February 15, 2000
EPA-SAB-CASAC-LTR-00-003

Honorable Carol M. Browner
Adminigtrator

U.S. Environmenta Protection Agency
1200 Pennsylvania Avenue, NW
Washington, DC 20460

Subject: Review of the Draft Air Quality Criteria Document for Particulate Matter

Dear Ms. Browner:

The Clean Air Scientific Advisory Committee (CASAC) of EPA’s Science Advisory Board,
supplemented by expert consultants (together referred to as the “Panel”), met on December 2, 1999 to
review the October 1999 draft document, Air Quality Criteria for Particulate Matter (EPA 600/P-
99/002a), in a public meeting in Research Triangle Park, NC. Thiswas the first review of the new draft
Criteria Document (CD) for particulate matter (PM) of the new cycle for reviewing the Nationa
Ambient Air Quaity Standard (NAAQS) for PM. The determination of the Pand regarding the draft is
summarized below, and the attached report describes the Pand’ s views in more detail.

In his October 20, 1999 |etter transmitting the draft PM CD to the CASAC Pand for review,
Dr. Lester Grant, Nationd Center for Environmental Assessment (NCEA), requested that the Panel
focus primarily on the organization, structure, and presentation of materia in the document. This
approach acknowledged that additiona information published before the document is findized will be
incorporated in subsequent drafts, and that there was no intent that the Pandl might close on the
document at this stage of its development. Accordingly, the attached report focuses on the structura
and gtrategic aspects of the document, and does not comment on the details of the information
presented therein. Panelists were encouraged to provide any detailed comments they might havein
writing, and the individua written comments are gppended to the summary report for that purpose.

The attached comments provide severd points of guidance for improving the organization and
gructure of the CD. The greatest overdl need isto develop amore explicit strategy for selecting the
information to beincluded, digtilling key new and pre-existing information into an updated statement of
current knowledge, and integrating that knowledge within a recognizable risk assessment framework
that flows through the entire document. 1t isimportant that the CD focus on information that will best
inform decisions on the key elements of the PM NAAQS: the indicator(s) for PM; the concentration, or
level(s); the averaging time(s); and the statigtica form(s). NCEA faces a congderable chdlengein



griking a baance between inclusiveness and sdlectivity in portraying the burgeoning information in this
fiedd. To successfully meet that chalenge, it is criticd that a strategy be developed and followed
consgtently to maintain afocus on the information that is most key to the assessment of risk to human
hedlth and ecosystems. Rigorous adherence to a well-focused strategy will dso be very critica to the
timely completion of both the PM CD and Staff Paper. We look forward to your response to our
advice.

Sincerdy;

/sgned/
Dr. Joe L. Mauderly, Chair
Clean Air Scientific Advisory Committee



NOTICE

This report has been written as part of the activities of the Science Advisory Board, a public
advisory group providing extramura scientific information and advice to the Adminisirator and other
officias of the Environmenta Protection Agency. The Board is structured to provide baanced, expert
assessment of scientific matters related to problems facing the Agency. This report has not been
reviewed for approva by the Agency and, hence, the contents of this report do not necessarily
represent the views and policies of the Environmental Protection Agency, nor of other agenciesin the
Executive Branch of the Federd government, nor does mention of trade names or commercid products
congdtitute a recommendation for use.

Digtribution and Availability: This Science Advisory Board report is provided to the EPA
Adminigtrator, senior Agency management, gppropriate program staff, interested members of the



public, and is posted on the SAB website (www.epagov/sab). Information on its availability isaso
provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additiona
copies and further information are avallable from the SAB Steff.
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1. GENERAL COMMENTS

The Panel was generdly complimentary about the content and quality of the document a this
early stage of its development. Although thisfirgt draft isincomplete and requires considerable
development both in structure and content, it was agreed that it serves as a good starting point for
developing a high-qudity CD.

There was a generd sense that the draft CD attempts areview of existing knowledge that istoo
encyclopedic and that more attention should be given to seecting and presenting information within a
framework reflecting its rlevance for decison-making. The Pand recognizes the consderable
chdlenge of presenting an update of current knowledge while aso limiting the volume of the document
by highlighting the information thet is most key to decison-making, but this should bethe god. The
information to be consdered for incluson is expanding continuoudly. To develop a cohesve document
in atimely manner, therefore, it is critical to implement both a consstent framework for presentation and
congstent criteriafor sdlection. It is recommended that in dl chapters, the information be sdlected and
organized within aframework of key issues thought likely to bear most directly on the assessment of
human hedth and ecologica risks, and thus decisons regarding the PM NAAQS. Theseissues or
themes should be outlined in the introduction (Chapter 2) and carried through the subsequent chapters
in arecognizable manner.

Quantitative estimates of health and ecologicd risks should be the centra theme of the CD.
The first draft is oriented more toward arecitation of potentia hazards than toward characterizations of
risk. Although PM undoubtedly poses hedth and environmenta hazards a some leve of exposure, the
NAAQS mug ultimately focus on, and be defended on the basis of, limiting the level of risk. Asthe
document progresses chapter-by-chapter, the information should be selected, organized, and evauated
in a cohesve manner that frames a statement of our current understanding of the quantitative, aswell as
qudlitative, natures of sources, exposures, doses, effects, and the gpportionment of effects among PM,
co-pollutants, and other factors. The strategy for developing the CD should focus on information that
will inform decisions on the four key eements of the NAAQS: 1) the most gppropriate indicator(s) for
PM; 2) the PM concentration, or level(s) of the standard; 3) the averaging time(s); and 4) the Satitica
form(s) of the sandard. Although it isthe role of the Staff Paper, not the CD, to st forth the principles
upon which options for the PM NAAQS are developed, the need to identify and defend those
principles should underlie the strategy for focusing the CD.



2. COMMENTSBY CHAPTER

Only generd comments regarding the structure and content of the individud chapters are
summarized here. The individuad Pandist’ s written comments, which are gppended to this report,
should be reviewed for detailed comments on these issues and other detailed suggestions.

2.1  Chapters1: Executive Summary, and 2: Introduction

Discussion was not directed specificaly toward these chapters. It is expected that Chapter 2
will describe, in an explicit manner, the strategy followed in developing the document. Thiswill be an
important prelude to the sdlection and interpretation of information presented in subsegquent chapters.

2.1  Chapter 3: Physics, Chemistry, and Measurement of Particulate Matter

Thereis agenera need to update the information in this chapter. As one example, the portraya
of sze digtributions does not reflect the most recent information.

There istoo much emphasis on the Federad Reference Method and too little portraya of
dternate sampling techniques and their comparative interpretations and advantages. Data acquired
using other sampling methods are aso useful and in some cases may be superior.

It would be ussful to include a discusson of potentid aternate ways of categorizing PM. PM is
presently categorized by Sze (coarse, fine, etc.), but adiscusson of the feasibility and utility of dternate
categorizations, such as by composition or source, would be vaugble.

2.2  Chapter 4: Concentrations, Sources, and Emissions

Thereisinsufficient emphasis on modeing and on the combined use of modding and
measurements to estimate the regiona concentrations that, together with local sources, result in loca
urban PM concentrations.

A better discussion of the speciation of organic PM and the organic fraction of combined
organic-inorganic PM is needed.

Trendsin emissions need to be discussed more thoroughly. The chapter needs a better
discussion of trends in the contributions both primary PM emissions and emissions of precursors of
secondary PM formation. The information on vehicle emissonsis badly out of date.

2.3 Chapter 5: Human Exposure



This chapter could be organized in amore focused manner that alows a reduction in length.

The information in this chapter overlgps with that in the following chapter (Chapter 6,
Epidemiology), and needs to be better linked to the following chapter. For example, measurement
error should be discussed in this chapter, to set the stage for discussion of the implications of those
errorsin interpreting epidemiologica data. As another example, the term * confounding” isused in
different contexts in the two chapters.

The information linking outdoor and indoor exposures needs better integration. The genera
view presently conveyed that the only important issue is the correlation between indoor and outdoor
concentrationsis mideading. Other pergpectives, such as the influence of indoor exposures on
susceptibility to outdoor exposures, potentia synergisms between indoor and outdoor exposures, and
the contribution of precursors generated outdoors to formation of PM indoors should be mentioned.
The extent to which observed hedlth effects are due to outdoor vsindoor exposuresis not argued
convinangly.

The extent to which data from central outdoor monitors represent persona exposures of
individuals and populations needs amore critical discussion. There appears to be an underlying
assumption that a good correlation between central monitoring data and persond exposuresis an
established fact accepted from the last CD, when that is not necessarily true.

24  Chapter 6: Epidemiology

The organization and integration of the large amount of information in this key chapter need
atention. The daunting nature of the task of extracting key conclusons from such alarge number of
disparate studies requires that a disciplined gpproach be devel oped, stated, and followed. The
arrangement of the chapter into review and discussion sections may be appropriate, but the lack of a
trangparent strategy for selecting and summarizing the information results in the chapter appearing as
somewhat of a*“ patchwork” of information. The chapter should be introduced by an explicit satement
of the strategy used to select the information (Studies) to be included, the criteria gpplied in evauating
the sudies and their results, and the process followed in synthesizing the information. Having
developed and stated such a strategy, the information can then be presented and summarized in tables
in amore consstent, readily-understood manner. A more explicit Srategy will aso help reduce the
repetition of the descriptions of studies and their results in the latter portion of the chapter.

Severa issues bearing on the conclusions need to be dedlt with in amore rigorous manner.
Care should be taken to avoid presenting the information in a manner that appears focused on
supporting conclusions drawn in the last review of the PM NAAQS. As noted in the preceding
section, better descriptions of exposure issuesin chapter 5 should set the stage for a better treatment of
exposure assumptions, as well as other potential sources of measurement error, in this chapter. The
extent to which co-pollutants are sometimes equd or stronger predictors of effectsis not given sufficient



treatment. The potentid role of the coarse fraction of PM is given insufficient atention. The
heterogeneity of results across studies and the likely impacts of particle characteritics, meteorology,
measurement error, and modeling techniques on differences among results should be given more
attention. Based on amore explicit consderation of these factors, the Agency should provide an
assessment of whether or not current views of the strength and consistency of relationships between
PM and hedth differ from those at the time of the last review of the PM NAAQS.

The chapter needs a more consstent definition and terminology for datistical sgnificance, and a
more andytica treatment of the likely precison of effects estimates in the various studies.

Caution should be exercised in usng meta-andyses to integrate information from multiple
dudies. Meta-andysisis most appropriately gpplied to studies that are Smilar in design. The present
gpproach tends to ignore the considerable heterogeneity among studies in lag structure, accounting for
confounders and co-variates, dratification of data, and smoothing techniques. Integrating the findings
by smpler graphic techniques may be preferable to meta-andysis.

The discussion of causal inferences and the drawing of conclusions regarding causdity might
better be moved to Chapter 8 (integrative synthess). Either in this chapter, or in Chapter 8, the issue of
exposure-response rel ationships must be discussed in a straightforward manner. The extrapol ation of
responses from high exposures to low and the potentia existence of thresholds in responses, will
undoubtedly be afocus of discussion regarding the Agency’s ultimate decisions on the NAAQS.

25  Chapter 7: Dosmetry and Toxicology

This chapter should be divided into separate chapters on Dosimetry and Toxicology.
Dosmetry does not pertain solely to toxicologica studies. Both dosmetry and toxicology are important
topics that cut across human and anima studies and warrant individud attention. Combining them
neither reduces the total verbiage required nor adds clarity to the presentation.

Both the dosmetry and toxicology materia would be enhanced by providing an introductory, or
“road map” paragraph at the beginning of each section. Much of the information is presented as
paragraph-by-paragraph descriptions of studies with little gpparent framework.

Dosimetry

This materid would be enhanced by adding a figure depicting regiond depostion vs particle
sze, rather than just depicting total deposition. A figure comparing total deposition in norma lungs with
that in anorma lungs would aso be useful, and information on regiond deposition in abnormd lungs
should be added if available a the time of revison. Animportant new dimension has been added by
gudies showing markedly increased deposition in human subjects having lung abnormdlities



The section on comparative dosmetry from inhaation vsindillation exposures could be
shortened. A paper from the Society of Toxicology discussing this subject in detail isin press, and the
issue needs only to be summarized as it gpplies to the interpretation of resultsin this chapter.

Section 7.2.7 would be enhanced by figures or tables showing representative results from
models predicting the amount of materia retained in the lung. In portraying the available models, it
should be kept in mind that the overall purpose of the chapter isto provide abassfor linking exposure,
dose, and effect in view of regulatory decisons.

When discussing deposdtion, it isimportant to distinguish among total deposition, regiond
deposition, and the amount of retained materia (which differs from the deposited dose).

Toxicology

An dternate approach to organization might enhance the presentation of the information on
toxicology. One dternativeisto begin with an introduction, and then to discussinhdation sudies
(human and then animd), and then indtillation sudies (human and then animd), and then in vitro sudies,
al to befollowed by a summary of key findings and conclusons. Another gpproach would be to
arrange the information according to key research question, such asimportant PM characteristics,
mechanisms, dose-response, and susceptibility, integrating across study types for each category.

Throughout the toxicology chapter, it isimportant to maintain afocus on exposure-dose-
response relationships, and to put the findings in context regarding ambient inhdation exposures. No
findings should be discussed without mention of the exposure mode and dose. Premium should be
placed on conveying an understanding of effects, mechanisms, susceptihbility, etc. in the context of the
likelihood that the phenomena would occur a current ambient exposures. Information on particle size
is aso important.

The toxicology chapter should incorporate information on diesel particulate matter. Regardless
of the separate document dedling specificaly with diesd, it isacommon component of ambient PM,
and cannot be disregarded in the PM CD.

2.6  Chapter 8: Integrative synthesis

Much of this chapter conssts of summaries of the foregoing chapters, and it presently functions
much better as a summary than as asynthess. The chapter needs greater focus on integrating across
the preceding chapters to answer key questions and form conclusions that will lead into the Staff Paper.
Examples of key issuesinclude: 1) advances since the last CD in our understanding of the nature,
magnitude, Sgnificance, and timing of PM-related effects; 2) subpopulations at risk and the levels of
exposure posing substantive risk; 3) the types and sources of PM posing greatest risk; and 4) the
specificity of the risksto PM (among co-pollutants and other factors).



The focus should be on the nature and exposure-response relationships for human responses to
PM; other types of information are important only as they support or clarify the human findings.

2.7  Chapter 9: Environmental Effects

Asfor the preceding chapters on human hedlth, the materid on ecosystems should have a“risk
assessment” orientation. For example, the information could be better focused on answering the
guestion, “are ecosystems and their linkages to human heath and wedfare a risk from PM depogtion?’
The present organization does not link plants and ecosystems to humans very well, and appearsto
draw few conclusions. Theinformation in the chapter does not seem to provide a very strong basis for
considering the need for, or the cost-benefit characterigtics of dternate levels of, a secondary PM
dandard that differs from the primary standard.

The long-term trends in deposition and accumulation of PM in ecosystems should be discussed.
The times over which ecosystems can be burdened by deposition of PM can be longer than the lengths
of human exposures.

The issue of the deposition and potentia effects of the severd different classes of PM-borne
organic compounds is largely missing from the chapter. Thisissue needs to be discussed, and severd
relevant references were provided by the Pandl.

The impacts of nitrates and other PM-borne species on watersheds are not discussed
aufficiently. PM is deposited in waterways by both direct deposition of PM in water and indirect
deposition by storm runoff in urban areas. Nitrate of PM origin may stimulate increased growth of
biomass in the water.

Studies examining the effects of severd types of particles on plants are summarized, but this
review does not comprise a coherent picture of the nature and magnitude of impacts on different classes
of vegetation. Some classes, such asfast vs dow-growing plants and coniferous vs deciduous trees,
are mentioned, but there are anumber of other plant characteristics that may be related to vulnerability
to PM. Although the present literature does not alow a comprehensive andysis of the issue, the
literature should be discussed with this focus and information gaps should be acknowledged. It will be
necessary to integrate across the scientific disciplines represented in the chapter to develop and
adequate synthesis of the impact of PM on plants.

The purpose of the section on economicsis not presently clear. This draft givesavery limited
introduction to the potentia benefits of air qudity improvements. Because both costs and benefits may
be considered in setting the secondary standard, there should be a better discussion of costs.



APPENDIX A
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The following are the origind, unedited written comments provided by individua Pandligts prior
to or at the December 2, 1999 meeting. They do not reflect consensus of the Panel and, in some cases,
may have been revised subsequent to the meeting as a result of discusson. They were provided to the
Agency following the meeting so that Agency staff would have detailed editorial comments as well as
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uncorrected typographica errors that result from ectronic trandation).
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JoeL. Mauderly

Summary Comments
Overdl thisdraft isavery good start on the next PM Criteria Document. For the most part, it

provides a suitable framework on which the CD can be built. From a structurd viewpoint, | think the
dosimetry and toxicology sections should be different chapters.

This document falsfar short of describing the current Stuation with diesd exhaugt and its
relationship to ambient PM. Despite the fact that a separate hedlth assessment for diesd is being
written, you can't ignore diesd here. It condtitutes up to 30% of the fine PM, and you certainly spend
time and verbiage on materids that condtitute less. One of the long-term effects of concernis cancer.
That isn't treated adequatdly in the present draft. That is one place that the diesel issue must be brought
in. Allergenicity isanother. Deciding what to do with diesd in this document is problemétic. The one
option that won't work, however, isto ignoreiit.

Chapter-by-Chapter Comments
Chapter 1: Executive Summary

1-7, Section 1.2.5: Something should be mentioned here about nationd trendsin PM levels aswell as
regiond trends. Actudly nothing of sgnificanceisredly said about either.

1-10, 3-6: The speculation about long-term effects being caused by retained dose doesn’t belong here.
The speculation doesn't make much sensein thefirgt place. The following sentence makes alot
more biologica sense.

1-12, Table 1-1: Why not add qudifiersto the first row asyou did the others (e.g., likely, not likdly,
etc.)?

1-12, 13-14: This sentence doesn’t make much sense and its value is not clear, athough it may be
true.

1-13, 23: Don't you mean particles containing metasinstead of “metd particles’? There are very few
“metd particles’ in the environment.

1-13, 28: Here, you equate “urban air particles’ to “combustion-related particles’. Surely you don't
think that al PM in urban ar are the result of combustion.

Chepter 7. Dosmetry and Toxicology
There is not need to combine these two topics. 1t would be better to have separate chapters.




7-2,12: Insert “fully” after “cannot”. Anima models can not FULLY duplicate dl the features of
human diseases, but they certainly can duplicate sdlected features of human diseases, asthe
sentence goes on to state.

7-13, 17: The authors looked at particles retained on carina ridges of cadavers, but they had no idea
what portion of the particles were deposited there. Particles aso reach those locations by
clearance.

7-14, 10: Do you mean that females had higher total or fractiona deposition?

7-16, 24: | think you mean that children have a higher Sze-specific dose. They may not have a higher
absolute dose.

7-22, 26. Throughout the chapter, “soluble’” and “insoluble”’ are used to denote particles that do or
don't dissolve sgnificantly compared to norma clearancetime. | understand the point and its
importance, but | think thisis doppy terminology. We ought to be more precise, or someone
will take usliterdly. Few, if any, particles are truly “insoluble’, and to say that aparticle thet is
dissolving or leaching materid isinsoluble just because most of them may clear before much
dissolution takes place seems mideading.

7-35, 7. Here, we have theterm “poorly soluble’. Isthis different from the meaning intended by your
earlier working definition of “insoluble’?

7-43, 27. The Nikula study included monkeys as well asrats.

7-45, 25. 100 micrograms per cubic meter isn't “fairly low”.

7-45, 30-31: What animal species wasthis?

7-46, 1% paragraph: Again, what anima species are we talking about here?

7-47, 24: What is your definition of “macrophage clearance’ here? Are you inferring “macrophage
clearance’ from alack of infectivity, or was there some more specific measure?

7-49, 8. Do you redly mean “90-fold”’? | haven't heard of one going that high.

7-50, 3" paragraph: What would the “human equivalent” concentrations be? When comparing
responses of human and animal's, comparative dose should be considered.



7-50, Section on Human Exposure to Other Particles: Why not cite the studies of Anderson et d. At
Rancho Los Amigos in which they exposed humans to carbon particles and acid, separately
and together?

7-54-60, Table 7-2: Abbreviations are not used consgtently in thistable.

7-61, 30: | doubt that even the most ardent ROFA fans would posit that ROFA is a*® surrogate for
ambient particles’ — a least not in the sense of total ambient PM. There may be afew particles
inthe air that resemble ROFA, and indeed afew ROFA particles themsalves, but ROFA ian't
much of an ambient PM surrogate.

7-77, 23. Why not use the abbreviation “ROFA” here? ROFA isbeing used for awhole collection of
different oil fly ash particles collected in different ways, so why not just stick with it?

7-78, 30: | think you should qudify your use of “adult” here. | suppose that most studies have used
animds that have reached breeding age, and in that sense, might be considered “adults’.
However, by far the most studies have used rodents with lungs that are still growing rapidly,
and representing lungs of older children and adolescents more than they do adults.

7-86, 15: Very little of the diesd particulate in urban PM isin the ultrafine mode. Although diesds
(and other engines) do emit ultrafines, it is mideading to equate diesd particulate with ultrafines.

7-88, 18: Wasthisfud ail fly ash “ROFA”?

7-89, Table 7-5: Again, was there redly a difference between FOFA and ROFA? | recognize that the
authors may have used different terms, but using different terms here implies that the reader
should not equate them. Isthat your intent?

7-97, 7. 1 think you might want to re-word the sentence. It isnot true that characteristics that may be
responsible for lung injury are not known — lots of them are known.

7-98, 9: Who caresif the centrifuge was on abench? Just give the gs.
7-98, 20: | didn’t notice where “POBN” was defined.
7-101, 26: What kind of PM wasthe “charged” PM?

7-103, 26 and 28 Givetheages. “Young” and “old” ratsdon’t tell us much — those terms are used in
avaiety of ways, and often ingppropriately.

Chapter 8. Integrative Synthes's




8-3, 14: Intable 8-1, it is sated that the nuclel mode can be trandocated 10s of km. That's not

“ 3

near”.
8-5, 24: It should be“ensures’ ingtead of “insures’.

8-7, 20: Elementa carbon aso comes from gasoline engines.

8-7, 30-31: The biogenic materid isn't listed under “fine” in table 8-1. Should it be?

8-8, 28: The datement that fly ash is Smilar in composition to soil ismideading. Although many
elements are the same, fly ash istypicdly enriched in some elements, such as metds.

8-16, Figure 82-: Why doesn’'t PM 10 cross the 50% line at 10 microns?

8-18, 14: | disagree that the retained doseis likely to be more important for chronic effects. The
hypothes's seems to have a certain logic, but there are SO many factors determining retained
dosethat it” probably not avery useful concept. As an extreme example for illudtrative
purposes, this means that continued or repeated exposures to acids and other soluble materids
can't have any chronic effects because they aren’'t measurable as a“retained dose’. | think that
repesated deposition of toxic materias will prove to be more important than the retained dose of
some old particle “skeletons’.

8-21, 6: Somehow this statement doesn't seemright. Even if you don’'t know the mechanism, there
could be a quantitative relationship between dose and effect can't there? 1 think | know what
you mean, but the wording isn't quite there yet.

8-22, Table 8-4: Why not use the same terminology established elsewhere in the document (eg., ET,
TB, A)?

8-23, 11. I'd argue that the newer information doesn't “complicate’” our Stuation & dl, it just point out
how complicated the Situation always was. The tone of the sentence implies that we' d be better
off without new knowledge, ameaning | don't think is intended.

8-27, 28: What does “non-effects’ mean?
847, 21: Areyou redly taking about just the UF fraction of diesdl particulate (which isavery small

portion of total diesd particulate) or are you making the mistake of cdling diesdl particulate
ultrafine, which it modtly isn't?



John Elston

| was surprised that this Chapter did not contain any review of the impacts of nitrates, and other
particulates (including air toxic particulates) on waterways. It is becoming increasingly gpparent that
particulate matter either directly entering waterways by ar deposition or indirectly, through storm runoff
in urban areas contribute significant loading to estuaries and other waterways. In the case of nitrates, |
was told, the environmenta effects are contained in the criteria document for nitrogen dioxide. From
the standpoint of the organization, it seemsto me, that separating environmentd effects within specific
criteria documents may lead to an underestimation of these effects. | would therefore suggest that one
way to handle thisisto develop Volume 3 as a land aone document and includein it dl of the
particulate environmentd effects, including those covered in other criteria documents.



Philip Hopke

My mgjor comment with repect to the Criteria Document is that it is till too encyclopedic and
is not sufficiently integrative and evaudive in nature. There needs to be a sufficient summary of the
information in the literature, but there should be a greater effort to summarize that information into
conclusions that indicate what we know with reasonable certainty, what we know with greater
uncertainty, and that which we are quite unsure of. This then needs to be integrated into how this
relaes to the subject at hand which is the exposure to
arborne particulate mater and effects arising from that exposure. These effects include both hedlth and
welfare effects. The amaospheric chemidry isredly only rdevant to the estimation of exposure and it
would be better to focus it more on where we need to go with measurements and models of particle
emission, production in the atmaosphere, transport, deposition, etc and resulting exposures of people
and things that result in adverse effects. We have too much materid in the document discussng what
we know without clear direction toward the ultimate goa which isto provide ascientific basis for
determining if the current regulatory environment is providing adequate protection of public hedth and
welfare. Thisinformation isinteresting and important for avariety of purposes, but not necessarily for
determining public policy toward ar pallution. | think that the writers need to keep firmly fixed on the
purpose of the document and at each step in the process ask if the materid being presented is directly
relevant to the adequacy of scientific bagsfor taking regulatory action. If it is, then make sure that
relationship is clearly articulated. If it cannot be succinctly and clearly articulated, then it redlly does
not belong in the CD.

| verbally indicated that | thought there needed to be some additional material on modeling,
dispersion, source, and exposure. The context again would be on how the atmospheric models
combined with measurements could provide estimates of regiond concentration upon which the urban
concentrations are built through the emission of loca sources. Receptor and dispersion modes might
provide an initid basis for beginning to examine the relationshi ps between adverse effects and source
emissons. Given the high leve of composition complexity in PM, we have to look at ways to aggregate
exposures. It does not seem likely that we can look at effects on a component by component basis, but
we might be able to look on a source by source basis. The only way one would get the data needed to
begin to satidticaly look at such reationships will be through a combination of both models and
measurements. It seemsto be we have to sart moving away from the paradigm that it is some specific
component or limited number of components that will be the causa agents of adverse effects. Rather it
may be the collection of particles from particular source types (cars, diesdls, oil-fired power plants, etc)
that needs to be the point of focus. We will not have sufficient data at this time to be able to make any
seng ble changes in what we do about particles and this may not be the right way to aggregate the
problem, but if we do not start looking at a variety of other gpproaches, we may not be able to come
up with a sensible gpproach to improving air qudity that really makes a difference with respect to hedth
and wdfare effects. We need to start looking at a number of ways of carving up the problem and this
document is an appropriate place to raise these issues.
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EvaJ. Pell

Commentson Chapter 9

Chapter 9 provides review of direct and indirect effects of avariety of particulates on
vegetation, both through direct and indirect effects. Impacts on ecosystems are also consdered. The
review reflects the literature which is a collection of sudies examining different particulates and different
plant species. Thereis neither away from this review, nor from the literature in generd, to predict
impacts on classes of vegetation. There is some effort to goesk of fast versus dow growing plants, and
deciduous versus coniferous tree species, but there are many other distinguishing plant characteristics
that could dictate vulnerability to particulates. The subject is massive, and in contrast to better sudied
pollutants like ozone, there redly is il alot to learn. Below are some specific comments.

Page9-6 line6-8 The statement thet the majority of somates are on the undersurface of leavesis
true for some plants but there are many plants with equa numbers of somates on both leaf surfaces.

9-8 12  The paper of Cape (1993) is about forest trees and the reference refers to
crops. A long list isascribed to Cape. It is hard to know what to make of this.

9-10 12 Onwha effectsis the statement suggesting that the Marchinska and Kucharski
(1987) study found little effect of SO, and heavy metas containing PM on beans, carrots, and pardey
based? What kinds of effects were not detected?. This sounds very globd.

9-10 15 Reduction in lichen species abundance is a characteristic of lichen populationsin
response to many things including toxic metds, SO,, O, and other environmenta assaulits.

9-10 19-20 Onwhat effectsis the Nash, 1975 obsarvation that lichen tolerance fall
between 200 and 600 ppm based?

9-18 27 The gtatement that “Chronic pollutant injury to aforest community may result in
the loss of sengtive species...” isadangerous statement. It infersthat genesarelost. Thereis
sgnificant evidence that senditive individuals can become scarce but when pollution abates the sengtive
individuals resppear suggesting suppression rather than loss of genes. The statement does not say
genes are lost but that could be inferred.

9-20 24 The statement “ Dust accumulation favored some species and limited others”
Does this satement suggest adirect differentid response of speciesto dugt, or isit a matter of
competitive advantage of the less tolerant individuas? This seemsto be the interpretation put forward
on the next page.



9-21 21 Are the authors sure that “early needle senescence and abscission in the San
Bernardino Foredt...” can be attributed to particulates? Early senescence of needles on ponderosa pine
in this forest has long been associated with O,.

9-38 21 Emphagisis placed on “Toxicity from cadmium, cobdlt, and lead...” only being
seen under unusua conditions. | have dways been of the impression that toxicity is quite unusud. But
what isredly rdevant is bioaccumulation and implications to other members of the food chain.



Sverre Vedal

Epidemiology (Chapter 6)

1. The organization of this part of the draft CD into study review sections (sections 2 and 3)
and discussion sections (sections 4, 5 and 6) is reasonable. However, more attention should be given
to rediricting the Discussion to brief reviews of the mgjor findings reported since the previous CD for
each topic without presenting new epidemiologica data or repeating much of what was presented in the
review sections. New presentations, such as the detailed review of the Burnett hospitalization studies,
would be best included in the study review section. Thereis generdly too much repetition in the
discussion sections of the materia of the study review sections. It was vauable, however, to present
findings of amulation and methodologic studies in the discussion sections where indicated.

2. One must sympathize with those who attempt to compare effects from a multitude of studies
whose andysts have had to make independent decisions regarding the specification and reporting of the
find models used in the andlyses. Some difficulties that result that complicate comparisons and meta
andyssincude

a) the variable pecification of lag structure, ether choosing various individud lags (Sometimes
only the “best” lag, with the obvious bias that this entails) or different ways of averaging a
variable number of lags (see point 1 under the Mortality section below),

b) the different lag structures for meteorological and co-pollutant covariates,
C) use of different smoothing techniques and smoothing “windows’,

d) the inclusion of various combinations of co-pollutants and meteorologica covariatesin the
regresson models,

€) the variable dratification by age group or season.

Those who attempt to synthesize data exhibiting such differences across sudy have a difficult
time. Difficultiesin doing this, and some overamplifications that the syntheses must make,
should be acknowledged by those who attempt it and the findings appropriately qudified.
Given these complexities, and given that some sort of summarization or synthesisis needed,
some unified gpproach would beided. However, traditiona meta-andysis techniques would
not gppear to be up to the task of handling such complexity. Probably the most reasonable
approach would be to keep the meta-analyses to a minimum unless a point needs to be made
about agroup of rdatively homogeneous studies.

3. Sincethelast CD, agreat ded of new epidemiologica data have accumulated on PM hedlth
effects. The current draft comes across as attempting to shore up the “party ling’ rather that serioudy
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addressing some interesting features of the new data. | have been struck by some features of these new
datathat are not well reflected in the current draft.

Firgt, as more studies have serioudy addressed the roles of co-pollutants, either as confounders
or as independent predictors, it has become clear that the associations with PM are sometimes
confounded by co-pallutants, and that co-pollutants are often equally strong predictors, and
sometimes stronger predictors, of the outcomes of interest as PM.

Second, as more data specificaly addressing the role of the coarse fraction becomes available,
it is becoming less certain that effects are primarily due to the fine fraction (with possible
implications for the pathogenicity of non-combustion particles).

Third, there isa sgnificant amount of heterogeneity in PM effects across study, and therefore
across city. The argument regarding consistency of effects has been wesakened by these newer
data This presents opportunities for investigating sources of heterogeneity, such as particle
sources/characterigtics, meteorology, measurement error, population susceptibility, and
adequacy of modeling.

A much more baanced and open gpproach is expressed in part of the Integrative Synthesis
(section 8.4.1 and 8.4.2, pp. 8-21 through 8-28), an approach that | would recommend as an
example for chapter 6 aswell. These sections will hopefully not be logt as the document is
modified.

Introduction (section 6.1)

6-2 -Table6-1lisdifficult to figure out and therefore of little help here. However, it does become
clearer when the same tableis presented in the Concluson. More effort to be clearer in the
Introduction is needed, or €lse you risk putting readers off a the outset.

minor points:
6-2  -(line14) random variability or population susceptibility are other possihilities.

Mor bidity (section 6.2)

1. It isdifficult to discern araionade for including some studies in more focused tables while other
studies are relegated to an “other studies’ table (e.g., p.6-27, table 6-18).
2. There are attempts in this section and e sewhere to single out both sulfate and acid aerosol (p.6-

55, line 28) as showing stronger effects than other particle measures. Thisisby no meansa
consgtent finding and should not be emphasized.

minor points

6-21 -section 6.2.1.2. additiona studies rdlevant to non-asthma need to be included here

6-36 -(line 20-22) or due to less exposure misclassfication.

6-43 -(1% and 2" para) interpreting the Burnett study 1997 as a positive study and supportive of the
role of acid aerosol is dubious, both of which could be debated.
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6-55 -(line4) I would not single out ederly with COPD since the point is not convincing (table 6-
22).
-(end of 1% para) thereislittle sense in comparing SO4 and PM effect sizes.

Mortality (section 6.3)

1. Theissue of using “best” lags surfaces here. Figure 6-2 (p.6-84) is mideading in atempting to
show alag structure incorporating the findings of many studies. Some studies did not evauate
lags beyond 2 days. Others only reported “best” lag which may not have been much different
from other lags. A different gpproach isrequired if this point isto be addressed.

2. Given the very smdl number of lung cancer cases that form the basis of the findings reported in
the Abbey and Beeson papers, isit necessary to dedicate the number pages (6-113 and
beyond) and tables to a discussion of these findings? As aminimum, the discusson should be
qudified by noting the smal number of cases.

minor points

6-83 -(line 10-11) “bedt” lag issue again.

6-95 -(line 30) “rdive error’ needs better explaining - is this misclassfication?

6-102 -(line 22) measurement error and its effect on dose-response | do not believe was discussed in
the text prior to this point, so that this summary isthe initid presentation of thistopic.
-(line 12) discounting the effects of the coarse fraction is one-sided.

6-105 -(line 2) reference in these cohort studies to effects being due to “long-term exposure’ is
speculative.
-2" para - comparing effects of cohort and time series studies remains problematic. Line 22 is
aclear overstatement.

6-111 -Table6-28, mae LCL and UCL for SO4 must be wrong.

6-126 -Section 6.3.3.7 discusses only particles and not co-pollutants as the title would suggest.

6-128 -Table 6-37 essentially duplicates what has aready been presented in Table 6-32 (p.6-118).

6-129 -This Discussion section is too focused on responding to 2 critiques rather than taking a
broader perspective.

6-131 -Line 25 - be careful about daming biologicd plaushility.

Discussion (section 6.4)

This section should begin with discussions of the “big” issues needing to be addressed since the last CD:
particle size, sudy consistency, confounding and other issues relating to co-pollutants. The begin with a
discusson of effect sizes and sgnificance testing, while relevant, makes the document lose focus. The
discussion a so gets bogged down in repetition and detail (e.g., tables 6-39 to 43, pp.6-149 to 155) of
findings dready presented in detall in the study review sections.
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6-135

6-157

-All of section 6.4.2 relating to specific diseases and age groups is generdly not very helpful in
its present form. Firg, it should come later since it digtracts from the “big” issues. Second, it is
repetitious of materia presented earlier and does not take a sufficiently fresh tack to merit the
repetition (especidly last para, 6-138 and last para, 6-139 which is repeated better on the next
page).

-In this sub-section on “PM sze distribution and composition”, studies that do not make use of
the coarse fraction (that is, only have PM2.5) are much less informative. 1 would recommend
dividing up this discusson into 2 sections, the firgt including discussion of the few studies that
andyze effects of the coarse fraction, the second discussing the more numerous but much less
vauable sudies that do not.

-Also, thereis too much detall on the specific studies for a discussion section (e.g., avery
detailed presentation of the Burnett studiesis included); this should be in the study presentation
sections.

minor points

6-136
6-142

6-145

-(line 9) Why are vidits and hospitalizations better outcomes for more severe asthma?
-Comparing effect sizes from cohort vs. time series effects fill has an “ gpples and oranges’
flavor.

-The god of usang harvesting resstant estimators should be separated from that of assessng
effects of long exposure periods, regardless of attemptsto link them by origind authors; the
latter issue has not been pursued with adequate rigor to this point and is ill very opento
interpretation. That is, harvesting resistant estimators do gppear to show that the effects are not
merdly dueto harvesting. The interpretation of what these estimators are in fact showing is not
known. For example, do the longer time windows adequately remove tempord cycles from the
data? Your biasis showing when the cohort sudies are brought up in this context (line 3),
since even effects on the time scaes assessed in the harvesting studies would likely not show up
as differences in mortdity ratesin the cohort studies.

Epidemiology and causal inference (section 6.5)

A discussion here of the vaidity of the parale time series Sudy as a study design, atopic that has not
received much attention, would be very hepful. Other study designs (case-control, cohort, even case-
crossover) have received a good going over with respect to validity. This has not been the case for the
time seriesdesign, or if it has, | am not familiar with it. Thisisafaling given the amount of datathat has
been generated in the air pollution epidemiology field using this design, and the great weight thet is
necessarily placed on the findings of such data

Conclusions/Discussion (section 6.6)

minor points
6-207 -“Negative’ does not normally mean that the effect estimate isin the non-hypothesized

direction, merdly that it is not “pogtive’.
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6-213 -(line 11) singling out effects of SO4 and acid aerosol again, when thisis probably not
supported by the data.
-Table 6-57 helpsto interpret initid presentation of thistable in the Introduction (6-2) where it
was difficult to understand.

Synthesis (Chapter 8)

Thisisoverdl an excdlent chapter. It functionswell as a summary, but probably lesswell asa
gynthesis. Again, | would hope that sections 8.4.1 and 8.4.2 do not get lost in the revision process,
sance they were excdlent.

Warren H. White

Though it has by now achieved the status of “boilerplate’ prose, it remains nonetheless true that
“[alirborne PM is not asingle pollutant, but rather is a mixture of many subclasses of pollutants with
each subclass containing many different chemical species’ (CD page 1-3). We would never consider
setting aNAAQS for “the mass concentration of trace gases’, or even “the combined concentration of
sulfur dioxide plus ozone’, but we have historicaly approached the regulation of particulate matter in
just thisway. The new (1997) PM NAAQS represented a significant advance by resolving PM into
two distinct classes of PM, fine and coarse, but otherwise continued the historical gpproach. In
particular, the 1997 NAAQS employed the gravitationd mass of particlesin a given size range as ther
indicator of biologica potency.

PM can be partitioned into distinct classes dong many different dimensions: in addition to particle Sze
there are morphology (e.g. droplets vs. particles vs. crystadline fibers), chemica compostion (eg. acid
ulfates vs. sulfate-nitrate-ammonia sdts vs. organics vs. metals), and source type (e.g. diesd exhaust
vs. coa smoke vs. minerd dugt vs. photochemica haze). Similarly, PM levels can be specified in terms
of various measurable indicators besides gravitationa or chemica mass, including particle count, surface
areq, and light scattering coefficient. The 1996 PM CD and its SP focused on establishing a
vocabulary for the classfication of PM by aerodynamic particle Sze, generaly converting other
indicators of PM concentration into their estimated equivaents as PM10 or PM2.5 mass. They did not
undertake to articulate arationae for sdecting PM 2.5 mass over other possible indicators for “fine-
mode” or “combugtion” aerosol.

| am disappointed to find that the draft 2001 CD largely contentsitsalf with the fine/coarse
dichotomy bequeathed by its predecessor. At our present state of knowledge, the distinction between
fine and coarse mass may indeed be the best framework available for regulations. But if its Staff Paper
isto make that argument, the Agency will need at least the vocabulary to discuss dternative
taxonomies. | would like to see this CD lay the groundwork for that discusson. To illudtrate the issues
that need to be considered, | offer below a comparison of the 1997 NAAQS indicators with an
example dternative. The point | mean to makeis not that “my” dternative is better than the Agency’s,
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but that dternatives are conceivable. We are till at an early enough stage in our approach to PM that
the Agency is not yet bound by precedent and tradition. | suggest that the CD maintain at least the
gppearance of an open mind toward the characterization of PM, unconstrained by the anticipated
recommendations of the SP.

To illugtrate the case that needs to be made for PM2.5 and PM 10 (or PM10-PM2.5) mass as
PM indicators, let us consder an dternative pair: sulfate and soot. A NAAQS for sulfate and soot
would have implications for PM monitoring and management, and would have to be judtified in terms of
public hedth. | will consder each of theseissuesin turn.

Reference measurement methods. The rdiable measurement of PM2.5 mass poses vexing chalenges.
Sample collection requires careful attention to the aerodynamic rgjection of particles greater than 2.5
um in diameter, particularly in dusty areas. Sample collection and handling can produce poorly
characterized losses of voldtile particulate matter. Gravimetric analysis must be repeated before and
after sampling, and requires equilibration of the sample. Sulfate and soot could be determined on the
same Teflon filter now used for mass, and samples could be collected with no change in the existing
FRM. For these predominantly fine species, however, there would be little need for aerodynamic
szing, and requirements for the maintenance of precise inlet specifications could be rdlaxed. Since
sulfate and soot are both stable congtituents, concerns for losses in sampling and handling would be
amilarly eased. The sulfate background of a Teflon filter is negligible, so blank determinations and
corrections could be diminated. The measurement of soot on Teflon by light absorption is more
problematic, involving both blank corrections and controversid calibrations. Neverthdess, it is
routingly carried out throughout the IMPROVE network, and yields one of that network’s most precise
outputs. (Alternatively, of course, one could add an aethelometer or smilar instrument for ared-time
Soot measurement.)

Air qudity management. Theindicators sdlected for NAAQS influence atainment strategies in indirect
aswell asdirect ways. Asan example, some would argue that an excessive focus on secondary ozone
in the battle against photochemica smog encouraged an over-reliance on mathematical modeling to the
neglect of observationd programs to verify claimed reductionsin primary emissons. PM2.5 mass, with
atypicaly substantial secondary component and no one dominant primary source category, prompts
amilar concerns. Sulfate and soot are more directly related to identifiable source categories:
combustion of cod and il in thefirst case, diesel engines and open burning in the second. These
linkages would improve our ability to maintain the accountability of future control programs.

Hedth effects. Perhaps the strongest case for mass rather than chemica species asthe PM indicator is
that mass covers dl possbletoxins. “What if we control sulfate and soot and it turns out to be (e.g.)
the metas that actudly kill people?” There are severa responsesto this legitimate question. 1) Metds
(or ultrafines, or bioalergens, or ...) aretrivia contributors to fine particle mass. Attacking metals by
regulating fine massis anaogous to atacking sulfate by regulating TSP. To attack specific minor
condituents, we must go after them rather than aggregate mass.  2) Indicators can be revised in future
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NAAQS, just as TSP evolved to PM 10 and then to PM 10 plus PM2.5. We can add new indicatorsin
addition to subdividing existing ones in the light of new knowledge. And we dready have the Teflon
filter samples -- we can just add metdsto the andytelist. 3) In practice, mgor reductions in sulfate
and soot would entail lessened emissons of some other pollutants, including meta-bearing fly ash and
some nasty organic species. And in any case, evidence implicating metals would not necessarily
exonerate sulfates and soot!

Sulfate and soot are just one set of indicators out of many that can be proposed, including some
suited to continuous, rea-time monitoring. Once again, the point is not that they or any other indicators
are superior, only that we need an articulated rationde for preferring fine and coarse mass.

Paul J. Lioy

General Comments

The Chapter has been designed specifically to support use of ambient PM levels as an indicator
of exposure within epidemiologica studies for the generd population. From this specific vantage point,
the Nationa Center for Environmental Assessment of EPA has completed a reasonable andlys's,
however, the Chapter is overly long, and the analyses and text can be reduced by 40%.

The Chapter’ s emphasis on associations which supported the cited epidemiologica
investigations, however, has serioudy diminished its usefulness by the scientific and regulatory
community. The basc problem isthe lack of any information that establishes the criticd role of
exposure analyss in defining the dose of the contaminants of concern which is essentid for explaining
the etiology of PM related disease outcomes. Thisis afundamenta error.

The document must move beyond specific issue of associations in epidemiologica studies, begin
laying the foundation for quantifying exposures, and then quantifying or estimating the dose (acute or
chronic) which may cause an effect. Thisisawell established scientific paradigm, onewhichis
avalablein at least three articles by Lioy, and articles by Sexton and Zartarian. A balanced discussion
on theissue of PM exposure and dose can then be used in combination with emerging dosmetry and
toxicology datato examine PM (PM, 5, PM 5, PM, 4, ad PM composition) cause and effect
relationships.

It must be remembered that the effects of PM air pollution a current levels are suspected to be
experienced by subgroups of the generd population. Theseindividuals may have senstivities, pre-
exigting conditions, or participate in avariety of activities that can lead to exposures of concern.

Therefore, it isincumbent upon the EPA to recognize that individuas within a subgroup at risk
have a variety of smple and complex exposuresto PM, (eg. PM sizefractions, PM sources, and PM
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chemica condtituents). Further, exposures to the lung cannot be nestly differentiated or segregated into
ambient PM, indoor PM and persondly generated PM, as well as, gaseous species. Acknowledgment
of these scientific redities, and then using the results of current and future sudies will define the
opportunities to establish cause and effect relationships, and ultimately the selection of the sources and
Stuationsto control and/or mitigete.

Specific Recommended Changes

One obvious, but important first step isto separate discussions of air pollution PM exposure by “sze
fractions’: Tota mass, PM,,, PM 4., 5, PM, s and ultrafine. Some of these are currently not available,
but at least you will not mix information and statements and observations for one sze fraction with those
associated with other size fractions.

The authors must make an effort to define the chemical composition for outdoor, indoor and
persond PM in different Size fractions. For indoor air, the chapter must move beyond primarily
tobacco smoke (especialy direct inhalation), and for outdoor air, the chapter must move beyond S0,
ion.

Ambient PM,,, PM,, 5 and ultrafine particles are associated with two main dynamica and
mechanigtic schemes:. fal and wintertime sources and processes, and summertime sources and
processes. Ambient exposure must be characterized within these two schemes and information
provided on potentia contact, activity patterns, penetration indoors (e.g. AC/no AC, type of home).
Plausible chemica and physica components of concern need to be smply characterized, and coupled,
if possible to the exposure and dose that may cause hedth effects. At thistime the latter may not be
much more than alist of hypotheses and any information on the presence of specific speciesin outdoor
ar.

The authors strongly discounted indoor ar pollution by making any relevance tightly bound to
the variability needed to explain the epidemiologica studies. However, the agpproach is flawed because
we must begin to acknowledge that an exposure must leed to a dose of concern for PM and/or its
physicad and chemica components before it can cause an effect inindividuds a risk. If dl the toxicity
could be ascribed to outdoor air this discusson would not be necessary. Unfortunately, we know little
about the “dlver bullet,” and in some cases it may be a mixture derived from various origins, with
outdoor ar being the indicator for this potentialy toxic mixture. Thus, the document needs to be able to
provide aframework that can at least be used to develop plausible hypotheses about exposure/dose,
and then exposure/dose-response relationships as new toxicologica information becomes avallable, and
as we identify the individuas or subpopulations who suffer and Situations that cause adverse hedth
outcomes.

The following are critica issues, and there may be more:

Indoor air pollutants are a heterogeneous mixture that will change based upon persond life style, socio-
economic issues, and housing etc. However, for agiven individud or group of individuasthe
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exposures may be relaively congtant or consstent (e.g. smoking, indoor combustion or indoor
chemigtry). Thus, indoor PM can provide individuas at risk with a basdline dose that can be
added to by outdoor air pollution. Reatively congtant indoor levels can provide abasdline dose
to the lung, which if exceeded by individuas at risk by outdoor air could lead to adverse
outcomes.

Indoor air pollution, both gases and particles, may act synergiticaly with outdoor air pollution to cause
serious hedlth outcomes. An obvious exampleisasthma. Do indoor irritants leave individuas
at greater risk to an outdoor pollutant known to produce an asthma attack? Could other indoor
ar pollutants act with outdoor ar pollutants found during high winter or summertime PM
episodesto cause an affect? The latter is un-studied therefore, unknown.

Indoor ar chemidry, the vast frontier of unknowns with repect to enhancing or decreasing the toxicity
of outdoor pollutants as they penetrate indoors. Most people spend vast amounts of time
indoors, and we do not know if the individuastruly at risk to a disease outcome have been
affected by outdoor air modified by indoor air chemistry. Thus, the toxic substances and toxic
dose that may be produced must be defined clearly. In some cases the importance of indoor air
chemidiry will be of concern primarily on high ar pollution days. Specific, obvious examples
which cannot beignored in the criteria document include:

Synergigtic property of indoor air ammonia reacting with outdoor H,NO; to form particulate
NH, NOzindoors.

Antagonigtic property of indoor air anmonia reacting with outdoor ar H, SO, and NH, HSO,
to form the less toxic compound (NH,) , SO, (Wadman et d, and Su et d).

Synergigtic property of the formation of organic species (e.g. ddehydes and organic acids) and
ultrafine particles by reactions of ozone from outdoor air with indoor generated
limonene from typica household air fresheners (eg. Weschler et d, 1999 and Zhang et
a, 1994). You will be surprised about the quantity of limonene emitted per year!

Synergidtic property of the depodtion of ultrafine eementd carbon, organic carbon and metas
(emitted at ~10° particles/min.) generated by motors (Lioy, 1999) and fossil fuel
combustion (wood) on accumulation mode outdoor air particles.

None of the above negate the associations established by the outdoor air
epidemiologica studies. However, they begin the process of redigticdly defining plausible
complex mixtures that need to be examined, and characterized as we begin to develop
exposure-dose-response relationship, and then consider control strategies for reduction of
hedth effects. Remember, as| stated in my presentation, associations may lead to correlation,
but they do not make the poison. Exposures leading to abiologicaly effective dose(s) will
make the poison.

Specific Comments

Chapter 5

Pg. 5.4. EQ 51 Missang interaction terms—for generation of particlesindoors by chemistry
with outdoor pollutants.
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Pg. 5.7. Lines 9-15. But S0, isonly acation —the anion H, is potent, NH,H isless potent,
and (NH,), is even lessimpotent a ambient levels. So 0,2 variability is not representative of
the toxic exposure because, it is easily neutrdized indoors.

Pg.5.7. Line25 Also, if thewind is blowing and you do not have AC.

Pg.5.7-5.8. Lad and Fird lines Motors generate ultrafine particles (e.g. Vacuum cleaners and can
redistribute on both coarse and fine particles.) Lioy et d, 1999.

Pg. 5.9. Lines29-31 Yed Because different effects are based on more than variability.

Pg. 5.10. Lines 11-19 Thisisamanifesto that ignores the need for mechanigtic sudies of
exposure which can be used to estimate dose. Please diminate or modify.

Pg. 10. Lines 28-29 And, if one has a constant source of indoor PM and other chemicals they
may react with outdoor PM to make the mixture more or lesstoxic in indoor air. Or, these can
st up the lung for insults that are additive (threshold) or synergitic/ antagonistic —a hypothesis

yet to be explored.
Pg. 9-11 Indoor air does not have to vary to be related to effects, just could increase to basdine
dose.

Pg. 11. Lines 8-14, 26-31 Also, must consider Indoor x Outdoor chemistry, so please add aterm.

Pg. 17. Not only ammonia outdoors, Wadman showed ammonia neutraization indoors.

Pg. 17. Also, there are ultrafines indoors emitted from vacuum cleaners and other motors, and wood
combustion.

Pg. 18. But, what about variability around the mean?

Pg. 18-19. Never once mention neutralization processes that occur indoors.

Pg. 20- 23. No indoor ar chemistry —dthough | provided the author with a
conceptud diagram in April, 1999.

No terms in the equation provide for particle formation by chemidry.

Pg. 24. Disagree. Chemistry of O,\ turpines, combustion products will yield smilar compounds indoors
and outdoors. Further, you can have abasdine leve (irritants, carcinogens, mutagens)
indoors/and then you add on the variable concentrations of outdoor PM. The Dose = Dose
Indoor (baseline) + dose outdoor (variable).

Pg. 25. Lines 14-23 Also, emissons of fine and ultrafine particles from motors. May not be
large amounts of mass, but contain large numbers of particles with elementa carbon and metds.

Pg. 5.30. Good points about distribution of persona expaosure, but not represented in figures, you
only “chase” the mean. Requires box and whiskers plots around mean of persond exposure
values.

Pg. 5.30. Equation needs the interaction term C 4 X C - C,; PM, 0= outdoor, I= indoor, g=gas.

Pg. 5-32-34. Y ou keep focusng on the mean, but the mortality accounts of < 1% of dl annua
deaths. Y ou should consider the 95% tile of exposures.

Pg. 5-40. Indoor levelsincrease the intercept, and basdline PM exposure for a population.
Vaiability, unless levels are extremely high, would il be dominated by outdoor PM (confusing
statements on lines 7-11).

Pg. 15-41. Are you saying that the dose from indoor source can be infinite and only that PM which
contributes to outdoor variability will contribute to toxicity —a new concept in toxicology.
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Pg. 5-41. Lines 18-25 But, neutralization aters the character of the aerosol.

Pg. 5-41. Lines 27-31 Totdly agree — needed to establish these individuds actudly at risk.
Once we know who is at risk, we need to define the distribution around the mean of persona
exposures and how individual exposures are correlated to outdoor exposure. Caution: We
may not be able to separate the synergisms.

Pg. 43. Lines 10-15 Thisisahypothessthat is not proven, needs to be studied. What about the
intercept? Need to look at additive and synergistic doses. Composition is aso a problem.
Thisistoo rigid a hypothesis based on current data.

Pg. 44. Lines4-15 Should be the starting point for this Chapter.
Pg. 5-44. Line 18 The assumption of linear dose — response rdationship isredly just a
hypothess.

Pg. 5-45. Lines 16-20 Yes, and these may be the people with the dose of concern when looking
for populations a risk. The authors aso need to include ambient/indoor chemistry, and
synergisms among indoor/outdoor particles.

Pg. 5.52-53.  Shows the problem you get when you study homes that have large indoor sources
which may use combustion sources. A PAH isaPAH!

Pg. 5-55. Lines 14-18 Rethink your interpretation. Invariate and consstent indoor sources
provide a basdine for incrementa dose.

Fgures5-8, 5-9, 5-10, 5-11 A/B No variation has been reported. No explanation for the intercept.
Y ou see the information in provided tables, but reader cannot easily visudize. The Figures
require box and whiskers for persond data

Pg. 5.66 Lines 20-27 Sowhat. Do these people represent reality in US? Or did they just
obtain sedentary people who were probably very interested in having something to do!

Pg. 5-67. Arethe people in Batimore' s ederly home truly representative of a population at risk?
They did not do anything. In contrast, the COPD patients showed very large variability and
low correlation with ambient monitors. Why wasn't the COPD data shown graphicaly?

Pg. 5-72-76. Youl€ft with the feding that 0,2 is the only component of the PM that matters. Do not
ever talk about neutrdization indoors. Wadman, Sa,, separate references — Reduction in
toxicity. Thereis absolutely no discussion on organic particles — generated outdoors or
indoors.

Pg. 79-80. The mean in PTEAM had large variability because of indoor sources and the mix of
people. Need to report the variability around the personal mean concentration (Figure 5-10).

Pg. 88-96. Needs to be rethought; include more hypotheses. Also, the ideathat eventudly the
dose of the mixture may make the poison, and not variability of PM or specific fractions, needs
to be added to the discussion.




Mort Lippmann

Generd Comments

| have reviewed Chapters 3, 4, 5, and 6 and believe that the draft materids generdly provide a
auitable level and depth of coverage of arapidly growing literature. | had the most trouble with Chapter
5, which | found to be too diffuse and pedantic. It needs to be tightened up and focused on the issues
relating to human exposures to PM of outdoor origin.

While reviewing the draft CD, | noted a large number of needed editoria and/or technica
changes that may be useful to Dr. Grant and histeam. These are listed below.

Chapter 3

p.3-2,1.5: change “is’ to “can be’. Thefirg definition isincondstent with Friedlander’ s definition

onlines9-11. (adsoonp. 3-83,1. 8)

p.3-3, 1.4 cite other recent texts as well, e.g., Hinds (2nd Ed.), Vincent, and Willeke and Baron.

p.3-3,1.13: add“and cyclones’ at end of line.

p.3-3,1.14  insert “distribution” after “diameter”

p. 3-14, Fig. 3-7: explain large discrepancy between the curves labeled “ manufacturer” and “Tsal
and Cheng (1996)”

p. 3-19, 1. 25: insart “ultrafing’ before “particles’

p. 3-31, 1. 28 & p. 3-32,1. 3: HNO3 dissolvesinto water droplets, which are carried into small lung
arways and aveoli (See Schlesinger et d., Inhd. Toxicol. 6:21-41, 1994).

p.3-32,1.11: add“aso’ a end of line

p. 3-55,1. 17: change“mm” to “um” (same error & many other places in text)

p.3-68,1. 4. ddee“dl” and darify the message here

p.3-80,1.7: change“were’ to “where’

p. 3-81, I. 5,6: totaly confusing text

p. 3-84, . 6,7: delete “ generated in the laboratory”

p. 3-84, 1. 13: insat “hygiene’ after “occupationa”

p. 3-87, 1. 8,9: change “effects’ to “risks’

p. 3-87, |. 22: replace “volatile’ with “ gas-phase molecul es such as water and semivolatile organic
compounds’

p.3-87,1.23: delete " gpecies’

Chapter 4
p.4-2,1.26: update reference to later year's annual report

p. 4-3, Figs. 4-1ab,c. Thetext must comment on, or explain how 22.8% of PM2.5 can “unknown” in
the eastern U.S,, while the sums of the knownsin the central and western U.S. exceed 100%.

p.4-7,1.9:  insert “Pesk” before " twenty-four hour”

p. 4-17, Fig. 4-10: shouldn’t the last line of the figure legend refer to Fig. 4.9?
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p. 4-39, |. 20: insert “desgn,” before “age’

Chapter 5
p.5-2,1.23: insert “for convenience’ after “zone’

p.5-2,1.26: deete*”persond monitoring”

p.5-3,1. 1.  change“adequately characterized” to “estimated”

p.5-7,1.10: insert “somewhat” before “lower”

p.5-9,1.29: change“isthemos” to “may be an”

p. 5-9, p. 31: add*, provided that one assumes comparable biologica responsesto PM components
of indoor and outdoor origin” at end of line

p. 5-10, I. 9-21: Thistext ismore of asermon than afair discusson of the limitations of the
available literature. It should be rewritten or deleted.

p. 5-11, I. 21-25: Theincluson of “Outdoor PM” as a separate category israther odd. It may
warrant inclusion as afootnote at best in a more genera note that specid circumstance sampling
does nat fit into the generd discusson in the text.

p. 5-13, 1. 16-28: The inclusion of a category of “Exposure to Personal PM” isaso rather odd. It
should also be trested as a footnote, if at al.

p. 5-13, |. 12: What do the “r2 =0.50 and 0.01” refer to? Clarify or delete.

p. 5-21, 1. 15: insert “some’ before “PM”

p. 5-28, |. 3-31: Thisdiscusson is not relevant. It should be deleted.

p. 5-24, 1. 18: change“little’ to “few”

Chapter 6

p. 6-97, 1. 19: insart“and” a& end of line

p. 6-102, |. 24: replace “in” with “confined to”

p. 6-104: The fact that the ACS population was of generdly higher SES than thet of 6-cities
should aso be discussed.

p. 6-135, 1. 7: change“hospitadized” to “hospitdization rate’

p. 6-135, |. 16: change “which yidded’ to “and reported’

p. 6-136, |. 25: change “more’ to “greater”

p. 6-137,1.5: change“conducted andyss’ to “analyss that was conducted”

p. 6-137, 1. 17: insert “an exposure on” after “from” and a common after “before”

p. 6-138, |. 12: change “for” to “associated with”

p. 6-139, 1. 3: change“yidds’ to “reported’

p. 6-139, |. 13: change “possible’ to “likely” and “may” to “would’

p. 6-181, |. 27: explain how nitric acid vapor can be a component of PM2.5

p. 6-211, |. 15,26: “SO4” has wrong font



Robert Rowe

Unfortunately | was unable to attend the December 2, 1999 review meeting dueto illness and
have missed the benefits of the informed comments of the presenters and other reviewers. As aresult,
my comments are focused only on the environmenta effects and economics discussonsin Chapter 9.

General Comments

From my review of the documents, the draft CASAC letter appropriately covers most of my key
recommendations regarding the structure and presentation in the overd| Draft Criteria Document. On
the hedlth sde, in addition to the issue of “ understanding the nature and magnitude of PM-related
effects’ (asidentified in the draft CASAC letter comments on Chapter 8), add the “dgnificance’ and
“timing” of these effects (we are to prevent againgt adverse health effects). | dso recommend that the
draft CASAC letter comments on Chapter 9 make clear that the same issues discussed for the
environment “ effects’ presentation aso gpply to the “economics’ presentation.

Additional Specific Commentson Draft Chapter 9

Generdly, the purpose of Chapter 9 is unclear, and the level of detall (issues, moddls, data, literature
citations) varies consderably across the sections. | am left with the feding that the Chapter shows that
PM, a some leves, impacts environmenta endpoints and has some economic vaues, and some of
these impacts and vaues may be measurable, and others may not. While aussful introduction, the
chapter provides little to evauate the sgnificance of these impacts at dternative levels that may be
consdered for the secondary standard. Are there measurable and environmentally, or economicaly,
adverse impacts at ambient concentrations, at current standards if met, or at dternative potential
standards? Would some of this information provide ingght into the form of the secondary standard
(e.g., paticle Sze, duration of elevated concentrations, thresholds).

What is the purpose of the economics section. Asit presently stands, it presents avery limited
introduction that there are potentia economic benefits of air quaity improvements. The inclusion of
economics, and its coverage, needs to be made clear. Asthe secondary standard can consider both
benefits and costs, why are costs not also addressed? The presentation of benefitsis very limited and
does not help address the standard setting questions at dl. How will thistie into the RIA —what isthe
role of information here versus information in the forthcoming RIA? Presently the economics section is
rather scant compared to other sections in the Draft Criteria document, to the CAA retrospective and
prospective benefit-cost studies, or to other smilar reviews (Chestnut et ., 1999 assessment for Title
4 for the U.S. EPA; Rowe et d. 1995 on environmenta impacts of electricity generation in New York,
and many other smilar documents). The introduction of concepts and methods is particularly limited.



Other editorid comments include:

Page 9-14 mentioned Constanza et a (1997). Perhaps this should be carried into the
economics section, with the Freeman et d. response article also cited (I do not have that reference
readily available. Dr. Freeman can be contacted a Bowdoin College).

Page 9-78 discusses the deciview index and perceptible changes. It would be appropriate to
aso mention the L.R. Richards paper in AWMA, October, 1999 on thistopic.

In terms of vishility, how does the regiond haze rule overlgp with or influence the
congderationsto vishility in the PM secondary standard?

Many of the references are incomplete.

I n the economics section:

Page 9-101 paragraph 1 discusses the economic significance of effectsin monetary terms of
“codts’. Thisisincorrect. Use “benefits (or damages avoided) from reduced ambient concentrations. *
Thiswill aso clean up the jJump between benefits and damagesin paragraph 2. Later (page 9-105) the
text jumps without explanation to “consumer surplus’ as avaue measure. The concept of economic
aurplusis poorly addressed in this introduction.

| seldom see the term “ contingent choice” (page 9-101) in favor of conjoint and other choice
based methods (e.g., amovement away from use of the term * contingent”).

Hanley and Splash seems like an unusud reference when there are many North America studies
and compendiums available since 1993, and there are other studies on ecosystem functions (including
the Constanza and Freeman papers).

The agriculture and forestry section identifies there are modes, but nothing about the potentia
economic significance of these impacts a current ambient concentrations, or at current or proposed
sandards. What isthe point of the section (a point that generdly gppliesto al of the subsections under
€conomics).

The presentation should consistently refer to groups of methods as (1) Reveded preference
methods and (2) Stated Preference methods. RP methods use market prices and methods based on
actual behaviors and associated costs and values, al of which are used to reved vaues. There are
many methods here — avoided costs, mitigation costs, wage and price hedonics, factor price methods,
production models, math programming models (e.g., Ag. modds), aswell as the Smple use of market
prices per unit of injury. The SP modds are used to directly dicit vaues......



9-102 just before 9.7.4 (and anywhere ese) should consstently use “ stated preference
vauation methods’ to refer to a group of methods of which CV is one (rather than referring to CV as
the approach).

Under vauation methods for materids damages, | find the term “ damage function gpproach”
(DFA) likely to be confused with that term as more generdly used in the literature and would avoid it
used here asisdone. More generdly, the DFA term refers to the chain of assessment from emissons
to impacts and vaues, much like as presented on the top of page 9-105, but does not mean the
vauation is based on a cost based method. Usudly, in a DFA one is measuring benefits with the best
available measure with costs only used as a poor proxy for values (benefits and codts are different).
S0, rename this to a replacement/repair cost gpproach, or explicitly dter the last step to be “vaue the
impacts’ with costs used as a proxy for vaue (recognizing that costs and damages are different.

The materids damages section does not provide information useful to selection of a secondary
standard. Lossesfrom studies are not related to current or proposed levels.

Under culturd materids, there are vauation studies by Morey and co-authors, the papers and
references for which can be obtained from http://spot.colorado.edu/~morey/discusshtml  (note, there
are about three different papers/reports for the same work on this web page). From these papers, there
are many other references available.

Page 9-107, | don't find NAPAP 1996 in the references. Isthisto refer to the SOS paper on
vighility vauation done earlier. | think the whole literature on urban visbility valuation and on property
vaues dudiesis missing here as are many individua studies and any understanding of the rdationship of
the studies to current or proposed standards, which again begs the question of what isthe intent of this
section?

Page 9-107 raises the issue of perceptible changes. This has long been abothersome issue. If
many sources each contribute an imperceptible impact, the sum of individual damages should not be
assumed to be zero because the sum of the impacts may be perceptible (and even sgnificant).

Page 9-109 third line from the bottom. If we have more specific impacts we may be able to do
“vauation sudies’ rather than just “CVM dudies’ as ated. For ingtance, if fish populations (and fish
catch rates) are impacts, methods other than CVM are readily available. Even for other impacts, other
stated preference methods may be preferred to CVM.



Jonathan Samet

Overall Comments

This draft Criteria Document is evauated for its structure and for the approach of the authors,
rather than offering specific, detailed comments about the contents. It is understood that the draft isin-
progress and that further changes will be made as further data become available. Nonetheless, a
number of general issues related to gpproach are dready evident, asfollows:.

The approach taken for development of the evidence included in the Criteria Document needs
to be better specified. The process should be "transparent” and "replicable”, in each of the chapters. A
lack of trangparency and potentid replicability is evident in chapter 6, which presents the findings of the
epidemiologic results. Here, the authors state " Those papers sdected here as being most clearly
relevant to this NAAQS review are described in greater detail in the text of this chapter, and the other
are included in tables where appropriate”” The generdity of this gpproach is not sufficient. For each
body of evidence, the chapter authors should indicate the search approach and sdection criteria

There is subgtantial inconsistency across key chapters, particularly those related to exposure
and hedlth effects in handling atistica Sgnificance and in using attainment of Satisticad Sgnificance asa
decison-making criteriafor accepting or rgecting evidence. This inconsistency in approach needs to
be resolved. In my view, datisticd sgnificance haslittle role to play in determining whether afinding is
useful; rather, emphasis should be placed on the amount of evidence available or on the precision of
estimates.

Better integration might be achieved across the d ements of the Criteria Document by using the
source-hedth effect paradigm, which has long been used for air pollution and was most recently the
bass for the research portfolio of the National Research Council's Committee on Research Priorities
for Airborne Particulate Matter.

Chapter 1
This chapter serves as the Executive Summary. 1t might appropriately be used for integration of

the evidence and evaduation using the causd criteria, now in chapter 6. A review of the evidence based
around the causal criteria should not be |€eft to the epidemiology chapter, but rather viewed as
overarching and drawing on dl rdlevant informetion.

Chapter 5
This chapter addresses human exposure. There is substantia overlap with chapter 6, but the

chapters have not been adequatdly integrated or cross-referenced. This chapter should play the role of
Setting up a consensud framework for the materia presented in chapter 6. In particular, it should
congder the types of exposure measures used in the epidemiologic sudies and their vaidity.
Measurement error might be discussed in this chapter, setting out our understanding of errorsin
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exposure estimates, while chapter 6 might consider the implications of these errors for data
interpretation. Regardless, better integration of chapters5 and 6 isneeded. Thereis aso excess
reliance on the concept of Satistical significance (see page 5-95) for example.

In this chapter, the term "confounding” is used in reference to indoor PM. The authors of each
chapter should be consistent in their use of the term "confounding” and recognition of the assumed
causad mode. In epidemiologic parlance, a confounding arises when the exposure of interest (in this
case, outdoor particulate matter) isitself associated with another exposure that is linked to the hedlth
effect of interest. Thereis adigtinction between the possibility of confounding and actua confounding,
which is consgtently logt throughout the document. Additiondly, the assumption of " confounding”
assumes independent causal effects.

Chapter 6
This massive chapter reviews the epidemiologica evidence. In its current structure, it is a patchwork

that is clearly the product of multiple authors. Careful and thoughtful revison is needed. | havethe
following suggestions

The chapter should begin by setting out aframework for the eva uation of the evidence. |
suggest the following: 1) describe the criteria used to sdlect the included studies; 2) describe the
criteriaused to evauate the evidence; and 3) describe the process used to synthesize the findings. The
document currently lacks any such framework.

1. Thisinitia framework should replace the present Introduction. | found Table 6-1 to be
too difficult and arbitrary in its classfication of potentia hypotheses. It fails as an gpproach for
organizing the chapter and should be removed.

2. Thedocument would be improved by tables that provided evaluations of the individua
gudiesin some systematic study, rather than study descriptions which are quite variable from
study to study.

3. Thereissubstantial inconsstency across this chapter in terminology and approach with
regard to the satistical significance of findings and the precison of effect estimates. Principles
are stated and then disregarded, repeatedly.

4, Meaandyssisused asasummary gpproach. | am not sure that providing a summary
edimate is either helpful or gppropriate. There has not been an attempt to systematicaly gather
al rlevant data, so that any summary estimate may be biased. Additiondly, thereis substantia
heterogeneity that isignored with asmple quantitative summary. | amin favor of usng more
graphic gpproaches for providing the results of the individud studies. With more complete
characterization of the studies, effect estimates might then be provided by relevant categories,
i.e., location within the United States.



5. Asnoted, the materia on causd inference might best be placed in the Executive
Summary.



George T. Wolff

Chapter 3
p. 3-17, lines 21 — 25 — | think this should be labeled Sulfates and Nitrates and a sentence about
nitrates should be added.

p. 3-20, line 5 — Insert “peroxy radicas’ after hydroxyl radical.
P. 3-20, lines 12 — 13 — This sentence is not true for nitrates epecidly in the East.

P. 3-85, line 9 —insert “peroxy radicas.”

Chapter 4
p. 4-3, Figure 4-1a— Isn't there any new data that can be used to make these graphs?

p. 4-25, Table 4-3 — Under anthropogenic organic carbon “any source of VOCS’ should be added.

P 4-33 — A section on emission trends of primary and secondary processorsis needed. This section
should dso tie the emission trends to the ambient concentration trends.

P. 4-42, lines1—4 — Thereis a disconnect between this section and the section earlier on natural
sources.

P. 4A-11, discusson on vehicle emissons— Thisis out of date. EPA should query their own Office of
Mobile Sources and their R& D group to update this. Not only are the numbers old, they are
obsolete.

Chapter 5
Generd Comments— The arguments that were made in the previous CD about the vdidity that a centrd

monitor is a representative measure of exposure of everyone in the areawere not convincing to a
number of the previous CASAC PM pandids. Therefore it cannot be assumed by the agency that
EPA that their conclusionsin the previous CD are now accepted as gospd. A balanced discussoniis
needed here. As presently condtituted it is written to attempt to justify the Agency’s previous clams.
Some critica discusson is needed.

Chapter 6
Generd Comments - | agree with many of the criticisms offered by Drs. Lipfert, Samet and Vedal.

There must be someway to provide an objective, unbiased process to the evaluation of these studies.
The uncertainties associated with the conclusons drawn from these studies must be criticaly and
objectively evaluated. | question whether the present authors are capable of doing this as the citations
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include their own work as well as the work of others who came to smilar conclusions. A critica
evauation of the work of otherswould cal into question their own conclusions. The recent CO CD
was much more objective and they came to the opposite conclusion.

Chapter 8
Table 8-2 — See chapter 4, comment 2.

p. 8-13 —line 31 — What about the studies that identify PM ., 5) as the most significant culprit?
My comments on chapter 6 gpply to the epidemiology discussonsin this chapter aswell.

Chapter 9
Section 9-3 — What is missing from this section is a discussion of depostion trendsin the US.

2. Section 9.5.8 — This section devotes only 1 sentence to the fact the in most of the U.S. visihility is
presently improving. It devotes most of the remainder of the section to those places where vigihility
may not beimproving. Thisis unbaanced.



The remaining comments are not available in eectronic format and must be obtained in hard copy from
the SAB daff.



