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Supplemental Information: Methods

Literature search strategy

The EPA maintains an ongoing literature search process for the identification of relevant
scientific studies published since the last review of the National Ambient Air Quality Standard
(NAAQS) (U.S. EPA 2011) for each criteria pollutant, including the Os; Integrated Science
Assessment (ISA). For the identification of new studies, search strategies are designed for
pollutants and scientific disciplines and iteratively modified to optimize identification of
pertinent publications. For this search, the terms “ozone”, “O3”, “smog”, and “photochemical
oxidant(s)” were used in both PubMed and Web of Science. In addition, studies were identified
for inclusion in the ISA in several ways: specialized searches on specific topics; independent
review of tables of contents for journals in which relevant papers may be published;
identification of relevant literature by expert scientists; review of citations in previous
assessments and identification by the public and the Clean Air Scientific Advisory Committee
(CASAC) (U.S. EPA 2014) during the external review process. Additionally, during the process
of developing the Os Integrated Science Assessment (ISA), scientific publications are provided
to the Agency by the public through a call for information in the Federal Register (U.S. EPA,

2008).

References identified through the multipronged search strategy were screened by title and
abstract by scientists at the EPA. Non-English language papers were excluded. Those references
that were potentially relevant after reading the title were “considered” for inclusion in the ISA
and were added to the Health and Environmental Research Online (HERO) database developed

by EPA; which is available to the public.



Only those studies that have undergone scientific peer review and have been published or
accepted for publication and published reports that have undergone peer review were considered
for inclusion. All relevant epidemiologic, controlled human exposure, toxicological, ecological,
and welfare effects studies published since the last Oz review were considered, including those
related to exposure-response relationships, mode(s) of action (MOA), and response modifying
factors that may increase or decrease the risk of an Os-related health effect in specific
populations and lifestages. Studies and data analyses on atmospheric chemistry, air quality and
emissions, environmental fate and transport, dosimetry, toxicokinetics and exposure were also
considered for inclusion. This large global search identified approximately 22,000 studies that

examined both health and ecological effects and O; exposure.

Study selection and evaluation of individual study quality

After the literature search was conducted the selection of studies considered for inclusion was
based on the extent to which the study is informative and policy-relevant. This evaluation was
performed by scientists at the EPA for studies of health, ecological, and welfare effects; however

for this paper we focus on the identification and evaluation of health effects studies.

In general, in assessing the scientific quality of health effects studies, the following

considerations were taken into account.

=  Were study design, study groups, methods, data, and results clearly presented to
allow for study evaluation?

=  Were the study site(s), study populations, subjects, or organism models adequately
selected, and are they sufficiently well-defined to allow for meaningful

comparisons between study or exposure groups?



= Are the air quality data, exposure, or dose metrics of adequate quality and
sufficiently representative of information regarding ambient conditions?
= Are the health effect measurements meaningful, valid and reliable?
=  Were likely covariates or modifying factors adequately controlled or taken into
account in the study design and statistical analysis?
= Do the analytical methods provide adequate sensitivity and precision to support
conclusions?
= Were the statistical analyses appropriate, properly performed, and properly
interpreted?
These criteria provide benchmarks for evaluating various studies and for focusing on the policy-
relevant studies in assessing the body of health effects evidence. Of most relevance for inclusion
are studies that provide useful qualitative or quantitative information on O3 exposure-effect or
exposure-response relationships at doses or concentrations relevant to ambient conditions that
can inform decisions on whether to retain or revise the standards. Therefore, concentrations

above 2 ppm were excluded from the review.

The results from the large global search were reduced using exclusion criteria (e.g. non-English
language and not related to ambient air, such as disinfection byproducts) and targeted searches
for key health endpoints to 4,057 references that were considered for inclusion in the O3 ISA. A
total of 2,270 references deemed by EPA scientists to be of high quality, based on the above

considerations, was included in the final document.

Evaluation of scientific evidence and the causal framework

To aid judgment in interpreting scientific results, various “aspects” of causality have been

discussed by many philosophers and scientists. The “aspects” to judging causality developed by



Sir Austin Bradford Hill (Hill 1965) formed the basis for EPA’s causal determination
framework, but was modified to encompass a broader array of data (Table SI),
i.e., epidemiologic, controlled human exposure, ecological, and animal toxicological studies, as
well as in vitro data, and to be more consistent with EPA’s Guidelines for Carcinogen Risk
Assessment (U.S. EPA 2009; U.S. EPA 2005). Additionally this framework was developed to be
specific to examining causality for health and welfare effects for pollutant exposures. Although
these aspects provide a framework for assessing the evidence, they do not lend themselves to
being considered in terms of simple formulas or fixed rules of the evidence necessary to lead to
conclusions about causality (Hill 1965). Rather, these aspects provide a framework for
systematic appraisal of the body of evidence, informed by peer and public comment and advice,
which includes weighing alternative views on controversial issues. In addition, it is important to
note that the aspects presented in Table S1 cannot be used as a strict checklist, but rather to
determine the weight of the evidence for inferring causality. In particular, not meeting one or
more of the principles does not automatically preclude a determination of causality [see
discussion in (CDC 2004)]. Building off these aspects used to judge causality the US EPA
developed a causal framework to draw conclusions regarding the causal relationship between
relevant pollutant exposures and health or environmental effects as discussed in the O3 ISA.
This weight of evidence approach is detailed in Table S2. It is with these aspects in judging
causality in mind that we modified the causality framework detailed in Table S2 to encompass
examining response modifying factors, which is used to draw conclusions regarding whether a

specific factor increases or decreases the risk of an air pollutant (i.e. O3)-related health effect.



Table S1. Table from the US EPA’s Integrated Science Assessments, “Aspects to aid in judging causality.”

Aspect

Description

Consistency of the observed
association

An inference of causality is strengthened when a pattern of elevated risks is
observed across several independent studies. The reproducibility of findings
constitutes one of the strongest arguments for causality. If there are discordant
results among investigations, possible reasons such as differences in exposure,
confounding factors, and the power of the study are considered.

Coherence

An inference of causality from one line of evidence (e.g., epidemiologic, clinical,
or animal studies) may be strengthened by other lines of evidence that support a
cause-and-effect interpretation of the association. Evidence on ecological or
welfare effects may be drawn from a variety of experimental approaches

(e.g., greenhouse, laboratory, and field) and subdisciplines of ecology

(e.g., community ecology, biogeochemistry, and paleontological/historical
reconstructions). The coherence of evidence from various fields greatly adds to
the strength of an inference of causality. In addition, there may be coherence in
demonstrating effects across multiple study designs or related health endpoints
within one scientific line of evidence.

Biological plausibility.

An inference of causality tends to be strengthened by consistency with data from
experimental studies or other sources demonstrating plausible biological
mechanisms. A proposed mechanistic linking between an effect and exposure to
the agent is an important source of support for causality, especially when data
establishing the existence and functioning of those mechanistic links are
available.

Biological gradient
(exposure-response
relationship)

A well-characterized exposure-response relationship (e.g., increasing effects
associated with greater exposure) strongly suggests cause and effect, especially
when such relationships are also observed for duration of exposure

(e.g., increasing effects observed following longer exposure times).

Strength of the observed
association

The finding of large, precise risks increases confidence that the association is not
likely due to chance, bias, or other factors. However, it is noted that a small
magnitude in an effect estimate may represent a substantial effect in a population.

Experimental evidence

Strong evidence for causality can be provided through “natural experiments”
when a change in exposure is found to result in a change in occurrence or
frequency of health or welfare effects.

Temporal relationship of the
observed association

Evidence of a temporal sequence between the introduction of an agent, and
appearance of the effect, constitutes another argument in favor of causality.

Specificity of the observed
association

Evidence linking a specific outcome to an exposure can provide a strong
argument for causation. However, it must be recognized that rarely, if ever, does
exposure to a pollutant invariably predict the occurrence of an outcome, and that
a given outcome may have multiple causes.

Analogy

Structure activity relationships and information on the agent’s structural analogs
can provide insight into whether an association is causal. Similarly, information on
mode of action for a chemical, as one of many structural analogs, can inform
decisions regarding likely causality.

Source: U.S. EPA, 2013.




Table S2. Weight of evidence for causal determination.

Health effects

Causal relationship

Evidence is sufficient to conclude that there is a causal relationship with relevant
pollutant exposures (i.e., doses or exposures generally within one to two orders of
magnitude of current levels). That is, the pollutant has been shown to result in health
effects in studies in which chance, bias, and confounding could be ruled out with
reasonable confidence. For example: a) controlled human exposure studies that
demonstrate consistent effects; or b) observational studies that cannot be explained by
plausible alternatives or are supported by other lines of evidence (e.g., animal studies
or mode of action information). Evidence includes multiple high-quality studies.

Likely to be a causal
relationship

Evidence is sufficient to conclude that a causal relationship is likely to exist with
relevant pollutant exposures, but important uncertainties remain. That is, the pollutant
has been shown to result in health effects in studies in which chance and bias can be
ruled out with reasonable confidence but potential issues remain. For example: a)
observational studies show an association, but copollutant exposures are difficult to
address and/or other lines of evidence (controlled human exposure, animal, or mode of
action information) are limited or inconsistent; or b) animal toxicological evidence from
multiple studies from different laboratories that demonstrate effects, but limited or no
human data are available. Evidence generally includes multiple high-quality studies.

Suggestive of a causal
relationship

Evidence is suggestive of a causal relationship with relevant pollutant exposures, but is
limited. For example, (a) at least one high-quality epidemiologic study shows an
association with a given health outcome but the results of other studies are
inconsistent; or (b) a well-conducted toxicological study, such as those conducted in the
National Toxicology Program (NTP), shows effects in animal species,

Inadequate to infer a
causal relationship

Evidence is inadequate to determine that a causal relationship exists with relevant
pollutant exposures. The available studies are of insufficient quantity, quality,
consistency, or statistical power to permit a conclusion regarding the presence or
absence of an effect.

Not likely to be a
causal relationship

Evidence is suggestive of no causal relationship with relevant pollutant exposures.
Several adequate studies, covering the full range of levels of exposure that human
beings are known to encounter and considering at-risk populations, are mutually
consistent in not showing an effect at any level of exposure.

Source: U.S. EPA, 2013.




Table S3. Results from epidemiologic studies examining response modifying factors for Os-related health effects (listed in order of appearance

within each section).

Study Location Comparison populations Exposure duration Health endpoint | Effect estimate Results
Lifestage
Children
Halonen et al. Helsinki, Finland <15yrs, 15-64 yrs, 65+ yrs Short-term; warm- Asthma ED visits | % change (95% |Asthma hospitalizations: <15
2009 season, median 8-h max Cl) per 12.8 ppb |yrs: 12.6 (0.80, 25.8); Asthma-

35.7 ppb

COPD hospitalizations: 15-64
yrs: 3.23 (-6.84, 14.4), 65+ yrs:
9.62 (2.02, 17.8)

Middleton et al.
2008

Nicosia, Cyprus

<15 yrs, >15 yrs

Short-term; mean 8-h
max ranged by location
and season from 28.7
ppb (12.6 ppb) to 54.9

ppb (8.2 ppb)

All-cause
hospitalizations,
respiratory
hospitalizations

% increase (95%
Cl) per 10 ppb

All-cause hospitalizations: <15
yrs: 1.58 (0.25, 2.92), >15 yrs:
0.15 (-0.62, 0.92); Respiratory
hospitalizations: <15 yrs: 2.27
(-0.95, 5.60), >15 yrs: -1.65
(-4.89, 1.70)

Silverman and Ito
2010

New York City, U.S.

<6 yrs, 6-18 yrs, 19-49 yrs, 50+
yrs

Short-term; median
warm season 8-h max
41 ppb

Asthma-related
hospitalizations

RR (95% CI) per
22 ppb

ICU hospitalizations: <6 yrs:
0.96 (0.83, 1.11), 6-18 yrs: 1.19
(1.01, 1.40), 19-49 yrs: 1.03
(0.92, 1.16), 50+ yrs: 1.00 (0.90,
1.10); Non-ICU hospitalizations:
<6 yrs: 1.09 (1.04, 1.15), 6-18
yrs: 1.20 (1.11, 1.29), 19-49 yrs:
1.08 (1.04, 1.12), 50+ yrs: 1.06
(1.02, 1.10)

Ko et al. 2007 Hong Kong 0-14 yrs, 15-65 yrs, 66+ yrs Short-term; mean 8-hr | Asthma-related RR (95% CI) per [0-14 yrs: 1.039 (1.030, 1.048),
avg 21.7 ppb (11.9 ppb) |hospitalizations 5 ppb 15-65 yrs: 1.041 (1.032, 1.050),
66+ yrs: 1.023 (1.015, 1.030)
Paulu and Smith |Maine, U.S. 2-14 yrs, 15-34 yrs, 35-64 yrs Short-term; median Asthma-related % increase (95% |2-14 yrs: 11 (1, 23), 15-34 yrs:
2008 warm-season 8-hr max |ED visits Cl) per 10 ppb 16 (8, 24); By Age and Sex:
ranged by year from 36 Males: 2-14 yrs: 17 (3, 32), 15-
ppb to 42 ppb 34 yrs: 10, 35-64 yrs: 11;
Females: 2-14 yrs: 4, 15-34 yrs:
20 (10, 31), 35-64 yrs: 8
Mar and Koenig |Seattle, 0-18 yrs, 18+ yrs Short-term; mean 1-h Asthma-related RR (95% CI) per [0-18 yrs: 1.07 (0.99, 1.17), 18+

2009

Washington, U.S.

max 38.6 ppb

ED visits

10 ppb

yrs: 1.06 (1.01, 1.12)




Study Location Comparison populations Exposure duration Health endpoint | Effect estimate Results
Older adults
Medina-Ramoén uU.S. <65 yrs, 65+ yrs Short-term; median Mortality Additional % 1.10 (95% CI 0.44, 1.77); By
and Schwartz warm-season 8-hr avg change in 65+ Age and Sex (compared to men
2008 ranged by city from 16.1 compared to <65 |in the same age groups):
ppb to 58.8 ppb per 10 ppb Women <60 yrs: -0.09 (-0.76,
0.58), Women 60+ yrs: 0.60
(0.25, 0.96)
Zanobetti and u.s. 0-20 yrs, 21-30 yrs, 31-40 yrs,  |Short-term; mean 8-hr | Mortality % increase (95% |0-20 yrs: 0.08 (-0.42, 0.57), 21-
Schwartz 2008 41-50 yrs, 51-60 yrs, 61-70 yrs, |avg ranged by season Cl) per 10 ppb 30 yrs: 0.10 (-0.67, 0.87), 31-40
71-80 yrs, 81+ yrs from 16.5 ppb to 47.8 yrs: 0.07 (-0.38, 0.52), 41-50 yrs:
ppb 0.08 (-0.27, 0.43), 51-60 yrs:
0.54 (0.19, 0.89), 61-70 yrs: 0.38
(0.16, 0.61), 71-80 yrs: 0.50
(0.32, 0.67), 81+ yrs: 0.29 (0.13,
0.44)
Cakmak et al. Chile <64 yrs, 65-74 yrs, 75-84 yrs, Short-term; mean 1-h Mortality % change (t-ratio) | <64 yrs: 4.96 (1.17), 65-74 yrs:
2007 85+ yrs max 100.13 ppb per 100.13 ppb 8.00 (1.77), 75-84 yrs: 9.42
(2.28), 85+ yrs: 8.56 (2.02)
Cakmak et al. Chile <64 yrs, 65-74 yrs, 75-84 yrs, Short-term; avg 8-h max |Mortality RR (95% CI) per [<64 yrs: 1.033 (0.993, 1.076),
2011 85+ yrs ozone ranged by city IQR 65-74 yrs: 1.033 (0.982, 1.088),
from 59 ppb (SD 56.6 75-84 yrs: 1.073 (1.014, 1.135),
ppb) to 87.6 ppb (86.2 85+ yrs: 1.063 (1.012, 1.117)
ppb)
Stafoggia et al. Italy 35-64 yrs, 65-74 yrs, 75-84 yrs, |Short-term; mean 8-h Mortality % increase (95% |35-64 yrs: 0.8 (-0.8, 2.5), 65-74
2010 85+ yrs moving avg ranged by Cl) per 5 ppb yrs: 0.9 (-0.5, 2.3), 75-84 yrs: 0.5
city from 39.0 ppb (SD (-0.5, 1.5), 85+ yrs: 3.5 (2.4, 4.6)
10.3 ppb) to 57.7 ppb
(SD 19.3 ppb)
Kan et al. 2008 Shanghai, China 5-44 yrs, 45-64 yrs, 65+ yrs Short-term; mean 8-h Mortality % increase (95% |5-44 yrs: -0.08 (-1.38, 1.25), 45-

avg 31.7 ppb (SD 0.5
pPb)

Cl) per 5 ppb

64 yrs: 0.47 (-0.19, 1.12), 65+
yrs: 0.32 (0.03, 0.61)
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Study Location Comparison populations Exposure duration Health endpoint | Effect estimate Results
Katsouyanni et al. |U.S., Canada, <75 yrs, 75+ yrs Short-term; mean 1-h Mortality % change (95% |All-cause mortality: United
2009 Europe max ranged from 13.3- Cl) per 5 ppb States: <75 yrs: 0.45 (0.15,

38.4 ppb in the US, 6.7-
8.4 ppb in Canada, and
18.3-41.9 ppb in Europe

0.75), 75+ yrs: 0.32 (-0.04,
0.67); Canada: <75 yrs: 0.65
(-0.043, 1.3), 75+ yrs: 0.83
(0.11, 1.6); Europe: <75 yrs:
0.35(0.12, 0.57), 75+ yrs: 0.11
(-0.10, 0.31); Cardiovascular
mortality: United States: <75 yrs:
0.48 (-0.02, 0.98), 75+ yrs: 0.29
(-0.17, 0.75); Canada: <75 yrs:
0.83 (0.11, 1.6), 75+ yrs: 0.65
(-0.043, 1.3); Europe: <75 yrs:
0.25 (-0.14, 0.64), 75+ yrs: 0.26
(-0.03, 0.54)

Halonen et al.
2009

Helsinki, Finland

15-64 yrs, 65+ yrs

Short-term; warm-
season, median 8-h max
35.7 ppb

Cardiovascular
mortality,
respiratory
mortality,
hospitalizations
related to coronary
heart disease,
stroke, arrhythmia,
pneumonia,
asthma-COPD

% change (95%
Cl) per 12.8 ppb

Cardiovascular mortality: 15-64
yrs: 4.44 (-7.85, 18.4), 65+ yrs:
0.67 (-4.57, 6.20); Respiratory
mortality: 15-64 yrs: 3.02 (-10.9,
19.1), 65+ yrs: 2.22 (-8.80,
14.6); Coronary heart disease
hospitalizations: 15-64 yrs: 0.21
(-6.53, 7.43), 65+ yrs: -1.06
(-5.18, 3.23); Stroke
hospitalizations: 15-64 yrs: 1.96
(-5.85, 10.4), 65+ yrs: 2.24
(-4.11, 9.02); Arrhythmia
hospitalizations: 15-64 yrs: -4.04
(-13.3, 6.15), 65+ yrs: 0.10
(-5.91, 6.50); Pneumonia
hospitalizations: 15-64 yrs: 0.98
(-8.23, 11.1), 65+ yrs: 0.09
(-5.40, 5.91); Asthma-COPD
hospitalizations: 15-64 yrs: 3.23
(-6.84, 14.4), 65+ yrs: 9.62
(2.02,17.8)

Arbex et al. 2009

Sao Paulo, Brazil

40-64 yrs, 65+ yrs

Short-term; mean 1-hr
max 47.88 ppb (SD

COPD-related ED
visits

Quantitative results not provided:
no association present in any

22.12 ppb) age group
Buadong et al. Bangkok, Thailand |15-64 yrs, 65+ yrs Short-term; mean 1-h Cardiovascular- % change (95% |15-64 yrs: 0.01 (-0.28, 0.14),
2009 avg 14.4 ppb related Cl) per 5 ppb 65+ yrs: 0.50 (0.19, 0.81)

hospitalizations
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Study Location Comparison populations Exposure duration Health endpoint | Effect estimate Results

Sex
Cakmak et al. Canada Male, Female Short-term; mean daily |Respiratory % change (95% |Male: 4.5 (2.6, 6.3), Female: 3.6
2006b avg 17.4 ppb (SD 21.4 | hospitalizations Cl)per 17.4 ppb |(1.6,5.7)

ppb)

Middleton et al.
2008

Nicosia, Cyprus

Male, Female

Short-term; mean 8-h
max ranged by location
and season from 28.7
ppb (12.6 ppb) to 54.9
ppb (8.2 ppb)

All-cause
hospitalization,
respiratory
hospitalization,
cardiovascular
hospitalizations

Percent increase
(95% ClI)

All-cause hospitalizations: Male:
0.58 (-0.35, 1.52), Female: 0.45
(-0.50, 1.41); Respiratory
hospitalizations: Male: -1.76
(-4.63, 1.19), Female: 3.89
(0.12, 7.80); Cardiovascular
hospitalizations: Male: 0 (-2.17,
2.22), Female: 1.93 (-1.03, 4.97)

Arbex et al. 2009

Sao Paulo, Brazil

Male, Female

Short-term; mean 1-hr
max 47.88 ppb (SD
22.12 ppb)

COPD-related ED
visits

% change (95%
Cl) per 27.93 ppb

Males: quantitative results not
provided - no association
observed, Females: 2.3 (0.0,
4.5)

Wong et al. 2009 |Hong Kong Male, Female Short-term; mean 8-h Respiratory- Excess risk (95% |Respiratory-related
avg 18.45 ppb (SD 11.5 |related Cl) at mean level |hospitalizations: Male: 0.84
ppb) hospitalization, of influenza (0.57, 1.11), Female: 0.87 (0.56,
acute respiratory- |activity per 5 ppb |1.19); Acute respiratory-related
related hospitalizations: Male: 1.03
hospitalization, (0.63, 1.44), Female: 0.63 (0.18,
COPD-related 1.09); COPD-related
hospitalization, hospitalizations: Male: 0.93
cardiovascular- (0.51, 1.35), Female: 2.19 (1.63,
related 2.75); Cardiovascular-related
hospitalizations hospitalizations: Male: 0.11
(-0.21, 0.44), Female: 0.25
(-0.07, 0.58)
Paulu and Smith |Maine, U.S. Male, Female Short-term; median Asthma-related % increase (95% |Males: 11 (4, 18), Females: 12

2008

warm-season 8-hr max
ranged by year from 36
ppb to 42 ppb

ED visits

Cl) per 10 ppb

(6, 18); By Age and Sex: Males:
2-14 yrs: 17 (3, 32), 15-34 yrs:
10, 35-64 yrs: 11; Females: 2-14
yrs: 4, 15-34 yrs: 20 (10, 31), 35-
64 yrs: 8

Thaller et al. 2008

Galveston, TX

Male, Female

Short-term; range of
daily avg from 14.62 ppb
to 88.69 ppb

FVC, FEV4/FVC

% change per 10
ppm

FVC: Males: -0.04 (-0.3, 0.4),
Females: 0.32 (-0.2, 0.8);
FEV1/FVC: Males: -0.2 (-0.4,
0.03), Females: -0.4 (-0.7, -0.1)
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Study Location Comparison populations Exposure duration Health endpoint | Effect estimate Results
Lin et al. 2005 Toronto, Canada Male, Female Short-term; mean 1-h Respiratory- OR (95% Cl) per |Males: 1.08 (0.89, 1.31),
max 38.06 ppb (17.48 infection 21.8 ppb Females: 1.18 (0.94, 1.47)
ppb) hospitalizations
among children
under 15 years old
Lin et al. 2008 New York State, Male, Female Short-term; mean 8-h Asthma-related Quantitative results not provided

United States

max 41.06 ppb

hospitalizations
among children
ages 1-6 years

“nonsignificant difference”

Villeneuve et al.

2006

Edmonton, Canada

Male, Female

Short-term; mean daily
max 31.2 ppm

Stroke-related ED
visits

Quantitative results not provided;
no difference apparent in figures
with estimates stratified by sex

Henrotin et al.
2007

Dijon, France

Male, Female

Short-term; mean 8-h
14.95 ppb (10.75 ppb)

Ischemic stroke

OR (95% CI) per
5 ppb

Male: 1.058 (0.987, 1.134),
Female: 1.036 (0.969, 1.106)

Cakmak et al. Canada Male, Female Short-term; mean daily |Cardiac % change (95% |Male: 1.4 (0.9, 1.9), Female: 2.7
2006a avg 17.4 ppb (SD 21.4 | hospitalizations Cl)per 17.4 ppb {(0.2,5.2)
ppPb)
Medina-Ramoén U.S. Male, Female Short-term; median Mortality Additional % Women compared to men: 0.58
and Schwartz warm-season 8-hr avg change per 10 (95% CI1 0.18, 0.98); By Age and
2008 ranged by city from 16.1 ppb Sex (compared to men in the
ppb to 58.8 ppb same age groups): Women
<60yrs: -0.09 (-0.76, 0.58),
Women 60+ yrs: 0.60 (0.25,
0.96)
Stafoggia et al. Italy Male, Female Short-term; mean 8-h Mortality % increase (95% |Male: 0.8 (-0.1, 1.8), Female: 2.2
2010 moving avg ranged by Cl) per 5 ppb (1.4,3.1)
city from 38.95 ppb (SD
10.25 ppb) to 57.7 ppb
(SD 19.3 ppb)
Kan et al. 2008 Shanghai, China Male, Female Short-term; mean 8-h Mortality % increase (95% |Male: 0.19 (-0.16, 0.55), Female:
avg 31.65 ppb (SD 0.5 Cl) per 5 ppb 0.40 (0.03, 0.76)
pPb)
Cakmak et al. Chile Male, Female Short-term; avg 8-h max |Mortality RR (95% CI) per [Male: 1.052 (1.011, 1.094),
2011 ozone ranged by city IQR Female: 1.042 (1.006, 1.080)

from 59 ppb (SD 56.6
ppb) to 87.6 ppb (86.2
ppb)
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Study

Location

Comparison populations

Exposure duration

Health endpoint

Effect estimate

Results

Asthma

Thaller et al. 2008

Galveston, TX

Asthma, no asthma

Short-term; median daily
avg 26 ppb, median
daily maximum 35 ppb

FVC, FEV4/FVC
per 10 ppm O3

% change for
daily avg or max
Os

FVC, daily avg O3: Asthmatic:
B -0.4 (95% CI -1.1, 0.4), Non-
asthmatic: $ 0.09 (95% CI -0.2,
0.4); FVC, daily max Os:
Asthmatic: 3 -0.07 (95%

Cl -0.5, -0.4), Non-asthmatic: B
0.09 (95% CI -0.07, 2.5);
FEV4/FVC, daily avg Oa:
Asthmatic: 8 -0.6 (95%

Cl -1.1, -0.08), Non-asthmatic:
B -0.2 (95% CI -0.4, -0.02);
FEV1/FVC, daily max Os:
Asthmatic: 8 -0.4 (95%

Cl-0.7, -0.08), Non-asthmatic:
B -0.1 (95% CI-0.2, 0)

Escamilla-Nufiez |Mexico City, Mexico |Asthma, no asthma Short-term; 1-hr daily Coughing events, |% change Coughing events: Asthmatic: RR
et al. 2008 maximum avg 86.5 ppb |wheezing events 8.9 (95% CI 3.0, 15.1), Non-
(SD 34.4 ppb) per IQR (48.0 ppb) asthmatic: data not provided “no
in O3 significant association”;
Wheezing events: Asthmatic: RR
10.0 (95% ClI 3.2, 17.3), Non-
asthmatic: data not provided “no
significant association”
Alexeeff et al. Boston, MA Airway hyperresponsiveness, no |Short-term; mean 2-d Lung function (% |% change FEV1: Nonresponder: OR -1.28

2007

airway hyperresponsiveness

avg 24.4 ppb (SD 11.0
pPb)

change in FEV;4
and FVC) per 15
ppb O3

(95% CI -2.01, -0.54),
Responder: OR -3.04 (95%
Cl-4.70, -1.34); FVC:
Nonresponder: OR -1.29 (95%
Cl -1.96, -0.61), Responder:
OR -2.03 (95% CI -3.57, -0.46)
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Barraza-Villarreal |Mexico City, Mexico | Asthma, no asthma Short-term; mean 8-h FeNO, IL-8, Linear model, B FeNO: Asthmatic: 1.06 (95% ClI
et al. 2008 moving avg 31.6 ppb pH_EBC, FEV4, 1.02, 1.09), Non-asthmatic: 1.11

(SD 11.5 ppb)

FVC, FEV2s5.75 per
IQR (22.0 ppb) O3

(95% C10.92, 1.33); IL-8:
Asthmatic: 1.18 (95% CI 1.04,
1.34), Non-asthmatic: 1.19 (95%
Cl1 1.00, 1.45); pH_EBC:
Asthmatic: -0.07 (95%

Cl -0.15, -0.01), Non-

asthmatic: -0.07 (95% CI -0.20,
0.05); FEV4: Asthmatic: -1.64
(95% CI -28.0, 25.1), Non-
asthmatic: -21.3 (95% CI -66.5,
23.9); FVC: Asthmatic: -13.5
(95% CI -45.0, 19.0), Non-
asthmatic: -23.6 (95% CI -75.0,
28.1); FEV25.75: Asthmatic: 24.3
(95% CI1 -29.0, 78.2), Non-
asthmatic: -14.5 (95% CI -118.7,
89.5)

Berhane et al. Southern CA Asthma, no asthma; respiratory |Short-term; 8-hr daily FeNO change per |% change Asthmatic: $ 12.6 (95% CI-0.7,
2011 allergy, no respiratory allergy avg, IQR 15.42 ppb IQR (15.42 ppb) 27.7), Non-asthmatic: 3 14.5
O3 (95% CI 5.3, 24.4); Respiratory
allergy: B 15.4 (95% CI 6.0,
25.7), No respiratory allergy: 8
12.4 (95% Cl 2.7, 23.0)
Obesity
Alexeeff et al. Boston, MA BMI <30 kg/m”, BMI 230 kg/m® |Short-term; mean 2-d Lung function (% |% change FEV:: BMI <30 kg/m*: OR -1.15
2007 avg 24.4 ppb (SD 11.0 |change in FEV4 (95% Cl -1.91, -0.39), BMI =230

ppb)

and FVC) per 15
ppb O3

kg/m?: OR -2.63 (95%

Cl -3.85, -1.39); FVC: BMI <30

kg/m?: OR -1.18 (95%

Cl -1.88, -0.48), BMI 230 kg/m?:
OR -2.05 (95% CI -3.17, -0.91)
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Study Location Comparison populations Exposure duration Health endpoint | Effect estimate Results
Diet
Romieu et al. Mexico City, Mexico |Fruit and vegetable index, Short-term; mean 8-h IL-8, FEV+4, FVC Coefficient (SE) |Fruit and vegetable index: IL-8:
2009 Mediterranean diet index moving avg 31.6 ppb for the <25 ppb: -0.125 (0.094), =38
relationship ppb: -0.219 (0.084), FEV: <25
between ppb: 0.049 (0.061), =38 ppb:
increasing dietary |0.099 (0.058), FVC: <25 ppb:
index and 0.065 (0.069), =238 ppb: 0.137

outcomes by
quartile of ozone
exposure

(0.066); Mediterranean diet
index: IL-8: <25 ppb: -0.020
(0.055), 238 ppb: -0.022 (0.048),
FEV1: <25 ppb: 0.048 (0.033),
=38 ppb: 0.051 (0.032), FVC:
<25 ppb: 0.048 (0.037), 238 ppb:
0.081 (0.036)
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Sienra-Monge et
al. 2004

Mexico

Vitamin supplementation (50
mg/day of vitamin E and 250
mg/day of vitamin C), Placebo

Short-term; mean ozone
8-h moving avg 66.2
ppb

Inflammation per
100 ppb O3
(interleukin-6 (IL-
6), interleukin-8
(IL-8), glutathione
(GSx), uric acid

B

IL-6, 1-day lag: Placebo 0.98
(SE 0.44; p-value 0.02),
Supplement -0.02 (SE 0.42; p-
value 0.97); IL-6, 3-day lag:
Placebo 1.07 (SE 0.30; p-value
<0.01), Supplement -0.04 (SE
0.31; p-value 0.90); IL-6, 3-day
cumulative: Placebo 1.44 (SE
0.47; p-value <0.01),
Supplement 0.09 (SE 0.52; p-
value 0.86); IL-8, 1-day lag:
Placebo 0.80 (SE 0.49; p-value
0.10), Supplement -0.26 (SE
0.49; p-value 0.60); IL-8, 3-day
lag: Placebo 0.78 (SE 0.37; p-
value 0.04), Supplement 0.29
(SE 0.38; p-value 0.45); IL-8, 3-
day cumulative: Placebo 1.15
(SE 0.55; p-value 0.04),
Supplement 0.02 (SE 0.62; p-
value 0.98); GSx, 2-day lag:
Placebo -0.13 (SE 0.15; p-value
0.39), Supplement -0.29 (SE
0.13; p-value 0.03); GSx, 3-day
lag: Placebo -0.27 (SE 0.10; p-
value <0.01), Supplement -0.06
(SE 0.09; p-value 0.51); GSx, 3-
day cumulative: Placebo -0.35
(SE 0.16; p-value 0.03),
Supplement -0.33 (SE 0.14; p-
value 0.02); Uric acid, 2-day lag:
Placebo -0.25 (SE 0.38; p-value
0.51), Supplement 0.08 (SE
0.41; p-value 0.85); Uric acid, 3-
day lag: Placebo -0.34 (SE 0.27;
p-value 0.20), Supplement 0.41
(SE 0.28; p-value 0.14); Uric
acid, 3-day cumulative:

Placebo -0.42 (SE 0.40; p-value
0.30), Supplement 0.34 (SE
0.46; p-value 0.46)
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SES
Cakmak et al. Canada Neighborhood-level education (< |Short-term; mean daily |Respiratory % change (95% |Neighborhood-level education: <
2006b grade 9, grades 9-13, some avg 17.4 ppb (SD 21.4 | hospitalizations Cl) per 17.4 ppb |grade 9: 4.0 (1.6, 6.5), grades 9-

university or trade school,
university diploma) and
neighborhood-level income
(<$21,309, $21,309-$28,161,
$28,161-$35,905, >$35,905)

ppb)

13: 1.4 (-1.6, 4.4), some
university or trade school: 1.1
(-1.6, 4.0), university diploma:
0.5 (-2.5, 3.5); Neighborhood-
level income: <$21,309: 2.8
(0.4,5.1), $21,309-$28,161: 5.6
(3.0, 8.2), $28,161-$35,905: 2.9
(0.1, 5.7), >$35,905: 4.6 (1.8,
7.5)

Lee et al. 2006

Seoul, Korea

Neighborhood level insurance
rate (lower, intermediate, upper)

Short-term; mean 8-h
max avg 29.83 ppb (SD
16.87 ppb)

Asthma-related
hospitalizations for
children <15 yrs

RR (95% CI) per
IQR (ranged
23.94 ppb to 33
ppb by grp)

Lower: 1.32 (1.11, 1.58),
Intermediate: 1.24 (1.08, 1.43),
Upper: 1.12 (1.00, 1.25)

Burra et al. 2009

Toronto, Canada

Quintiles of neighborhood
average household income
(quintile 1: $18,901-$42,688;
quintile 5: $76,032-$245,701)

Short-term; avg daily 1-h
max ozone 33.3 ppb (SD
16.4 ppb)

Ambulatory
physician visits for
asthma among
children aged 1-17
yrs

RR (95% Cl)

Quintile 1: Males 0.961 (95% ClI
0.956, 0.966), Females 0.955
(95% CI 0.949, 0.961); Quintile
5: Males 0.966 (95% CI 0.961,
0.972), Females 0.962 (95% ClI
0.955, 0.969)

Cakmak et al. Canada Neighborhood-level education  |Short-term; mean daily |Cardiac % change (95% |Neighborhood-level education:
2006a (quartiles) and neighborhood- avg 17.4 ppb (SD 21.4 | hospitalizations Cl) per 17.4 ppb |First quartile: 1.4 (-0.9, 3.7),
level income (quartiles: ppb) Second quartile: -2.8 (-8.6, 3.0),
<$21,309, $21,309-$28,161, Third quartile: 6.0 (0.2, -11.8),
$28,161-$35,905, >$35,905) Fourth quartile: 2.2 (-3.8, 8.2);
Neighborhood-level income:
<$21,309: 1.8 (-0.7, 4.3),
$21,309-$28,161: 1.0 (-2.0, 4.0),
$28,161-$35,905: 3.0 (0.6, 5.4),
>$35,905: 1.3 (-1.7, 4.3)
Bell and Dominici |U.S. Unemployment, poverty, median |Short-term; mean daily |Mortality % change in Unemployment: 68.3 (3.02,

2008

income

ozone 26.8 ppb (IQR 6.4
ppb)

effect estimate
(95% PI) for O3
and mortality per
IQR increase in
neighborhood
variable

133.7), Poverty: 35.4 (-24.7,
95.4), Median income: 9.34
(-42.5, 61.2); Adjusted for
neighborhood variable:
Unemployment: 0.49 (0.26,
0.73), Poverty: 0.51 (0.27, 0.75),
Median income: 0.52 (0.28,
0.77)
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Katsouyanni et al. |U.S., Canada, Unemployment Short-term; mean 1-h Mortality % change (95% |United States: 25%ile of
2009 Europe max ranged from 13.3- Cl) per 5 ppb unemployment: 0.02 (-0.10,
38.4 ppb in the US, 6.7- 0.15), 75%ile of unemployment:
8.4 ppb in Canada, and 0.19 (0.09, 0.29); Canada:
18.3-41.9 ppb in Europe 25%ile of unemployment: 0.35
(0.18, 0.51), 75%ile of
unemployment: 0.47 (0.32,
0.61); Europe: 25%ile of
unemployment: 0.18 (-0.06,
0.42), 75%ile of unemployment::
0.17 (-0.06, 0.40)
Cakmak et al. Chile Individual education (primary Short-term; avg 8-h max |Mortality RR (95% CI) per |Individual education: Primary
2011 school not completed, primary  |ozone ranged by city IQR school not completed: 1.094

school completed, high school
completed, some college,
college completed),
Neighborhood income quartile
(<$8800, $8800-$10,651, $10,
651-$13,395, >$13,395),
Employment category
(unemployed, blue-collar, white-
collar)

from 59 ppb (SD 56.6
ppb) to 87.6 ppb (86.2

ppb)

(1.039, 1.140), Primary school
completed: 1.061 (1.016, 1.106),
High school completed: 1.050
(1.007, 1.092), Some college:
1.037 (0.995, 1.080), College
completed: 1.034 (0.991, 1.078);
Neighborhood income quartile:
<$8800: 1.081 (1.049, 1.113),
$8800-$10,651:1.062 (1.027,
1.097), $10, 651-$13,395: 1.030
(1.000, 1.060), >$13,395: 1.023
(0.994, 1.052); Employment
category: Unemployed: 1.089
(1.032, 1.146), Blue-collar: 1.028
(0.994, 1.061), White-collar:
0.980 (0.931, 1.029)

Kan et al. 2008

Shanghai, China

Individual low education
(illiterate or primary school, high
education (middle school or
more)

Short-term; mean 8-h
avg 31.65 ppb (SD 0.5
ppb)

Total mortality,
cardiovascular
mortality,
respiratory
mortality

% increase (95%
Cl) per 5 ppb

Total mortality: Low education:
0.26 (-0.09, 0.60), High
education: 0.30 (-0.11, 0.71);
Cardiovascular mortality: Low
education: 0.39 (-0.13, 0.90),
High education: 0.26 (-0.38,
0.91); Respiratory mortality: Low
education: 0.20 (-0.74, 1.16),
High education: 0.27 (-0.86,
1.41)
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Wong et al. 2008

Hong Kong, China

Neighborhood social deprivation
index, based on unemployment,
household income, education,
number of people in the
household, marital status, and
subtenancy

Short-term; mean 8-h
avg 18.45 ppb (SD 11.5
ppb)

Total mortality,
cardiovascular
mortality,
respiratory
mortality

% increase (95%
Cl) per 5 ppb

Total mortality: Low deprivation:
0.22 (-0.26, 0.70), Middle
deprivation: 0.46 (0.09, 0.83),
High deprivation: 0.02 (-0.49,
0.54); Cardiovascular mortality:
Low deprivation: 0.41 (-0.53,
1.35), Middle deprivation: 0.65
(-0.04, 1.34), High deprivation:
0.23 (-0.71, 1.18); Respiratory
mortality: Low deprivation: 0.46
(-0.68, 1.61), Middle deprivation:
0.26 (-0.56, 1.09), High
deprivation: -0.51 (-1.65, 0.64)

Stafoggia et al.
2010

Italy

Neighborhood-level low income,
medium income, high income

Short-term; mean 8-h
moving avg ranged by
city from 38.95 ppb (SD
10.25 ppb) to 57.7 ppb
(SD 19.3 ppb)

Mortality

% increase (95%
Cl) per 5 ppb

Neighborhood-level low income:
1.9 (0.5, 3.4), Neighborhood-
level medium income: 1.7 (0.8,
2.6), Neighborhood-level high
income: 2.2 (0.7, 3.9)

Romieu et al.
2004

Ciudad Juarez,
Mexico

High SES, Medium SES, Low
SES; SES measured by social
deprivation indexes (based on
available public services)

Short-term; annual avg
of daily value ranged
from 43.43 ppb (SD
19.57 ppb) to 55.12 ppb
(SD 20.72 ppb)

Infant mortality

Quantitative results not given

Carbajal-Arroyo et
al. 2011

Mexico City, Mexico

Area-level neighborhood
socioeconomic index, based on
variables related to education,
income, and housing condition

Short-term; mean 1-h
max 103.0 ppb (SD 34.2
ppb)

Infant mortality
(all-cause and
respiratory)

OR (95% ClI) per
69 ppb

All-cause: Low SES: 1.076
(0.980, 1.182), Medium SES:
1.041 (0.973, 1.113), High SES:
0.932 (0.875, 0.993);
Respiratory: Low SES: 1.264
(1.079, 1.481), Medium SES:
0.997 (0.889, 1.119), High SES:
0.983 (0.872, 1.108)

Morello-Frosch et
al. (2010)

California

Neighborhood-level poverty rate:
0-7%, 7-14%, 14-22%, 22-32%,
232%

Long-term; daily mean
avged over pregnancy
23.5 (SD 6.5 ppb)

Birthweight

Quantitative results not given; in
figure lower birth weights in
association with change in
ozone were observed in all grps
except 0-7%. The change was
not linear.
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Hansen et al. Australia Neighborhood socioeconomic Long-term; mean 8-hr Fetal ultrasonic Mean change per |Quartile 1: -2.18 (-5.39, 1.02),
2008 index (quartiles), based on avg 24.8 ppb (IQR 9.8 |abdominal 9.8 ppb Quartile 2: -1.33 (-3.17, 0.50),
income, education, ppb) circumference Quartile 3: -0.94 (-2.33, 0.45),
unemployment, and occupations Quartile 4: -1.50 (-2.78, -0.22);

Note: change for other fetal
measurements (femur length,
biparietal diameter, and head
circumference) not given
because none of the overall
associations with ozone were
“statistically significant;”
therefore, modification was not
examined

Outdoor workers

Tovalin et al. 2006

Mexico (Mexico City
and Puebla)

Outdoor workers, indoor workers

Short-term; Mexico City:
medians of: 28.5 ppb
and 5.1 ppb for outdoor
and indoor workers,
respectively, Puebla:
medians of 36.1 ppb and
19.5 ppb, for outdoor
and indoor workers,
respectively

DNA damage
(Comet assay talil
length)

Mexico City: Correlation for
outdoor workers: R=0.42, p
(0.06), No correlation for indoor
workers (quantitative results not
provided); Puebla: No correlation
for indoor or outdoor workers
(quantitative results not
provided)
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Table S4. Results from controlled human exposure studies examining response modifying factors for Os-related health effects (listed in order of

appearance within each section).

Study Location Population/animal Exposure (O3 Health endpoint Results

model concentration [ppm],
duration)

Lifestage

McDonnell et al. 1999 NC, USA Adults, M, 18-35 years, | 0.0, 0.12, 0.18, 0.24, 0.30, Respiratory symptoms, FEV4 Maximum response (i.e., FEV1 and
healthy or 0.40 ppm, 2 h symptoms, except cough) is inversely

related to age

Sex

Bush et al. 1996 PA, USA Adults, M/F, 22-35 20 mL bolus of 3 ppm Bolus penetration, respiratory | O3 penetration was deeper in women than
years old anatomy (FVC, Vp, TLC) men; however, when normalized to

anatomical dead space no difference was
observed.

Hazucha et al. 2003 NC, USA Adults, M/F, 18-60 0.42 ppm, 1.5h FEV4 No significant difference between males
years old and females

Asthma

Horstman et al. 1995 NC, USA Adults, M/F, 18-35 0.16 ppm, 7.6 h FEV4, FVC, respiratory Asthmatics had greater decrements in
years old, asthmatics symptoms, bronchodilator FEV: and FEV/FVC but not FVC
and nonasthmatics use compared to nonasthmatics. Asthmatics

had greater wheezing than nonasthmatics.

Kreit et al. 1989 MI, USA Adults, M/F, 18-34 0.4 ppm, 2 h FEV1, FVC, FEF25.75, FEV1%, | Greater percent decrease in FEV+1, FEV1%,
years old, asthmatics sRaw, respiratory symptoms | and FEF25.75 in asthmatics. No difference
and nonasthmatics between asthmatics and nonasthmatics on

FVC and symptoms.

Alexis et al. 2000 Canada Adults, M/F, 18-34 0.4 ppm, 2 h FEV1, FVC, FEF25, FEFs0, Similar decrements in FVC and FEV1 in
years old, asthmatics FEF7s, prostaglandin F2-a asthmatics and nonasthmatics. Asthmatics
and nonasthmatics had greater decrement in FEF75 (small

airway function). Indomethacin attenuated
Os-induced decrements in FVC, FEV4 in
nonasthmatics but not asthmatics and
FEF60p and FEF7s in asthmatics but not
nonasthmatics. Higher PGF2-a levels in
asthmatics post O3 exposure.

Jorres et al. 1996 Germany Adults, M/F, allergic 0.25 ppm, 3 h FEV4, methacholine and Mean Osz-induced FEV1 decrements not

asthmatics, allergic
rhinitis without asthma,
and nonasthmatics

allergen responsiveness

different between asthma, rhinitis, and
healthy. Methacholine and allergen
responsiveness increased in asthmatics,
smaller shift in rhinitis, no change in
healthy.
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Study Location Population/animal Exposure (O3 Health endpoint Results

model concentration [ppm],
duration)

Mudway et al. 2001 Sweden Adults, M/F, median 25 | 0.2 ppm, 2 h Respiratory symptoms, FEV4, | No change in the Os-induced FEV/
years old, mild atopic FVC, bronchial wash and decrement and BALF or BW neutrophils,
asthmatics and healthy BALF protein, neutrophils, albumin or protein between healthy and

albumin, and antioxidants, asthmatic subjects. O3 decreased BW and
BALF ascorbate and increased GSSG in
healthy subjects but not asthmatics, which
had lower and higher baseline levels,
respectively. O3z increased EC-SOD in
healthy subjects. No O3 effect on MDA,
urate, a-tochopherol.

Basha et al. 1994 MI, USA Adults, M, 18-45 years 0.2 ppm, 6 h Respiratory symptoms, No difference in lung function between
old, healthy and sRaw, FVC, IC, FEV,, FEF, groups. Increased PMNs, IL-6, and IL-8 in
asthmatic BALF albumin, cytokines, cell | asthmatics compared to healthy.

count

Peden et al. 1997 NC, USA Adults, M, mild 0.16 ppm, 7.6 h BALF eosinophils, lung Increased eosinophils and PMN'’s after O3

asthmatics function (FEV;4, FVC) exposure more in initial (bronchial) fraction.
No correlation of eosinophils and PMN’s,
FEV: and FVC decreased 14% and 9%,
respectively.

Scannell et al. 1996 CA, USA Adults, M/F, 26 + 5.4 0.2ppm, 4 h Lung function (FEV+, FVC), FVC, FEV decreased 17.6% and 25%
years old, mild BALF cell counts respectively. Spirometry changes in
asthmatics asthmatics similar to healthy subjects (Aris

et al., 1995; Balmes et al., 1997). Trend for
larger increase in SRaw in asthmatics.
Larger increase in PMN's and protein in
asthmatics indicating more inflammation.
No increase in eosinophils.

Hernandez et al. 2010 NC, USA Adults, M/F, 19-39 0.4 ppm, 2 h Lung function, sputum Similar decrements in lung function in all
years old, healthy, cytokines, leukocyte cell- groups. Increased sputum neutrophil and
atopic, and atopic surface molecules, and IL-8 and HA in asthmatics and atopics.
asthmatics hyaluronic acid Asthmatics had increased sputum IL-6 and

IL-1B and airway TLR4, CD23, FceRI.

Bosson et al. 2003 Sweden Adults, M/F, 19-48 0.2ppm, 2 h Endobronchial mucosal Significantly higher baseline expression of

years old, healthy and
mild asthmatic

biopsy, cell markers,
cytokines, and adhesion
molecules expression

IL-4 and IL-5 in bronchial mucosal biopsies
from asthmatic vs. healthy subjects 6 h
postexposure. Following O3z exposure,
epithelial expression of IL-5, GM-CSF,
ENA-78, and IL-8 increased significantly in
asthmatics, as compared to healthy
subjects.
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Study Location Population/animal Exposure (O3 Health endpoint Results
model concentration [ppm],
duration)
Obesity
McDonnell et al. 2010 NC, USA Adults, M/F, age 18-35 | 0.08-0.4 ppm, 1-7.6 h, Model predicted FEV/ Increasing BMI associated with increasing
years, data from 15 from 1981-1992 response magnitude of FEV4 response to ozone
controlled human (estimated BMI coefficient statistically
exposure studies signif different from zero, 0.4855 [0.1018,
conducted at US EPA 0.8693])
facility
Bennett et al. 2007 NC, USA Adults, M/F, age 18-35 | 0.42 ppm, 1.5 h, with IE Spirometry (FEV1, FVC, Change in FEV after ozone was inversely
years, FEF25.75) correlated with BMI (r =-0.016). More
obviously in females, not statistically signif
in males. Similar for change in FEF25.75.
Diet
Samet et al. 2001 NC, USA Adults, 18-35 years 0.4 ppm, 2 h, following 2 Pulmonary function, BALF Antioxidant supplementation blunted the
(mean 26 years), M/F week antioxidant cellularity and cytokines O3z-induced decrement in and FVC. No
supplementation or not change in Os-induced respiratory
(vitamin C, vitamin E, symptoms or BALF PMN and BALF IL-6
vegetable cocktail) increases.
Trenga et al. 2001 WA, USA Adults with asthma, 0.12 ppm, 45 min, SO, induced bronchial Antioxidant supplementation led to less
mean 27 years, M/F challenged with 0.1 and hyperresponsiveness, severe responses to SO, challenge.
0.25 ppm SO for 10 min, pulmonary function, FEV1: -1.2% vs -4.3%; peak flow: 2.2%
supplemented or not with vs -3.0%; mid-forced expiratory flow 2%
vitamins (vitamins E and vs -4.3%
C) for 4 weeks prior
SES
Seal et al. 1996 NC, USA Adults, M/F, 18-35 0,0.12,0.18, 0.24, 0.3, or Pulmonary function (FEV;) Individuals from a medium SES (education

years old (mean 23.9
+4 .4 years)

0.4 ppm, 2.3 h

of father) most responsive to O3 induced
FEV decrements, followed by low and
high SES.
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Study Location Population/animal Exposure (O3 Health endpoint Results
model concentration [ppm],
duration)
Outdoor Workers
Hu et al. 1994 PA, USA Adults, M, mean 10 ml bolus of 3.0 ppm O3 Absorbed fraction (amount of | At a fixed flow, absorbed fraction increased
32.3+6.7 years old at respiratory flows of 150, | Oz absorbed during a single with penetration volume and elevating flow
250, 500, 750, and 1000 respiratory cycle relative to rate shifted the absorbed fraction
mil/s inhaled amount), penetration | distribution distally into the lungs so a
volume (mean airway volume | greater amount of O3 reached the small
that would be reached by O3 | airways and air spaces and less O3 was
molecules during inhalation if | absorbed in the upper airways and
no absorption occurred), Vb conducting airways.
(breakthrough volume, mean
airway volume traversed by
unabsorbed O3 molecules
during expiration), dispersion
(measure of longitudinal
mixing of unabsorbed O3
molecules)
Nodelman and Ultman PA, USA Adults, M/F, mean 24.7 | 20 ml bolus of 1.0 ppm O3 Absorbed fraction (amount of | Larger penetrations of Oz beyond the

1999

+ 5.4 years old

at respiratory flows of 150,
250, and 1000 ml/s

O3 absorbed during a single
respiratory cycle relative to
inhaled amount), penetration
volume (mean airway volume
that would be reached by O3
molecules during inhalation if
no absorption occurred)

upper airways occurred as flow increased
and during nasal than during oral breathing
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Table S5. Results from toxicological studies examining response modifying factors for Os-related health effects (listed in order of appearance

within each section).

Study Location Population/animal Exposure (O3 Health endpoint Results
model concentration [ppm],
duration)
Lifestage
Fanucchi et al. 2006 CA, USA Monkey (Macaca 0.5 ppm, 8 h/day for 5 Lung morphology and Fewer nonalveolarized airway
mulatta), M, 30 days days followed by 9 days structure, lung function generations, reduction of distal airway
of filtered air, 5 months of size, hyperplastic bronchiolar epithelium,
episodic exposure altered smooth muscle bundle orientation
in terminal and respiratory bronchioles
Carey et al. 2007 CA, USA Monkey (Macaca 0.5 ppm, 8 h/day for 5 Nasal airway histopathology, Neutrophilic rhinitis, necrosis and
mulatta), M, 30 days days followed by 9 days imaging, and modeling exfoliation of epithelium lining of the
of filtered air, 5 days or anterior maxilloturbinate
70 days of episodic
exposure
Harkema et al. 1987 CA, USA Monkey (Macaca 0.150r 0.3 ppm, 8 h/day | Nasal airway histopathology Ciliated cell necrosis, shortened cilia,
radiata), M/F, 2-6 years | for 6 or 90 days secretory cell hyperplasia, ultrastructural
goblet cell changes (90 days),
inflammatory cell influx (6 days)
Plopper et al. 2007 CA, USA Monkey (Macaca 0.5 ppm, 8 h/day for 5 Lung morphology and Increased BALF eosinophils, decreased
mulatta), M, 30 days days followed by 9 days structure, lung function, number of conducting airway generations,
of filtered air, 5 months of | immunologic responses reduced airway diameter and length
episodic exposure growth, bronchial epithelium hyperplasia,
reorganization of the airway vascular and
immune system, modified epithelial nerve
fiber distribution, altered distal airway
smooth muscle bundle orientation and
abundance, increase in mucous goblet
cells
Lopez et al. 2008 Mexico Rats (Wistar), F, 1 ppm, 12 h/day, 18, 20, Ultrastructural analysis GD18: swollen mitochondria, cyoplasmic
pregnant and 21 days of gestation vacuolization, structural architecture
disarrangement, cytoplasm rupture GD20:
flake-off epithelial cells and lumenal
laminar bodies GD21: edematous
mitochondria, mitochondria cristae
damage
Auten et al. 2009 NC, USA Mice (C57BL6), dams 1 ppm, 3 h/day, every Airway responsiveness, Increased maternal whole lung cytokines

and litters

other day, 3 times a
week, 4 weeks

inflammatory markers, lung
morphometry

(IL-1B, TNFa, IL-6, KC, MCP-1), increased
airway hyperresponsiveness (total and
large airway resistance)
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Study Location Population/animal Exposure (O3 Health endpoint Results

model concentration [ppm],
duration)

Vancza et al. 2009 NY, USA Mice (A/J, AKR/K, 0.8 ppm, 5h Lung inflammation (PMN) and Neonates had increased protein
C3H/Hed, BALB/cJ, injury (protein) (BALF) 24-h compared to adults in two strains. Adults
C57BL/6J, DBA/J, postexposure had increased protein compared to
SJL/J, 129x1/Svd), neonates in three strains. Neonates had
neonatal (15-16 days increased PMN compared to adults in two
old), lactating and non- strains. Adults had increased PMNs in one
lactating female (15 strain. Significant interaction between age
weeks old), adult male and total PMNs and strain:exposure: age
(15 weeks old) for total protein and total PMNs.

Bils 1970 CA, USA Mice (IVAN-NMRI), 4 0.6-1.3 ppm, 6-7 h/day, Lung morphology Youngest mice were most sensitive to
days, 1 month, 2 1-2 days alveolar damage with endothelial cells
months old lining the capillaries as a main target.

Servais et al. 2005 France Rats (Sprague-Dawley), | 0.5 ppm, 12 h/day, 7 Ventilation, pulmonary Young rats had higher nDNA 8-oxodG and
M, 3 weeks (young), 6 days mitochondria respiration and HSP72 content than adult rats. Aged rats
months (adult), and 20 H202 release, pulmonary had mild uncoupled lung mitochondria,
months (aged) old antioxidant enzyme activity, increased SOD and GPx activities and

DNA 8-oxodG and HNE-dG higher 8-oxodG content than adult rats.
content, HSP72 content

Fortino et al. 2007 Italy Mice (SKH-1 hairless 0.25 ppm, 6 h/day, 4 Cutaneous MMP protein and Increased MMP-2 in young but not old
mice), F, 8 weeks and days activity mice; no change in MMP-9. Increased
18 months old MMP-12 in older mice.

Hamade and Tankersley MD, USA Mice (C57Bl/6J, 0.6 ppm, 2 h/day, 3 days, | Heart rate, heart rate Strains varied in integration of the cardiac

2009 C3H/Hed, and followed by 536 pg/m3 variability, respiratory and respiratory systems, implications in
C3H/HeOudJ), M, 18-20 carbon black, 3 h responses (respiratory rate, interindividual variability. B6 mice were
weeks tidal volume, ventilation), core mildly responsive with rapid adaptation,

temperature whereas C3 mice were highly responsive
with adaptation only in HedJ mice with
regards to changes in cardiac and
respiratory responses.

Tankersley et al. 2010 MD, USA | Mice (C57BI/6J, 0.6 ppm, 2 h, followed by | Echocardiographic and in vivo | Significant interaction between age and

129S81/SvimJ), M/F, 5 or
18 months

556 pg/m3 carbon black,
3h

hemodynamic measurements
(e.g., HR; PWTED, posterior
wall thickness at end-diastole;
LVESD, left ventricular
diameter at end systole)

strain on HR and PWTES, which implies
that aging affects the HR and function in
response to O3 differently between mouse
strains.
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Study Location Population/animal Exposure (O3 Health endpoint Results
model concentration [ppm],
duration)
Hamade et al. 2010 MD, USA Mice (C57Bl/6J, 0.6 ppm, 2 h, followed by | Heart rate, heart rate Aged mice exhibited attenuated changes
C3H/Hed, and 536 pg/m3 carbon black, variability, breathing, core in cardiopulmonary physiology after O3
C3H/HeOud), M, 50r12 | 3 h temperature exposure. Genetic differences between
months mice strains could be altering formation of
ROS, which tends to increase with age,
thus modulating O3 induced effects.
Lim et al. 2006 CA, USA Mice (SKH-1 hairless 0.5 ppm, 6 h/day, 9 days | Wound closure, lipid Older mice had delayed wound closer,
mice), F, 8 weeks and peroxidation, protein oxidation, | increased 4-HNE protein adducts and
18 months old transcription factor levels protein carbonyls, decreased p-lkBa and
TGF protein.
Rivas-Arancibia et al. 2000 Mexico Rats (Wistar), M, 47 0.7-1.0 ppm, 4 h Motor activity, one-trial Young and aged rats had decreased
days (young), 540 days passive avoidance short-term and long-term memory, not
(adult), 900 days (aged) conditioning, lipid peroxidation | adult rats. Lipid peroxidation increased in
old young and aged rats in the striatum,
hippocampus, and frontal cortex. Lipid
peroxidation increased in young rats
cerebellum.
Sex
Vancza et al. 2009 NY, USA Mice (A/J, AKR/K, 0.8 ppm, 5 h Lung inflammation and injury Nonlactating females had larger increases
C3H/Hed, BALB/cJ, (BALF) 24-h postexposure in protein compared to males in most
C57BL/6J, DBA/J, strains (6 of 8) and largest increase in
SJL/J, 129x1/Svd), PMN in one strain. Lactating females had
neonatal (15-16 days the largest increase in protein in 6 of 8
old), lactating and strains (2 statistically signif) and largest
nonlactating female (15 increase in PMN in 3 of 8 (1 statist signif).
weeks old), adult male Signif interactions between exposure:sex
(15 weeks old) for protein.
Asthma
Fanucchi et al. 2006 CA, USA Monkey (Macaca 0.5 ppm, 8 h/day for 5 Lung morphology and Fewer nonalveolarized airway

mulatta), M, 30 days

days followed by 9 days

of filtered air, 5 months of

episodic exposure

structure, lung function

generations, reduction of distal airway
size, hyperplastic bronchiolar epithelium,
altered smooth muscle bundle orientation
in terminal and respiratory bronchioles
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Study Location Population/animal Exposure (O3 Health endpoint Results
model concentration [ppm],
duration)
Joad et al. 2006 CA, USA Monkey (Macaca 0.5 ppm and 0.5 Methacholine airway Ozone+HDMA increased respiratory
mulatta), M, 30 days ppm+house dust mite responsiveness, lung histology | bronchiole airway responsiveness
allergen (2 h/day, last 3 compared to FA, ozone, or allergen alone.
days of ozone), 6 h/day
for 5 days followed by 9
days of filtered air, 5
months of episodic
exposure
Schelegle et al. 2003 CA, USA Monkey (Macaca 0.5 ppm and 0.5 Pulmonary mechanics, airwmay | Ozone+HDMA increased serum IgE,
mulatta), M, 30 days ppm+house dust mite responsiveness, plasma serum histamine, baseline airway
allergen (2 h/day, last 3 histamine, BALF cell counts, resistance (Raw), airway responsiveness
days of ozone), 8 h/day serum IgE, histopathology (EC150Raw), and airways eosinophilia.
for 5 days followed by 9 Also, combined exposure resulted in
days of filtered air, 5 greater alterations in airway structure and
months of episodic content than ozone or HDMA alone.
exposure
Funabashi et al. 2004 Japan Mice (C57BL/6), M 1.0 ppm with or without Pulmonary function With OA sensitization, Oz increased
exposure to ovalbumin respiratory resistance and decreased
(30 min, 3 times), 6 dynamic compliance
h/day, 5 days/week for 5
weeks
Funabashi et al. 2004 Japan Mice (C57BL/6), M 1.0 ppm, 1 h following Pulmonary function, arterial No change in PaO; after O3, alveolar
repeated exposure blood gas, histopathology epithelial hyperplasia after O3,
perivascular infiltration of eosinophils and
histiocytes with alveolar epithelial
hyperplasia after O3+OA
Wagner et al. 2007 MI, USA Rat (Brown Norway), M 1.0 ppm with or without BALF cellularity, cytokine Ozone exposure of allergic rats enhanced

exposure to ovalbumin
(days 1 and 2), 8 h/day,
days 4 and 5, and y-
tocopherol on days 2-5

content, leukotriene content,
tocopherols, intraepithelial

mucosubstances
morphometry, tissue
eosinophil density

intraepithelial mucosubstances increases
in proximal axial airways (200%), induced
cys-leukotrienes, MCP-1, and IL-6
production in BALF, and upregulated
expression of IL-5 and IL-13 mRNA.
Attenuated by y-T treatment.
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Study Location Population/animal Exposure (O3 Health endpoint Results

model concentration [ppm],
duration)

Oyarzun et al. 2005 Chile Rat (Sprague Dawley) 0.25 ppm, 4 h/day, 5 Histopathology No change in lung damage after 60 days
days/week, for 5 and 60 compared to bleomycin alone. Increased
days, 30 days after mean score of pulmonary inflammation
bleomycin instillation and fibrosis after 5 days of ozone.

Increased frequency of
bronchopneumonia and detachment of
bronchiolar epithelium after 5 days of
ozone.

Obesity

Johnston et al. 2008 MA, USA Mice (C57BL/6J, diet- 2ppm,3h Pulmonary mechanics, BALF Obesity increased Os-induced BALF
induced obesity cellularity and cytokines protein (hyperpermeability marker), IL-6,
[C57BL/6J 60% calories Eotaxin, KC, MIP-2, IP-10, sTNFR1,
from fat vs. 10%]), M/F sTNFR2, over lean O3 exposure.

Shore et al. 2009 MA, USA Mice (C57BL/6J, Db/db, | 0.3 ppm, 12-72 h Pulmonary mechanics, BALF Obesity (genetic and diet induced) blunted
Cpefa', diet-induced cellularity and cytokines, the subacute (72 h) Os-induced decrease
obesity [C57/IL6'/'60% serum cytokines in Cdyn, increase in BALF macrophages
calories from fat vs. and neutrophils, increase in BALF protein,
10%]'), F (Db/db) M/F and increase in BALF sTNFR1. IL-6
(Cpe at C57BL/6J) deficiency attenuated O3 induced increase

in BALF macrophages and neutrophils.
Obesity related difference in O3 inducted
neutrophil influx was dependent on IL-6.
Discordance with acute exposure, obesity
increased acute (12-48 h) O3 induced
increased BALF protein, BALF
macrophages, and BALF sTNFR1.

Diet

Wagner et al. 2007 MI, USA Rat (Brown Norway), M 1.0 ppm with or without BALF cellularity, cytokine Ozone exposure of allergic rats enhanced
exposure to ovalbumin content, leukotriene content, intraepithelial mucosubstances increases
(days 1 and 2), 8 h/day, tocopherols, intraepithelial in proximal axial airways (200%), induced
days 4 and 5, and y- mucosubstances cys-leukotrienes, MCP-1, and IL-6
tocopherol on days 2-5 morphometry, tissue production in BALF, and upregulated

eosinophil density expression of IL-5 and IL-13 mRNA.
Attenuated by y-T treatment.
Wagner et al. 2009 MI, USA Rat (Brown Norway), M 1.0 ppm with or without Nasal histology, morphology y-tocopherol attenuated ozone+OVA

exposure to ovalbumin
(days 1 and 2), 8 h/day,
days 4 and 5, and y-
tocopherol on days 2-5

of intraepithelial
mucosubstances, eosinophilic
inflammation, mucin
glycoprotein 5AC expression

increases in intraepithelial
mucosubstances, mucosal eosinophils in
nasal and paranasal airways, and
MUCS5AC expression.
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Study Location Population/animal Exposure (O3 Health endpoint Results

model concentration [ppm],
duration)

Chhabra et al. 2010 India Guinea pigs (Hartley), M | 0.12 ppm, 2 h/day, 4 Airway responsiveness to Antioxidant supplementation attenuated
weeks, sensitized with inhaled histamine (Sgaw, Os-induced increase in AHR and early and
ovalbumin, with or AHR), BALF measures of late bronchoconstrictive responses after
without vitamin antioxidant status and OVA, increased BALF superoxide,
supplementation (vitamin | oxidative stress increased plasma MDA, decreased red
CandE) cell SOD activity.

Kodavanti et al. 1995 NC, USA Guinea pigs (Hartley), F | 0, 0.2, 0.4, and 0.8 ppm, BALF cellularity, protein, Ozone (0.8 ppm) increased BALF protein
23 h/day, 7 days, dietary | albumin, antioxidants and albumin and ascorbate deficiency did
deficiency in ascorbate 1 not change the response. Ascorbate
week prior, during, and 1 deficiency increased the Os-induced BALF
week post exposure cells and neutrophils (0.8 ppm). Ozone

increased lung and BALF ascorbate,
glutathione, and uric acid. No change in
lung a-tocopherol.

Valacchi et al. 2009 CA, USA Mice (SKH-1 hairless 0.8 ppm, 6 h/day, 7 days, | Proinflammatory markers O3 increased mMRNA expression of TNFa,

mice) supplemented diet with expression (TNFa, MIP2, HO- | MIP2, iNOS and HO-1 protein. 3-carotene
B-carotene for 1 month 1, iINOS) in skin tissue supplementation protected against these
prior increases.

Paquette et al. 1996 MD, USA Mice (C57BL/6J and 0.3 ppm, 48 and 72 h; BALF cellularity and protein Increased BALF protein and epithelial

C3H/HeJ), M/F

pregnant dams fed
vitamin A sufficient or
deficient diets, litters fed
same diet until 6-8 weeks
old, then O3 exposure;
group of vitamin A
deficient mice were
supplemented with
vitamin A for 5 days prior
to O3 exposure

cells after O3 exposure in vitA deficient
mice compared to sufficient mice in both
strains. Oz-induced PMN and macrophage
infiltration was increased in vitA deficient
C3 mice compared to sufficient, not in B6.
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