
{https://www.sciencedirect.com/science/article/pii/S0160412018300448) who
exposed healthy elder subjects to different levels of ozone up to 3 hours.
Though no significant association between ozone and subclinical biomarkers
was observed, the short exposure duration didn’t allow the researchers to
conclude the possibility of health effects.

Appendix 6: Health Effects - Mortality

6.1.5 Effect Mcdification of the Ozone-Mortality Relationship (Page 6-9):
Weather conditions here are more likely to be confounders {associated with
both the potential risk factor and the outcome, and not in the causal pathway
between exposure and disease) rather than effect modifiers.

6.1.6 Potential Confounding of the Ozone-Mortality Relationship (Page 6-16):
For the co-poliutant models, the focus on PM2.5 and PM10 needs more rational
explanation/justifications. Why not consider other criteria pollutants?

6.2.7 Summary and Causality Determination (Page 6-40): “There is coherence
across .... support to the ozone-mortality relationship.” This sentence
contradicts the previous sentence and previous section (6.2.2 Biological
Plausibility}). The previous sentence suggested consistent positive associations
between Os and cardiovascular mortality, and inconsistent associations between
O3 and respiratory mortality. However, in the 6.2.2 Biological Plausibility
section, it suggested that the available evidence for respiratory morbidity
supports potential biological pathways by which long-term ozone exposures
could result in mortality; however, for cardiovascular morbidity, the evidence is
more limited due to the few studies that provide generally inconsistent results.
The biological plausibility evidence supports an association between Os and
respiratory morbidity (and subsequent mortality), but the epidemioclogical
studies support Oz and cardiovascular mortality. More explanation/clarification
is needed here.

6.2.7 Summary and Causality Determination {Page 6-41): “The strongest
evidence .... due to long-term ozone exposures” These two sentences have
been mentioned in the first two paragraphs in this section and many times in
preceding sections. This repetition is unnecessary.

We suggest this section be categorized by cause-specific mortality outcomes
(e.g., cardiovascular, respiratory) in addition to total mortality.

We were unable to verify several of the results. For example Table 6-3
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e Goldberg et al. (2013) (P6-47) the first and last result could not find in article,
and the acute CAD result does not match the article’s Figure 4

e Buteau et al (2018) (P6-50)
s Madrigano et al (20150) {(P6-51)

e Table 6-6 (starting page 6-56) and Table 6-7, missing explanation in footnote
for the cross symbol (7} in red. Table 6-5 has Note at bottom of each page that
defines this symbol as ‘U.S. and Canadian studies published since the 2013
Ozone ISA." In Table 6-6, some studies in other countries are given this symbol
(e.g., Bentayeb et al (2015), Kim et al (2017), Sese et al (2017)).

Appendix 7: Health Effects — Other Health Outpoints

e Reproductive & Developmental Effects: Studies listed below that were missing
from the review tables should be reviewed. Some of these studies are very
recent, but we believe they warrant review for this current Integrated Science
Assessment. The studies published in 2019 have been highlighted. We would
like to point out that a few studies in our list covered multiple end-points in the
developmental effects section, and while they were included in some of the
categories, they were excluded from others. For instance, a study could have
covered both fetal growth and preterm birth, but was only analyzed in the fetal
growth portion only. In addition to setting separate conclusions for individual
developmental outcomes, we also suggest adding a short-term ozone effects
section in future Integrated Science Assessments.

e Central Nervous System (CNS) Effects: A few studies pertaining to suicide and
other mental health outcomes have emerged very recently that provide more
epidemiological evidence and should be considered in this Integrated Science
Assessment. These and other studies that were not included in this Integrated
Science Assessment can be found below. All studies that came out in 2019 have
been highlighted. Furthermore, for future Integrated Science Assessments, we
suggest that mental health (including depression and suicide) effects that are
considered psychiatric outcomes should be separated from neurological
outcomes like Alzheimer’s disease and autism spectrum disorders as the
underlying mechanisms could be quite different.

Appendix 8: Ecological Effects
e The effects of ozone exposure on photosynthesis are well known, and there is a
very strong literature base on this topic. However, photosynthesis was
mentioned only briefly, and generally only to provide background material. The
Appendix would be strengthened by integrating the important role that
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photosynthesis plays in influencing the diverse processes and relationships
discussed throughout the Ecological Effects section.

Since the last Ozone Integrated Science Assessment review, large ecosystem
experiments, known as Free Air Carbon dioxide Enrichment, or FACE, studies,
have contributed a great deal to the knowledge base. Although fewer FACE
papers were examined in the current draft Ozone Integrated Science
Assessment than in the draft Integrated Science Assessment for NOx/SOx
Ecological Criteria, those selected for the current Appendix were relevant.

Appendix 9: The Role of Tropospheric Ozone in Climate Effects

Overall, for this Appendix, there is certainly broader and more recent literature
on this topic that was not examined or cited and is probably worthy of closer
examination. EPA should consider updating their literature search and adding
additional relevant articles (examples are provided below).

For “Ozone Chemistry and Role in Climate”, methane {CHa) was listed as one of
the ozone precursors; and the report states that ozone can also affect the
lifetime of CHa. It was also stated that shifts in global tropospheric ozone
concentrations may be driven most strongly by the spatial distribution of
anthropogenic emissions.

Overall, the report very briefly states that U.S. background ozone continues to
account for a large fraction of ambient ozone concentrations as a result of
stratospheric exchange, international transport, wildfires, lightning, global
methane emissions, and natural biogenic and geogenic precursor emissions.
Regarding background ozone and methane, it would be useful to expand the
discussion of background ozone. These background ozone levels have
increased by about a factor of three over the last 50 years in the northern
hemisphere and are currently close to levels that could damage human health
and the environment (mainly vegetation). Ozone levels in the future will be
governed largely by changes in both methane and nitrogen oxides (NOx);
according to a recent scientific paper (none cited in the EPA report), methane
induces an increase in tropospheric ozone that is approximately one-third of
that caused by NOx. Hence, control of methane and NOx emissions would
reduce the formation of ozone considerably.

With reference to global surface temperature, the report briefly talks about a
causal relationship between tropospheric ozone and radiative forcing. The
report also mentions a likely-to-be-causal relationship, via radiative forcing,
between tropospheric ozone and temperature, precipitation, and related
climate variables. However, the report lacks any discussion about ozone-climate
penalty. Although the magnitude of the “ozone—climate penalty” has generally
decreased, climate change is still expected to increase global mean
temperatures leading to higher tropospheric ozone concentrations in already
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polluted regions, potentially eroding the benefits of expensive emission
controls.

o The widely accepted associations of high ozone events with stagnation and heat
waves require re-examination. It should be noted that emission responses of
natural precursors to climate warming may be significantly modulated by CO»
levels and ecosystem feedbacks, such that the direction of emission changes
should also be considered. Climate variability could drive fluctuations in surface
ozone, which has implications for near-term air quality management. Several
recent studies have generally projected a climate change penalty on ozone air
quality, although the magnitudes are smaller than those projected by earlier
studies.

e Use of acronyms should be consistent; e.g. don't go back and forth between
“greenhouse gases” and "GHGs".

e Section 9.1.3.2. line 17, “...in the presence of nitrogen oxides (NOx = NO +
NO2)": Add “and oxygen molecules” at the end of the sentence.

e Section 9.1.3.3. line 4: would be worth including a citation for NOAA ESRL
GMD in addition to AR5, since essentially most of global GHG data are
gathered by them.

e Section 9.1.3.3. line 8-9: With increasing halocarbon emissions globally, is
tropospheric ozone still the third highest radiative forcing agent? Global R-134a
levels have been increasing quickly. Check to make sure that the information is
still accurate.

e Section 9.2.2. line 8-9: the language is slightly misleading. Zhang et al. 2016
stated that the overall magnitude of the emissions are only slightly smaller in
contributing to the Oz RF compared to the influences of the spatial distribution
of anthropogenic emissions. This should be reflected appropriately.

e Section 9.4. References section: Has more citations listed than were cited in
Appendix 9. This should be fixed if the assessment is current.

¢ Missing discussion of co-pollutants (confounding or effect modification).

e Although temperature is mentioned as an exposure along with other climatic
factors, ozone and temperature correlations are high during the summer
months, and a discussion regarding potential confounding or effect
modification by temperature is missing. Some discussion is included in Section
3.10.1.2 for respiratory outcomes specifically, but other endpoints are not
sufficiently addressed for confounding/effect modification by temperature in
this Integrated Science Assessment.

e Grouped temperature, precipitation, and related climate variables together as
“likely to be causal.” Temperature should be separated from these other
outcomes, as there is a lot of evidence for heat exposure specifically and several
health outcomes.
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Additional Publications to Review

We recommend U.S. EPA review the following publications, alphabetized by section,
appearing to meet inclusion criteria but not discussed in this draft Integrated Science
Assessment. Some of these publications are very recent and go beyond the cut-off
period. Nevertheless, we believe they are worthy of examination during this draft
process, particularly because some studies already included in this draft Integrated
Science Assessment were published after the indicated cut-off date in 2018.

Appendix 3: Health Effects — Respiratory

Castner J, Guo L, Yin Y. Ambient air pollution and emergency department visits for
asthma in Erie County, New York 2007-2012. Int Arch Occup Environ Health.
2018;91(2):205-214. doi:10.1007/s00420-017-1270-7

Glad JA, Brink LL, Talbott EQ, et al. The relationship of ambient czone and PM(2.5)
levels and asthma emergency department visits: possible influence of gender and
ethnicity. Arch Environ Occup Health. 2012;67(2):103-108.
doi:10.1080/19338244.2011.598888

Hao Y, Balluz L, Strosnider H, Wen XJ, Li C, Qualters JR. Ozone, Fine Particulate
Matter, and Chronic Lower Respiratory Disease Mortality in the United States. Am J
Respir Crit Care Med. 2015 Aug 1;192(3):337-41. doi: 10.1164/rccm.201410-18520C.
PMID: 26017067, PMCID: PMC4937454,

Herring MJ, Putney LF, St George JA, Avdalovic MV, Schelegle ES, Miller LA, Hyde
DM. Early life exposure to allergen and ozone results in altered development in
adolescent rhesus macaque lungs. Toxicol Appl Pharmacol. 2015 Feb 15;283(1):35-41.
doi: 10.1016/j.taap.2014.12.006. Epub 2014 Dec 27. PubMed PMID: 25545987,
PubMed Central PMCID: PMC5922427.

lerodiakonou D, Zanobetti A, Coull BA, Melly S, Postma DS, Boezen HM, Vonk JM,
Williams PV, Shapiro GG, McKone EF, Hallstrand TS, Koenig JQ, Schildcrout JS,
Lumley T, Fuhlbrigge AN, Koutrakis P, Schwartz J, Weiss ST, Gold DR; Childhood
Asthma Management Program Research Group. Ambient air pollution, lung function,
and airway responsiveness in asthmatic children. J Allergy Clin Immunol. 2016
Feb;137(2):390-9. doi: 10.1016/j.jaci.2015.05.028. Epub 2015 Jul 14. PubMed PMID:
26187234, PubMed Central PMCID: PMC4742428.

Kariisa M, Foraker R, Pennell M, Buckley T, Diaz P, Criner GJ, Wilkins JR 3rd. Short-
and long-term effects of ambient ozone and fine particulate matter on the respiratory
health of chronic obstructive pulmonary disease subjects. Arch Environ Occup Health.

2015;70(1):56-62. doi: 10.1080/19338244.2014.932753. PubMed PMID: 25136856.
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Kazemiparkouhi F, Eum KD, Wang B, Manjourides J, Suh HH. Long-term ozone
exposures and cause-specific mortality in a US Medicare cohort. J Expo Sci Environ
Epidemiol. 2019 Apr 16. doi: 10.1038/541370-019-0135-4. [Epub ahead of print]
PubMed PMID: 30992518.

Kravchenko J, Akushevich |, Abernethy AP, Holman S, Ross WG Jr, Lyerly HK. Long-
term dynamics of death rates of emphysema, asthma, and pneumonia and improving
air quality. Int J Chron Obstruct Pulmon Dis. 2014 Jun 16;9:613-27. doi:
10.2147/COPD.S59995. eCollection 2014. PubMed PMID: 25018627; PubMed Central
PMCID: PMC4075234.

Lim CC, Hayes RB, Ahn J, Shao Y, Silverman DT, Jones RR, Garcia C, Bell ML, Thurston
GD. Long-Term Exposure to Ozone and Cause-Specific Mortality Risk in the United
States. Am J Respir Crit Care Med. 2019 Oct 15:200(8):1022-1031. doi:
10.1164/rcem.201806-11610C. PubMed PMID: 31051079; PubMed Central PMCID:
PMC6794108.

Magzamen S, Moore BF, Yost MG, Fenske RA, Karr CJ. Ozone-Related Respiratory
Morbidity in a Low-Pollution Region. J Occup Environ Med. 2017;59(7):624-630.
doi:10.1097/JOM.0000000000001042

Mohamed A, Goodin K, Pope R, Hubbard M, Levine M. Association Between Asthma
Hospital Visits and Ozone Concentration in Maricopa County, Arizona (2007-2012). J
Environ Health. 2016;78(9):8-13.

Shihi H, Tamburic L, Koehoorn M, Brauer M. Perinatal air pollution exposure and
development of asthma from birth to age 10 years. Eur Respir J. 2016 Apr;47(4):1062-
71. doi: 10.1183/13993003.00746-2015. Epub 2016 Feb 8. PubMed PMID: 26862123.

To T, Feldman L, Simatovic J, Gershon AS, Dell S, Su J, Foty R, Licskai C. Health risk of
air pollution on people living with major chronic diseases: a Canadian population-
based study. BMJ Open. 2015 Sep 2;5(9):e009075. doi:10.1136/bmjopen-2015-
009075. PubMed PMID: 26338689; PubMed Central PMCID:

PMCA4563262.

Ware LB, Zhao Z, Koyama T, May AK, Matthay MA, Lurmann FW, Balmes JR, Calfee
CS. Long-Term Ozone Exposure Increases the Risk of Developing the Acute
Respiratory Distress Syndrome. Am J Respir Crit Care Med. 2016 May
15:193(10):1143-50. doi: 10.1164/rccm.201507-14180C. PubMed PMID: 26681363;
PubMed Central PMCID: PMCA4872663.
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Appendix 4: Health Effects — Cardiovascular

Danesh Yazdi M, Wang Y, Di Q, Zanobetti A, Schwartz J. Long-term exposure to
PM<sub>2.5</sub> and ozone and hospital admissions of Medicare participants in
the Southeast USA. Environ Int. 2019;130:104879. doi:10.1016/j.envint.2019.05.073

Kazemiparkouhi F, Eum KD, Wang B, Manjourides J, Suh HH. Long-term ozone
exposures and cause-specific mortality in a US Medicare cohort [published online
ahead of print, 2019 Apr 16]. J Expo Sci Environ Epidemiol. 2019;10.1038/s41370-019-
0135-4. doi:10.1038/s41370-019-0135-4

Kleinman MT, Wingen LM, Herman DA, Johnson R, Keebaugh A. “Can Reactions
between Ozone and Organic Constituents of Ambient Particulate Matter Influence

Effects on the Cardiovascular System?” Multiphase Environmental Chemistry in the
Atmosphere. January 1, 2018 , 439-458 DOI:10.1021/bk-2018-1299.ch021

Lim CC, Hayes RB, Ahn J, et al. Long-Term Exposure to Ozone and Cause-Specific
Mortality Risk in the United States. Am J Respir Crit Care Med. 2019,200(8):1022-
1031. doi:10.1164/rccm.201806-11610C

Malik AO, Jones PG, Chan PS, Peri-Okonny PA, Hejjaji V, Spertus JA. Association of
Long-Term Exposure to Particulate Matter and Ozone With Health Status and
Mortality in Patients After Myocardial Infarction. Circ Cardiovasc Qual Outcomes. 2019
Apr;12(4).e005598. doi: 10.1161/CIRCOUTCOMES.119.005598. PubMed PMID:
30950650; PubMed Central PMCID: PMC6540795.

Raza A, Dahlquist M, Lind T, Ljungman PLS. Susceptibility to short-term ozone
exposure and cardiovascular and respiratory mortality by previous hospitalizations.
Environ Health. 2018;17(1):37. Published 2018 Apr 13. doi:10.1186/512940-018-0384-z

Shin HH, Burr WS, Stieb D, Haque L, Kalayci H, Jovic B, Smith-Doiron M. Air Health
Trend Indicator: Association between Short-Term Exposure to Ground Ozone and
Circulatory Hospitalizations in Canada for 17 Years, 199672012. Int J Environ Res
Public Health. 2018 Jul 24;15(8):1566. doi: 10.3390/ijerph15081566. PMID: 30042335;
PMCID: PMC6121235.

Szyszkowicz M, Shutt R, Kousha T, Rowe BH. Air pollution and emergency department
visits for epistaxis. Clin Otolaryngol. 2014 Dec;39({6):345-51. doi:10.1111/coa.12296.
PubMed PMID: 25132105.

Wang M, Sampson PD, Sheppard LE, Stein JH, Vedal S, Kaufman JD. Long-Term
Exposure to Ambient Ozone and Progression of Subclinical Arterial Disease: The
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Multi-Ethnic Study of Atherosclerosis and Air Pollution. Environ Health Perspect.
2019;127(5):57001. doi:10.1289/EHP3325

Zhang J, Chen Q, Wang Q, Ding Z, Sun H, Xu Y. The acute health effects of ozone and
PM<sub>2.5</sub> on daily cardiovascular disease mortality: A multi-center time
series study in China. Ecotoxicol Environ Saf. 201 9;174:218-223.
doi:10.1016/j.ecoenv.2019.02.085

Appendix 5: Health Effects — Metabolic Effects

Chen SY, Su TC, Lin YL, Chan CC. Short-term effects of air pollution on pulse pressure
among nonsmoking adults. Epidemiology. 2012;23(2):341-348.
doi:10.1097/EDE.0b013e3182452f1d

Dong GH, Qian ZM, Xaverius PK, et al. Association between long-term air pollution
and increased blood pressure and hypertension in China. Hypertension.
2013:61(3):578-584. doi:10.1161/HYPERTENSIONAHA.111.00003

Green R, Broadwin R, Malig B, et al. Long- and Short-term Exposure to Air Pollution
and Inflammatory/Hemostatic Markers in Midlife Women. Epidemiology.
2016:27(2):211-220. doi:10.1097/EDE.0000000000000421

Liu C, Yang C, Zhao Y, et al. Associations between long-term exposure to ambient
particulate air pollution and type 2 diabetes prevalence, bicod glucose and
glycosylated hemoglobin levels in China. Environ Int. 2016;92-93:416-421.
doi:10.1016/j.envint.2016.03.028

Liu L, Kauri LM, Mahmud M, et al. Exposure to air pollution near a steel plant and
effects on cardiovascular physiology: a randomized crossover study. Int J Hyg Environ
Health. 2014:217(2-3):279-286. doi:10.1016/j.ijheh.2013.06.007

Liu WT, Lee KY, Lee HC, et al. The association of annual air pollution exposure with
blood pressure among patients with sleep-disordered breathing [published correction
appears in Sci Total Environ. 2017 Dec 15:603-604:381. Sci Total Environ. 2016;543(Pt
A):61-66. doi:10.1016/].scitotenv.2015.10.135

Orioli R, Cremona G, Ciancarella L, Solimini AG. Association between PM10, PM2.5,
NO?2, O3 and self-reported diabetes in Italy: A cross-sectional, ecological study. PLoS
One. 2018:13(1):¢0191112. Published 2018 Jan 17/. doi:10.1371/journal.pone.0191112
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Sade MY, Kloog |, Liberty IF, Katra |, Novack L, Novack V. Air Pollution and Serum
Glucose Levels: A Population-Based Study. Medicine (Baltimore). 2015;94(27):e1093.
doi: 10.1097/MD.0000000000001093

Xia'Y, Niu'Y, Cai J, et al. Effects of Personal Short-Term Exposure to Ambient Ozone

on Blood Pressure and Vascular Endothelial Function: A Mechanistic Study Based on

DNA Methylation and Metabolomics. Environ Sci Technol. 2018;52(21):12774-12782.
doi:10.1021/acs.est.8b03044

Yang BY, Qian ZM, Li §, et al. Ambient air pollution in relation to diabetes and
glucose-homoeostasis markers in China: a cross-sectional study with findings from the
33 Communities Chinese Health Study [published correction appears in Lancet Planet
Health. 2018 Mar;2(3):e113]. Lancet Planet Health. 2018;2(2):e64-e73.
doi:10.1016/52542-5196{18)30001-9

Zeng XW, Qian ZM, Vaughn MG, et al. Positive association between short-term
ambient air pollution exposure and children blood pressure in China-Result from the
Seven Northeast Cities (SNEC) study. Environ Pollut. 2017;224:698-705.
doi:10.1016/j.envpol.2017.02.054

Appendix 6: Mortality

Anderson GB, Krall JR, Peng RD, Bell ML. Is the relation between ozone and mortality
confounded by chemical components of particulate matter? Analysis of 7 components
in 57 US communities. Am J Epidemiol. 2012;176(8):726-732. doi:10.1093/aje/kws 188

Bell, M. L., et al. (2014). "Who is more affected by ozone pollution? A systematic
review and meta-analysis." Am J Epidemiol 180(1): 15-28.

Hao Y, Balluz L, Strosnider H, Wen XJ, Li C, Qualters JR. Ozone, Fine Particulate
Matter, and Chronic Lower Respiratory Disease Mortality in the United States. Am J
Respir Crit Care Med. 2015;192(3):337-341. doi:10.1164/rccm.201410-18520C

Hvidtfeldt UA, Sgrensen M, Geels C, et al. Long-term residential exposure to
PM<sub>2.5</sub>, PM<sub>10</sub>, black carbon, NO<sub>2</sub>, and
ozone and mortality in a Danish cohort. Environ Int. 2019;123:265-272,
doi:10.1016/}.envint.2018.12.010

Lim CC, Hayes RB, Ahn J, et al. Association between long-term exposure to ambient
air pollution and diabetes mortality in the US. Environ Res. 2018;165:330-336.
doi:10.1016/].envres.2018.04.011
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Appendix 7: Health Effects — Other Health Endpoints

Reproductive effects

Boulet SL, Zhou Y, Shriber J, Kissin DM, Strosnider H, Shin M. Ambient air pollution
and in vitro fertilization treatment outcomes. Hum Reprod. 2019;34(10):2036-2043.
doi:10.1093/humrep/dez128

Chung MK, Lao TT, Ting YH, Leung TY, Lau TK, Wong TW. Environmental factors in
the first trimester and risk of oral-facial clefts in the offspring. Reprod Sci.
2013:20(7):797-803. doi:10.1177/1933719112466311

Chung MK, Lao TT, Ting YH, Wong TW, Leung TY. Seasonality of fetal trisomy 21--
have ambient air pollutants played a role?. J Matern Fetal Neonatal Med.
2015;28(5):552-557. doi:10.3109/14767058.2014.924104

Di Ciaula A, Bilancia M. Relationships between mild PM10 and ozone urban air levels

and spontaneous abortion: clues for primary prevention. Int J Environ Health Res.
2015;25(6):640-655. doi:10.1080/09603123.2014.1003041

Enkhmaa D, Warburton N, Javzandulam B, et al. Seasonal ambient air pollution

correlates strongly with spontaneous abortion in Mongolia. BMC Pregnancy
Childbirth. 2014;14:146. Published 2014 Apr 23. doi:10.1186/1471-2393-14-146

Gaskins AJ, Fong KC, Abu Awad Y, et al. Time-Varying Exposure to Air Pollution and
Outcomes of in Vitro Fertilization among Couples from a Fertility Clinic. Environ Health
Perspect. 2019;127(7).77002. doi:10.1289/EHP4601

Ha S, Liu D, Zhu Y, Sherman S, Mendola P. Acute Associations Between Qutdoor
Temperature and Premature Rupture of Membranes. Epidemiology. 2018;29(2):175-
182. doi:10.1097/EDE.0000000000000779

Ha S, Sundaram R, Buck Louis GM, et al. Ambient air pollution and the risk of
pregnancy loss: a prospective cohort study. Fertil Steril. 2018;109(1):148-153.
doi:10.1016/] fertnstert.2017.09.037

Han Y, Jiang P, Dong T, et al. Maternal air pollution exposure and preterm birth in
Wuxi, China: Effect modification by maternal age. Ecotoxicol Environ Saf.
2018:157:457-462. doi:10.1016/j.ecoenv.2018.04.002

Jurewicz J, Radwan M, Sobala W, et al. The relationship between exposure to air
pollution and sperm disomy. Environ Mol Mutagen. 2015;56(1}:50-59.
doi:10.1002/em.21883
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Lafuente R, Garcia-Blaguez N, Jacquemin B, Checa MA. Outdoor air pollution and
sperm quality. Fertil Steril. 2016;106(4):880-896. doi:10.1016/j.fertnstert.2016.08.022

Ladd-Acosta C, Feinberg JI, Brown SC, et al. Epigenetic marks of prenatal air pollution
exposure found in multiple tissues relevant for child health. Environ Int. 2019;126:363-
376. doi:10.1016/j.envint.2019.02.028

Mainolfi MB, Salihu HM, Wilson RE, Mbah AK. Low-level exposure to air pollution and
risk of adverse birth outcomes in Hillsborough County, Florida. J Occup Environ Med.
2013;55(5):490-494. doi:10.1097/JOM.0b013e31828df013

Padula AM, Yang W, Carmichael SL, et al. Air Pollution, Neighbourhood
Socioeconomic Factors, and Neural Tube Defects in the San Joaquin Valley of
California. Paediatr Perinat Epidemiol. 2015;29(6):536-545. doi:10.1111/ppe. 12244

Qiu J, Dong M, Zhou F, Li P, Kong L, Tan J. Associations between ambient air
pollution and pregnancy rate in women who underwent in vitro fertilization in
Shenyang, China. Reprod Toxicol. 2019;89:130-135.
doi:10.1016/].reprotox.2019.07.005

Rible R, Aguilar E, Chen A, et al. Exploration of spatial patterns of congenital
anomalies in Los Angeles County using the vital statistics birth master file. Environ
Monit Assess. 2018;190(4):184. Published 2018 Mar 2. d0i:10.1007/s10661-018-6539-0

Seeni |, Ha S, Nobles C, Liu D, Sherman S, Mendola P. Air poilution exposure during
pregnancy: maternal asthma and neonatal respiratory outcomes. Ann Epidemiol.
2018;28(9%.612-618.e4. doi:10.1016/j.annepidem.2018.06.003

Siddika N, Rantala AK, Antikainen H, et al. Synergistic effects of prenatal exposure to
fine particulate matter (PM<sub>2.5</sub>) and ozone (O<sub>3</sub>) on the risk
of preterm birth: A population-based cohort study. Environ Res. 2019;176:108549.
doi:10.1016/].envres.2019.108549

Song J, Lu M, An Z, et al. Estimating the acute effects of ambient ozone pollution on
the premature rupture of membranes in Xinxiang, China. Chemosphere.
2019;227:191-197. doi:10.1016/j.chemosphere.2019.04.062

Stieb DM, Lavigne E, Chen L, Pinault L, Gasparrini A, Tjepkema M. Air pollution in the
week prior to delivery and preterm birth in 24 Canadian cities: a time to event analysis.
Environ Health. 2019;18(1):1. Published 2019 Jan 3. doi:10.1186/s12940-018-0440-8

Sun Z, Yang L, Bai X, et al. Maternal ambient air pollution exposure with spatial-
temporal variations and preterm birth risk assessment during 2013-2017 in Zhejiang
Province, China. Environ Int. 2019;133(Pt B):105242. d0i:10.1016/j.envint.2019.105242
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Wdowiak A, Wdowiak E, Bient A, Bojar |, lwanowicz-Palus G, Raczkiewicz D. Air
pollution and semen parameters in men seeking fertility treatment for the first time. Int
J Occup Med Environ Health. 2019;32(3):387-399. doi:10.13075/ijomeh.1896.01355

Zang H, Cheng H, Song W, et al. Ambient air pollution and the risk of stillbirth: a
population-based prospective birth cohort study in the coastal area of China. Environ
Sci Pollut Res Int. 2019;26(7):6717-6724. doi:10.1007/s11356-019-04157-7

Central nervous system effects

Bernardini F, Attademo L, Trezzi R, et al. Air pollutants and daily number of admissions
to psychiatric emergency services: evidence for detrimental mental health effects of
ozone [published online ahead of print, 2019 Nov 6]. Epidemiol Psychiatr Sci. 2019;1-
7. doi:10.1017/52045796019000623

Casas L, Cox B, Bauwelinck M, Nemery B, Deboosere P, Nawrot TS. Does air pollution

trigger suicide? A case-crossover analysis of suicide deaths over the life span. Eur J
Epidemiol. 2017;32(11):973-981. doi:10.1007/s10654-017-0273-8

Cerza F, Renzi M, Gariazzo C, et al. Long-term exposure to air pollution and
hospitalization for dementia in the Rome longitudinal study. Environ Health.
2019:18(1):72. Published 2019 Aug 9. doi:10.1186/512940-019-0511-5

Erickson MA, Jude J, Zhao H, et al. Serum amyloid A: an ozone-induced circulating
factor with potentially important functions in the lung-brain axis [published correction
appears in FASEB J. 2018 Jan;32(1):535]. FASEB J. 2017:31(9):3950-3965.
doi:10.1096/1].201600857RRR

Henriquez AR, House JS, Snow SJ, et al. Ozone-induced dysregulation of
neuroendocrine axes requires adrenal-derived stress hormones [published online
ahead of print, 2019 Aug 9]. Toxicol Sci. 2019;kfz182. doi:10.1093/toxsci/kfz182

Jo H, Eckel SP, Chen JC, et al. Gestational diabetes mellitus, prenatal air pollution
exposure, and autism spectrum disorder. Environ Int. 2019;133(Pt A):105110.
doi:10.1016/j.envint.2019.105110

Kaufman JA, Wright JM, Rice G, Connolly N, Bowers K, Anixt J. Ambient ozone and
fine particulate matter exposures and autism spectrum disorder in metropolitan
Cincinnati, Ohio. Environ Res. 2019;171:218-227. doi:10.1016/j.envres.2019.01.013

Kim Y, Myung W, Won HH, et al. Association between air pollution and suicide in
South Korea: a nationwide study. PLoS One. 2015;10(2):e0117929. Published 2015
Feb 18. doi:10.1371/journal.pone.0117929
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Lee H, Myung W, Cheong HK, et al. Ambient air pollution exposure and risk of
migraine: Synergistic effect with high temperature. Environ Int. 2018;121(Pt 1):383-
391. doi:10.1016/j.envint.2018.09.022

Lee H, Myung W, Jeong BH, Choi H, Jhun BW, Kim H. Short- and long-term exposure
to ambient air pollution and circulating biomarkers of inflammation in non-smokers: A
hospital-based cohort study in South Korea. Environ Int. 2018;119:264-273.
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in 26 South Korean cities: Effect modification by demographic and socioeconomic
factors. Sci Total Environ. 2018;639:944-951. doi:10.1016/].scitotenv.2018.05.210

Liu W, Sun H, Zhang X, et al. Air pollution associated with non-suicidal self-injury in
Chinese adolescent students: A cross-sectional study. Chemosphere. 2018;209:944~
949. doi:10.1016/j.chemosphere.2018.06.168

Marabotti C, Piaggi P, Scarsi P, Venturini E, Cecchi R, Pingitore A. Mortality for
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Cancer
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