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The Honorable Lisa P. Jackson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: CASAC comments on EPA’s Integrated Science Assessment for Ozone and Related
Photochemical Oxidants (March 2011)

Dear Administrator Jackson:

The Clean Air Scientific Advisory Committee (CASAC) Ozone Review Panel met on May 20, 2011
and July 6, 2011 to provide advice on EPA’s Integrated Science Assessment for Ozone and Related
Photochemical Oxidants (March 2011). The CASAC’s key points are highlighted in this letter, and
the full consensus responses to the EPA charge questions are enclosed.

The draft Integrated Science Assessment (ISA) covers a wide range of scientific data and the database
used for the assessment is complex and extensive. The EPA has done a good job of capturing the
remarkable wealth of information available regarding ozone, its atmospheric formation, and the
potential for health and welfare effects. The ISA demonstrates that there is substantial new evidence
since the EPA completed its 2006 Air Quality Criteria Document (AQCD), leading to changes in the
Agency’s findings of causal determinations. Below, we provide the CASAC’s comments on the
EPA’s framework for causal determination, its approach for estimating policy relevant background,
its new findings of causal determinations and other issues.

Framework for Causal Determination

The CASAC continues to support the use of the EPA’s framework for causal determination that was
first used in the ISA for particulate matter. This framework provides a comprehensive and transparent
approach for evaluating causality. Based on long-standing approaches in public health, as brought
together in a recent National Academy of Sciences (NAS) Institute of Medicine (IOM) report?, the
framework employs a two-step approach that first determines the weight of evidence in support of
causation and then characterizes its strength in a standard scheme for causal classification. The
second step further evaluates the available quantitative evidence regarding concentration-response
relationships and the duration, level and types of exposures at which effects are documented. The
EPA’s adoption of this framework has greatly improved the consistency and transparency of its
assessment as compared to the approach seen in past reviews. The CASAC notes, with appreciation,
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that the ISA provided a helpful comparison between current findings and the conclusions in the 2006
AQCD.

Policy Relevant Background

The ISA’s coverage of Policy Relevant Background (PRB) ozone concentrations is still a work in
progress in this first draft. The PRB is the concentration that would occur in the U.S. in the absence
of anthropogenic emissions in continental North America. The PRB includes contributions from
natural sources everywhere in the world (wildfires, biogenic emissions, lightning) and from
anthropogenic emissions outside of North America. The PRB calculation is critical because it defines
the extent to which ozone concentrations can be reduced by U.S. regulations or through international
agreements with neighboring countries. The CASAC concurs with the Agency that the PRB will need
to be calculated with models. However, the EPA needs to provide a more specific and precise
description of how the PRB will be calculated, especially given the biases in modeled ozone
concentrations in comparison with measurements. To deal with those issues, an approach must be
devised that is clearly articulated and includes an analysis of model uncertainties.

Ozone Exposure

The ISA provides useful information on human exposures to ozone and the evidence relating human
exposure to ambient 0zone concentration and the errors associated with exposure assessment;
however, the characterization of the temporal and spatial variability of ozone could be improved. A
critical claim of the ISA is that there is “low spatial variability” in ozone concentrations at an urban
scale and that correlations in ozone exposure and ambient concentration are strong enough to support
a conclusion that central site monitors provide relevant time series data for health effects estimates in
epidemiological studies. However, as noted elsewhere in the ISA, ozone is not spatially
homogeneous in urban areas because of titration with nitrogen oxides (NOy). Furthermore, the extent
of spatial variability in ambient ozone concentrations varies with the averaging time, with averaging
times less than a day exhibiting greater variation as compared to longer averaging periods. Similarly,
associations between ozone exposure and ambient concentrations have been shown to be weak,
especially for individuals living in poorly ventilated homes. Given that the current standard is based
on an 8-hour averaging period, the relevance of daily average or four-day average correlations is not
established. The ISA should more critically address the adequacy of central site monitors for use in
epidemiological studies and perhaps more fully address potential biases that could result from
assuming that they are representative of spatial homogeneity and temporal trends. Improved
characterization of ozone concentrations at lower levels (40 — 60 ppb) will need more attention as the
primary ozone NAAQS is reevaluated.

Health Effects

With respect to the characterization of short-term health effects, the ISA highlights the broad scope of
human chamber studies, toxicology studies, and new epidemiologic findings. This ISA covered the
new evidence on the relationship between ozone and all-cause (non-accidental) mortality and
concluded that there is “likely to be a causal relationship” between ozone and all-cause mortality.
This is an elevation of the classification of the evidence over the previous conclusion from the 2006
AQCD that the evidence was “highly suggestive” of ozone contributing to all-cause mortality. This
upgrading was well justified by new multi-city studies and new studies examining potential
confounders (co-pollutants and seasonality) of the ozone-mortality relationship. The CASAC also
agrees with the ISA’s finding of a “causal” relationship between short-term exposure to ozone and



respiratory effects. New studies support the ISA’s finding of a “suggestive of a causal” relationship
between ozone and cardiovascular effects. New toxicological evidence also demonstrates an impact
of ozone on the brain and behavior; hence the ISA’s finding of a “suggestive of a causal” relationship
between ozone and central nervous system effects is justified. However, as detailed subsequently in
our responses to charge questions, more description of some of the respiratory effects of ozone,
especially on lung structure and host defenses, is needed.

With respect to long-term health effects, the CASAC concurs with the strengthening of causality
determinations from the 2006 Air Quality Criteria Document. In this ISA, evidence from new
epidemiologic and toxicology studies supports the finding that the effects of ozone on long-term
respiratory effects are “likely to be causal” and the evidence on the effects of ozone on the central
nervous system are “suggestive “ of a causal relationship. Similarly, new epidemiologic and
toxicological studies support classification for cardiovascular, reproductive, and central nervous
system effects as “suggestive of a causal relationship.”

The evidence on short-term effects of ozone exposure is relevant to interpreting some findings on
long-term exposure to ozone. For the short-term effects, there is an extensive literature from
epidemiological, human clinical, animal toxicological, and mechanistic studies. The links between
this literature, as it contributes to the biological plausibility of chronic effects, should be strengthened
in the ISA, where appropriate. For example, the evidence for long-term effects on respiratory
mortality is strengthened by the evidence for short-term effects on respiratory morbidity. As the ISA
correctly notes, the EPA concluded in the 2006 review that associations between short-term ozone
exposure and respiratory health effects are causal and new evidence since that time strengthens this
judgment.

Susceptible Populations

This ISA uses a broad definition of “susceptible populations” as individual and population-level
characteristics that increase the risk of ozone-related health effects. This definition conflates intrinsic
or biological factors (such as genetic background, birth outcomes, race, sex and lifestage) with
extrinsic factors (such as socioeconomic status and time spent outdoors). While the CASAC has
previously concurred with the EPA’s broad definition of “susceptible subpopulations” as those that
have a greater likelihood of experiencing health effects related to exposure, it may be useful to refine
the classification of the factors that define susceptibility under this definition. CASAC recommends
that the EPA deepen and reorganize the discussion of susceptibility to explain how its definition of
susceptibility was applied and how the identified susceptibility-determining factors apply specifically
to ozone. We provide further details in addressing the charge question on susceptibility.

Vegetation and Ecosystem Effects

The ISA maintains its support for the conclusions from the 2006 AQCD that ozone reduces
vegetation growth, alters vegetation reproduction, causes visible foliar injury, alters leaf gas-
exchange in vegetation and reduces the yield and quality of agricultural crops. These causal
relationships continue to be well-established scientifically by the older literature and fully supported
by new research.The ISA recognizes the key effects and pathways by which ozone impacts
vegetation at all scales, although the coverage of effects on insect and mammal herbivores due to
changes in vegetation is rather brief due to a lack of research on these subjects.



Climate Change Effects

Compared with the 2006 AQCD, the ISA draws stronger conclusions for the effects of ozone on
radiative forcing and climate change. The stronger conclusions are well-supported and largely drawn
from the 2007 Fourth Intergovernmental Panel on Climate Change Assessment (IPCC) Report which
ranked ozone as the third most important greenhouse gas after carbon dioxide and methane. The
discussion of climate forcing due to ozone relative to that of carbon dioxide and methane is
scientifically sound; however, more attention should be given to methane as the only ozone precursor
for which control would directly reduce climate forcing. The CASAC also recommends that more
attention be given to the recent Representative Concentration Pathways (RCP) scenarios of the
upcoming IPCC Fifth Assessment Report (AR5), since these scenarios will provide the core of future
assessments of climate forcing for emissions relevant to air quality and they present a very different
picture than the older emissions scenarios. Given the complex feedback loops between various ozone
precursors (e.g., a decrease in nitrogen oxides emissions could lengthen the lifetime of methane in the
atmosphere whereas a decrease in carbon monoxide or volatile organic compound emissions should
shorten the lifetime of methane), we echo the ISA’s call for research to determine the optimal mix of
emissions reductions that would act to limit future climate change.

Document Length and Format

Finally, the CASAC was asked whether the ISA, at 996 pages, is too long. A highly useful ISA must
clearly explain the key studies that facilitate decision-making with regard to the NAAQS as required
by the Clean Air Act.The encyclopedic nature of this 996-page ISA can be a weakness, making it
difficult to identify and focus on the most relevant information. While some panelists thought that the
length was appropriately reflective of the scope of evidence, others offered suggestions for shortening
the document. All agree that clarity of presentation is of paramount importance and suggestions for
enhancing the organization and presentation of the evidence may be found in abundance in the
enclosed individual comments from panel members. In particular, the CASAC underscores a
recommendation that the text should focus on findings, only discussing methods and models when
necessary to describe the findings. The CASAC also emphasizes the need for an Executive Summary.
Currently the “Integrative Health and Welfare Effects Overview” (Chapter 2) is a 66-page overview
that mirrors the other sections of the ISA rather than integrating across the sections on concentration,
exposure, dosimetry, mode of action, and health and welfare impacts. Moreover, each section is
written as though for an expert audience in a narrow domain, and thus the text is challenging for most
readers. Hence, an Executive Summary of about 10 pages is needed to communicate to a broader
audience and highlight findings of greatest import. Finally, tables are needed to provide a concise
summary of the important findings, regardless of the date published. With this addition, the ISA
could succinctly refer to these tables and reserve space in the text for in-depth consideration of the far
fewer studies that will be influential as revisions to the NAAQS are considered.

The CASAC also suggests that the ISA specify the time frame for inclusion of relevant data into this
cycle of ISA development and review. Moreover, the EPA should say what was done, if anything,
regarding potentially important information received after that date.



We thank the Agency for the opportunity to provide advice on this ISA and look forward to receiving
the Agency’s response.

Sincerely,
/Signed/
Jonathan M. Samet, M.D.

Chair
Clean Air Scientific Advisory Committee

Enclosures



NOTICE

This report has been written as part of the activities of the EPA's Clean Air Scientific Advisory
Committee (CASAC), a federal advisory committee independently chartered to provide extramural
scientific information and advice to the Administrator and other officials of the EPA. CASAC provides
balanced, expert assessment of scientific matters related to issues and problems facing the Agency. This
report has not been reviewed for approval by the Agency and, hence, the contents of this report do not
necessarily represent the views and policies of the EPA, nor of other agencies within the Executive
Branch of the federal government. In addition, any mention of trade names or commercial products does
not constitute a recommendation for use. CASAC reports are posted on the EPA Web site at:
http://www.epa.gov/casac.
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Consensus Responses to EPA Charge Questions

1. This first external review draft Oz ISA is of substantial length and reflects the copious amount of
research conducted on O3z. EPA has attempted to succinctly present and integrate the policy-relevant
scientific evidence for the review of the O3 NAAQS. The panel may note that per CASAC
consultation on November 13, 2009, considerable discussion has focused on older literature. The
panel emphasized that important older studies should be discussed in detail to reinforce key
concepts and conclusions if they are open to reinterpretation in light of newer data and where these
older studies remain the definitive works available in the literature. In considering subsequent
charge questions and recognizing an overall goal of producing a clear and concise document, are
there topics that should be added or receive additional discussion? Similarly, are there topics that
should be shortened or removed? Does the Panel have opinions on how the document can be
shortened without eliminating important and necessary content?

This charge focuses on length. Length is an important consideration for the ISA, but not nearly as
critical as clarity of presentation of a large and complex literature that is being used for regulatory
purposes. Thus, our comments focus on four approaches to present the knowledge of O3 more
effectively and succinctly, without regard to number of pages.

e The text should focus on findings, only discussing methods and models when necessary to
support or describe the findings. The model descriptions in Chapter 3, while necessary, may be
simplified. Also, there may be too many figures in the Chapter 3 Appendix. The number of
examples in this chapter may be trimmed down without any significant loss in understanding.

e A reduction in duplication would be helpful. In particular, Chapter 2 duplicates the summaries
found in the other chapters. In addition, the mode-of-action (MOA) section of Chapter 5 has
significant duplication of the effects chapters (6 and 7), and, more importantly, this artificial
separation inhibits a clear understanding of the biological plausibility for some of the effects.

e The health-related chapters have no tables describing exposure-response relationships, except for
some of the epidemiological studies. As a result, the text is crowded with information on
exposures (species, concentrations, durations, responses, levels of exercise, and air quality, and
cities studied). This detail makes for difficult reading that inhibits understanding of concepts and
key findings. In many cases, critical information (e.g., whether exercise used in a certain clinical
study, the exposure duration of a certain animal study) was not provided at all. For clarity, it is
essential to provide tables of all the literature that should be considered. While this would result
in many new pages, the text could be reduced by referring to the tables for details.

e The separation between old and new studies causes duplication and restricts cohesive
understanding. Furthermore, this distinction is artificial because the NAAQS is based on all
pertinent information, independent of what year it was published. Having tables and utilizing
them optimally would avoid this problem. For example, complete tables on a particular endpoint
would facilitate identification of the relatively few key studies, independent of date, which could
then be described in the text with cross reference to the tables. At present, some of the key
studies are from the older literature.



2. The framework for causal determination and judging the overall weight of evidence is presented in
Chapter 1. Is this framework appropriately applied for this O3 ISA? How might the application of
the framework be improved for O3 effects?

Panel members were largely satisfied with the framework for causal determination. Below we offer
specific comments to sharpen the discussion of particular terms and issues.

The ISA defines “cause” as “a significant, effectual relationship between an agent and an
effect on health or public welfare” (p. 1-14, lines 1-2). We recognize the historical origins of
this term, but question whether it is fits well with the specific context of the ISA. This
definition is ambiguous with respect to whether “significant” refers to the size of an effect
(perhaps as reflected in measure of statistical significance) or its importance (as estimated by
its impact on health or welfare). If it is the former, something should be said about the
level(s) of statistical significance that are used in various places in the ISA; if it is the latter,
something should be said about what type or level of impact qualifies as significant. Panel
members are concerned about any definition that would label a small but clearly
demonstrated effect as less than “significant”; it is certainly important to the affected persons.
Also, it is not clear what “effectual” means. Does it mean that an effect has in fact been
demonstrated? That such a relationship is possible? Couching the definition of cause in
counterfactual terms, as perhaps hinted at in line 5 (page 1-14), is arguably the most
informative and most usable way to define the term. This approach incorporates the notion of
“all else being equal” and allows for its application when multiple factors are in the causal
chain, when there are parallel chains, or both. Clarification of the definition of “cause” may
have important ramifications in many other places in the draft ISA and provide a clearer
conceptual basis for the Risk and Exposure Assessment. We recognize that causation has
long been discussed and we do not recommend that EPA enter into an in-depth consideration
of the topic. The Agency should, however, provide some further text clarifying the
implications of the definition offered in the context of interpreting evidence related to
possible revision of a NAAQS.

Panel members have some general concerns about the application of the so-called Hill
criteria for evidence evaluation. In general, we recommend that these criteria be regarded as a
guide to thinking about the data to ensure that relevant aspects of the data are adequately
considered and taken as a whole rather than used as a checklist. It is noteworthy that the
presence of exceptions to each of the “criteria,” except temporality, is still consistent with
causality. We recommend that the criteria not be ranked in any way; their relative importance
will depend on the specific context and specific issue under consideration.

With respect to the definition of “specificity” (page 1-19), does “specificity” refer to one
cause with many effects or to many causes with a single outcome? Despite examples to the
contrary (such as cigarette smoking) we believe that Hill’s original intent, and our
understanding of current use, is that specificity requires that a cause of interest has only one
effect, or perhaps several related effects. This definition of specificity is meant to screen out
certain kinds of bias that might cause an apparent increase in a broad range of outcomes.
Thus, this criterion should be used to direct attention to possible biases, not to diminish
attention to responses that may have many contributing causes, such as most chronic diseases
in older populations.



e “Coherence: is construed too narrowly. The ISA refers to findings among epidemiological,
toxicological and other experimental studies however it also refers to findings across
epidemiological study designs.

e Effect modification should be defined (e.g., differences in the effect of exposure [ozone] by
differences in another factor) before launching into a discussion of how it differs from
confounding. Also, temperature is presented as a potential effect-modifier, but it might be
valuable (and less confusing) to contrast how temperature is also (and more importantly) a
potential confounder. Essentially, effect modification refines our understanding of the effect
of an exposure while confounding addresses whether an effect is actually present, or what the
size of that effect is, if present.

Below are some additional considerations relevant to evidence interpretation and methodology.

e Itisimportant that the ISA be transparent about when the search for new evidence was
suspended, and that it says what was done, if anything, regarding potentially important
information received after that time. “Nothing” would be an acceptable answer, but it should
be specified here, and if any studies are included following a specified cut-off, clear and
specific justification should be given. This might be addressed in Section 1.5 — Document
Scope.

e The shape of the exposure-response relationship is influenced by the degree of measurement
error, as touched on (page 1-23, line 8). Specifically, measurement error at lower
concentrations can obscure a threshold and make it appear that a linear relationship extends
to lower concentrations (Brauer, M. Et. al., 2002. Exposure misclassification and threshold
concentrations in time series analyses of air pollution health effects. Risk Analysis; 22: 1183-
1193). This might be a particularly important issue for interpreting risks of pollutants, such as
ozone, that exhibit large degrees of exposure measurement error.

e Although the concept of a “threshold” was not a major focus in Chapter 1, clarity is needed
on this concept throughout the ISA. EPA needs to thoughtfully consider how statistically
defined thresholds relate to the range of individual susceptibility to ozone.

e The observation that publication bias in the case of 0zone may not be so important (1-23, line
27) is contradicted by the work of Bell et al. (Bell ML, Dominici F, Samet JM. 2005. A
meta-analysis of time-series of ozone and mortality with comparison to the national
morbidity, mortality, and air pollution study. Epidemiology 16:436-445) showing substantial
differences in ozone effect estimates from meta-analyses of published studies and multi-city
study effect estimates.

e The discussion of susceptibility indicates that the term here will be used in a general sense to
include both susceptibility and vulnerability, terms that include both disease risk factors and
factors that increase exposure (page 1-23, line 36) and therefore risk. This usage should be
made explicit.

e The discussion of adversity is appropriate to include here. There is no discussion, however,
of the types of endpoints that are more problematic in a discussion of adversity, such as
markers of inflammation or oxidative stress, for example.
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3. Chapter 2 presents the integrative summary and conclusions from the O3 ISA with detailed
discussion of evidence in subsequent chapters. Is this a useful and effective summary presentation?
How does the Panel view the appropriateness of the causal determinations?

CASAC strongly supports the inclusion of a chapter that summarizes and integrates findings from
the ISA and that relates these findings to those from the earlier 2006 AQCD. The CASAC had a
wide ranging discussion regarding the form and placement of such a chapter, offering several
possible options. For the form of the chapter, options include: (1) a chapter that integrates findings
across the ISA sections (e.g., concentration, exposure, dosimetry, mode of action, and health and
welfare effects) with relevant summaries placed at the ends of Chapters 3-10; (2) a brief executive
summary placed at the front of the document with a subsequent chapter integrating findings; and (3)
a chapter that combines the summary and integration of findings as an “integrative overview” rather
than as a detailed summary. For the three options, the Committee suggested that the “integration”
chapter be placed as either Chapter 2 (as currently presented) or at the end of the ISA. Independent
of its form and placement, the Chapter should be amended to provide a uniform and sharper focus,
which would help to minimize repetition and provide a more cohesive and integrated picture of
ozone and its health and welfare impacts.

4. In relation to Chapter 3 and its associated appendix, to what extent are the atmospheric chemistry
and air quality characterizations clearly communicated, appropriately characterized, and relevant
to the review of the O3 NAAQS? Does the information on atmospheric sciences provide useful
context and insights for the evaluation of O3 effects on human health, vegetation, ecosystems, and
climate in the ISA?

a. Is accurate and appropriate information provided regarding techniques for measuring Os
and its components, and spatial and temporal patterns of O3 concentration?

Yes, the information on measurements of ozone is accurate and appropriate.

b. Policy Relevant Background (PRB) O3z concentrations are necessary to estimate risks to
human health and environmental effects associated with exposures to O3 concentrations
attributable to anthropogenic sources of precursors emitted in the United States, Canada
and Mexico (i.e., to Oz concentrations above PRB levels). As such, estimates of PRB are
key to the NAAQS process for Os. Is the evidence related to estimation of and uncertainty
in PRB presented clearly, succinctly, and accurately? Are there issues related to
uncertainties in methods for estimated PRB concentrations that have not been addressed
or should be expanded?

As expounded upon in individual comments, the discussion of the PRB needs to be bolstered and a
more specific and precise description added on how the PRB will be calculated for use later in the
NAAQS process. There are biases in the modeled ozone concentrations in comparison with
observations. EPA should devise an approach to deal with those biases that is clearly articulated,
along with capturing the uncertainties that arise from that approach. At present, the discussion of
uncertainties in the PRB estimation is limited. Important chemical uncertainties that could affect
model PRB simulations that require more discussion include halogen chemistry (not just in urban
areas but in the background), isoprene chemistry, and the chemical evolution of fire plumes. Current
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models simulating the pre-industrial and early 20th century atmosphere greatly overestimate the
observed concentrations at the turn of the century. In comparing the modeled ozone with
observations, EPA should include data from additional PRB relevant long-term data that are not in
EPA’s Air Quality System (AQS). There needs to be a more quantitative analysis of the contribution
of stratospheric O3 to ground level Og; this is only noted in passing with a reference to Thompson et.
al., 2007 (Thompson, et. al., 2007. Intercontinental Chemical Transport Experiment Ozonesonde
Network study (IONS) 2004: 2. Tropospheric ozone budgets and variability over northeastern North
America. Journal of Geophysical Research. 112: D12S13). That study may over-estimate this
contribution in part because 2004 was a relatively low O3 season for the northeastern U.S. An
additional resource that should be considered is the Canadian Smog Science Assessment (2011,
Environment Canada and Health Canada report, not yet released). The chapter presents cogent
arguments for the use of a chemistry-transport model like GEOS-Chem to simulate the PRB time
series. However, the tendency of a chemistry-transport model to underestimate the upper extreme
values like the annual fourth highest value poses a significant challenge to describe the PRB based
on the same metric relevant to the NAAQS for Os. This issue was not addressed in the chapter.

c. Does the discussion of ambient O3 concentrations adequately describe the variability
attributed to diurnal patterns, seasonal patterns, and spatial differences in both urban
and non-urban locations? Are the analyses and figures presented in Chapter 3 and its
associated appendix (section 3.7) effective in depicting ambient O3 characteristics?

The current presentation is useful, but not sufficient. Much of the analysis concentrates on the higher
ozone levels. However, if the human response to ozone exposure is treated as linear with no
threshold, low levels are very important in the analysis. Ozone trends and relationships at low levels
(e.g., 40-60 ppb) are very important because these levels are more prevalent than the higher levels.
Since the standard is currently proposed for tightening (Proposed Rule, National Ambient Air
Quality Standard for Ozone, January 19, 2010. Federal Register, 75 (11): 2938 — 3052) more
interest has developed in levels around 60 ppb. Thus, more attention should be given to ozone levels
at, and below this level.

d. Isthere additional information regarding oxidants, other than Os, that should be
included, or is the current emphasis on O3 adequate?

The current version is adequate as the reader can refer to prior documents such as the AQCD.

Chapter 4 describes human exposures to Ogz. Is the evidence relating human exposure to ambient O
and errors associated with exposure assessment presented clearly, succinctly, and accurately? Are
the results of field studies evaluating indoor-outdoor and personal-ambient exposure relationships,
and factors affecting those relationships, presented in a manner that is useful for interpretation of
epidemiologic results? Is the information on modeling O3 concentration surfaces and population
exposures appropriate for evaluating the utility of these modeling approaches? Do the
characterizations of temporal and spatial variability of O3 in urban areas provide support for better
understanding and interpreting epidemiologic studies discussed later?

Historically, placement of central site monitors away from local NOy sources has potentially resulted
in concentration profiles that are not fully representative of the whole urban area, given the
considerable variation induced by NOy titration near or immediately downwind from busy roadways
or other substantive sources of NOy. Further, studies have shown central site monitors to be
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relatively poor proxies of personal ozone exposures, especially for individuals living in poorly
ventilated environments or who spend little time outdoors. Thus, the chapter should more critically
address the adequacy of central site monitors for use in epidemiological studies and be more
forthcoming about potential biases that could result from assuming central site data are
representative of spatial homogeneity, temporal trends, and personal exposures. Discussion is
provided about models and factors affecting various microenvironmental relationships, but a
focused, decisive, and succinct summary of the results of applying the models is lacking.

The dosimetry and modes of action of O3 are discussed in Chapter 5. The primary focus of the
dosimetry discussion is to highlight factors that might lead to differences in dose between individuals
and between species. Some potential modes of action that may underlie a number of health outcomes
and that may contribute to the biological plausibility of health effects of short- and long-term
exposures are described in detail. Is the review of basic dosimetric principles of O3 uptake presented
accurately and in sufficient detail? What are the views of the Panel on the approach taken in
Chapter 5 to characterize modes of action for Os-related effects?

In general, sufficient detail is presented in this chapter to serve as a background for a risk analysis of
health effects of ozone. The chapter does a reasonable job of including new literature and integrating
the research available from the 2006 ACQD. A major weakness is the lack of continuity between the
first part of the chapter on dosimetry and the second part of the chapter on MOA and risk
assessment. More interpretation/synthesis of key findings is needed to identify scientific evidence
that could potentially alter the current value of the O3 NAAQS.

Is the review of basic dosimetric principles of O3 uptake presented accurately and in sufficient
detail?

With regard to factors that influence O3 dosimetry (e.g., airway geometry, gender and age), the
chapter does a good job. However, there is little discussion of dosimetric principles and their
application to the interpretation of data and to extrapolation modeling. Also, there is an insufficient
explanation of essential dosimetry variables (i.e., flux, absorbed fraction, absorption efficiency,
inhaled dose and net dose) and the interrelationships among these factors.

It is appropriate that substrate reactions in the extracellular lining fluid (ELF) with O3 have been
emphasized in both the dosimetry and mode-of-action (MOA) sections of this chapter. These
reactions are a key factor that links O3 dose with biological dysfunction, cell damage, and
physiological responses such as altered pulmonary function. The reactions also inform consideration
of extrapulmonary effects. Some suggestions for improving the integration of this material between
the two parts of Chapter 5 are given below.

There is limited discussion of species differences in nasal structure and lung morphometry and the
composition of the ELF together with the cellular composition in the major respiratory tract regions
(nasopharyngeal, tracheobronchial, and alveolar). Comparative dosimetry linking human to animal
studies needs to be expanded because many relevant mechanistic studies exist primarily in animal
models. For example, some effects of O3 exposure, such as remodeling in small airways and other
persistent anatomic changes, have been demonstrated only in non-human primates and rats.
Understanding these data is essential because such information affects the strength of species
homology and also illustrates what needs to be taken into account in interspecies dosimetric
extrapolations.



Given the importance of exercise on physiological responses to ozone, the chapter would benefit
from an expanded discussion of the relation between O uptake and breathing patterns during
exercise (e.g., how a change from low to moderate exercise level is accompanied primarily by a
change in tidal volume whereas an increase in breathing frequency becomes more important when
exercise increases from moderate to heavy levels). Transition from nose to mouth breathing should
also be discussed in the context of exercise.

What are the views of the Panel on the approach taken in Chapter 5 to characterize modes of action
(MOA) for Os-related effects?

The MOA material is currently a combination of effects descriptions mixed with studies that are
more mechanistically oriented. The result is excess duplication with subsequent effect chapters and a
disjointed presentation. For example, understanding the MOA of an effect described in the short-
term effects chapter would require going back and forth between two chapters. It would be more
cohesive if the MOA for effects (other than the discussion of ELF reactions) were relocated or better
linked to the corresponding outcome in the effect chapters. The first part of the chapter on dosimetry
seems disconnected from the second part of the chapter on MOA. An implied link is O3 reactions
with ELF substrates that simultaneously augment O3 uptake as well as the production of toxic
byproducts that can reach epithelial cells. The MOA discussion overly relies on an assertion that free
O3 molecules cannot penetrate a lining layer depth greater than 0.1 pum, leading to the hypothesis
that O3 effects throughout the respiratory tract must be mediated via secondary reaction products.
Since the surfactant film that covers almost all of the alveolar epithelial cells is only about 0.02 pum
in depth, this premise is not valid for the alveolar region.

If the purpose is actually to convey dose-response considerations, the chapter title should be changed
and the linkages between dosimetry and MOA should be better developed. The chapter introduction
would be improved by expanding Figure 5-6 to depict the main factors in dosimetry together with
key events and pathways for the effects of ozone on the respiratory tract to provide a perspective of
the complexity of O3 dose-response relationships. The material on reactions of O3 with ELF could be
reorganized to include a section focusing on issues that are primarily directly connected to
dosimetric aspects (e.g., the structure of kinetic rate equations, rate constant values of different
substrates, and diffusion-reaction models that estimate O3 penetration into ELF). We also suggest
adding another section more concerned with issues that influence MOA (e.g., mechanisms of the Os-
ELF substrate reactions and the toxicology of the possible reaction products).

Too little information from animal studies is brought into the MOA discussion. Throughout the
chapter, citation of key pre-2006 animal studies would strengthen the extension of MOASs in support
of the human findings. More interpretation and greater emphasis on the relevance of key findings
needs to be incorporated into the chapter. Discussion of the effects of O3 on other important
preexisting conditions such as obesity and facets of metabolic pathways could also be included. In
addition, the MOA Overall Summary is weak; it does not convey the strength and the importance of
the findings discussed in the MOA subsections.

Chapter 6 is intended to support the evaluation of human health effects evidence for short-term
exposures to Oz. To what extent are the discussion and integration of evidence on the health effects
of O3 from the animal toxicological, controlled human exposure, and epidemiologic studies,
technically sound, appropriately balanced, and clearly communicated? Does the integration of
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health evidence focus on the most policy-relevant studies or health findings? What are the views of
the Panel regarding the balance of emphasis placed on evidence from previous and recent
epidemiologic studies in deriving the causal determination for short-term O3z exposure and
respiratory effects (in particular, additional epidemiologic evidence for lung function and
respiratory symptoms and new evidence for biological indicators of airway inflammation and
oxidative stress that previously has been largely limited to human controlled exposure and
toxicological studies)? The majority of new studies that examine the association between short-term
O3 exposure and mortality focus on specific issues that have been previously identified. Does the
structure of the chapter adequately highlight the breadth of studies (both older and new) that
indicate an association between O3 exposure and mortality and provide the underlying rationale for
the causal determination? Are the data properly presented regarding the credibility of newly
reported findings being attributable to O3 acting alone or in combination with other co-pollutants
and regarding the extent that toxicological study findings lend support to the biological plausibility
of reported epidemiologic associations in reaching a causal determination? Are the tables and
figures presented in Chapter 6 appropriate, adequate and effective in advancing the interpretation of
these health studies?

CASAC concurs with the ISA’s finding of a “causal” relationship between short-term exposure to
ozone and respiratory effects. We also concur with the ISA’s finding of a “suggestive of a causal”
relationship between ozone and cardiovascular effects. New toxicological evidence also
demonstrates an impact of ozone on the brain and behavior; hence the ISA’s finding of a “suggestive
of a causal” relationship between ozone and central nervous system effects is justified. Specific
comments on Chapter 6 include the following.

As recognized in the ISA, clinical studies address ozone alone whereas epidemiological studies
address broader mixtures of oxidants for which ozone is an indicator.

Numerous clinical experiments from several laboratories have demonstrated that healthy young
adults exposed for several hours to Oz during intermittent exercise experience decrements in
pulmonary function, respiratory symptoms, and lung inflammation. Particularly for those studies
below the current NAAQS level (75 ppb), it is important that the ISA thoroughly discuss the details
of the experimental regimens and the statistical as well as the clinical significance of the results. A
recent chamber study showed that 60 ppb O3 causes pulmonary function decrements in the lungs of
exercising, young adult, healthy subjects, with some subjects being more responsive than others.
(Kim CS, NE Alexis, AG Rappold, H Kehrl, MJ Hazucha, JC Lay, MT Schnitt, M Case, RB Devlin,
DB Peden, D Diaz-Sanchez. Lung function and inflammatory responses in healthy young adults
exposed to 0.06 ppm ozone for 6.6 hours. Am J Respir Crit Care Med 183:1215-21, 2011). While the
mean functional decrement was significant statistically, it was not of a magnitude (<2%) that would
be classified as clinically relevant. The indicator of an inflammatory response [polymorphonuclear
leukocytes (PMNSs) in induced sputum] measured in a sub-set of the study population, was
significant statistically, at a magnitude of likely clinical relevance, and with a greater response to
ozone by the male subjects. How much lower, if any, O3 exposures could be and still induce
pulmonary function changes is open to question, particularly since the clinical chamber studies are
using exposures of long duration (i.e., 6.6 h) with exercise (i.e., increased minute ventilation) levels
that surpass those encountered by many occupational workers during a day of heavy to severe
manual labor and are well beyond those of most healthy individuals.

Pulmonary function, with or without 0zone exposure, varies in a given individual as well as between
individuals. Most human clinical studies compare responses of volunteers exposed to filtered air vs.

8



responses after O3 exposure. Thus, it would be helpful to include additional information on the daily
variability of pulmonary function responses of exercising individuals to filtered air exposure. Since
lower concentrations cause relatively small statistically significant changes, it is important to explain
all possible major sources of variability.

Numerous factors have significant impacts on the results of toxicological studies. They include
duration of exposure, pattern of exposure, concentration, exercise (ventilation rates), age and gender
of subjects, preexisting diseases of subjects, and species and strain of animal. In too many cases, this
information is not provided, but should be. The separation between old and new studies in this
chapter leads to a choppy presentation and weak integration. The problem is especially troublesome
in the case of short-term human clinical and epidemiological studies since they will form the
predominant bases of the O3 NAAQS review. Also, some important references to human clinical
studies cov