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The Honorable Lisa P. Jackson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Ave., NW
Washington, D.C. 20460

Re: CASAC comments on Integrated Science Assessment for Particulate Matter (First
External Review Draft, December 2008)

Dear Administrator:

The Clean Air Scientific Advisory Committee (CASAC) and members of the CASAC
Particulate Matter Review Panel met on April 1-2, 2009 to review the Integrated Science
Assessment for Particulate Matter (First External Review Draft, December 2008, the PM ISA)
and two planning documents related to this NAAQS review. In this letter, we summarize the
CASAC’s major recommendations on the ISA. Comments of individual panel members are
attached.

The CASAC commends the EPA Staff for the development of a generally excellent and
comprehensive first-draft PM ISA. Most chapters were viewed as excellent, particularly for a
first-draft document. The document draws on a massive base of evidence that is usefully
summarized in tables and the appendices. The evidence is thoughtfully synthesized in a
transparent fashion; the framework for classifying the strength of evidence has continued to
evolve and it provides transparency in documenting how determinations were made with regard
to causation. The CASAC is particularly pleased that the Agency has adopted a uniform
descriptive language for various levels of confidence in making causality determinations. We
support the five-level hierarchy developed for causal determinations, and recommend it as the
model for future ISAs. Chapter 2 (“Integrative Health Effects Overview”) which summarizes
and integrates across the chapters, was thought to be an invaluable component of the ISA.
Below are CASAC’s major recommendations for improvement, followed by responses to the
charge questions.

e The ISA should provide more context for the reader on the regulatory options considered
in the last review and the divergence between EPA’s most recent PM decisions and
CASAC’s advice. This background would help CASAC and the public in identifying the
key, new information summarized in the ISA.

e In the summary chapter (Chapter 2, “Integrative Health Effects Overview”), the ISA
should more fully integrate the body of evidence related to PM size and composition for
both health and welfare outcomes. Since Chapter 2 is intended as a summary, we
recommend integrating conclusions about welfare effects into this chapter, and, in fact,
inserting the term “welfare” in the title of the chapter ( “Integrative Health and Welfare
Effects Overview”). In addition, we recommend bringing all important findings into this
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chapter, such as the Agency’s determination on the effects of PM, s on cancer and the
determinations on the health risks of various PM components.

Welfare effects addressed in the ISA are too narrowly restricted to visibility. There seems
to have been little effort to apply the criteria of causality laid our for health endpoints,
even for visibility for which the evidence is strongest among the various welfare
outcomes. The implications of PM size and composition for climate effects need to be
more thoroughly explored, both with regard to climate change and the associated health
effects of climate change. The CASAC views the document as too strongly restrictive of
the range of welfare effects, perhaps reflecting a priori conclusions on the “policy-
relevance” of various outcomes. For example, rather than focusing exclusively on the
most tolerant plants, a committed search for the most sensitive receptors for specific
endpoints might help to better focus the discussion of welfare effects and the search for a
quantifiable concentration-response (C-R) relationship for guiding development of a
separately determined secondary standard for PM. It would improve the ISA if the same
causality framework were applied to PM and welfare effects, as for the health outcomes,
emphasizing discrete endpoints and possible causal relationships. Visibility, it should be
noted, is not fully separable from health outcomes since reduction of visibility may have
consequences for quality of life and well-being, arguably health outcomes. Additional
discussion and emphasis on “sense of well being” studies is needed as they relate to
urban visibility. The implications of these studies should be highlighted in the summary
section for Chapter 9 (“Ecosystem and Welfare Effects”) as well as in the full ISA
summary in Chapter 2.

As an additional point, visibility effects in eastern and urban areas (non-Class 1 areas)
deserve far greater attention, particularly in view of the consideration of an urban
visibility standard. EPA should also discuss those data needed for developing an
alternative optical standard for visibility.

With respect to concentration-response functions, the ISA needs to set out as clearly as
possible, the concentrations at which health effects are observed for short-term and long-
term exposures. This information is needed in anticipation of use of these functions in
the REA. This dimension of data display is currently lacking, but needs to be reflected in
tables and figures.

Other health endpoints deserve more attention in the ISA, e.g., cancer, and the document
should more fully address implications of particle size and composition for risk to health.
At the least, the major gaps in the evidence should be identified. .

Revisions are needed to remove the impression that PM, is a separate pollutant from
PM_sand PMag.25. The ISA handles PMyg, PM2 5, and PMyg.2 5, as though they are
separate entities, even though the latter two are components of PMjo. The CASAC
cautions against this approach and notes that PMy is a mixture that contains varying
proportions of particles in the smaller and larger size ranges. The current approach leads
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to inconsistencies in classification of evidence, with for example the evidence for
respiratory morbidity classified as sufficient for PM s, but likely for PM3, which includes
PM; . When possible, the particle size distribution of the PM3, mixture should be
provided. To the extent possible, the document should take a more integrative approach
in drawing inferences across the range of PM sizes. Similarly, a discussion of the
relevance or importance of particle composition for the different particle size fractions is
warranted.

Our specific responses to charge questions follow below.

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

The CASAC regards the framework for causal determination and judging the weight of
evidence as presented in Chapter 1 to be appropriate. The two-step approach, using first a
categorization of the evidence in support of causation and second an evaluation of exposure-
response is a reasonable, logical process. By characterizing the certainty with regard to the
presence of causal effects, the ISA sets out a range of adverse health and welfare effects, along
with an implied statement as to the likelihood of benefits following control. The categorization
gives guidance to the Administrator as to the potential for public health benefits from the PM (or
other) National Ambient Air Quality Standard (NAAQS). The categorization reflects the strength
of evidence and not the potential magnitude of public health benefits; those effects for which the
evidence is less certain should also receive consideration in the Risk and Exposure Analysis
(REA) and in policy deliberations.

Because there is concern for susceptible and vulnerable populations, the concepts of
confounding and effect modification need to be sufficiently developed so that readers of the ISA
understand the relevance of the concept of effect modification to consideration of susceptibility.
We suggest this topic be addressed in this chapter and then more comprehensively in Chapter 8
with regard to susceptibility.

Publication bias is likely to be relevant in the assessment of causality, and perhaps even
more so in the assessment of the evidence characterizing concentration-response relationships.
Discussion is needed on the implications of publication bias; how it is detected; and how its
consequences should be taken into account.

2. Chapter 2 presents the integrative summary and conclusions from the health effects
evidence at the beginning of the ISA with the evidence characterized in detail in
subsequent chapters. (Environmental and public welfare effects evidence is
evaluated and summarized in Chapter 9.) Is this a useful and effective summary
presentation? How does the Panel view the inclusion in Chapter 2 of only health
categories with causal determinations of (a) likely to be a causal relationship or (b) a
causal relationship?
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The ISA is comprehensive, lengthy, and complex. Chapters 3, 4, 5, 6, 7, and 8 are
detailed and well documented, but are so extensive as to reduce the functionality of the document
for readers. Consequently, the public and policy makers need the high-level summary provided
in the 26 pages of Chapter 2, which provides an excellent overview of the major acute and
chronic health impacts of PM. CASAC commends the inclusion of Chapter 2 and recommends
similar chapters for future ISAs. Inevitably, there are conclusions which require further
documentation, but one can easily find the corresponding sections of subsequent chapters. In
answer to the charge question posed, we are affirmative and find it to be a “useful and effective
summary presentation.”

As discussed above, the five-level hierarchy developed for causal determination is
appropriate. This is a reasonable approach to a central issue in the development of the ISAs (and
previously the Criteria Documents). The EPA staff has critically reviewed the relevant literature
on this topic and has made specific recommendations regarding their conclusions with regard to
causality. We agree with the approach of starting with a list of the key health effects and a firm
statement with regard to conclusions of causality and following this by a brief description of the
key findings supporting the conclusions. This approach should become a model for future ISA
documents.

In general, the CASAC concurs with focusing the summary on evidence with causal
determinations of “(a) likely to be a causal relationship or (b) a causal relationship.” But we
make two recommendations. First, the summary should point the reader to appropriate sections
of Chapter 1 where the definitions of the five-level hierarchy of causal determination are given.
Second, we also suggest that the findings of Chapter 9 for welfare effects be included in this
summary. Without including this material, the summary is imbalanced and does not give
sufficient weight to the ecosystem and welfare effects.

Additionally, CASAC strongly recommends that the ISA should acknowledge and
address the broader relationships between the ecosystem and welfare effects considered in
Chapter 9 and human health. Climate change has diverse implications for human health and
reduced visibility is a potential environmental stressor. We also suggest addition of a section
entitled “Emerging Issues.” This section could address health effects for which the evidence has
not reached the top two categories of strength of evidence and point to research needs. It could
address topics of likely concern in the future, such as epigenetic changes or influences of PM on
premature birth and low birth weight babies. It could also highlight other topics that have been
identified through the extensive review process underlying the development of the ISA.

3. To what extent are the atmospheric chemistry and air quality characterizations
clearly communicated, appropriately characterized, and relevant to the review of
the PM NAAQS? Does the information on atmospheric sciences and exposure
provide useful context and insights for the evaluation of human health effects of PM
in the ISA?
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a. Isaccurate and appropriate information provided regarding PM source
characteristics, techniques for measuring PM and its components, policy-
relevant background PM, and spatial and temporal patterns of PM
concentration? Are the analyses and figures presented in Chapter 3 effective
in depicting ambient PM characteristics?

Chapter 3 generally describes the relevant atmospheric chemistry, air quality
characterization and exposure assessment that is relevant to the NAAQS review. The chapter
was well done and the length is justified, given the new data available. There are changes to be
made that will provide improvements in the presentation and completeness of the material that
has been introduced. For example, although the chapter indicates it will provide information on
size, composition, and shape (line 23, page 3-3), there is no subsequent discussion of particle
morphology or surface area with respect to the characteristics of the ambient aerosol.

The section on measurement methods needs to be improved. There needs to be a more
complete discussion of PM mass measurements and the serious limitations of the current Federal
Reference Method (FRM) for PM. The current FRM does not provide complete and adequately
time-resolved concentration data, nor does it provide an accurate indicator of mass concentration,
given known losses of semivolatile constituents. There needs to be discussion of the
quantification of PMyq.2 5, and a justification of the use of PMygas an indicator of coarse particle
exposure.

There is a lack of information on the presence of chemically reactive species, e.g.,
reactive oxygen species, associated with particles (particularly SOA and their formation by
atmospheric chemistry) and of the chemical composition of coarse particles.

The emission inventory data needs to be better integrated with source apportionment
results and the quantification of contributions from primary and secondary sources better
described.

Changes from previous reviews in the rationale and methodology for estimating the
policy relevant background should also be addressed.

b. Is the evidence relating human exposure to ambient PM and errors
associated with PM exposure assessment presented clearly, succinctly, and
accurately? Are there PM exposure issues that should be expanded,
shortened, added or removed?
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The current exposure section should be re-organized to flow more logically and revised
to discuss additional PM issues. Correspondingly, the section on PM exposure and
socioeconomic status (SES) should be better integrated with the other exposure related issues.
Presently, the section focuses primarily on 24 hr PM, s exposures and corresponding ambient
concentrations. It should be modified to include discussions of shorter—term exposure (e.g.,
hourly) as well as exposures of longer duration (e.g., annual), and of PM1o, PM10.25,, and the
components, in addition to PM, 5. Further, the section should discuss how the relation between
ambient PM and personal exposure varies under different scenarios (e.g., populations measured
at single points in time and intra- or inter-community comparisons).

c. To what extent does the Panel find Annex A appropriate, adequate and
effective in supporting the ISA?

The balance of data between the Chapter and Annex is good, although the Annex needs a
table of contents to make it more navigable. CASAC generally appreciated the completeness of
the material presented in Appendix A. Using the “search and find” approach, it does prove
useful in supporting the material in Chapter 3. Annex A would be more useful if text references
to the Annex were more specific (e.g. by referring to Table a-2, etc.) rather than just a generic
'see Annex A'.

4. The dosimetry of PM is discussed in Chapter 4. The primary focus is on factors that
might lead to differences in deposition and clearance between individuals, species,
and as a function of the physicochemical properties of particles. Is the review of
basic dosimetric principles presented in sufficient detail? Are the new particle
translocation data adequately and accurately described? Recognizing an overall
goal of producing a clear and concise chapter, are there topics that should added or
receive additional discussion? Similarly, are there topics that should be shortened
or removed? To what extent does the Panel find Annex B appropriate, adequate
and effective in supporting the ISA?

In general, the review of basic dosimetric principles is well written and presented in
sufficient detail. It is a needed component of the ISA. Information about particle translocation is
largely up to date.

There is one evident gap to be addressed. A section is needed under “4.2.4 Biologic
Factors Modulating Deposition” that addresses exercise, increased ventilation, and route of
breathing (nose vs. mouth). For both children and adults, exercise has a strong effect on
deposition and retention and hence on dose. First, greater amounts of PM are inhaled with
exercise, the amount inhaled being proportional to minute ventilation. Second, deposition
mechanisms are a function of linear velocity of the inhaled air, of residence time, and of other
factors related to ventilation. Third, as ventilation increases, most people switch from nose
breathing to mouth breathing. The elimination of the nasal filter has a substantial impact on
deposition, particularly the deposition of larger particles in the airways. For example, coarse
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particles, filtered by the nose under sedentary conditions, have a greater probability of reaching
the large airways and being deposited there.

The chapter also would be enriched by additional discussion of some specific PM
components. What are common leachable components, and how do they differ in their clearance
mechanisms? What is the fate of metals coming from soluble particles? What organs do they
reach and what are the implications of retention of PM components in the brain, heart, kidneys or
other critical organs?

Annex B is appropriate, adequate, and effective in supporting the dosimetry chapter.

5. Chapter 5 is intended to support the evaluation of health effects evidence for both
short-term and long-term exposures to PM. Some potential modes of action may
underlie a number of health outcomes and may contribute to health effects of both
short- and long-term exposures. Thus, the potential modes of action are described
briefly in Chapter 5, and some specific study findings are discussed in more detail in
the relevant sections of Chapters 6 or 7. What are views of the Panel on this
approach and on the characterization of potential modes of action for PM-related
effects in Chapter 5?

Chapter 5 (“Possible Pathways/Modes of Action”) is essential to establishing a
foundation for interpreting the evidence on the health risks of PM. It outlines basic
mechanisms of action, and thus contributes to understanding the plausibility of the findings
presented in subsequent chapters. The common fundamental toxic mechanisms, limited in
number, are well described, particularly the role of reactive oxygen species (ROS). The chapter
is short, focused and incorporates informative illustrations that describe the interplay of
pathogenetic mechanisms.

Each section provides a clear summary of biological effects. However, it is important to
establish whether these effects are similar across species and under what conditions. This could
be true for paths of activation, species sensitivity and/or tolerance, gender-based differences in
response.

CASAC recommends expansion of section 5.1.3 on inflammation. Inflammation is an
important pervasive mechanism, and additional highlights of neutrophil biology and the
inflammatory process should be delineated. There should also be a discussion of acute
inflammation as well as chronic inflammation. This will undergird sections on acute responses
to air pollutants (e.g., bronchoconstriction) versus responses influenced by chronic inflammation
(e.g. proteolysis, emphysema, fibrosis, and other persistent anatomic changes).

CASAC notes the omission of one important mechanism—epigenetic effects of PM
exposure. We recommend the addition of a new section after 5.1.10 on this topic. There is
increasing evidence of PM-induced epigenetic changes in DNA, particularly DNA methylation
and changes in histones. These epigenetic changes may be far more common and possibly more
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important than PM-induced changes in the primary structure of DNA. Such epigenetic changes,
now readily measured, can have a profound effect on gene expression and cytokine levels. There
are both animal studies as well as epidemiologic studies which demonstrate significant
epigenetic changes in response to PM exposure.

We welcome the section entitled gaps in knowledge. It is an excellent addition to the
chapter. Other gaps could also be listed:

a. Changes in effects due to timing of exposure and timing post-exposure

b. The anatomic spatial distribution of retained particles and the implications of the
distribution, e.g., airways vs. the deep lung

c. Deposition, uptake and clearance of ultrafine particles.

6. To what extent are the discussion and integration of evidence on the health effects of
PM from the animal toxicological, human clinical, and epidemiologic studies,
technically sound, appropriately balanced, and clearly communicated? Does the
integration of health evidence focus on the most policy-relevant studies or health
findings?

a. Are the tables and figures presented in Chapters 6 and 7 appropriate,
adequate and effective in advancing the interpretation of these health
studies? To what extent does the Panel find Annexes C, D and E
appropriate, adequate and effective in supporting the ISA?

b. In Chapters 6 and 7, toxicological studies were included in the PM ISA text if
they were conducted at PM concentrations <2 mg/m®. The toxicological
focus in these chapters was on inhalation studies, with intratracheal
instillation studies and in vitro studies included only if they contributed
significantly to the understanding of health effects from exposure to PM.

The toxicological studies excluded from the text are presented in Annex D.
What are the Panel members’ thoughts on this approach and the selection
criteria?

Chapter 6 does a reasonable job of integrating toxicology, human clinical studies and
epidemiological studies for each of the exposure scenarios discussed as well as for each of the
outcomes of interest. However, the summary text sections need to be edited for consistency in
approach and also to assure that the discussions are grounded and consistent with the antecedent
sections that describe the evidence. Generally, the text relating to evidence characterization was
satisfactory, but the review of details of the evidence was sometimes uneven.

There is an appropriate discussion of the time-series studies, but this section needs to
have an explicit finding that the evidence supports a relationship between PM and mortality that
is seen in these studies. This conclusion should be followed by the discussion of statistical
methodology and the issue of identifying threshold.
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In general the tables and figures of Chapter 6 are used effectively to communicate the
copious information in a succinct manner. Annexes C, D and E are thorough, appropriate,
adequate and effective in supporting the goals of the PM ISA.

With the regard to the judgment of consistency of results, significant effects that move in
opposite directions (HRV effects) do not necessarily imply inconsistency, but rather the lack of
understanding of potential underlying mechanisms. Results presented need to incorporate
specific issues of exposure, including concentration, variability of exposure and composition
when possible composition.

As indicated in Chapter 1 on the causal framework, a discussion of the basis for for
assigning level of causality needs to be presented for each of the pollutant-outcome
causality statements. Further discussion is also required for both Chapters 6 and 7 on the level
of causality for the PM components. Justification needs to be presented as to how PM3, might
have a lower level of certainty than PM;s (or PM19.25) when PMyq is comprised of both.

Inclusion of toxicological studies utilizing PM concentrations < 2 mg/m® serves to limit
the inclusion of non-specific toxicological effects. Yet, even at these concentrations non-specific
or off-target effects can be observed. It is recommended to include high dose inhalation and
instillation studies only when the findings inform as to mechanisms leading to the biological
effects of PM. Effort should be made to distinguish inhalation from instillation studies
throughout the ISA.

7. What are the views of the Panel on the conclusions drawn in the draft ISA
regarding the strength, consistency, coherence and plausibility of the evidence for
health effects of PM? In evaluating the evidence to draw preliminary judgments on
causality, EPA carefully considered evidence from the various scientific disciplines
for the PM indicators and general health or environmental effect categories.
Examples of a few specific health categories are listed below that were particularly
difficult in reaching a causal determination. We would appreciate CASAC
comments on all of the causal determinations presented in this first draft ISA.

e Short-term exposure to PM; s and cardiovascular and respiratory morbidity.

e Short-term exposure to PM;s and mortality.

e Short-term exposure to PMig.,5 and respiratory and cardiovascular morbidity,
and mortality.

e Long-term exposure to PM;s and mortality.

This chapter provides a reasonably balanced presentation of most of the outcomes of
interest. However, there are several aspects of the presentation of findings that need to be
addressed in the second draft. First, there needs to be specificity in presenting associations that
come from cross-sectional studies as reflecting differences across regions and not increases in
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PM levels. Second, there needs to be greater balance in the presentation and discussion of study
results, without undue weight being given to positive findings or characterization of estimates
with confidence intervals that include the null as “positive”. This lack of balance is most evident
for intermediate outcomes related to cardiovascular disease (CVD). The summary statements at
the end of the sections are more balanced, but the text needs to be more even. Further in the
respiratory section there is a tendency to report primarily positive endpoints from studies with
multiple endpoints by drawing on the individual authors’ interpretations of their findings. In
spite of this limitation, the overall conclusions regarding causality in the respiratory section are
reasonable.

Studies supporting a link between long-term exposure of air particle pollution to
progression of intermediate cardiovascular endpoints such as surrogate measures of
atherosclerosis, such as coronary artery calcium and carotid artery internal medial thickness must
be interpreted in the context of the insensitivity of these methods to detect small changes in
either IMT or coronary artery calcium. In addition, the relation of chronic health impacts to
parallel acute health impacts should be discussed. In particular, this discussion should examine
whether chronic health impacts occur through similar or different biological pathways and
whether chronic health impacts reflect acute health effects that are accumulated, diminished, or
magnified over time.

Regarding the assessment of cancer mortality, particularly related to lung cancer,
CASAC recommends that the cohort study findings on mortality be incorporated in the cancer
incidence section rather than placing that discussion in the following section on mortality. For
lung cancer, because of the poor survival, mortality and incidence are quite close. The literature
search should be strengthened and better reflect the most relevant, earlier studies as well as
relevant occupational studies. The section needs to better consider the plausibility of lung cancer,
given the presence of known carcinogens in PM mixtures.

8. What are the views of the Panel on the definitions of susceptibility and vulnerability
in Chapter 8? Are the characteristics included within the broad susceptibility and
vulnerability categories appropriate and consistent with the definitions used?

CASAC generally supports the inclusion of the material in this chapter as part of the ISA.
However, the title of the chapter is not descriptive of the content and should be revised, perhaps
to “Public Health and Welfare Considerations”. In general, there was strong support for having
synthesis material such as found in Chapter 8 to try to tie together in a succinct and policy-
relevant way material presented in more detail in earlier sections. The introduction should more
clearly motivate the need for and implications of, characterizing susceptible and vulnerable
subgroups. The policy-relevance of “vulnerable” subgroups that tend to have higher exposures
suggests a need to better quantify inter-individual variability, as well as spatial and temporal
variability, in exposure, and to consider multiple PM sizes and components in the context of
exposure. The policy-relevance of “susceptible” subgroups is that they may have different
concentration-response functions than the general population or that “effect modifiers” need to

10
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be considered. The concentration-response function material would have more context if
presented after the susceptibility material.

Furthermore, impaired visibility has generally been treated as an esthetic effect without
health-related consequences. In fact, most if not all visibility preference and valuation studies
have emphasized in participant instructions to explicitly value only the esthetic impact of
impaired visibility and not any perceived health, psychological, or other effects. The committee
questions this separation. It is well documented that impaired visibility or haziness can cause
feelings of gloominess, confinement, loss of freedom, and in some cases depression, which can
in turn have direct negative health consequences. Conversely, good visibility can cause one to
emote feelings of well being and freedom and can be linked to positive health outcomes.

Several panelists expressed concern that the term *“vulnerable” might not be the best term
to use in capturing the range of population characteristics that affect the risks to health from air
pollution exposure. The committee recommends that key terms be carefully defined, such as
“susceptible,” vulnerable,” and “characteristics,” and that a stronger conceptual framework be
developed for understanding the implications of these factors for risks to health.

CASAC recommends that Table 8-1 be revised to be a more complete “road map” that
not only lists the “characteristics” of susceptible and vulnerable groups, but provides an
indication of the weight of evidence and strength of association for each. These can be indicated
qualitatively. EPA is encouraged to either further expand Table 8-1 or create additional tables
that would more clearly lay-out how the “characteristics” map to health effects endpoints with
respect to time frame of the effect (long-term, short-term), PM size ranges (PM.s, PM1o, PMyo.
25, and ultrafine), PM components of particular concern (e.g., black carbon, organic carbon,
elemental carbon, sulfate, and nitrate), and health effect(s) of particular concern (e.g., specific
morbidity and mortality outcomes).

CASAC recommends greater consistency in the content of Table 8-1 and the explanatory
text of the chapter, and for a consistent approach to defining and using terms and
“characteristics.” For example, some “characteristics” are evaluating using surrogates rather
than direct measurements (e.g., for socioeconomic status). Furthermore, there may be some
unavoidable overlap among characteristics and between susceptible and vulnerable
subpopulations. For example, socioeconomic status may be associated with conditions that lead
to higher exposures (e.g., because of locations or activity patterns of the subpopulation) but also
to higher susceptibility (e.g., because of health care history and pre-existing conditions). For
purposes of transparency, EPA should identify and explain such overlap and the basis of a
judgment to assign an issue to a particular subgroup or category.

9. How useful and complete is the scientific evidence presented and summarized in
Chapter 9 regarding the effects of atmospheric PM on the environment, including
(a) effects on visibility, (b) effects on individual organisms, (c) direct and indirect
effects on ecosystems, (d) effects on materials, and (e) effects on climate? To what

11
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extent do the discussions and integration of evidence correctly represent and clearly
communicate the state of the science?

CASAC found that the Chapter 9 summary of welfare effects of PM (on visibility,
individual organisms, ecosystems, materials, and climate) was complete, if uneven. The clarity
of the chapter could be improved by adding more detailed explanations of fundamental concepts
like urban vs. rural visibility and providing better definitions of acronyms and specialized
technical jargon. Some of the conclusions on causality could be stated with more specificity, in
ways that might provide a better indication of which effects might be most responsive to changes
in PM concentrations, size fractions or chemical components.

The section on PM effects on climate needs significant editing for clarity and focus and
there are some mistakes. Potential benefits and harms of each component should be summarized
with the uncertainties.

This added specificity would be particularly useful for the section on climate effects,
which would benefit from more detail on differential effects of different PM components, the
relative contributions of PM components originating in the US to global aerosol and radiation
budgets, and discussion of potential health effects of PM-induced climate changes.

A summary of the Chapter 9 welfare effects should be added, and integrated with the
health effects summaries in the Chapter 2 integrative overview.

The Chapter 9 discussion of visibility effects is substantially more detailed than the
discussion of other public-welfare effects. To a large extent, this is justified by the strong and
reasonably well-understood relationship between PM concentration and visibility impairment.
However, the detail with which direct impacts on organisms and ecosystems are addressed is
inadequate relative to the amount of information available and the potential importance of the
issue. Important steps can be taken at this time toward causality determination, although it is
recognized that quantitative findings of causality may not be possible from available data. In the
well defined process of causality determination, it is clear that the intermediate levels imply
uncertainty that should drive future research to inform the next review cycle.

Chapter 9’s focus on “recent” visibility information, available since the 2004 Criteria
Document, relies heavily on information generated through the Regional Planning Organizations
(RPQO’s) to support State Implementation Plans (SIPs) under EPA’s Regional Haze Rule. One
limitation of these data is that relatively little information is provided on visibility in the
suburban and urban areas, which are not protected by the Regional Haze Rule, and for which a
possible secondary PM standard could provide benefits complementary to those provided by the
Regional Haze Rule. Another limitation is that the PM/visibility association is described
exclusively in terms of the chemical-species-specific reconstructed extinction approach that
forms the basis of the Regional Haze Rule. While a similar approach could conceivably be used
as an “indicator” for a secondary PM standard in urban areas, Chapter 9 could do a better job
laying the groundwork for considering other potential visibility indicators, such as the

12
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relationship with sub-daily PM s indicator recommended in the last NAAQS review cycle, and
the potential use of optical indicators, There is strong support for using a nephelometer and
aethalometer combination fitted with size selective inlets to routinely and continuously measure
fine and coarse particle scattering. In addition to measuring a variable directly related to
visibility, the measurement also yields an estimate of fine and coarse particle mass on a semi-
continuous basis. Additional discussion of the strengths and limitations of the different PM and
optical measurement methods and their potential use as indicators for a secondary standard
would be very helpful.

Panel members also suggest that additional discussion would be useful on the importance
of (and ways to include measures of) coarse particle contributions to visibility impairment which
are especially important in urban areas in western states. Added discussion on the value of
continuous particle size distribution measurements would be useful, as would some discussion of
the importance of particle densities and differences between internally and externally mixed
aerosols.

Chapter 9 includes literature citations that relate to the effects of impaired visibility on
psychological wellbeing, but does not summarize the findings of those studies, nor does it
discuss the relevance of these findings to development of a more appropriate secondary standard
different in form from the present identical primary and secondary standards for PM.

With respect to the eventual formulation of proposal(s) in this review cycle for the
secondary PM NAAQS, the scientific literature demonstrates visibility impairment from PM at
mass concentration levels below those of the current PM primary and secondary NAAQS and at
averaging times shorter than those of the current PM primary and secondary NAAQS. As the
Clean Air Act requires review and advice to the Administrator on secondary NAAQS by the
CASAC that specify a level of air quality requisite to protect the public welfare from any known
or anticipated adverse effects, CASAC would expect to review policy-relevant summary results
describing EPA analyses relating the proposal(s) for light extinction indicator(s) for secondary
PM NAAQS to the proposal(s) for the primary PM NAAQS. These analyses should also address
the variation and ranges of PM mass concentrations, chemical composition, size distributions,
and contributing sources across the nation relevant to the secondary PM NAAQS so as to assist
in advising the Administrator.

10. This first external review draft PM ISA is of substantial length and reflects the
copious amount of research recently conducted on PM. EPA has attempted to
succinctly present and integrate the policy-relevant scientific evidence for the review
of the PM NAAQS. Does the Panel have opinions on how the document can be
shortened without eliminating important and necessary content?

We recognize the length of the document reflects the very extensive literature and data
that were considered. Some shortening might be accomplished by removing descriptions of
individual studies, unless highlighting of strengths and weaknesses of particular studies is needed
because of their importance. The document also needs a listing of the acronyms to assist readers.
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We thank the Agency for the opportunity to provide advice early in the PM NAAQS
review process, and look forward to the review of the Second Draft ISA in October 2009.
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Comments from Dr. Lowell Ashbaugh
Review of Chapter 9 — Ecosystem and Welfare Effects

Charge questions

1. How useful and complete is the scientific evidence presented and summarized in Chapter
9 regarding the effects of atmospheric PM on the environment, including (a) effects on
visibility, (b) effects on individual organisms, (c¢) direct and indirect effects on
ecosystems, (d) effects on materials, and (e) effects on climate? To what extent do the
discussions and integration of evidence correctly represent and clearly communicate the
state of the science?

2. This first external review draft PM ISA is of substantial length and reflects the copious
amount of research recently conducted on PM. EPA has attempted to succinctly present
and integrate the policy-relevant scientific evidence for the review of the PM NAAQS.
Does the Panel have opinions on how the document can be shortened without eliminating
important and necessary content?

The authors of this chapter have done an excellent synthesis of the relevant science regarding the
effects of atmospheric PM on the environment. Some sections require technical editing for
grammar and spelling, but the technical evidence is complete and is presented well. The
presentation could be made more useful in several ways.

The spatial distribution of aerosol extinction and contribution of species to extinction in Figures
9-7 through 9-23 would be more useful if the contour intervals were standardized for groups of
related figures. As they are presented they show the spatial patterns well but standardized
intervals and ranges would also illustrate the temporal changes. If it makes sense to standardize
the different species it would also better illustrate the relative impact of the different species in
different time periods. If the levels for each species are too different, it would still be helpful to
standardize the scales for each time period of a given species. It’s also not clear on these figures
why the highest contour level has a different spacing than the others. That makes the red
(highest) contour levels misleading.

The sentence on lines 3-5 of page 9-31 is not clear. It’s either a run-on sentence or is missing a
crucial piece that would tie it together.

Because Figures 9-12 and 9-13 (also 9-14 & 9-15 and 9-16 & 9-17), are compared in the text, it
would be helpful to place each pair on the same page or on facing pages so the reader can
visually compare them more easily.

In the discussion comparing IMPROVE and CSN data, there should be some mention of the
different methods of handling blank subtraction. IMPROVE subtracts a blank from each sample
for ions and carbon analyses, but CSN does not. This makes comparing the concentrations
between the networks a little more difficult; not impossible, but not straightforward.
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The discussion of IMPROVE and CSN carbon data should comment on the different methods
used to obtain the fractions. In fact, the discussion of carbon measurements in any network
should include the method used to make them and how that may affect the results. Comparison
of total carbon between networks is less sensitive to the method used, but comparison of the
fractions is highly dependent on the method.

The statement on lines 7-8 of page 9-40 regarding fine soil and coarse mass is not entirely
correct. The different ratio suggests a different composition of coarse mass but does not
necessarily suggest a difference in the size distribution of suspendable soil materials. The
statement is valid only if the assumption is true that fine soil is a good surrogate for coarse mass.
In my experience that is just not true at all.

There is a mention on page 9-40 of the confounding effect of meteorologically driven interannual
variability, but I would like to see an explicit statement calling for the investigation of the
meteorological and climate-driven effects on particle concentrations and speciation. This is
particularly relevant for the comment on page 9-44 regarding the depression of wintertime
particulate nitrate for several years measured by the IMPROVE network. This feature may be
due to meteorological influences, but has not yet been investigated.

There are several mentions of “upwind sources” in the discussion on page 9-46. Presumably, this
refers to the San Francisco Bay Area, but it should be more clearly stated.

I found a couple of references that were missing or misdirected. All references should be
checked for accuracy. The reference to McDade (2006) is not in the list of references (see line 14
on page 9-44). The reference for the comment on lines 6-9 of page 9-48 (Pitchford, et al., 2007)
does not seem to be accurate. I could not find those statistics in that paper. I'm also skeptical of
the statement on line 11 of page 9-50 that over half the sulfate in remote areas of the Pacific
coastal sites is from outside the U.S. If this is a model result, it should be labeled as suspect.

The discussion of fine particles on page 9-84 should mention nanoparticle emissions as a direct
source of fine particles. On page 9-87, “occult deposition” should be defined.

On page 9-88, the discussion of dry deposition should include mention of the surrogate surface
work and sampler developed by Dr. Cliff Davidson of Carnegie-Mellon University.

I believe there is some redundancy in section 9.5.1.2, and possibly elsewhere in the document. I
suspect this may be due to the number of authors required to produce such a comprehensive
document. It may be possible to reduce its size by having a single person go through the entire
document for consistency and to remove redundancy. This task may be too time-consuming to
actually carry it out, though.

I will list a few detailed comments:

e On page 9-2 is the statement that nitrate important in most of California. It would be
accurate to say “much of California”, but not “most”.

e Equation 9-2 needs work. It looks like it was copied unsuccessfully from another
document. For example, “Large” is printed as “L arg e”. Also, the text refers to bold text
but there is none.
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There are grammatical errors throughout the chapter, but most of them are before section
9.3.5. For example, there are several uses of the word “dominate” that should be
“dominant”. There are cases of misplaced parentheses and some minor typographical
spelling errors. The chapter needs to be reviewed carefully for grammatical accuracy.
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Comments from Mr. Ed Avol

Review of PM ISA, First Draft (EPA 600/R-08/139, December 2008)
Ed Avol
Revised Comments 2Apr09

General Comments:

The First Draft ISA is a remarkable overview of the breadth of recent PM research
conducted primarily in the United States over the past several years. EPA staff should
collectively be congratulated and acknowledged for distilling an amazing array of data
from multiple sources into one central location for consideration. The authors and
reviewers listed as participating in the document’s preparation are among the
acknowledged experts in their respective fields, and EPA should be congratulated for
assembling such a talented team to review this vast amount of material. There are,
inevitably, differences of opinion in inferences, nuances, approaches, and conclusions,
but the major accomplishment of assembling this material should not go unnoticed.

There are at least two comments/concerns | have with the stated approach. | was
disappointed in the decision to minimize or dismiss extended consideration of ultra-fine
particles or traffic-related pollution exhaust. The accumulating number of carefully-
performed and peer-reviewed research describing the observed associations between
fresh combustion exhaust (primarily from motor vehicles) and a range of health
outcomes (respiratory, cardiovascular, birth-related, and even developmental) suggest
that there is a rapidly accumulating body of information on which to objectively and
seriously consider the need for a criteria standard. If this consideration does not move
forward within the context of the periodic review of the current PM standards, | am
concerned about what and where the EPA believes the appropriate venue to be. Other
countries, most notably in the European Union, have moved forward in quantifying,
monitoring, and regulating ultra-fine PM, while the United States has been slower to
respond. In my opinion, this decision should be re-considered and re-opened for
discussion.

| was also disappointed to see the decision to effectively restrict document
consideration of health endpoints to primarily respiratory and cardiovascular results.
Although the discussion “door” has arguably been left slightly ajar to allow some natal or
pre-natal health outcomes to possibly stand in the proverbial doorway, the decision to
not endorse and include these and other developmental outcomes as important and
critical in our overall understanding of PM health effects seems outdated and short-
sighted. Our responsibility to review the science and make recommendations that will
lead to the development of standards that protect the public health extends to the full
distribution of the population, and ought to include the widest breadth of available
credible scientific information in those deliberations. Our understanding of the
mechanisms and pathways of exposure and effect have evolved beyond limiting our
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review to primary target organs of immediately present receptors, and our consideration
of viable data for deliberations in standard-setting ought to, as well.

The document needs some clarifying comments regarding health outcomes to be
considered based on the strength of relationships. The current implication that only the
two uppermost levels -- causal and likely causal — are being considered beyond this
initial point is apparently mistaken, based on Staff comments, but the document leaves
the reader with that impression.

The Agency’s “official” perspective on Climate Change is inconsistently presented and
prioritized in the current document (mostly in Chapter 9). Given the importance of
carbon aerosol in both air pollution and global climate matters, the ISA should raise the
visibility and discussion of such issues.

Finally, no other pollutant so readily lends itself to consideration of multi-pollutant
mixtures and multi-pollutant exposures than PM. The chemical variability, as well as the
size and source differences, make this an especially challenging exposure of interest,
but the opportunity to view Pm as a multi-pollutant entity and develop a means of
dealing with it in the context of the review process would be an invaluable step forward
towards true consideration of multi-pollutant mixtures, compared to the current, and
much less-realistic, approach of considering individual specific pollutants.

Specific Comments

P1-14, lines 12-30 — Emphasis on clinical studies, given both the multi-pollutant nature
of ambient exposures and the multi-compositional (and size) nature of PM, makes
elucidation in clinical studies even a higher threshold to surmount than for other
pollutant reviews. Is there some way to take this into consideration?

Chapter 3: Source to Human Exposure

P3-1, Introduction — There is a lot of discussion here (in the Introduction?) about soluble
organic aerosols (SOAs), without adequate justification as to why or what other other
key constituents might be present. In my opinion, this should be moved or at least
prefaced by some transitional justification.

P3-1, lines 20-29, P3-2 lines 1-10 — move this to after SOA discussion in Section 3.3.

P3-2, lines20-22 — “Within a street canyon,...” seems to be tacked on to this paragraph
and out of place (no real connection to the paragraph, except only in the broadest
possible sense).

P3-2, line 23 — “receptor modeling studies indicate that the main source...” sounds odd
—isn’t receptor modeling focused on receptors?
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P3-2, line 27 — Is the observation that “vegetative burning and traffic-related emissions
were less consistently identified...”, both which would presumably be in smaller-than-
PM. 5 size ranges close to the source, really a surprise? PM2.5 has a more regional
spatial character.

P3-9, line 1 — It would be more accurate to begin this sentence “US national average...’
P3-23, line 10 — So what is the conclusion one is to draw from all of this?

P3-26, line20 — There is LOTS of information presented on instrumentation and
sampling; what to do with all of this to make it accessible? A summary table (such as
the one in the Annex) would be helpful here, or reference to the annex table...

P3-26, line 21 — Why does this paragraph begin with this comment about "maximum
concentration sites”? | would suggest that the paragraph begin with the sentence
“...The AQS contains measurements...” in line 23, and the previous two sentences be
reversed in order and moved to P3-27, line 2.

P3-27, lines 8-9 — Isn't this description about neighborhood scale monitoring? How do
air pollution episodes relate to micro <100m) or middle (100-500m) scales?

P3-27, line 15 — “Urban scale — This scale applies for assessment of air quality at an
urban scale” is not much of an explanation...!

P3-27 — Reference is made to a number of different monitoring networks (NAMS,
SLAMS, CSN, IMPROVE, NCORE,...) without ever explaining what they are or how
they overlap or differ. How about a summary table showing the major networks, the
frequency of sampling, typical monitoring array, sampling requirements, etc?

P3-28, line 4 — replace “built” with “located”

P3-28, line 21 — “...local conditions...” comment should be clarified; it refers to
atmospheric or meteorology (temperature, humidity, pressure).

P3-33, Tables 3-5 to 3-10, include units in title (“...aged _ years...”)
P3-38, line 12-13 — The comment is made here that there is a large amount of new
information about ultra-fines...but then the decision is made to not consider it in the

context of the PM review...seems a bit inconsistent.

P3-38, lines 27-28. While | don’t disagree with the Watson et al comment about spatial
scales of interest, from a health standpoint, micro or middle scales (100s of meters)
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may be a critically important consideration (for example, in the context of proximity to
busy roads).

P3-44, Table 3-12 — where was the 828 ug/m3 1 hour average reading observed, and
what was its explanation?

P3-85, Figure 3-41 — It seems surprising that naphthalene, which typically is present in
concentrations a magnitude higher than other PAHS, is in the bottom half of these
plots...?

P3-90 — The layout of figures and text through this section is confusing to the reader, in
that the text under a given figure does not describe or relate to that figure...can this be
adjusted?

P3-92 — What is the purpose and utility of this “EPA region office” presentation of data?
It is arguably a bit deceptive, since Region 9 (for example) shows a nice downward or
flat trend in Figure 3-47 that is below the NAAQS line, but within that region [Southern
California/Riverside] large areas are out of compliance and will remain so for several
years to come (according the AQMP estimates by the local agency).

P3-94, Figure 3-49 — Here, too, the plots by EPA region office is deceptive. The trend
lines look to be well under the NAAQS, but Southern California is still out of compliance.
Are the most appropriate metrics being plotted and presented?

P3-132 — The discussion on this and the previous pages about temporal, spatial, and
physical activity effects on exposure seems a little thin. There has been a LOT of work
looking at personal exposures, time-activity, and spatial determinations (diary-based, for
the most part, until recently). None of it, as it relates to PM exposure, is summarized or
referenced here...?

P3-134, “New Developments in Microenvironmental Exposure Monitoring Techniques —
| expected to see something about the NIH Exposure Biology Initiative samplers and
innovations here (lab-on-a-chip, miniaturized samplers, etc) but no apparent mention...?

P3-135, line 4 — replace “guiet” with “quiet”

P3-135, lines 4-10 — “Personal clouds”, variable locations, and other
microenvironmental considerations may provide legitimate reasons for differences
between personal measurements and fixed-site ambient measurements. The
paragraph in the text makes it sound like the personal measurements are less credible
or somehow fall short of being “equal” to a fixed-site monitor, when the true state of
reality might very well be the reverse.
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P3-138, lines 9-19 — Important points are raised in this section, but it should also be
noted that one might infer from this discussion that zip codes are the appropriate unit for
community assessment and assignment of exposure. This could be quite misleading in
areas where the population is such that a given zip code covers a wide geographic, or
variable topographic, or variable trafficked/road-coverage/vehicle-loaded, area.
Accordingly, there should be some caveats or considerations associated with the
document text.

P3-138, lines 20 and 22 — replace “among” with “between”

P3-147, line 13 — Is “0.3%" a printing error? This doesn’t seem like much to be
concerned about...?

Miscellaneous Comments:

Chapter 6 is important, but could be dramatically trimmed in size by moving the “criteria-
type” litany of study reports to the annex (e.g., page 6-112 discussion about asthmatic
children and the page 6-116 discussion on asthmatic adults), and replacing these with a
chapter-wide, more consistent summary of recent studies.

Chapter 8 was difficult to integrate. The title (Public Health Impacts) seems misleading,
since what was presented were portions about concentration-response relationships
and susceptibility vs vulnerability. Table 8-1 is an evolutionary improvement, but the
vulnerability portion of the table is inconsistent and in need of revision. Some of the
listed factors are subsets of other factors, while still others don’t quite fit with the
nomenclature as described. Alternatively, this sort of presentation and consideration is
a real improvement and should be continued (but this specific presentation needs some
work). Arguably, Chapter 8 should appear as the executive summary, or as the
concluding chapter, but its current location seems out-of-place.
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Comments from Dr. Joseph Brain

CASAC Review of Integrated Science Assessment for Particulate Matter: First External
Review Draft

March 30, 2009

Comments by: Joseph D. Brain, Harvard School of Public Health

Additional Comments on the ISA-PM Document:

Chapter 1: I presume that this document, the ISA-PM draft, sets the stage for recommendations
regarding the confirmation or changes in the current NAAQS Standard for PM. I appreciate
Table 1-1, which outlines the evolution of this standard, from 1971-2006. But the document is
less clear as to the future of the PM standard. What options are being considered? Would
changes be likely in regard to the size of the aerosol, the level of the aerosol, or the averaging
time? As we consider the evidence, it would be helpful to know the options that are being
considered.

Section 1.2 delineates many of the issues which have been critical in the past. But some
additional paragraphs at the end of this section should highlight the most controversial aspects of
the latest EPA final decision (September 21, 2006), and both the timing of future decisions and
the possible scope. This would help CASAC and the public know what to look for. What are
the critical issues, e.g. level, indicator size distribution, or averaging time? Are there other issues
that need to be considered, e.g. the relationship between outdoor and indoor air?

Is this a topic that should be addressed? The majority of time for US citizens is spent in indoor
environments. This may become an important driver of environmental considerations for human
health. Don’t we need to do a better job in discussing the extent to which indoor air — although
not regulated by the EPA — is influenced by outdoor PM sources?

Chapter 3: The fields of nanotechnology and nanotoxicology are expanding rapidly. In addition
to highly engineered novel particles, such as fullerenes and quantum dots, we are also
recognizing that common polydisperse aerosols, such as diesel particles or road dust, have a nano
component. Data in Chapter 3 show that there are significant numbers of particles that are
smaller than 0.1 um (100 nm). The presence of nanoparticles should be explicitly
acknowledged. In this and in other chapters, we need to acknowledge the possibility that these
small particles have a significant role which is out of proportion to their contribution to mass.
Even though their relative weight is small, their relative number and surface area may be large.
This is an area of active research, and this should be acknowledged. Some of this is included in
Section 3.4.1.3, but the fact that ultrafines are comparable to nanoparticles should be
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acknowledged, and the growing body of research on nanoparticles should — in the future — be
incorporated.

I’m also concerned about Section 3.4.1.2, PM Speciation. There is a section on speciation, as
well as on cations, but I believe that there should be a section entitled “Metals.” There is
increasing evidence that metal constituents of PM such as iron, manganese, vanadium, or
manganese are responsible for many of the PM effects. For example, certainly on a mass basis,
they are more toxic than elemental carbon. Some data on the variety of metals seen and their
health effects should be noted in Chapter 3. PM metal content is an important determinant of
toxicity.

Chapter 3 also is weighted down by a large amount of figures showing spatial and temporal
variation of PM and PM components. Is this all necessary? It’s difficult for the reader to learn

much from some of these data. For example, see Figure 3-22 or Table 3-15. See also Figure 3-
29 and Table 3-17. Should some of these data be eliminated or put into an appendix? It’s heavy-
going for much of this chapter, and it’s difficult to identify the most important conclusions. This
point is underlined by the shear number of figures in Chapter 3. There are 81 figures. That may

be excessive.
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Comments from Dr. Wayne Cascio

Review of Draft Integrated Science Assessment (ISA)
Wayne Cascio, MD
March 25, 2009

Chapter 6

General comments: The authors, contributors, and reviewers of Chapter 6: Integrated Health
Effects of Short-Term PM Exposure of the ISA for Particulate Matter have produced an
comprehensive compendium of environmental health data that in large part achieves its goal of
providing a thorough source of relevant human clinical and epidemiological data, and animal
toxicological data along with an integrated and balanced discussion of its public health
implications. This draft document appears to be unprecedented in scope and detail. In spite of
the broad range of content and complexity the descriptions of the cited studies have an
exceptional degree of accuracy and integration. The discussion is in general balanced, and the
evidence supports the conclusions. The style of the PM ISA for is consistent and the document is
easy to read and the concepts are clearly communicated.

In general the Tables and Figures of Chapter 6 are used effectively to communicate the copious
information in a succinct manner. Annexes C, D and E are appropriate, adequate and effective in
supporting the goals of the PM ISA.

The decision to include in Chapters 6 and 7 only toxicological inhalation and intratracheal
instillation studies when conducted at PM concentrations <2 mg/m’, and in vitro studies when
they contributed significantly to the understanding of health effects is logical because it is under
these conditions that such studies provide the