February 4, 2000
EPA-SAB-CASAC-00-004

Honorable Carol M. Bowner
Adminigtrator

U.S. Environmenta Protection Agency
401 M Street SW

Washington, DC 20460

Subject: Review of EPA’s Health Assessment Document for Diesel
Emissions (EPA 600/8-90/057D)

Dr. Ms. Browner:

The Clean Air Scientific Advisory Committee (CASAC) of EPA’s Science Advisory Board,
supplemented by expert consultants (together referred to as the “Pand”), met on December 1, 1999 to
review the November 1999 draft document, Health Assessment Document for Diesel Emissions
(EPA 600/8-90/057D), in a public meeting in Research Triangle Park, NC. An SAB Subcommittee
conducted an initia review of the diesd topic in 1990. Subsequently, CASAC reviewed drafts of the
diesdl hedlth assessment document in 1995 and 1998, finding in both cases that the document was not
yet scientificaly adequate for making regulatory decisons. A consultation between the Pand and
NCEA Staff (hereafter referred to as “ Staff”) was held on June 10, 1999 regarding the development of
the present draft. The determination of the Pandl regarding the draft reviewed in the December 1, 1999
meseting is summarized below. The atached report describes the Pand’ s views in more detail, and
contains its responses to the four specific questions posed by Staff as a charge to the Pandl.

It was clearly apparent that Staff made a strong effort to respond to the Pandl’s earlier
recommendationsin developing the revised draft. The Panel compliments Staff for developing a draft
that is a marked improvement over previous drafts, and which serves as an excdlent platform for fina
revisons comprising an acceptable document. However, the number of mgor and minor remaining
criticisms and recommendations raised by the Pand precluded closure on the document, which would
assume no further review by the Pandl of changes made in response to the Pand’s comments.

The Pand agreed with the decision to not develop a quantitative estimate of human lung cancer
risk from environmental exposures to diesd emissonsin the present document. 1t may be possible to
develop such an estimate following completion of ongoing efforts to improve undersanding of
exposure-dose-response relationships. CASAC looks forward to reviewing the results of any future
Agency effortsto develop quantitetive risk estimates for diesd emissons.



Although the combined weight of numerous issues precluded closure; the most intense
discussion surrounded two especidly critical issues. Fird, there was subgtantia concern for the
gpproach taken to deriving the uncertainty factors used in caculating the reference concentration vaue
(RfC) for noncancer hedth effects. The Pand disagreed with the use of alergenic responses should to
derive the pharmacodynamic uncertainty factor for the hazard presented by the designated “critical
effect”, pulmonary histopathology. Although both effects may have inflammation in common asa
precursor response, the Panel did not agree that the inflammatory response attributable to particle
overload in the lung could be equated to inflammatory changes occurring during an dlergenic response
in the upper airways.

Second, the mgority of the Pandl disagreed with the Agency’ s use of the description “highly
likely” to portray cancer hazard from environmenta exposures. There was subgtantia disagreement
with the use of the discretionary descriptor “highly” to modify the category “likdy”, in view of the
continuing uncertainties in extrapolating occupationd data to environmenta exposure levels. The Pand
viewed the uncertainties in occupational exposure-response relationships as important in judging cancer
hazard, as wdl as quantitative risk, at environmenta exposure levels.

In summary, the Panel recognized the document as a consderable improvement over previous
drafts, but could not close on the document in view of remaining concerns. The Pandl 1ooks forward to
the opportunity to review and approve an appropriately revised document. We look forward to your
response to the advice contained in this report.

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.epa.gov/sab). Information on its availability isaso



provided in the SAB’s monthly newdetter (Happenings at the Science Advisory Board). Additiona
copies and further informetion are available from the SAB Staff.
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1. EXECUTIVE SUMMARY

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 1, 1999 to
review the November 1999 draft document, Health Assessment Document for Diesel Emissions
(EPA 600/8-90/057D), in a public mesting in Research Triangle Park, NC. Thisreview followed a
review of the previous draft in May, 1998, and a consultation between the Panel and NCEA Steff
(heregfter referred to as* Staff”) on June 10, 1999 regarding the development of the revised document.

The draft reviewed by the Pand was congderably improved over previous drafts. The Panedl
complimented Staff for its strong effort to revise the document in accordance with the Pand’ s previous
comments and recommendations. The Panel gpproved of the framework of the present document and
the generd approach taken to portraying key information. However, the number of mgor and minor
criticisms and recommendations raised by the Pand during the review precluded closure on the
document without further review of changes made in response to the Panel’ s comments.

No singleissue precluded closure; rether, the combined weight of numerous mgjor and minor
issues contributed to the need for revison and re-review. However, much of the discussion surrounded
two critica issues. Firdt, there was substantial concern for the gpproach taken to deriving the
uncertainty factors used in caculaing the RfC vaue for noncancer hedth effects.  The Panel did not
disagree srongly with the use of pulmonary histopathology as the “critica effect” for cdculating the
RfC, but it did disagree strongly with the use of a different effect, allergenic responses, to derive the
pharmacodynamic uncertainty factor for the hazard presented by the criticd effect. The pand did not
agree that these two effects were sufficiently smilar or had sufficiently common underlying mechanisms
to warrant their combined use in this manner.

Second, there was aso substantia disagreement with the use of the descriptor “highly” to
modify the category “likely” used to describe the potentid human carcinogenicity of environmental
exposures to diesd emissons. The mgority of the Pand did not agree that the current level of
confidence regarding the exposure-response relationship from occupationa exposures warranted the
discretionary use of the term “highly” to describe the confidence regarding the cancer hazard from
environmental exposures. The Panel agreed with the Agency’ sjudgement that a quantitative estimate of
unit risk for human lung cancer from environmental exposures to diessd emissions could not be made
with an adequate level of confidence at thistime, and viewed the source of that lack of confidence as
aso conflicting with the characterization of hazard as*highly likdy”.

In summary, the Panel recognized the document as a consderable improvement over previous
drafts, and is encouraged that, after revisions responding suitably to the remaining concerns, the
document could be approved as an acceptable representation of current knowledge on the potentia
hedlth effects of diesdl emissons. The Panel looks forward to closing on an gppropriately revised
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document, and to reviewing the results of future efforts to derive a quantitative estimate of unit human
lung cancer risk.



2. INTRODUCTION

2.1 Introduction

The Clean Air Scientific Advisory Committee (CASAC) convened a Diesdl Review Pand
(Members plus expert Consultants) to conduct areview of the Agency’ srevised draft Hedth
Assessment Document for Diesdl Engine Emissions (EPA, 1999) prepared by the Agency’s National
Center for Environmental Assessment (NCEA) - Washington, DC Office. The Committee met
December 1, 1999 in Research Triangle Park, NC.

This effort follows earlier reviews, the firgt in 1995 when CASAC conducted a peer review of
the December 1994 version of the diesd assessment. Asaresult of that review, the CASAC
recommendations focused on: @) the use of specific uncertainty factors in deriving the RfC (reference
concentration) vaue for protecting from adverse noncancer respiratory effects; b) the minima scientific
support for using rat bioassay data for estimating human cancer risks,; and ¢) the outdated nature of
information in severa chapters. The Committee aso made numerous suggestions and
recommendations for improving the draft document, asking to review the revised document when it was
ready. These recommendations are covered in detail in the CASAC report of that review (CASAC,
1995).

More recently, CASAC reviewed the 1998 draft of the diesdl assessment at a meeting on May
5-6, 1998. At that meeting, NCEA provided CASAC with alisting that identified the digposition of the
sgnificant recommendations made by CASAC in 1995. The CASAC Diesdl Review Pand that was
created for this review included anumber of Members and Consultants who served on the 1995 Pandl
aswell as new pandigtsto ensure that the compostion of the review panel would be fresh and
objective. Thisisthe standard practice of the SAB and is congstent with the provisons of the
Agency’s 1994 Peer Review Policy and the 1998 Peer Review Handbook (EPA, 1998). Pandligts
were asked to provided written comments on the questions in the charge as well as specific chapters
that they had been assgned for review. These recommendations are covered in detall inthe CASAC
report of that review (CASAC, 1998).

2.2 Charge

The Agency's review of the CASAC October 1998 report, and of more recent literature since
February 1998, formed the basisfor severa changes to the 1999 draft Health Assessment for Diesdl
Emissions and refined the issues for which the CASAC's advice would be helpful asthe Agency
findlizes the assessment. Severd of these issues were discussed in consultation with the CASAC in
June 1999 (see CASAC, 1999). Charge to the CASAC Reviewers



b)

d)

A CASAC concurrence that we have adequately updated the requested topics and
reasonably characterized related key findings, if any, would be welcomed. The
CASAC's past expertise on emissonsis a particularly helpful aspect since thistopic
seems to have only limited information that can be used to understand the trendsin
emisson changes over the years. If we have missed anything that is pivota information,
we would like to be made aware of it.

The draft assessment characterizes diesdl emissons as posing ahighly likely” or
"probable’ lung cancer hazard to humans, and that it is prudent to view the hazard as
being present at environmenta levels of exposure. Is our explanation of the scientific
plaughility of the environmenta hazard reasonable?

The topic of dose-response (leading to cancer unit risk or potency derivation) isthe
most contentious portion of the draft assessment's characterization of potentia diesdl
emissions exposure hedlth effect outcomes. We have declined, for the time being, to
reiterate old dose-response debates about the railroad worker data, preferring to await
the availability of mortaity updating this study. In addition, we have chosen not to
characterize quantitatively potentia risk until we can carry out an examination of
postulated uncertainties in the 1998 Teamster Union Truck Driver risk assessment. We
intend to do thiswork in collaboration with our colleagues a the Nationd Ingtitute for
Occupationa Safety and Hedlth. Does the CASAC concur with this "wait and see’
gpproach? Given that the outcome of this draft assessment isto characterize alikely
human carcinogenic hazard, does the CASAC have a suggestion for away, other than
what has been offered in the assessment (i.e., Chapter 8 and Chapter 9), to provide a
perspective about the possble magnitude of risk levels, short of presenting a highly
uncertain unit risk?

We have attempted to discuss the linkage between ambient PM and diesel-specific
PM. There are emissions, exposure and hedth effect findings to compare, with both
amilarities and differencesto note. A direct numerical comparison of the PM2.5 hedth
criteriaand resulting standard to the diesel emissions noncancer respiratory effects
reference concentration (RfC) is more complex and has not been done. Does the
CASAC fed that the linkage discussons in the various chapters is adequate to address
their earlier stated concern?



3. DETAILED COMMENTS

3.1 Responsetothe Charge

The November 9, 1999 letter to the CASAC Chairman from Dr. William Farland of NCEA
transmitting the draft health assessment document for review contained an enclosure listing a four-point
charge to solicit the Pandl’ s opinion on specific issues. These points and the Pand’s summary
responses are listed below.  These issues were discussed with Staff at the meeting, and are addressed
in more detall in subsequent sections and the gppended materid.

3.1.1 Adequacy of Updating key Information

“ A CASAC concurrence that we have adequately updated the requested topics and
reasonably characterized related key findings, if any, would be welcomed. The CASAC's
past expertise on emissionsis a particularly helpful aspect since this topic seemsto have
only limited information that can be used to understand the trends in emissions changes
over the years. If we have missed anything that is pivotal information, we would like to
be made aware of it.”

The information presented in the document was markedly improved over the last draft by the
updating done by Staff. Chapter 2 (emissons) was especidly improved, dlowing the present review to
focus largely on “fine tuning” the information presented. The Pand’ s recommendations for further
improvement in the find draft included some, but not many, suggestions for updeting information. The
Pand’s comments at this review focused more on the need to treat certain topics more thoroughly, than
on the need to cite more updated information.

3.1.2 Characterization of Environmental Cancer Hazard

“ The draft assessment characterizes diesel emissions as posing a ‘highly likely’ or
‘probable’ lung cancer hazard to humans, and that it is prudent to view the hazard as
being present at environmental levels of exposure. |sour explanation of the scientific
plausibility of the environmental hazard reasonable?”

The characterization of environmental cancer hazard is perhgps the most important issue in the
document, and was accordingly amgor topic of discusson. The mgority of the Panel did not agree
with the characterization of environmenta lung cancer risk as “highly likely”. The Pand did not argue
strongly againgt the conclusion that a cancer hazard was likely associated with historic occupationd
exposures. When questioned at the meseting, Staff stated explicitly that they intended the
characterization “highly likely” to extend to environmenta, as well as occupationd, exposures. The use
of the modifying descriptor “highly” was not consdered by most of the Pandlists to be consistent with
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the current level of confidence that a Significant cancer hazard exists a current environmenta exposure

levds.

3.1.3 Deferral of Quantitative Estimate of Cancer Risk

“ The topic of dose-response (leading to lung cancer unit risk or potency derivation) isthe
most contentious portion of the draft assessment’ s characterization of potential diesel
emissions exposure health effect outcomes. We have declined, for the time being, to
reiterate old dose-response debates about the railroad worker data, preferring to await
the availability of mortality updating this study. In addition, we have chosen not to
characterize quantitatively potential risk until we can carry out an examination of
postulated uncertaintiesin the 1998 Teamster Union Truck Driver risk assessment. \We
intend to do thiswork in collaboration with out colleagues at the National Institute for
Occupational Safety and Health. Does the CASAC concur with this *wait and se€’
approach? Given that the outcome of this draft assessment isto characterize a likely
human carcinogenic hazard, does the CASAC have a suggestion for a way, other than
what has been offered in the assessment (i.e., Chapter 8 and Chapter 9), to provide a
per spective about the possible magnitude of risk levels, short of presenting a highly
uncertain unit risk?”

The Pand agreed that it was not appropriate for the Agency to develop a quantitative estimate

of human lung cancer risk a thistime. The Pand did not agree with the excluson of a decription of
previous reanayses by Crump, Dawson, and the Hedlth Effects Ingtitute (HEI). The Pand suggested
that the document contain amore explicit description of the ongoing effort thought likely to improve the
Agency’s ability to develop a quantitative risk estimate with an acceptable level of confidence.
Although individua Pandligts offered suggestions regarding portraya of cancer hazard in this document,
no consensus advice emerged. The Pand |ooks forward to reviewing the results of future effortsto
derive a quantitative estimate of human lung cancer risk.

3.1.4 Adequacy of Linkageto Ambient PM

“We have attempted to discuss the linkage between ambient PM and diesel-specific PM.
There are emissions, exposure, and health effect findings to compare, with both
similarities and differences to note. A direct numerical comparison of the PM, s health
criteria and resulting standard to the diesel emissions noncancer respiratory effects
reference concentration (RfC) is more complex and has not been done. Does the CASAC
feel that the linkage discussions in the various chapters is adequate to address their
earlier stated concern?”

The Panel acknowledges the difficulty of dedling with the linkage between diesdl particulate

materid (DPM) emissions and ambient PM on the basis of current knowledge. It also acknowledges



the efforts of Staff to improve discussions of the linkages in the revised document. However, the Pand
continued to note severad places throughout the document in which the linkage discussions il need to
be strengthened. An explicit, rationa case for deding with DPM differently than with ambient PM (of
which it isvirtudly always a subset) has not yet been adequately stated. 1t is reasonable, for example,
to question whether the Agency can judtify setting the reference concentration (RfC) for DPM at one-
third the annual ambient PM standard on the basis of a known greater potency of DPM than totdl
ambient PM in diciting the critical hedlth effect. In the abbsence of direct comparisons of hedth
outcomes, the case would have to be based on the compositions of DPM and ambient PM regarding
the compound(s) thought to dlicit the effect(s). Overdl, discusson of the linkages between hedth
hazards from DPM and the combination of DPM and other ambient PM 4till needs strengthening.

3.2 Comments by Chapter

Only asummary of the key points raised by the Pand is given below, to indicate the generd
nature of the remaining concerns. Many more generd and specific points are raised in the individud
written comments of the Pane Members, which are appended to this report. CASAC encourages
Staff to review dl of the attached comments and the transcript of the discusson a the meeting in order
to take the full advice of the Panel into congderation in revising the document.

3.2.1 Chapter 1. Executive Summary
This chapter will need to be revised to reflect changes made in subsequent chapters.

Care should be taken in describing the relationship between diesd particulate matter (DPM)
and ambient PM to recognize that DPM is a ubiquitous subset of ambient PM, and is no more different
from ambient PM than the contribution from any other specific source. Asareated issue, the assartion
that dementd carbon is“nearly unique’ to DPM is an overstatement in view of information given in the
next chapter.

The specific hedth effect serving as the basis for caculating the RfC should be stated.

3.2.2 Chapter 2: Diesd Emissions, Characterization, Atmospheric Transfor mation,
and Exposures

This chapter does not yet ded adequatdly with the exposure praofile of the generd public to
diesd emissions. A better treetment is needed of the distributions of ambient DPM concentrations, the
digtribution of persond exposures, the magnitude of differences between typica pesk and average
exposures, and the contribution of exposures in extreme high-concentration microenvironments to total
EXpOosures.



Better information on past, present, and projected future diesel emissons inventories would
enhance the chapter, as would more information on the relationship between regulatory standards and
actud in-use emissons.

The concluson that diesd emissons, and thus probably their toxicity, have not changed
appreciably over the yearsis not convincingly supported by the information in the chapter. For
example, information is given suggesting that the organic fraction of DPM has decreased with time; thus,
implying that health hazards associated with the organic fraction are dso likely to have decreased.
Because of the importance of this issue to subsequent conclusions, it needs to be dedlt with more
directly and clearly.

Some facets of the description of DPM need strengthening. The assertion that airborne
elemental carbon is nearly unique to DPM appears to be an oversatement. The fact that DPM has not
demonstrated hygroscopic growth should be stated. Because of the questions being raised about
ultrafine DPM, Staff should ensure that the latest published information on the emissons and
compoasition of ultrafine DPM are incorporated into the revision

3.2.3 Chapter 3: Dosmetry of Diesel Exhaust Particlesin the Respiratory Tract

The chapter needs to be reviewed carefully for correctness of terminology. The words
“depogtion” and “depodited” are used incorrectly in place of “retained’ or “trandocated” in severd
places. In some places, “dose” is used inappropriately in describing “ concentration” or “exposure’.

There are sectionsin which the reader has difficulty determining whether the author istalking
about the entire DPM or only the eementa carbon core.

Information on the dosimetry of DPM could be better linked to information on dosmetry given
inthe PM Criteria Document, including a quantitative comparison of the expected deposited dose of
DPM vs generd ambient PM. Dosimetry in susceptible populations should be discussed, asitisinthe
PM Criteria Document. Rather than reproducing sectionsin the PM Criteria Document, these changes
could be accomplished by summarizing key points and referencing the Criteria Document.

In addition to the Yu et d. deposition models used in this chapter, other modesin current use
should be cited (e.g., ICRP, NCRP). In order to place the estimates of deposition in context, there

should be some mention of the range of estimated regiond deposition efficiencies among the severd
modesin current use.

The 1998 IL Sl workshop should be referenced in regard to the overload issue.

3.2.4 Chapter 4: Mutagenicity of Diesel Exhaust



The Pand had previoudy recommended adding more discussion of current information on the
mutagenicity of particles having little or no organic content, including evidence for the involvement of
reactive oxygen speciesin mediating the effects of those particles. It had also been suggested that the
high doses of particles and organic extract used in mutagenicity assays be placed in context rdative to
doses likdly to occur from inhalation of diesel PM in the environment. Neither has yet been done
adequatdly.

The work of Wallace et d. a NIOSH on the mutagenic activity of whole DPM should be cited.
3.25 Chapter 5: Noncancer Health Effects of Diesel Exhaust

The references to the various studies throughout the chapter need to be reviewed carefully to
increase accuracy. In some cases, multiple reports from the same study appear to be cited as different
gudies, and amore integrated view of the information would be gained by noting the linkages among
the reports. The descriptions of exposures and exposure concentrations are sometimes inaccurate or
conflicting. There are measurements ascribed to studiesin which the measurements were not made.

The linkage between the information in this chapter and information on the noncancer effects of
generd ambient PM, as described in the PM Criteria Document, still needs strengthening.

The chapter needs a better discussion of linkages between the noncancer findings in humans
and those observed in animals. In some cases, such asthe effect on dlergenicity, the effects observed
in experimentally-exposed humans are confirmed and strengthened by the anima studies. In other
cases, uch asfibrosis, emphysema, pulmonary hypertension, and cor pulmonae, it should not be
implied that the evidence from heavily-exposed animals suggests that these effects would occur in
humans a environmental, or even most occupationa, exposure levels.

The discussion of the immunologica and inflammatory changes lacks sufficient interpretation.
The chapter correctly cites studiesin which exposure-related changes either were or were not
observed, but attempts little explanation of the differences among the study designs and endpoints that
would explain the differences in results. This tends to leave the reader with a sense that the positive and
negative findings somehow baance each other such that the end result isalack of understanding. In
fact, there islittle conflict among the current data when the studies are properly interpreted in light of
immunological mechanisms. The single case report of “diesd asthma’, which likely resulted from a
high-dose irritant effect, should not be cited as an dlergenic effect. Immunity, dlergenicity, and
inflammation are intimately interconnected, and this information needs a more anaytica treatment.

3.2.6 Chapter 6: Noncancer Dose-Response Evaluation: RfC Derivation

This chapter would benefit greetly by the addition of an opening discussion describing the
specific noncancer effect(s) the RfC isaimed at protecting againgt, and why the ambient PM standard
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does not confer adequate protection against DPM. The chapter presently opens with a description of
options and methods for calculating reference exposure vaues, but does not judtify the effort or place it
in context.

In reviewing the previous draft, the Pandl noted the need for a more clear statement of the
rationale for sdecting an RfC that was different from the annua average standard for ambient PM.
Although the issue is mentioned in the revised document, it was not considered to have been addressed
as thoroughly or as convincingly as needed.

The rationde for why a benchmark dose anaysis could not have been done was not considered
to be very clear or convincing.

The method used to derive the RfC was described much more clearly in this draft than in the
previous draft. Based on its clearer understanding of the method however, the Panel voiced serious
concerns about the approach used.

The mogt serious concern was the use of dlergenicity in deriving the pharmacodynamic (PD)
uncertainty factor, when it was stated that pulmonary histopathology was to be the critica effect on
which the RfC was based. While the Panel did not argue strongly againgt the use of pulmonary
histopathology asthe criticd effect, it did not agree with the use of a different effect, dlergenicity, to
make the uncertainty adjustment. The Panelists having the most knowledge of the responses did not
agree that these effects are linked, or that they necessarily have the same underlying mechanisms.
Although both effects may have inflammeation in common as a precursor response, the Panel did not
agree that the inflammatory response attributable to particle overload in the lung could be equated to
inflammatory changes occurring during an alergenic response in the upper airways. In addition, the
case is made throughout the document that the carbon core of DPM is likely to be responsible for the
pulmonary histopathology, while current information suggests that the organic fraction of DPM may be
most closaly linked to the dlergenicity effect. Overdl, the Pand was not convinced by the rationde
presented for using a different hedth effect for the uncertainty factor.

It is Sated that the rat gppears more sensitive than humans to noncancer effects, and the Panel
did not disagree with this interpretation of current informetion. If thisis so however, it isnot clear why
an adjustment for uncertainty in PD isrequired at al.

Some concern was expressed for the assumption that the pharmacokinetic (PK) mode
eliminated uncertainty related to the interspecies difference in dose. Although current information
suggesting potentia inadequacy of the modd adjustment is related to occupationa dust exposures
rather than exposures a environmenta levels, the adequacy of the interspecies adjustment should be
discussed more thoroughly.
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The concept of “average lifetime exposure’ is not defined unambiguoudy, and should be
discussed more thoroughly. The present document does not make sufficiently clear why lifetime
exposures should be more important than acute exposures for noncancer effects.

Congdering the number and nature of the issues described above, the Panel was not assured
that the RfC value presented in the document was appropriate, and was certainly not convinced that the
RfC was attended by a“high levd of confidence’, asindicated in the document.

3.2.7 Chapter 7: Carcinogenicity of Diesel Exhaust

The gpproach to presenting the large number of human and anima studies was improved little
over thelast draft. The chapter would benefit from having a“road map” paragraph at the beginning of
each section, followed by supporting detail. Tables should precede presentation of the individua
dudies. Severd inaccuraciesin the descriptions persst from the last draft. Theindividua Panelists
comments contain severa suggestions for improvement of the discussion of both the human and animal
data

The section gpplying the “Hill” criteriato diesd emissonsis problematic. If thissectionisto be
included, the semind reference by Hill should be cited, and the discusson should rely on the origina
criteria, rather than interpretations from secondary references. The claim that the diesdl-cancer
relationship fulfills the criteriais questionable. Regarding the “strength” criterion, it is daimed thet the
diesd-cancer relaionship is*strong”, but risk ratios of around 1.4 would in fact be characterized as
weak. The rationae presented for compliance with the “ pecificity” criterion is questionable.
Compliance with the “dose-response” criterion has not been demongtrated convincingly. Theincluson
of acomparison to the Hill criteriais reasonable, but as presented in this draft, the section adds little to
the document.

The issue of latency should be discussed more thoroughly in regard to the existing
epidemiologicad dataand anadyses. Confidence in the study findings portrayed in the chapter is lessened
by the rdatively limited length of both exposure and follow-up.

Therationde for excluding “hypothess generating” studies is not convincing.

This chapter does not deal with the reanayses of the railroad worker data done by Crump and
Dawson. Thisissueisdluded to in the next chapter, but is not described well anywhere in the
document. Staff should include a more thorough treetment of thisissue, either in this chapter or the
next. At thereview of the last draft , the Pand recommended that these reandyses be described, or at
least summarized, in order to portray the difficulty in estimating the carcinogenicity of diesel emissons
from the current epidemiologica data The HEI reandysis should adso be described. The fact that this
draft does not include a quantitative estimate of cancer risk does not preclude the usefulness of

12



discussing these reandyses more thoroughly. Indeed, the information supports the Agency’s decison
not to estimate cancer risk a thistime.

Although there was mixed opinion regarding the characterization of diesdl emissons as*highly
likely” to be a human carcinogen, the mgority of the Panel did not agree that there was sufficient
confidence (i.e., evidence) to use the descriptor “highly” in regard to environmental exposures.

3.2.8 Chapter 8: Cancer Dose-Response Evaluation

The Pand agreed with the Agency’ s decision to defer quantitative estimates of cancer risk at
thistime. Inview of the inability to portray unit risk with acceptable confidence based on current
information, severd pandlists recommended deletion of the table listing historica estimates of unit risk.

The Pandligts offered arange of views regarding approaches to describing the potentia nature
and magnitude of cancer risk in humans, and the relevance of the anima data in supporting the existence
of cancer hazard. No consensus recommendation emerged, other than to agree that a quantitative
estimate of unit cancer risk should be deferred.

This chapter dludesto work that is ongoing and will be completed in the near future, which will
improve the understanding of cancer risk and perhaps alow a quantitative estimate of cancer risk with
acceptable confidence.  In view of the importance and controversid nature of thisissue, that ongoing
work should be described.

As gated above, the mgority of the Pand did not agree with the use of the descriptor “highly
likely” to describe the carcinogenic potential of environmenta exposures of humansto diesdl emissons,

3.2.9 Chapter 9: Characterization of Health Hazard and Dose-Response for Diesdl
Engine Exhaust

This summary chapter was viewed as very useful, and the genera approach to its development
was viewed as gppropriate. The Panel encourages Staff to focus on its readability by a broad audience
when making the fina revisons. Some technicd jargon carried over from the previous chapters should
be eliminated, and care should be taken to avoid introducing information, concepts, or terms that were
not contained in previous chapters.

Because of the summary nature of this chapter, the issues raised during its discusson were
largely identicd to those raised in the previous chapters. Although severa issues and suggestions are
presented in the individua Pandigts written comments, the two issues generating the most energetic
discusson were: @) the derivation of the RfC; and b) the use of the descriptor “highly” together with the
categorization “likely” in regard to cancer hazard from environmental exposures.

13



14



4. CONCLUSIONS

Although not unanimous, it was the summary view of the Pandl that it could not close on the
document without reviewing changes made in response to the issues described above. Overdl, the
document clearly demongtrated a strong effort by Staff to respond to previous criticisms and advice,
and the Pand complimented Staff for marked improvements in most sections.

No single issue precluded closure; rather, numerous maor and minor issues contributed to the
aggregate need for revision and re-review. However, much of the discussion surrounded two issues.
Firgt, there was substantia concern for the gpproach taken to deriving the uncertainty factors used in
cdculating the RfC vaue for noncancer hedth effects.  Specificdly, the Pand was not convinced of the
appropriateness of using alergenic responses to derive the pharmacodynamic uncertainty factor for the
hazard presented by the “critica effect”, pulmonary histopathology. Second, there was substantial
disagreement with the use of the term “highly” to modify the category “likely” used to describe the
potentid human carcinogenicity of environmental exposuresto diesd emissions. Specificdly, the
mgority of the Panel did not agree that the current level of confidence regarding cancer hazard from
environmental exposures supported the discretionary use of the term “highly”. The Pand agreed with
the Agency’ s judgement that a quantitative estimate of unit cancer risk could not be made with an
adequate levd of confidence at thistime, and viewed that lack of confidence as conflicting with the
characterization hazard as “highly likely”.

The Pand looks forward to closing on an gppropriately revised document, and to reviewing the
results of future efforts to derive a quantitative estimate of unit human lung cancer risk.
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APPENDIX A -- INDIVIDUAL COMMENTS

The following are the origind, unedited written comments provided by individua Pandligs prior
to or at the December 1, 1999 meeting. They do not reflect consensus of the Pandl and, in some cases,
may have been revised subsequent to the meeting as aresult of discusson. They were provided to the
Agency following the meeting so that Agency staff would have detailed editorid comments aswell as
individua responsesto the Charge. The materid in this Appendix, dong with the discussons a the
December 1% meeting form the basis for this written report. (Note: these comments may contain
uncorrected typographica errors that result from eectronic trandation).
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JoeL. Mauderly

Summary Comments

This draft is much improved over the February 1998 draft, and clearly represents a serious attempt on
the part of the Agency to respond positively to the last CASAC review. Staff are to be complimented
on ther effort to move sgnificantly forward with this draft.

The decision to not make a quantitative estimate of unit risk for human lung cancer isagood one, and
onethat accurately reflects our current state of knowledge and confidence. | agree with the Agency
that perhaps such an estimate might be made with acceptable confidence pending completion of
ongoing efforts.

In view of the key criterion for acceptance - that the document be an accurate and complete
representation of current knowledge on the hedlth effects of diesd engine emissons - | bdieve thet this
revison comers very close to being acceptable. Numerous minor edits are needed, but | have only
three mgor points of criticiam.

Firt, the document still does not contain a clear evaluation of how changing emissons trends might or
might not impact the hedth risks. It is dear that the Agency’s position is that mass reduction is the only
risk-related change, but this pogition is not well-defended. In summary information, it is Stated that
there has been little change in the ratio of organicsto thetotd particle, yet that seems to conflict with
information in Chapter 2. 1t is stated that the proportions of the “toxicologicaly significant” materid,
defined as PAHs and nitroaromatics, haven’t changed, yet nowhere are these agents cited as the key
toxicological components — especialy for non-cancer effects. Chapter 5 does't point toward any key
particle component for non-cancer effects, dthough it mentions severa. Overdl, the statements about
the changes having no important impact on toxicity are not convincing as currently presented. |1 don't
condder thisissue to be resolvable on the bass of current knowledge, and | don’t argue strongly with
the Agency’s “bottom lines’. | do, however, believe that the issue could be trested more thoroughly
and with less gpparent conflict in statements than in the present draft.

Second, | do not understand the justification of the pharmacodynamic component of the uncertainty
factor in calculating the RfC. The Agency dtates that its derivation of the RfC will be based on the
critica effect of lung histopathology, and especidly on the inflammatory and fibrotic responses. It Sates
accurately that current expert opinion holds thet the rat is at least equaly sensitive, and perhaps more
sengtive, than humansto the inflammatory/fibrotic lung response. It dso dates, again accurately, that
our information on the dlergenicity response is not yet solid enough to be used as a criterion for the
RfC, even though it may someday become ajudtifidble bass. Yet inits derivation of the RfC, the
Agency usesthe dlergenicity argument to judtify its use of a cross-gpecies adjustment in
pharmacodynamics. As presently offered in the document, this strategy is not adequately justified and
appears inappropriate.
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Third, | do not agree that the quaifier “highly” should be used with the descriptor “likely” in portraying
the cancer hazard. The term “highly” is not akey term in the new cancer risk guiddines, “likely” is
aufficient there. The agency bdieves that there is sufficient uncertainty in our present understanding of
the epidemiologica data that it €ects not to attempt calculation of a unit cancer risk estimate. Y et, the
Agency fedsthat itslevd of confidence is sufficiently high to apply the term “highly” to the judgement
that diesdl exhaudt islikdly to be a human carcinogen. | might have accepted that, until the Agency
dated clearly a the CASAC meeting that it intended the “likely” quaifier to gpply to environmentd, as
well as occupationd, exposures. Until the dose-response relationship is further defined, | do not agree
with the use of “highly” in regard to cancer risk from environmenta exposures.

Chapter-by-Chapter Comments

Chapter 1: Executive Summary

1-1, 23-24: Fird, dementa carbon is aso emitted from gasoline engines, among other sources. While
most properly-operating gasoline vehicles emit very little dementa carbon, poorly-operating ones emit
much more. Because there are SO many more gasoline vehicles than diesd, it does't seem quite
accurate to say that elemental carbonis“nearly unique’ to diesals. In Chapter 2, Section 2.4.2.2
clearly presents a picture different from the “nearly unique’ description. Second, what does the
gatement mean that “ DE gases are more ubiquitous in an urban environment”? There may be more
sources of many, if not al, of the gases and vapors emitted from diesd engines than there are of carbon,
but diesal-derived carbon is about as “ubiquitous’ in the urban environment as you can get. Wasthere
ever an area sample without it?

1-2, 8-10: This statement doesn’t seem to reflect very accurately the information in Chapter 2
indicating a reduced organic fraction with time.

1-2, 12-16: Firg, the wording here doesn’t seem to be quiteright yet. Firg, itisnot clear what is
meant by “higher or a least highly varied’. | think | know what you mean by mentioning “highly
varied”, but the wording iVt quite there yet. Second, noting Smilarities and differences * between DE
and ambient PM” isn't quiteright either. There are few, if any, ambient PM samplesthat don’'t contain
DE particles. Y ou should screen the text for any statement that seemsto imply that diesdl soot is not
ambient PM.

1-2, 23-24: The basis (ie, the key effect) for the RfC should be stated in this summary. An assortment
of effectsislisted, but it should be stated which is the key determinant. Thisis especidly important
because it is a contentious issue whether or not you used lung responses as the key response, as stated
later, or whether you are mixing responses.

1-4. 15: Change “ventilatory frequency” to “minute volume’ or some such term. The breathing
frequency has no importance here, asimplied. It'sthe greater ventilaion of the lung per unit of lung size
in children that isthe legitimate issue.



Chapter 2. Emissions
2-15, 1: | think you mean 4-stroke instead of 2-stroke.

2-32, 18: Because Cdiforniais part of the U.S,, it would be best to list the composition for Cdifornia
fud aswdl, instead of just noting that it’s different. After al, there may be more person-micrograms of
exposure in Cdifornia to on-road emissons than there isin the rest of the country from off-road
emissons

2-47, Section 2.2.6.1: Overdl, the information on SOF vs. EC is confusing, and does not give the
reader abottom line. It is stated that both are declining, which is understandable and supported by the
datagiven. Itisaso saed in different places that the SOF is declining as a portion of the total particle.
Y et in other chapters, the conclusion is given that the ratio of SOF to EC has not changed over the
years. Itisnot clear where that conclusion is supported in this chapter.

2-70, 12-20: This paragraph is redundant to materia presented earlier in more detail.

2-82-85, Tables 2-17-20: The sources of datain these tables ought to be stated in the legends, or in
footnotes, as done for other tables and figuresin the chapter. The source is described in the text, but it
is both customary and clearer to give that information in the table aso.

2-87, 2-4. Theissue of trendsin SOF and EC with time appears to be properly stated and based on
cited results. SOF has apparently declined as a portion of total particulate. However, here, and later in
the document, the pogition is taken thet the ratio of the “toxicologicdly sgnificant” materid, defined as
PAHSs and nitroaromatics, to the total particle has not changed. Considering at least that these materias
may not cause theirritant (inflammatory) effects, and dso that other compounds might be important for
cancer, it seems a stretch to make this a blanket conclusion throughout the document. In Chapter 5,
non-cancer toxicologica effects are not ascribed to specific components, nor does the wording there
suggest that PAHs and nitroaromatics are the key cul prits.

Chapter 3—Dosmetry
General Comments
1. The chapter issgnificantly improved in severd ways.

More baanced, incisve discusson of severd points, including uncertainties
Inclusion of discussion of POCK model

Inclusion of portrayd of likely human doses of PAHs
2. Theterm “depostion” isused ingppropriately in multiple locations, such as
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3-11,7
3-23, 7-8
3-40, 13

The text should dearly differentiate when it is talking about the entire soot particle and when it is
talking about only the carbon “core’. There are conflicting Statements about the solubility of the
particles, and it appears asif the issue of carbon core vs. organicsis confused. The hazard assessment
is done for the entire particle mass, so0 it would be best to keep that definition congstent throughout the
document.

Specific Comments
3-3, 322 Omit the comma after “particles’. It changestheimplication.

3-6, 1. Space between the first 2 words.

3-7, Table 3-1: The meaning or definition of the symbolsin the footnotes can't be understood without
referring to the paper cited.

3-7, 1: The meaning of this sentenceisn't clear. “Alternaive’ to what? Haven't you been taking
about deposition rate based on exposure concentration?

3-8, 1. Inthe statement about DPM being “insoluble’, do you include the organics when you indicate
that the dissolution rate is inggnificant in comparison to the clearance hdf-time? In other placesin the
document, it is Sated that organics do dissociate from the soot in the lung.

3-8, 6. What happens in the olfactory region?

3-10, 18, and heresfter in the chapter: There should be some consistency in citing the exposure levels.
Throughout the document, both 7.0 and 7.1 mg/n? are used. Because the actual concentration was
7.08, 7.1 ismore accurate. Although the interpretation is not affected, having two different
concentrations for the same study might confuse readers into thinking that you were talking about
different exposure groups.

3-11, 7. Paticlesare not “deposited” in the intergtitium in the sense that “ deposition” is used
elsawhere. They are trandocated there somehow.

3-21, 27: Isit truethat prolonged clearance in the nose is associated with bronchiectass? | can seeit
for the other conditions, but can't rationdize it for that one.

3-23,7: Itisnot “depogtion” that reaches 1 mg/g lung, it's “retention”, or “retained lung burden”.



3-27, 35: Thissection is redundant by repeating information given earlier.

3-28, 2. You might aswell be consstent. On page 3-2 line 1, it is stated that the range is 10-40%, not
10-30%. Which do you prefer?

3-33, 26: Insert “size’ after “aerosol”.

3-34, 3. Here, it isedimated that most of the organics leave the soot in the lung. Earlier, it was Stated
that soot is*“insoluble’ due to its clearance being fagter than its dissolution.

3-34,9: With diesd soot a ubiquitous component of ambient particles, how could you State that human
exposures are not likely to be continuous. They should be more “continuous’ than not.

3 35,4: “inhumans’ should be added at the end of the sentence. It is not dways clear which species
you are talking about.

3-36, 1-2: The difference could dso very likely be due to the difference between inhaation and
indtillation.

3-36, 12: It should be noted that these results aso provide evidence that much of the released organic
materid passes out of the lung and thus is not available as a carcinogenic dose to the lung.

3-38, 21: Itisnot clear why, or how, the term “inert dust” is being used here.

3-39, 13: Itisnot clear what the statement about eution means. Why would e ution be faster at
bifurcations? Why would it be faster a ambient exposure concentrations?

3-41, 7. End the sentence with “in humans’ to keep the issue straight.
Chapter 4: Mutagenicity

Generd Comments
This chapter is basicdly in acceptable shape.

Specific Comments

4-5,5-13: It would seem that the work of Wallace et a. at NIOSH should aso be cited. They
documented mutagenicity when whole DPM were incubated with cdlls in amedium containing
surfactant components. For example, Keane et a., Mutation Research 260(3): 233-238, 1991.

4-7,11: Movethe“the’ to after “of”.

Chapter 5: Noncancer Effects
Generd Comments




There is some confusion regarding the citation of some of the work described, but with minor editing,
this chapter is satisfactory.

Specific Comments
5-7, 15: Do you mean nasd lavage, lung lavage, or both? | don't know what a*“nasal lung” lavage
might be.

5-9, 6: With very few exceptions, DPM isnot a“mgor” component of SPM. This statement conflicts
with data given elsawhere in the document.

59, 11: What isa“filtered solution of DPM”? Do you mean thefiltrate that resulted from filtering a
solution of DPM? It would aso be important to note the medium used for the solution (ie, sdine?
Solvent?).

5-24, 33 Start anew paragraph with the “White’ sentence.

5-34, 25: It isimportant to note that these were Chinese hamgters, not Syrian hamsters as most would
presume if not told otherwise.

5-37, Table 5-6: You should be conggtent in listing dl of the references for agiven study that are cited
inthetext. Thisisdoneinconagtently. For example, shouldn't the Wallace et d. citation be listed for
the Barnhart et d. guineapig Sudy? If not, then a separate Wallace study is missing from the table.

5-40, 32-33: Isthere any evidence that speed of onset of an effect is related to the life span of the
subject? Why would one imagine that it was? Certainly, one would expect a grester evolution of
effectsif alonger life span dlowed the exposures to continue, but that doesn’t mean that failure to
induce an effect a an equivadent lung burden might be explained by life gpan. This gpeculation might
possibly be true, but one would have to bet against it without some evidence.

541, 11: The paragraph should be started with the reference, or readers will naturally assume that you
are dill talking about the HERP studly.

5-42, 25. Why lig the starting age when you don't for any of the other sudies? Conversdy, if it's
important, why not lig it for al?

5-43, 29: Here and elsewhere, the exposure for the Mauderly and Henderson studies (which were the
same study) should be listed as 7.1 mg/m? to be consistent with other citationsin the document, and
with the real concentration of 7.08. It's actualy listed both waysin this chapter, and should be
consstent.

544, 11: Again, isthisasegparate study, or should it be cited with the Barnhart study in the table?



5-44, 23. Smilarly, is the Fedan report part of the Lewiset d. study? If so, citeit in thetable. If not,
it smissing from the teble,

5-46, 20-25. Thereis something wrong here. Firdg, if there was atwo-fold increase in the
inflammatory mediator LTB4 in both rats and mice, why do you cite alarger increase in rats as the
basis for their greater fibrogenic response? Second, none of the reports cited gave and data for either
PGF2a or L TB4, because those measurements weren't performed. 'Y ou must be citing some other

study.

5-50, Table 5-7: TheHatch et d study wasn't an exposure to “diesdl exhaust” asthe table tile Sates, it
was astudy of ingtilled soot.

5-52, 15-16: The lung burdens also progressed over time at the lowest exposure level. They never got
very high at that leve, but it'swrong to imply that they didn’t increase during the exposure, because
they more than doubled from 6 mo to 24 mo.

5-64, 27: The study described did not indicate that the pyrenein DPM had an adjuvant effect. It
indicated that both pyrene and DPM had the effect, but gave no results to indicate thet it was the
pyrenein soot that caused the DPM effect.

565, 2. Firdt, what isa“dead” pollen grain? Second, how isapollen grain “burst”? | can see how
they can be crushed, but “burst” suggests that they are some kind of afilled container that is ruptured.
That's not my understanding of how pollen grains are congtructed, but maybe I’'m wrong.

5-67, line 8. Eliminate the spurious “0” from the end of theline.

571, 15. Change“datidicd differences’ to “gatisticaly sgnificant differences’. Any difference can be
“datigticd”.

5-85, 7: Add“at somelevd” at the end of the sentence. Thisis done dsawhere in the document for
clarity, and it should be done here.

5-85, 10-11: Anima studies are dso done to € ucidate mechanisms, so this should be added.

5-86, 21: Thisevidenceisfrom rats, ans should be noted as such. If thereis evidence from other
species, it should be cited.

Chapter 6: RfC

General Comments

There are severa places where the language needs to be cleaned up, but perhaps the most significant
issue isthe potentia confusion regarding dosmetry based on the carbon core vs. the whole particle.
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The other important issue isthe use of dlergenicity to judtify the use of a species UF in cdculaing the
RfC, when you specificdly state that lung histopathology will be the basis. For lung histopathology, and
its preceding inflammation, it is acknowledged that rats are as sengtive as humans. This seemslike
double-talk.

Specific Comments
6-2, 6 and 34: If the author does not intend some digtinction, the “RfC/D” and “RfD/C” ought to be
made consgtent.

6-2, 29 “Databasefactor” ought to be defined the first timeiit is used.

6-2, 31. Pharmacokinetic and pharmacodynamic are defined on the next page, but they ought to be
defined the firgt time they are used.

6-3, 10-11: The meaning of the phrase “ adjustments to the externdly applied factors’ is not made
Clear.

6-4, 10: Theissue of “known precursor” is aloaded one, and it is not clear what the Agency intends.
For example NFKb istypicaly thefirg, or one of the first cellular Sgna's one sees when any dressis
goplied to acdl, but it isanongpecific “precursor” for alarge number of diverse cdlular responses,
good and bad. If wetake the statement literdly, then we could use that response as a“criticd effect”,
which wouldn't make sense. Aswe learn more about biology, we find it increesingly difficult to draw a
line asto where a“precursor” responseis adverse.

6-7,10-12: | agreethat, as stated, the “whole particle’ should be used as the measure of dose, but it
isnot clear that thisis being done consisgtently throughout the document. No problem here, but thereis
edsawhere. Inline 12, thisis chapter 6. What chapter(s) do you redlly mean in regard to grester detail?

6-10, 8: Hereg, it is tated that “ pulmonary histopathology” would be the best choice for a criticd effect,
and that dlergenic effects might be useful pending additiond information Y et later, alergenicity isused
in cdculating the RfC.

6-10, 15. Here and subsequently, of what possible importance isthe “target” concentration? Why not
use 7.1 mg/m? for consistency with other parts of the document?

6-13, 15: Hereyou tak about the carbon core. Earlier, you stated that the whole particle was to be
the measure of exposure.

6-13, 19-20: Theissue of “find lung burden” isnot clear. Do you mean that you want to cdculate the

exposure concentration of soot that would yield a human retained lung burden at 70 yrs of age identica
to that of arat a 24 months of exposure? If that is o, just Sate it that way instead of referring to a
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“find” lung burden. Are you congdering the 70-year exposure to dl occur in adults, rather than sarting
with immature animals asin the rat sudies? The description could be made a bit clearer.

6-13, 25: Here, does“DPM” mean the whole particle, or just the carbon core. Here iswherethe
ambiguity in wording redly comes back to haunt you.

6-20, 5: Do you mean the lower 95% confidence limit? If so, Sate that.

6-22, 1-2: Why do you invoke dlergenicity here, when you explicitly stated that you are using the lung
histopathology for determination of the RfC? It makes a big difference, because the document
acknowledges that rats are equaly or more sengtive than humansto lung inflammation. That would
indicate that no UF is needed to go between species. Invoking dlergenicity as your judtification seems
illogicd, and could even gppear underhanded.

6-22, 27: Itistruethat diesd soot is capable of penetrating to the lung, but the statement doesn’t make
sense. The pulmonary (if that's what you mean by “lung”) deposition fraction for 2.5 um particlesis
actudly higher than that for 0.25 um particles. The fraction for smaler particles doesn’t increase until
below about 100 nm. Justifying a greater concern for diesel soot than for PM,, 5 on the basis of
“penetration to the lung” doesn’t hold water, and is unnecessary. There are plenty of reasonsto be
concerned about diesdl soot, but that isn't one of them.

Chapter 7. Carcinogenicity
General Comments

Overdl, this chapter is in reasonable shape.

Specific Comments

7-81, Section 7.2.6.6: This section relies heavily on the “Bradford Hill” criteria, yet does not cite the
source. While “epidemiologists and biologists’ have often used the criteria described, it is not very
accurate to say that they provided them. The semind reference to which we dl refer isthe following,
and it should be properly attributed and cited in the reference list:

Hill, A.B., The Environment and Disease: Association or Causation? Proc. Royal Soc. Med. 58: 295-
300, 1965.

7-126, 21: “Inanimas’ should beinserted after “exhaust”.
7-140, 6-10: This sentence doesn’'t seem to make sense. It istrue that inflammatory and/or overload

responses are not seen at ambient concentrations. 1t isaso true, in my view, that the animd data are
not completely irrdlevant for hazard assessment. However, one does not follow from the other; ig, itis



not because responses are not seen a low levels that animals are not irrdlevant. These are two different
ideas, and the wording needs to be changed.

Chapter 8: Cancer Dose-Response

General Comments

It isimportant that you state more clearly just what work is underway or planned that islikely to place
the Agency in astronger position to conduct a dose-response assessment in 2000. Thisis mentioned
multiple times in the document, and is a very important and contentious issue, but nowhere is the work
actudly described.

Here, we have for the firgt time the “highly likely” busness. See the comment on this at the beginning of
thisreview. | don't agree that the term “highly” should be used, and especidly not to refer to
environmental exposures.

Specific Comments
85, 36. Insat “inrats’ after “conditions’, to make it clear just what you are referring to.

8-7, 2 (and associated citation in reference list): 1t is Mauderly et . 1987, not 1997.

8-8, 4-12: It would be gppropriate to cite the recent Vaberg meta-analysis of the rat data here. That
was amathematica evauation of the low dose dose-response and threshold issue, and it would be a
gap to fall to citeit. The reference does not mitigate againgt the Agency’s bottom line, in fact, it
supportsit.

8-12, 1-4: Thisdocument mentionsin saverd places the new work going on that might resultin a
clearer picturein 2000. Nowhereisthat work described. The reader isleft to hisimagination
regarding this mystery. Here or somewhere, the new, or ongoing effort should be at least briefly
outlined. The statements aren’t very credible without that. Thisis especialy important becauseit is
such alarge factor in the approach the Agency has decided to take in this document, and is also avery
controversid issue. There is no reason not to be more explicit.

8-12, 11. | doubt that the “undercount” is being funded, as stated. Rather | think that an attempt to
remedy the undercount is being funded.

813, 15: Change“give’ to “given”.

8-16, 9-10: First, the wording of this sentence needs to be changed. It presently states that the
“uncertainty — should not be confused with the inference’. | think | know what you mean, but you
don't sate it correctly. Second, | do not agree that “highly” should be used here.

Chapter 9: Characterization of Health Hazard
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General Comments

One big issue in this chapter isthe use of the dlergenicity response to justify the PD UF, when you
explicitly stated that the RfC isto be based on lung histopathology and that the confidence in the
dlergenicity responseis not yet to the point where you can useit. Thisisan important issue.

The second big issueisthe use of the description “highly likely”.

Specific Comments

9-1, 31-32: | believe that thisisthe first time the acute responses have been referred to as “temporarily
debilitating”. If that term is used in Chapter 5 as a conclusion from the literature, | stand corrected. If
not, it does't seem gppropriate to introduce that terminology here, and especidly without explanation
or definition.

9-2, 3. Insart “other” after “with”. Diesdl soot is ambient fine particulate matter.

9-4, 21-24. Whereisit substantiated that these are the key toxicologica components? Isthisfor al
toxicologicd effects, or only cancer?

9-6, 19: I1s“TEQ” defined?

9-10, 4-7: Hereagain, we have the introduction of dlergenicity to defend the PD uncertainty factor.
That fliesin the face of your having sdected lung histopathology as the basis for the RfC, and won't
pass muster without better explanation and defense. If you do this, then you must Sate that you are
usng both lung histopathology and alergenicity asthe basis for the RfC. Y ou Stated very clearly earlier
in the document that you didn’t consder the evidence for dlergenicity to have matured to the point that
it could be used for this purpose.

9-10, 15-17: The meaning of thisfirst sentenceisnot clear. It Satesthat the output of an RfC
assessment is not a science-based process, and | doubt that’ s what you mean.

9-10, 20: “Can be’ should be changed to “are’.  There are very few samplesin which diesdl soot is
not a component of ambient PM,, 5. 1'd chalenge you to find one.

9-15,. 12: | do not agree with the use of “highly” as pertains to environmenta lung cancer risk. | have
no problem with “likely”.

9-16, 7: Change “ventilatory frequency” to “minute volume’. It isn't the breathing frequency that's
important here, it’s the greater ventilation of children than adults per unit of lung surface.

John Elston
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In generd, my impression of the Hedlth Assessment Document for Diesdl Emissonsis favorable
as compared to the earlier draft reviewed by CASAC last year. EPA’s conclusion that a*“bright line”
reference concentration is appropriate for non-cancer hedth effects while a“bright ling” unit risk factor
is not yet appropriate for cancer effects seems supportable given our current knowledge. Whilel did
not support a subsequent CASAC re-review of this document | do believe such areview is appropriate
if it can be conducted in atimely matter and limited to only the revisons suggested by the pand. If
indeed, diesd emissons “likely” show an association with cancer this information must be made
available to the Adminidtrator as quickly aspossible.  In the absence of EPA’s inability to enforce the
PM2.5 NAAQS because of the recent Appeals Court decision, it isvital for CASAC to reach closure
on this document so that EPA can act accordingly.

My specific comments will pertain primarily to Chapter 2. While this chapter has been completdy
rewritten and vastly improved its content now alows a number of new questions and commentsto be
offered.

For one, it isimportant to accurately portray the past, present, and projected future diesdl emission
inventory. The past inventory is needed as a time sequence to correlate with earlier epidemiology
studies and the present is needed to ascertain verification of recently manufactured diesd engines
meeting the current standards. In-use diesel emission studies and data are extremely week, yet EPA
has assumed asix (6) fold improvement over time. Given the EPA experiences with the diesdl
manufacturers use of apparent “defeat” devices for controlling NOx emissions, how can we assume an
in-use improvement which would mirror the changesin the regulatory sandard? The Ssmple answer is
we can't. Given the many assumptions of in-use diesdl verification (i.e., deterioration caused by wear
and variationsin diesd fud, gross vehicle overloading, operator driving discretion and others) it is
unlikely that the red world diesd emissons will match regulatory Sandards. A redigtic red world
mode is required to predict present and future diesdl emissons.

EPA aso tends to downplay the recent revelation that ultra-fine particles are an important public hedlth
congderation of diesd emissons. Ultrafine particle characterization is vitd for determining particle
number and compostion. EPA has assumed amore or less proportiona relationship of PM10 and
PM2.5 concentration and composition. This may not be true for ultrafine particles. Characterization
of ultrafine particles under various engine operations, including cold start-up and cool down idling
conditions are aso needed to represent population exposure adequately. Moreover, the biologicaly
active components are also assumed to be proportiona. A case has not been made for this
assumption.

Findly, it ssemsto me, that the exposure andysisin Chapter 2 isrdatively weak. Maximum exposure
gtuaions and locations, even in lieu of a study, should at least be hypothesized. For example, resdents
living dong and at the end of bus routes, locations of prolonged diesel truck idling, resdentid locations
where diesdl locomatives idle overnight. Community Situations such as these can be relaively common
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in some areas and diesd idle emissions (assuming cool down engine conditions particularly in winter)
may have a different composition due to the combustion of |ubricants under these conditions.

These comments should be considered for future studies. Otherwise, | believe the Chapter iswell
written and the basis for the conclusions are relatively clear and sound.

P.K. Hopke

Chapter 2
The critical outcome of the chapter needs to be that the basic nature of the emissons from diesds has

not changed and thus, the historic toxicologica effects that have been related to diesd emissions are il
vdid. Thereisnot aconvincing argument in the chapter. They have done avery good job of updating
the chapter, but there is a strong indication that the organics associated with diesd emissions have
decreased. This provides prima fascia evidence that the nature of the emissions have changed and thus,
the toxicologica properties associated with that OC phase have been reduced per unit mass of PM.
Thus, more attention needs to be made to close this argument or ese specificaly sate the assumption
that the diesd particles are astoxic on a per mass bass since there is no other evidence to go on and
that provides a protective upper bound estimate. However, thisissue needs to be dealt with more
clearly and forthrightly.

1. Page 2-15, line 1: do you mean relative to 4-stroke designs?

2. Page 2-35, lines 15 and 16: isthere redly an extradigit available for off-road (0.0322) or is
there atrailing O missing from on-road (0.0320%)?

3. Should include NFRAQS datainto report. They must have measured criteria pollutants as well

as speciated organics.

Page 2-44, line 35: solublein what? Need to say what the solvent is.

On 2-46 the solvents are given for Rogge et d. (line 32), but not for lines 23, 25, 27, and 28.

Arethese dl the same solvent or is the polarity defined by the solvent? If so, it needsto be

given.

6. It would be helpful to tabulate dl of the engine testing sudies even if they are not explicitly
described in the text on page 2-47.

7. Page 2-61, line 2: more than “several” compounds are emitted as gaseous exhaust components.
Delete “severd”.

8. Page 2-74, line 23: What does the NRC report have to do with gasoline powered vehiclesin
Denver? Itisnot clear how represent the selected vehicles were nor the effects of dtitude and
fud formulation. Thus, the NFRAQS findings are interesting, but should not be over
emphasized until they can be shown to redlly be replicated in other locations. However, the
references should be to NFRAQS reports and not to the NRC report.

It is premature to utilize these retios as done on lines 30-34 and that material should be deleted.

o &
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10.
11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

21.

22

23.

24,

Should be an indication of the potentia for other receptor modeling approaches are possible
given speciated hydrocarbon data. For example, thereisHenry et a. (Environ. Sci. Technol.
28:823-832, 1994).

Page 2-76, line 8: NRC is not the correct reference.

Page 2-76, line 24: what year were the measurements made? Since diesel emissions have been
changing, it isimportant to provide dates for al measurement campaigns.

Page 2-77, line 34: Claremont is not acounty. It isalocation near the border of Los Angeles
and San Bernardino Counties.

What about the bus stop exposure scenario? We see the clouds of black smoke coming from
many urban buses that have to result in short term extreme concentration values. Arethese
congdered? Should they be?

Thereisno discussion of military vehicle contributions to ambient diesdl concentrations.
Military vehicles are either diesdl or gasturbine and in many areas would represent sgnificant
off-base sources.

Unlike many other types of particles, studies of diesdl particles have suggested that there isno
hygroscopic growth. Thisinformation should be provided. Appropriate references are Dua,
SK., P.K. Hopke, and T. Raunemaa, Water, Air, and Soil Pollution 112:247-257 (1999)
and Weingartner, E., H. Burtscher, and U. Batensperger, Atmospheric Environ. 31:2311-
2327 (1997).

In 3.3.3.3, you list anumber of issuesincluding age, gender, physicd activity, respiratory tract
disease, and irritant inhalation, but only respiratory tract disease is discussed (3.3.3.4). Why
aren't the other issues worthy of discussion if they are worth liting?

Page 8-1, line 9: “shows’ seems an overstatement “suggests’ seems more gppropriate.

Page 8-2, lines 6 and 7: ratio should be diesdl/coke oven. Then when multiplied by coke oven
potency would estimate diesdl potency.

Page 8-7,line24: *. . . wha is hgppening in the human lung is uncertain” isin conflict with
“shows’ that itisa“likdy” human carcinogen.

Page 8-11, line 14: in generd epi never getsrid of confounding factors. To some extent it can
control for them but there are inherent collinearities. Thus, to Single out this problem for diesd
undermines epi for dl quantitative risk assessment.

If we can expect more results from Steenland next year, what will it take and when will we have
aquantitative risk assessment? What do you do vis-a-visregulation in the interim? Can't an
adequate upper bound be estimated?

On page 9-6, line 16 it is the Desert Research Indtitute.

Page 1-1, line 14 needs to say mass median diameter sSnce the number median diameter is
more like 70 to 80 nm. The number distribution is more important snce it better describesthe
digtribution of particles Szes as they pertain to deposition and it would be better to switch to
number distributions throughout the document.

Page 1-1, line 23, any combustion source produces EC particles. It isonly a matter of
proportion. Remove “admost unique.” Diesd isamgor source of EC but by no means the only
source particularly in areas with oil-fired home hesting.
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Art Upton

| regret that I'll not be able to attend the Dec. 1 CASAC mesting, but | have reviewed the assgned
chaptersin the revised Hedlth Assessment Document for Diesel Emissions, and | consider them to be
acceptablein their present form. | have no substantive changes to suggest.

Sverre Vedal

Chapter 1 Executive summary

Minor comments:

1-1 | would add a quantitative estimate of the contribution to DE to PM2.5 here (line 22).
1-2  Define RfC here (line 16), snce only defined later on this page.

Chapter 7 Carcinogenicity

This chapter isimproved over the previous draft. The review is thorough and gppropriatdly critical.
The concluson that diesd exhaudt ishighly likely to be a human carcinogen and at environmenta
concentrations iswell supported and appropriately conservative.

The application of the Hill criteriafor causation is not done well and is not very informative. Regarding
tempordity, it is difficult to imagine a scenario where this criterion would not be met given the designs of
the studies. Regarding strength of association (7-82), nowhereis strength addressed.  This should refer
to the Sze of the effect estimate rather that to consistency across study as was done. When one does
consder grength, it isclear that thisis at least one criterion that is not met (e.g., rate ratios of around
1.3-1.5). Theclam that al criteria have been met (7-85, line 21) is not true. Regarding specificity (7-
83), thisis addressed by determining whether the association is specific to lung cancer, compared to
other types of malignancies. Obvioudy only cohort studies can address pecificity within any given
study, and this has seldom been done. In short, consderation should be given to dropping the Hill
criteriadiscussion unlessit is felt that the above issues can be addressed well. My preference would be
to drop it..

Latency is an important issue that needs to be discussed further. One could argue that dl of the studies,
not just those excluded, suffer to some extent from having relatively short latency periods (period from
onset of sgnificant exposure to time of disease ascertainment). By my reckoning, thisis around 20
years. The Garshick analysis currently in progress should address this concern. If | am off base on this
issue, then arguments showing that latency periods were in fact longer than that, or that such relatively
short latency periods are redlistic, should be made.

As| noted a the last review of this document, | do not understand the exclusion of “hypothess-
generating” studies (7-2). Firgt, many studiesincluded (the case-control sudiesin particular) could be
described in that way, given the interest in many exposures. Second, at this point in time thereis no
logical primacy to hypothesis-driven as opposed to hypothesis-generating studies. There may be other
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reasons for excluding some of these studies (e.g., the Schenker study was a pilot study of the later
Garshick study), but the argument regarding hypothesis-generation does not seem relevarnt.

Ladtly, the issue as to whether cigarette smoking is confounding the association has been reasonably
well addressed in the current draft. | recdl that a Sgnificant amount of sengtivity anaysswas
performed on the Garshick cohort study regarding the effects of arange of cigarette smoking scenarios,
and that the results of these sengtivity andyses were reasssuring. | did not see these data in the current
draft (unless| overlooked it) and fed that they are important data. The issue confounding by smoking
has not completely been put to rest given the relaively crude approaches taken in the rlevant studies
for controlling for cigarette smoking. Perhaps the most reassuring observation is that athough smoking
isadrong predictor of lung cancer, it is seldom, if a al, associated with exposure.

Minor points. 7-27 amd| cell ca(line 35).

7-36 lung carcinogens, nat lung cancer (line 19).

7-39  (line 32) what does “risk...higher than the OSHA standards’ mean?

7-40 (line 9) no ref. to HEI,1999.

7-74  (line 30) daify that age was at time of enrollment (1959).

7-140 (line 24) “inferences’” are always involved, so the point is not clear.

7-143 inadequate referencing of lung caand ar pollution (modern cohort studies of Dockery, Pope,
and Abbey, and recent review by Cohen and Samet, etc.).

Chapter 8 Dose-response
This chapter iswdl done. My criticisms are minor:

8-10 Beginning at line 35 and continuing to the first 3 sentences on the next page contain some
incomplete and meaningless sentences. | wonder whether some parts of sentences were
inadvertently deleted.

8-12 covariate, not covariant, in line 20.

8-14 | cannot follow the reasoning regarding the link between effect estimates and lifetime risks of
lung cancer.

Chapter 9 Health hazard and dose-response
Only editorid:
9-3  or should befor
Warren H. White

CHAPTER 2: Diesdl emissions char acterization, atmospheric transformation, and exposur es

This chapter is atremendous addition to the HAD. For something that is essentidly afirst draft asthis
chapter is, it isimpressvely comprehensve and baanced. It was very helpful to my understanding of
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thediesd issue. If the Agency isto approach DE as adistinct and identifiable “pollutant”, it is essentia
that it address the historical and prospective homogeneity of DE asit does here.

2-6/11: There appear to be words dropped between the end of page 2-6 and the start of page 2-7.

2-7/9: The 1998 trends report presumably takes us up through 1997 rather than 1977.

2-7/13: more to the point, “Mobile sources include both gasoline- and diesd-powered on-road vehicles
and avariety of off-road equipment.”

2-7/16: more clearly, “The EPA emisson trends report shows that, excluding fugitive dust sources,
mobile sources are responsible for 24% of PM 10 emissions, with sationary point and area sources
responsible for the remainder.”

2-7/20: The basis of this comparison (“much greater”) needs dlarifying: isit per-vehicle, per-
horsepower, nationd aggregate? Bear in mind that NFRAQS estimated that gasoline vehicles
contributed more than diesds to ambient PM2.5 in Denver in the winter.

2-8/5+: The percentage figures are unhel pful, because the reader has to do the math anyway to know
whether 53% is 56,000/120,000 or (120,000-56,000)/120,000. | suggest “decreased 53% (from
120,000 to 56,000 tons)”

2-8/13: “direct emissonS’ — plurd to agree with verb “are’

2-8/28: “engine-out” is jargon that requires introduction

2-9/18: The opening sentence of this paragraph should be the closing sentence of the preceding
paragraph.

2-13/2: for clarity, replace “this” with * assessment of their impact”
2-13/3: “adifferent extent” should be “differing extents’

2-15/1: “2-stroke” should be “ 4-stroke”

2-17/29: “Thereislittle evidence to suggest ..” needs to be reconciled with “the Ames assay indicated
. inlines 25-26.

2-24/11: “the prevdence of” is redundant with “ penetration”

2-30/13: “In the years since 1950 to 1990 and beyond” is meaningless!

2-30/16-19: | don't believe that the ratio (combination truck vehicle miles)/(passenger car vehicle
miles) in 1997 was (124,500 billion)/(1,500 billion) = 83.

2-36/6: What is*GVWR"? 8,500 Ibsisn’t very heavy for atruck!
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2-46/8+: | would like to see more discussion of the extraction procedures and ther influence on
measured SOF.

2-47/20+: Thisdiscussion of DEP minus SOF, the non-extractable resduum, is important and deserves
at the very least anew paragraph of itsown. In chapters 1 and 9, the equation DEP-SOF = EC is
taken for granted. Besidesthe Zidlinska NFRAQS data, the Rogge et a. (1993) paper cited at 2-
46/32 also measured EC.

2-56/28: “the generd” should be “a generic”

2-60/9: “with no sampling artifacts’ should read “in the tailpipe’. “Artifacts’ arerdativeto a
measurement’ s interpretation and use.

2-60/18: The remark that > 90% of DEP islikely generated during transents merits emphasisin
Chapters 1 and 9 as afactor limiting our present knowledge of red-world emissions.

2-74/16: According to 2-47/20+ (see comment above), this discussion addresses DEP-SOF, the
portion of DEP |eft by unspecified extraction procedures, and not actualy EC. How about “soot” asan
dternative term?

2-74/26: The intended reference is NFRAQS, 1998, which the National Research Council had nothing
to do with. Thiscitation error extends even to the bibliography.

2-74/27: Note that these vaues contradict the Executive Summary’s claim (1-1/23) that “the demental
carbon core is nearly uniqueto DE”.

2-74/31: Where does the figure 64% come from?

2-77/6. The amilarity of indoor and outdoor PM2.5 levels might suggest “extensive intrusion of outdoor
ar into the school environment”, or it might instead suggest only the presence of indoor sources such as
chak dust and the activity of children.

CHAPTER 9: Characterization of health hazard and dose-response for diesal engine exhaust

Overdl, | liked this chapter. It is generdly readable and succinct, written in plain english, and very
helpful in putting issues in context. The exceptions | found to this pattern are listed below.

9-1/31: should read “ranging from annoying TO temporarily debilitating”
9-2/9: This chapter is addressed to a more genera audience than some of the earlier chapters. For
much of this audience, “Mode-of-action information provides a framework” is opague jargon.

9-2/35: Schauer et a. (1996) did not address “nationwide” diesdl contributions.

9-3/10: should read “characteristic OF’
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9-3/13: more accurately, “The main congtituent by weight of the diesdl particleis NON-
EXTRACTABLE CARBONACEOUS MATERIAL, OFTEN REFERRED TO AS dementa
carbon”

9-3/15: more accuratdy, “with 80% being typical IN RECENT MEASUREMENTS’

9-4/12: Thereisno section 2.2.7.
9-4/12+: This paragraph gives the impression of straining to make the case for “mg/m? .. asthe
dosmeter” (see dso0 next comment). A more baanced discussion might note the declining organic
fraction (cf. page 2-47):
“Chass's dynamometer results indicate that SOF emissions have trended downward
over the years as engine manufacturers have tried to reduce oil consumption. Thisis
shown in Figure 2-19, where the trend can be seen as .. reduction in SOF weight
percent... The downward trend in SOF as a percentage indicates that the solid
carbonaceous materid as a percentage of PM has been increasing. ... Engine testing
gudies show SOF percentage to be highly variable, .. exhibiting a declining trend with
model year [eight citations].”
A more baanced discussion might also note that (page 2-32) “Most important for emissions, the
chemica makeup of diesdl fud has changed over time, in part because of new regulations’, and that
(page 2-17) “the Ames assay indicated that the SOF produced by EGR was more mutagnic.”
9-4/28: The phrase “mg/m? is used as the dosmeter” isjargon. It should be replaced, here and
subsequently, by “mass concentration (mg/m? of DE particlesis used as the dose metric”.

9-5/33+: This paragraph is sdf-contradictory. Do CMB estimates of on-road and off-road DEP at
fixed sites in urban and suburban aress range from 4.4 to 11.6 mg/m?, or from 1.2 to 3.6 mg/m?®?

9-7/31: The sentence “While the applicability of rat ..” ishard to parse. | think the authors mean “The
relevance to humans of rat lung cancer responses has been questioned. The relevance of noncancer
responses in rodents is more generally accepted, athough the rat is more sengitive ...”

9-8/9: How does observing rodents demondtrate that “(4) it is believed that the adverse effects have a
biologica threshold, there being no available evidence to the contrary”? And is there any unambiguous
evidence in support of athreshold?

9-8/22: more clearly, “The mgority of DE particle massis a the fine end of the respirable range’
9-8/26: more clearly, “Inhaation Reference Concentration (RfC)” [i.e., need to introduce abbreviation
RfC for subsequent useg]

9-8/30: If the authors are going to talk about “ dose/exposure rates of DE”, then for consistency they
should talk about the concentration of “DE particles’ or “DEP” rather than the visudly unrelated “diesdl
9-8/33: more clearly, “A reliable database FROM ANIMAL EXPERIMENTS and established EPA
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9-9/7: need to introduce NOAEL.

9-9/9: This“criticd” isnot the “critical” defined just two lines earlier; an dterndtive like “key” might be
less confusing.

9-9/17: more clearly, “The process of RfC determination benefits from this unusualy large number ..”

9-11/1: Why do we need a (solitary) subsection and subheading here?

9-11/4: | don't get “This hazard is viewed as being applicable to ambient .. exposures.” How does one
“apply” ahazard? Do the authors mean that the 1996 determination of hazard isrelevant to an
assessment of ambient exposures? Who's “view” isthis—the 1996 Guiddines or the present
Assessment’s? | raise these seemingly minor points because this phrasing recurs throughout the
Assessment (e.g. 1-2/32, 7-139/17), suggesting that it conveys some important nuance that | am
missing.

9-11/21: Section 7.5.1, which is cited here as supporting the assertion that “causality condderations for
this observed association are very consstent” [emphasis added)], is actudly nothing more than an
abridgment of the present section (9.5.1), and in fact omits the “very” from its claim of consstency.
9-11/24: It seems a bit mideading to note that some individua studies had higher risks without also
noting that some had lower risks. After dl, meta-anadlyses are essentidly sophisticated averaging
procedures aimed at narrowing confidence intervas, and it’s no surprise to find them yielding combined
edimates that lie within the range of individua estimates.

9-12/7-11: The argument here sesems tendentious. The fact that job codes and the like are surrogates
for diesdl exposure means that we expect some systematic association between them and that particular
dimengon of ar quality. Why should we, a the same time, expect them to be completdly unrelated to
other dimensions of air quality, and to other potentidly confounding variables?

9-14/31: But can organicsredly be “thought to be in relative proportion to the mass of particulates’? —
See above comments on 9-4/12+. To do so isto ignore diesel oxidation catalysts, for example, which
section 2.2.3.5.2 notes are being retrofitted with EPA support into older urban busses. Also, even my
smple-minded word-processor knows enough to flag “particulates’ asincorrect.

David Diaz-Sanchez

Commentson Chapter 1

Overdl the document is a much better representation of the hedlth risks of diesd than the last draft,
The chapters are more inclusive with more references cited. However, there are till too many
inconsgtencies and errorsthat give the impression that each chapter was written by different authors
who did not read the other chapters. For example, on the very first page it states that “the elemental
carbon coreis nearly uniqueto DE” (line 23). Not only isthisincorrect, it contradicts the assumptions
meade further on in the document where only 70% of elementa carbon is assumed to come from DE.

Commentson Chapter 2



Thisis amuch expanded and comprehensive and current verson of the previous draft.
Page 2-30, line 18 There is an error in the caculations. Are these vaues correct?

Eric Garshick

Chapter 5 Noncancer Health Effects
Page 5-1, lines 11-12: These lines refer to the noncancer effects of PM. It would be worth summarizing
these effects and discuss how diesel could or could not contribute.

Page 5-6, bottom of page: Three cases of asthma attributable to diesdl exposure are described under
the heading “Immunologic Effects’. It should be emphasized here that these cases were not caused by
an immunologic mechanism, but occurred after a short-term exposure to high levels of exhaust. The
paragraph summarizing non-cancer effects possible due to diesd exposure (page 5-10) is mideading
because it isimplied that cross-shift changes in pulmonary function and these cases of asthma after
exposure have an immunologic basis.

Page 5-12, line 21: In the description of the paper by Reger et d. (1982) it would be clearer to specify
that the number of workers studied included 550 miners working underground and 273 surface miners.

Page 5-67, last paragraph, firg three lines: These lines suggest thet diesd particle retention in the lungs
of humans will cause pulmonary hypertension and cor pulmonale secondary to ether pulmonary fibross
or emphysema. Thisis not correct, and this assertion gppears in the section describing the hedlth effects
noted in animals exposed to particles at levels greater than in humans under conditions of particle
overload. These lines are mideading because it suggested that diesdl exposure is known to cause
pulmonary fibross, emphysema, and cor pulmonae in humans.

5-96: | disagree with the statement that inflammation and fibrosis noted &t high levels of exposurein
animdsin the setting of particle overload are rdevant in assessng human risk a lower leves.

Chapter 7 Carcinogenicity of Diesel Exhaust
Generd Comments - Epidemiology

The presentation of the various studies has not improved since the last version of the document. In my
last set of comments, | pointed out inaccuracies in the descriptions of many studies. These inaccuracies
have not been corrected.

The generd description of each epidemiologic study often repeets details that are not relevant instead of
presenting each study in aform that is easily understandable and coherent. The critiques after each
description are repetitive, and do not provide the reader with an understanding of the significance of
each limitation that is noted.



Studies of amilar design will have the same limitations: use of death certificates, lack of retrogpective
smoking histories, use of job title as a surrogate of exposure, use of next-of-kin smoking information,
and lack of sufficient latency for the development of lung cancer. It isimportant to summarize these
limitations in a concise fashion and point out which limitations are serious and which limitations are
minor. Thereis an effort to do this on page 7-79 and the following pages, but the discussion is poorly
organized.

For example, the statement is made on page 7-80, lines 13-15 that reads “ Study endpoints are
frequently mortdity data taken from death certificate information, which is frequently inaccurate and
often does not fully characterize lung cancer incidence in the population in question”. On the previous
page, 7-79, lines 13-19 cites evidence validating the use of degth certificates, and Sating that if thereis
any biasat dl, it istowards an over-diagnosis which would make it harder to detect an effect of
exposure.

The epidemiologic studies have 2 mgor limitations that are not emphasized. The firgt isthe lack of a
study with alarge population with many years (consstently over 20 to 30 years) of exposure and
follow-up. The second limitation is the lack of exposure information. With the exception of 3 studies,
data definitely linking job title to exposure are not available, and the extent of exposure in the past is not
available. On page 7-80, lines 12-13 it was written: “ Generdly, the only information from which diesd
exposure can beinferred is occupational data, which isa poor surrogete for the true underlying
exposure digtribution”. However, the issue in not only quantitative as implied by the satement, but
quditative. In many studies, it was not known how well job definition reflected exposure to diesd (i.e,
asaprofessona driver).

Specific Comments:

Introduction: Page 7-1, Comments on PM, lines 19-22: It is not clear to me what conclusions should
be drawn from these statements as they are written here. Presumably, it isto bring up the link to PM 10
in a chapter that discusses lung cancer, but the Sgnificance of thisisleft up to the reeder. What point is
the Agency trying to make? My interpretation is that diesel contributes to the generd environmentd
particle load, and that the study of occupationa cohorts exposed to diesel exhaust represent subjects
with exposure to particles, some of which comes from diesdl, but some from other sources, depending
on the job. Thismay or may not be reevant for cancer risk. However, the Sx Cities Study suggests
that PM may be linked to lung cancer risk.

Page 7-1, lines 23-31: The issue of duration of exposure and latency needed for the development of
lung cancer isintroduced in agenera way. As | noted in my last comments, the change from steam to
diesd locomoatives generdly started after World War 11 such that by 1946, 10% of the locomativesin
sarvice were diesd, by 1952 55% were diesdl, and by 1959, 95% of the railroads were diesdl. By
dating that the trangition to diesd started in 1935 implies that most of the railroad workers were
exposed for many more years than actudly occurred. Since many epidemiologic studies were donein
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truck drivers, it would dso be useful to ate that the trucking industry changed to diesdl trucks by the
1960's, and sdlesin the 1960’ s of Class 8 trucks (long haul trucks) rose from 48% in 1960 to 85% by
1970. Therefore, in studies of truck drivers that reflected exposuresin the 1970’ s and 1960’ s, many
drivers would have been driving gasoline-powered vehicles.

Page 7-13, study of Garshick et al. (1988): We now appreciate that the relationship (dope) between
years of exposure, when adjusting for attained age (rather than age at entry into the cohort) and
caendar year, is negative. In the years 1977-1980 we now recognize that desth ascertainment was not
complete with 20% to 70% missing deaths depending on the year. The use of years of exposure starting
in 1959 also excludes exposure before 1959. Before 1959 there could have been up to 10 years or
more of additiond exposure by some members of the cohort at atime when the intensity of exposure
was likdly to highest. When analysis of this cohort based on job titlein 1959 is limited to deaths
occurring through 1976, the youngest workers still had the grestest risk of dying of lung cancer. The
description of this study needs updating.

Page 7-36, study of Steenland et al. (1990): It would be appropriate to discuss this study together with
the indudtrid hygiene of Zaegbst et d., 1991. This study indicated that the mechanics had the highest
level of exposure, and the short haul and long haul drivers had smilar exposure levels (gpproximately
25 pug/n?). It is noted on page 7-37, lines 21-23 that no job category had eevated risk. However, the
study has been interpreted as being generaly positive because of the elevated point estimates. The odds
ratio for the mechanics was 1.69 (95% Cl1=0.92-3.09), whereas the odds ratios for the long haul
driverswas 1.31 (95% CI=0.81-2.11), and for the short haul driverswas 1.27 (0.83-1.93). Thelong
haul drivers drove mainly diesd trucks, whereas the short haul drivers drove gas-powered trucks. The
gmilarity in odds ratios and exposure levels between the short haul and long haul drivers suggests that
much of the driver’s exposures come from the roadway. These results can be added to the section, and
serveto link the air pollution and diesd literature.

Page 7-38, study of Steenland et d. (1998): Thisis not an independent study, but is based on the
case-control study published in 1990. Numerous assumptions were used to generate the dose-response
relationships presented. As aresult of the uncertain link between job title and level of past exposure
presented here, the risk presented is uncertain. The limitations should be pointed out. The statement on
page 7-40 “As far as quditative risk assessment is concerned, this study is considered il to be
pogitive and strong” is not relevant since the origina 1990 study has been presented.

Page 7-48, Summaries of studies and meta-analyses: This section provides no new information and it is
not clear why it isincluded. On page 7-50 a comment is made about adjustment for smoking in the
1987 case-control study published by Garshick and coworkers. Pack-years both as a categorica and
continuous variable were used in the analys's, not just pack-years as a categoricd variable as suggested

by the Agency.



Page 7-79: It might be useful to state what is lacking in the human epidemiologic literature regarding the
relationship between human exposure to diesel and lung cancer. What would be required to permit
EPA to declare diesd exhaudt a definite human lung carcinogen? Thiswould help guide
recommendations for future research.

Chapter 8 Cancer Dose-Response Evaluation
Page 8-3, Table 8-1: If these estimates have limitations, then it ismideading to list them

Page 8-11, lines 16-17, comments on the effect of cigarette smoking: An analysis performed by in the
HEI 1995 report demongtrated that smdl differencesin smoking behavior are not likely to account for
the devated risk attributed to exposure. It would be reasonable to include this in the discussion about
the potentid effects of smoking.

Page 8-14: This section discusses the magnitude of potentid risk of lung cancer. This discusson seems
irrdlevant given the uncertainty of actud exposure information.

Chapter 9 Health Hazard Characterization

Page 9-11: The designation “likely” seems more gppropriate, which is consstent with the prior
categorization of the heath hazard.

To understand the risk of lung cancer due to diesdl exposure, a tudy is needed that clarifiesthe
relationship between job title and risk of lung cancer. For example, can exposure to diesd exhaust
aone account for the risk of lung cancer attributed to working as atruck driver? Isit due to properties
uniqueto diesd, or isit dueto an ill-defined effect of respirable particles? It would be reasonable to
pose such questionsin this section.

Commentson Chapter 5

This chapter is an obvious improvement over the previous draft. The range, scope and number of
articles on non-cancer effects of diesd exhaust has been considerably extended and updated. The
omissions are mainly extensions or confirmation of work aready cited in the chepter (eg. Muranaka
86, Suzuki 93, Ichinose 97, Terada 97). One area where studies are oft omitted do bear mentioning:
the role of diesd exhaust and components of the organic fraction on immunologica changesin vitro.
For example: Saneyoshi 97 and Fujimaki 94 which ded with cytokine production from cells derived
from diesd exhaudt trested animds. However, overdl | do not believe that the omissons serioudy
detract from the quality of the chapter.

Epidemiologica studies have been of limited vaue to determine the non-cancer health effects of diesdl
exhaudt. As the chapter points out they have been plagued by many of the same confounders asthe
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cancer dudies. quantifying of exposure, the effects of smoking etc. Additiondly, pollutants such as
ozone and environmenta tobacco smoke (ETS, second hand smoke) are thought to be risk factors for
respiratory diseases, asthma and atopy, thereby further complicating the picture. Severd studies that
have not been cited examine the role of environmenta pollution in the incidence and severity of
respiratory disease, asthma, atopy and other immunological diseases. However, these studies are
plagued by the inability to dissect out one dement such as diesel amongst the generd mixture. Given
these limitations | believe that the document is correct in drawing few conclusions from these studies.
In contrast the experimenta exposure studies on humans are informative and there can be little doubt
that diesdl will cause odor, eye and lung irritation. More obvioudy these studies demongtrate
inflammatory and immunologica changes. These results are confirmed and strengthened in the various
anima models and direct comparisons of the human and anima studies would be useful. Although the
separation of sudiesinto human and animd is vaid, a better attempt to link the two could be made.

The chapter correctly identifies that the sudies cited demongtrate only limited evidence for a detrimenta
effect of DPM on liver function, micrasoma enzymes, serum biochemigtry, fertility and bacterid
resstance. The data for an effect on pulmonary function is much stronger and the risk of reduced
pulmonary function as a consequence of chronic DPM exposure is correctly identified.

It isin the category of inflammatiory and immunologica changes that this chapter ismost lacking in
interpretation. While most of the relevant studies are cited it seems clear that there is not acomplete
grasp of the Sgnificance of the results. Table 5-8 is cited twice as showing “equivocd results’. In fact dl
the studies shown in this table and in Table 5-9 are in agreement. It is clear that DPM aone increases
inflammation while in the presence of dlergen it will cause anincrease in “dlergic antibody” production
and the induction of responses typica of asthma. The fact that there is no apparent change in the first 3
studies cited (Dziedzic 1981, Mentnech 1984, Bice 1985) is completely expected and agrees with the
other studies. These 3 studies measured total lymphocyte number, IgM, 1gG and IgA antibody
production. In fact these endpoints would not be expected to increase in an asthmatic or dlergic
regponse or even in agenerd inflammatory response. An increase in neutrophils with possible bronchia
hyperplasiawould be expected in the absence of alergen done. With dlergen, an increasein
eosinophils, mucus and IgE production would be expected. thisis exactly what is seen.

Overdl it seems obvious that the authors of this chapter were more comfortable with established issues
such as airway clearance and dveolar macrophage viability and have stressed these points even though
the data for them is contradictory. It should be noted that immunity, alergenicity and inflammetion are
dl intricady linked. Studies in human, anima modeds and in vitro assays are dl virtudly uncontested for
aroleof DPM in inducing immunologica changes that promote inflammation and alergic airway
disease. Indeed given that of the 50 studies cited in this chapter published after 1990 more than 2/3
refer to asthmaldlergy or immunologicd, it is surprisng that this chapter does not lend more emphasis
to this point. It seems clear that athough whether these effects occur a environmenta or occupationa
concentrations have not been determined, diesd exhaust can dter the immune system to induce or
exacerbate inflammatory and immunological responses.
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Commentson Chapter 6

Despite the preponderance of evidence showing that diesd exhaust can affect immunological changes,
the quantitative data in this areais virtudly absent. Therefore, the authors are correct in choosing
pulmonary histopathology as the critica effect from which to derive the Rfc asthisis the fidd with the
greatest amount of quantitative data. It is stressed throughout the document that the authors believe that
this hedth outcome is due to the carbonaceous effect of Diesel Exhaust. The authors should therefore
clearly explain why the derived Rfc is different from that set for PM2.5.

The issue and use of uncertainty factorsis very problematic. A vaue of 10 is used to accommodate
human-to-sengitive-human extrapol ation. The main judtification used for this vaue isthat certain
individuas may be more sengtive to the effects of DE on dlergenicity than others. How can the authors
choose one disease outcome for the critical effect and acompletely different one the uncertainty
factors? This legp in logic seems even more egregious when one reconsders the mechanisms of these
two outcomes. pulmonary histopathology is considered to be caused predominantly by the
carbonaceous core of DEP while there is very compelling evidence that the alergenic changes are due
to the chemicals present in DEP.

Given the previous criticiamsit is surprising that a“high confidence” is expressed in the Rfc. What does
this mean? Isthis amerdly subjective descriptive label? Are the authors comparing this to other Rfc
derivations the agency has made?

Commentson Chapter 7

The designation of the carcinogenic effects of diesd exhaust as*highly likey” seems again subjective
and capricious. While it seems the evidence certainly suggeststhat diesd is a possible carcinogen, the
moniker “highly” is redundant and confusing. This category should be clearly explained aproposthe
EPA’ s proposed guidelines for Carcinogen Risk Assessment. What is the criteriafor classfying DE as
“highly likely” rather than “quite likely”, “somewhét likely” ec.

William Pier son

| would not agree that it has been demonsirated that diesdl PM is a human caracinogen a
occupationd/ambient levels. Also, the report seems unreasonably long for human absorption.

Ronald E. Wyzga
Chapter 2: Can anything be said about the genera public's exposure profile to diesd emissons; i.e,

what is the distribution of diesdl emissions concentrations and personad exposures over time? Are pesk
exposures common and much higher than longer term averages?



Chapter 5: The linkage between this chapter and the PM hedlth effects literature is woefully
inadequate. In particular, it would be of interest to learn where there are amilarities and differencesin
the findings

Chapter 6: | have three mgor comments on this chapter: (1.) The concept of “average lifetime
exposure” should be defined unambiguoudy: | assume that this means a 24-hour aday exposure for
lifetime (70 years). (2.) This concept then need be related to typica exposure profilesto the extent that
these are available. (I believe akey research need is the development of such profiles) In any casethe
realism of the lifetime exposure concept needs to be addressed and confronted. To what extent, for
example, isthere support for Haber’ s law with respect to these emissions? Isan RFC/RfD based upon
“average lifetime exposure’ redly useful for non-cancer endpoints? | persondly believe that more acute
exposures may be far more important for non-cancer endpoints; | would at least have liked to have
seen adiscusson of thisissue. (3.) Findly there are rlatively few linkagesto the PM Criteria
Document and hedth effects literature. If diesdl emissions were associated with health responses as
PM in generd, the evidence for associationsis clearly greater for acute exposures.

Specific comments:
p. 6-6, Il 6-8: Thisis speculative. More information is needed to buttress this assertion.
l. 29: Doesthis modd gpply to ultrafine particles?

p. 6-13, Il 23-27: Insert that this applies to an assumed continuous lifetime exposure.

p. 6-22, 1. 7: It should be stated unambiguoudy that this refers to a continuous lifetime exposure.
Does this then trandate into the equivadent of an annua standard? If so, compare it with the PM
sandard? |sthere any evidence that such exposures are ever attained?

Chapter 7: | have severd genera comments about this chapter. (1.) | am uncomfortable with the use
of theterm “highly” in summarizing the carcinogenicity of diesd exhaust. This adjective is not part of the
classfication language suggested for use by EPA, and | fear that the use of such adjectives will only
confuse the public even though EPA can apply descriptive terms as gppropriate. (2.) The meta
analyses discussed in the chapter cite a greater number of references than the EPA document. Isthere
agood reason for this? (3.) Thereisno discussion in this chapter of the reandyses by Crump and
Dawson of the Garshick data. We specificaly asked EPA to try to resolve thisissue in our previous
comments on the draft document. This issue was gpparently addressed by agroup from HEI, aluded
to in Chapter 8 (p. 8-12); this should be thoroughly discussed in this chapter.  (4.) Again linkagesto
the PM issue are weak. See, for example, Table 8-7 in the current draft PM Criteria Document. Such
linkages could lead to a discussion about the importance of chemistry as opposed to particle exposure

per se.

Specific comments:



p. 7-2, 11 1-4: | don't believe that EPA should dismiss “ hypothesis-generating” studies as reedily asit
did. Thesedudies, paticularly if they are negative, provide ussful informeation in interpreting the overdl
informetion.

p. 7-54,1 9: What is“reldively technicd”?

p. 7-71, Il 3-20: Good discussion.

p. 7-82, 1l 14-16: Why are only “some of the studies considered by HEI ...consdered in this chapter”?
p. 7-138,1 32: Thisis Chapter 7; give section or page number.

Chapter 8: Generd Comments: (1.) | gpplaud the EPA’swillingness not to estimate dose-response
relationship from the extant data. Thisisin contrast to the usua practice, but it is warranted by the data
currently available on thisissue. (2.) | would have like to have seen some discussion about the
uncertainty of the correct metric to consider for diesdl exhaust. Tota massis emphasized at present.
Uncertainty exists about issues such as particle number and surface areaas well of chemigtry. (3) The
classfication argument should aso make use of the fact that diesd exhaust contains known carcinogens.
What isthe EPA position about mixtures containing carcinogens, i.e., if amixture contains aknown
carcinogen, is the mixture automaticaly a carcinogen?

Specific comments. Section 8.2.1: | personaly am not supportive using comparétive potency
methods to derive unit risk estimates of carcinogenicity. Such estimates are highly senstive to the
biologica (assay) endpoint chosen as well asto the dose/exposure leve a which the biological/assay
result was derived. | would like to see this section criticized more heavily; others, however, may
disagree with me. It is noteworthy, however, to Sate that this method is not consonant with methods
used or proposed in EPA’s Risk Assessment Guiddines.

Section 8.2.6.1: | would like to see this section expanded to present more details of the various
analyses. Such an expansion would, however, be more appropriate in Chapter 7.

p. 8-13, |. 32: Delete “highly”; see above.
p. 814, 1. 9-11. Either support this statement or delete it.

. 19: Thisislikdy an overamplification because it congders the lowest exposed group in the
Steenland study; is there evidence of increased cancers among this group; if not, delete this statement.

Il 26-33: | would delete this paragraph.

p. 8-16, |. 10: Delete “highly”.



Chapter 9: Overdl comments. (1.) This chapter is very useful and is more appropriately placed a the
end of the document. (2.) Delete the word “highly” in describing the carcinogenicity of diesel emissons.
See my above comments. (3.) Linkageswith the PM hedth effects literature need to be strengthened.

Specific comments: p. 9-1, |. 15: Thewording is curious, can something more scientific be given in
place of "that raise suspicions’.

. 18-20: Somewhere s this document this issue should be discussed in more detail then
referenced here. See my above comments.

|. 27: Be more specific; “of interest” says nothing.

Il. 28-32: Link thisto the PM hedlth database.

p. 9-2, . 25-28: The definitions are not consstent with those that EPA has applied to the PM issue,
They should be consistent.

p. 9-3, 1. 18: Arethese dll likely to be on the surface of particles?
p. 9-5, Il. 7-8: The sgnificance of thisissue for risk assessment should be noted.

p. 9-6,1. 1. Is4.4redly the lower bound?
. 1-7: Givetime averagesfor dl numbers.

p. 9-10, I. 13: Give averaging time.
Il. 22-23: Clarify; | don't understand the wording here.

p. 9-15, Il. 20-26: Delete. | have strong reservations about the value of these estimates.
L eslie Stayner

Chapter 6 - Non-cancer Dose-Response Evaluation

This chapter presents arather straightforward NOAEL /Uncertainty factor andyssto derive an RFC
for the acute effects of diesdl exhaust. As the documents points out this approach is largely based on
policy rather than science. | have just afew comments/concerns about the methodology used, which
are listed below.

a The uncertainty factor for animal to human extrapol ation was reduced from the
conventiond factor of 10 to afactor of 3. The judtification for this reduction wasthat a
pharmacokinetic (PK) modd was used for the extrapolation reducing a part of the
uncertainty. EPA has partitioned the factor of 10 into afactor of 3 for PK, and 3 for
pharmadodynamics. However, this correction in the uncertainty factor appearsto rest
on the assumption that the PK mode does not have any uncertainty. | do not believe
thisistrue for any PK mode and certainly is not true in this case. The PK mode used
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b)

d)

was derived usng data from rats, and Smple assumptions about scaling to humans.
Thus there was no human data used in developing this model, and the modd itsdlf isan
extrgpolation from animals to humans. In fact, research donein my branch by Dr.
Eileen Kuempd (doctord dissertation, University of Cincinnati, 1997) on the
development of a PK modd for cod dust suggests that this model isinadequate to
describe dust retention in humans. Her research indicates that interdtitia storage of cod
dust is far more important than aveolar macrophrage clearance in humans, in contrast
to ratswho largdly clear dusts through the macrophages. Thisis consstent with sudies
in primates. The PK model developed by Yu and Y oon that was used in this document
does not include an interdtitia department, and Dr. Kuempe found that smilar models
did not fit autopsy lung burden data for cod miners. In any casg, if it is assumed that
the PK component of -this uncertainty factor is afactor of 3 then it seemsthat an
adjustment of less than 3 is warranted because of uncertainty in the PK model.

It is unclear why a benchmark dose andyss could not have been performed with the
HERP or ITRI studies. The rationae offered on page 6-20 do not seem to make much
sense. Thefact that some studies did not have adequate quantitetive datais true, but it
does gpply to the HERP and ITRI studiesthat did have quantitative data. The criteria
for choosing from many endpoints should be same for the BMC gpproach isit isfor the
NOAEL approach. It would seem that the fact that a deposition modd is available
only for rats would be a problem for both approaches.

Page 6-13, lines 23-27: The choice of the NOAEL asthe highest NOAEL that is
below dl the LOAEL s presented in table 6-2 seems somewhat irrationd. This
approach would make sense if you were looking at the results from a single multi-dose
study. However, in this case there are 3 different studies with different protocols and
even different engine types. The ITRI sudy had alower NOAEL (0.042) than the
HERP studies, which may reflect differences in the nature of the exposure and not the
level of the threshold.

It s;ems odd that a high level of confidence was assgned to this RFC which is based
on crude andyses of anima data when thereislittle if any support for these effects from
the epidemiologic literature. Thisjudgement isin sharp contrast to the cancer
dose-response assessment where there is abundant epidemiologic evidence, but the
agency was not confident enough in the data to provide any estimate of unit risk. In any
case, it would seem that the lack of human evidence for the acute effects would
preclude the assgnment of a"high" levd of confidencein the RFC.

Page 7-138, lines 15-17: This sentence suggests that the rat appears to be more
sengtive to the non-carcinogenic effects of diesd than humans. What is the bass for



this gatement? If it can be substantiated it would imply that the factor of 3 for
pharmacodynamics should be reduced.

Chapter 8 - Cancer Dose-r esponse evaluations

This chapter presents areview of previous attempts by various individuals and organizations to
determine a dose-response or rather arisk-response relationship for lung cancer and exposure to diesel
exhaust particulates. The EPA has decided to not present any new analyses or to adopt the results
from any previous dose-response andyses in this health assessment, or in other words has not decided
on a"unit-risk" vaue. This decison was based on 1) the view that the toxicologic studies are unsuitable
for quantitatively estimating human risks, and 2) there are till substantia and unresolved controverses
about the analyses of exposure-response in the two available occupationa epidemiologic studies.

This reviewer concurs with their decision to defer the presentation of quantitative estimates of risk for
cancer pending the results from ongoing investigations by researchers at NIOSH and elsewhere. There
are 2 important developmentsin the near that may impact our ability to estimate risk based on the
available epidemiologic studies in the near term. Thefirgt is an update of the railroad workers study by
Garshick et d. (1988). Subsequent to the publication of this study, it was discovered that there was a
large percentage of missing deethsin the last years of followup of this cohort (1976- 1980). NIOSH
has been working with Dr. Garshick to update his cohort with these missing desths, and it is anticipated
that thiswill be accomplished in the year 2000.

The second development is ajoint effort by researchers at NIOSH and at the EPA's Divison of Maobile
Sourcesto develop revised estimates of historic exposure for the analysis of the truck driver cohort
study by Steenland et d. (1998). Significant criticisms of the assumptions used in this andysis for
estimating historic exposures were made in the recent review by the Hedlth Effects Ingtitute (1999)
particularly about the assumptions concerning the emission factors of diesd engines over time. Working
with EPA we have identified new data that we believe will permit us to develop improved estimates of
the emission factors, and historical exposures for this cohort. We are anticipating that we will be able
to refine these estimate of exposuro and repeat the exposure-response anaysis in the year 2000.

It must be emphasized that we can not predict whether or not these new anadyses will provide a better
basis for quantitative estimates of risk until we have the results from these investigetions. It is entirdy
possible that neither andysiswill result in a pogtive or sgnificant exposure-response relationship.
Furthermore, it needs to be recognized that even if the results are highly positive, that in both studies
there will remain sgnificant uncertainties in the estimates of exposure, and hence the dose-response
relationships. All that we can guarantee is that these analyses will be conducted using the most
scientificdly defengble methods, and that we will atempt to evauate these uncertainties to the fullest
extent possible.



The remainder of this chapter presents asummary of previous risk andyses that have been previoudy
reported, and some discussion about the relevance of these analyses, and an attempt to put these risk
estimatesin perspective.

| have the following technical comments on the Chapter:

a)

b)

There is one gpproach to the risk assessment that was left out of this review, which is
by Cdifornia EPA who in their find document used the meta-anaytic results from
Lipsett et d. (1999) to estimate risk with crude estimates of occupational exposures. |
persondly believe that this approach has congderable merit a this time until we have
better dose-response information.

Section 8.3. Observations of Risk (Page 8-13 to 8-15). This section makes what |
think isavery important point, which is that athough we can't accurately quantify the
risk, it would appear thet it is a least of regulatory concern by EPA standards (i.e., the
risk is> than in amillion). Unfortunately, | dont think this paragraph makes the case
very cdearly. | would suggest one could make the case in the following way. If one
accepts that the epidemiologic evidenceis causal and the excess relative risk observed
in these sudies is roughly about 40% this can be used to crudely estimate lifetime risk.
The lifetime risk of lung cancer in humansiis gpproximately 3 %. Thus a40 % excess
risk would correspond to an excess lifetime risk of approximately 1 percent or 1 per
100. If the high end of environmenta exposuresislessthan afactor of 10 than the
occupationa exposure levels in the epidemiologic studies (as the current text implies)
then if one assumes a linear dose-response relationship the Lipper end of environmenta
risk may approach 1 per 1000. In any case, the environmenta risks would be greater
than the 1 per million threshold leved that EPA generally considers of regulatory
concern.

Page 8-1, lines 17-18: This sentence defends the use of older toxicologic studies for
quantitative risk andyss (ORA). However, the first sentence of this paragraph suggests
that the tox studies should not be used in any case for QRA. Perhaps the word
epidemiologic should be substituted for toxicologic.

Page 8-5, lagt line: | would suggest adding "in rodents' to the end of this sentence. We
don't know if this statement is true for humans,

The unit risk estimates presented from Smith and Stayner (1990) and Hattis and Silver
(1994) were for occupationa exposure scenarios and need to be adjusted for
environmenta exposure scenarios. The Smith and Stayner estimates are reported as
upper bound estimates, but this paper only reported point estimates. Hattis and Silver



o)

h)

)

K)

also reported risk estimates for smokers that were - substantially higher (22 x 10°),
which should be included in your table and summary.

Page 8-7, 2" paragraph: It is suggested that there are 2 major sources of uncertainty in
using the animal bioassay data. However, the second one (shape of the
dose-response) seems to be moot given the acceptance by EPA of the first
(inadequiacy of the rat modd for quantifying human risk). In discussng theissue of
cod, it should be pointed out that the relevance of this example is extremely limited by
the fact that cod dust isamuch larger particlethan diesd. | believethereisdso a
study of German cod miners by Morfeld that shows an excess of lung cancer.
Moreover, if oneisgoing to discuss cod as an example why not discuss silicaor
ashestos as examples where humans appeer to be at least as sendtive asrats.

Page 8-10, line 3: An excess of 100 to 400 desths among how many people and what
level of exposure? This sentence is meaningless as written.

Page 8-1 0, line 22: The estimated risk presented was for truck drivers and probably is
irrdlevant here. A unit risk estimate for this sudy was presented in the companion
paper by Stayner et a. (1998), which was 0.45 x 103, This estimate is probably
preferable for this presentation, although it would need to be adjusted for environmental
EXPosUres.

Page 8-1 1, first paragraph: The first sentence seems to be missng something. Perhaps
you should subgtitute the word "that” for the word “but”. Third sentence needsto be
rewritten. It seemslike to sentences were combined. The study by Sagai does not
seem relevant to the argument being made in this paragraph, since it suggests a particle
effect for diesel and this paragraph is arguing that there could be non-overload effects
involving the organic fraction.

Page 8-1 1, line 19 - | would suggest replacing "diminate or reduce’ with "control for”.
Page 8-12, line 11 - NIOSH is not funding an undercount of the Garshick datal

NIOSH has funded an effort to obtain the death certificates to correct the undercount in
the Garshick data

Page 8-12 The discussion of the Crump and HEI analyses of the railroad workers
study is very superficid and could be expanded.

Page 8-13, lines 14-15: The sentence doesn't make sense. What does a cumulative
exposure mean for ambient air? Are you assuming 70 years of exposure? It seemsthat



a better way of making the point here would be to smply compare the range of average
exposures in the truck driver study with the levelsin the generd population.

n) Page 8-14, last paragraph - This paragraph describes an additiond risk analysis done
by EPA initslast draft. 1t probably should be moved to the previous section that
reviewed previous QRAS. It dso seemskind of peculiar to use a previous draft of this
document as a reference.

Other Comments

Page 1-3, lines 10-12: This sentence totally dismisses the relevance of the animd chronic bioassay
sudies rdevance for predicting human cancer risk. Thisisinconsstent with other sections of this report
that suggest thet this information does have relevance for a quditative determination of risk, but not for
aquantitative risk assessment. | persondly believe that at the very least the lung cancer excessin rat
studies does add support to the positive lung cancer findings from the epidemiologic studies. |
recognize some may argue that the mechanism in rats is related to overload, and that this mechanism
would not gpply to humans exposed to low levels of diesd. However, this assumes we have total
confidence that the mechanism in rats has been established. Thereisat least 1 recent study that
suggests that the organic, fraction may contribute to the carcinogenecity of diesd exhaust particulates.
Futhermore, it is presumed that overload is not occuring in humans. 1an't it possible that some humans
are aready overloaded from other occupationa exposures or persond habits (e.g., smoking). Isnt it
possible that these individuas would be susceptible to the effects of diesdl exhaust exposures even if
overload is the mechanism?

Page 5-10, line 31-32: This sentence and severa sentences in the review suggest that diesdl exposure
may be responsble for the increase in asthmaincidence in the generd population. This seemsto be
pure speculation and probably not redigtic. Diesd exhaust exposures have decreased over the same
time period that asthma incidence has been increasing. It would be sufficient to suggest thet this and
other sudiesindicate that exposure to diesdl exhaust may be associated with an increased risk of
ashma

Page 5-94, lines| 0-1 9: This paragraph is a duplicate of a paragraph that appeared at the bottom of
the previous page.

Page 7-39, lines 32-33: Thereisno OSHA standard for diesdl exhaust. The sentence is probably
referring to the fact that OSHA has generally regarded a 1 per 1000 risk significant for cancer and that
the risk predicted was gpproximately 10 times higher than this level.

Page 7-54, lines 6-8: Publication bias has nothing to do with precison or study power. This sentence
needs rewriting.



Page 7-71, lines 34-35: There was arecent study of German potash workers exposed to diesel exhaust
that should be included in this review.

Page 7-72, lines 11-14: This paragraph dismisses the feasbility of conducting a study of diesdl exposed
miners. However, thisis quite feasible and in fact NIOSH and NCI are currently conducting just such
adudy. The latency should not be too short with gpproximately 30 years since the introduction of
diesd in the mines, and it has been possible to identify mines with little if any possble confounding
exposures. The text probably should instead describe the current NIOSH/NCI study.

Page 7-79, firg paragraph: The use of deeth certificates is not a mgor methodologic issue in these
sudies. The study by Percy discussed in this paragraph clearly suggests that lung cancer on death
catificatesis ardaively reliable source of information.

Page 7-81, lines 3-4: It isnot gppropriate to Smply dismiss any study of lung cancer that does not
control for smoking as this sentence suggests. Other aspects of the study design need to be considered.
For example, if internad comparison groups are used then it is highly unlikely that smoking could be a
strong confounder. Furthermore, one can examine other; smoking related causes of death ina SMR
sudy and seeif these causes are elevated or not. If they are not then it is highly unlikely that smoking is
aconfounder in these udies. In generd, this document is far too dismissive of the epidemiologic
sudies with regard to thisissue.

Page 7-84, line 1-1 2: The section on biologic plausibility should at least mention the lung cancer
response in rats as another source of support. This can and should be said along with cavests about the
issue of overload.
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Roger O. McClellan

| am pleased to provide these written comments to complement the verba comments | offered at the
mesting on December 1, 1999 to review the latest "Hedlth Assessment Document for Diesdl
Emissons’. In my professond judgement the present document is not an adequate summary of the



avallable information for regulatory decison-maung and, hence, must come back to the CASACina
revised form for review. The comments offered below are intended to aid in revising the document.

1. Genera: One key issue with regard to the report is the statement of a hazard descriptor. |
recommend the use of adescriptor asfollows "The existing evidence from the study of past sustained
high level occupationa exposures to whole diesel exhaust suggest that these exposures were likely
carcinogenic to workers. Extrapolations from these exposures to generdly lower ambient exposure
levels provides suggestive evidence, but does not provide sufficient evidence, to characterize the human
carcinogenic potentia of current or projected ambient levels of diesd exhaust exposure. The present
date base on past exposures and responses is not adequate to quantitatively characterize the
carcinogenic risks of diesel exhaust exposure’.

2. Chapter 3: Dosmetry: The chapter is headed in the right direction. It isimportant that it be better
linked to the particulate matter criteria document and related papers. Thereisacritica need for
quantitation with a comparison of expected deposition of diesel exhaust particles (perhaps at 1
microgram/cubic meter) to ambient levels of PM. The metric, micrograms/cubic meter, is an exposure
index not ameasure of dose. The document should more explicitly address susceptible populations,
another areafor linkage to the PM criteria document. It would aso be useful to incorporate and
reference the findings of the, recent ILSI Workshop on the overload issue.

3. Chapter 4: Mutagenesis: This chapter is on track and needs fine-tuning and integration. Individua
sudies are generdly well described, however, the information is not ways adequatdly integrated and
interpreted. An exampleisthe work of Driscoll et d. on carbon black and mutagenicity. Thiswork
needs to be placed in perspective. Itiscritica that the studies using extracts of diesdl exhaust particles
be placed in perspective as to the concentrations used compared to exposures of workers and
laboratory animals and ambient exposures. | can provide a published figure to illugtrate this point.

4. Chapter 7. Carcinogenicity: This chapter needs mgjor revision to improve readability and to provide
for more substantive interpretations of thisliterature. The format should be changed to provide an
opening "road map" paragraph a the beginning of each major section followed by supporting detall.
The tables should be placed at the beginning of each section and then the contents described.

The contents of the recent HEI report need to be more carefully consdered in the EPA document. In
my professond judgement the existing scientific data do not provide abasis for developing
quantificative estimates of lung cancer risks attributable to ambient exposure to exhaust particles.
Specificdly, it is not gppropriate to use linear models of exposure- response relations to estimate elther
risks or associated cost benefits of exposure avoidance at ambient exposure levels. This viewpoint
should be clearly articulated in the revised document.

Gunter Oberdorster
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Review of Diesel Document, Chapter 4
General Comments - The previous review had raised a number of issues that were to be addressed in
the revised draft. They are summarized asfollows:

1. A guantitative integration of dosmetric information is needed to provide perspectives on the actua
amounts of soot and soot-born compounds that will give rise to the doses to tissues and cells under
environmenta conditions.

2. The dosmetry chapter should include linkage to the dosmetry portions of the recent PM criteria
document of the EPA.

3. The Discussion should dso include more recent models for diesel soot dosimetry.

4. The large uncertainty in presently existing modern should be pointed out when extrgpolating from rats
to humans.

5. The discussion of particle overload isinadequate; the particle overload-induced lung tumors give a
convincing argument againg extrapolating the rat data to human cancer risk a environmenta exposures.

6. Volatile and semi-volatile organics and gases were not included in the dosimetry chapter which needs
to be addressed in the revised version.

Review of new draft, Chapter 4, Dosmetry: Therevised verson is sgnificantly improved by
responding to the comments of the reviewers and incorporating them into the revised verson. The
issues of doses to tissues and cells have been addressed to some degree (concepts are presented), and
linkages to the dosimetry chapter of the PM criteria document are made throughout the revised chapter.
More recent dosimetry models have aso been incorporated, athough the mgjor emphasisison the
models by Yu and Y oon since thisincorporates both the rat and human dosmetry for purposes of
dosimetric extrapolation modding. Attempts have aso been made to address the uncertainty of the
presently available models, and the discusson on the particle overload issue is much improved, dthough
amogt recent publication of an expert workshop on thisissues has not been incorporated in this section
(ILSI workshop on particle overload of March, 1998). Thetext isaso more critical now with respect
to extrapolating high dose-induced responses in the rat studies to effects to be expected from low
environmenta exposure levels. A section on organics has dso been included, however, gaseous
components of diesdl exhaust are not considered in this chapter.

Specific Comments
Page 3-3, line 24: Aspect ratio isimportant for deposition by interception but not for impaction.




Page 3-7, line 18: Here and in severd other places of this chapter the term "insoluble”’ should be
replaced by "poorly soluble’ or "particles of low solubility”.

Page 3-8, line 1: | suggest deleting “for the mogt part” and include that the same clearance mechanisms
act on specific particles to different degrees.

Page 3-9, line 2: Add to reference of Stahlhofen the ICRP 1994 reference.
Page 3-9, line 3: Add after "tracheobronchia region” the words "towards the larynx".

Page 3-10, lines 13 vs. line 21: The difference between the statement not to use intratrached ingtilled
particles (line 13) and the subsequent use of trached clearance after indillation (line 21) needsto be
clarified.

Page 3-10, line 31/32: This statement isin contrast to page 3-13 where acceleration of trached
clearance after high concentrations of DPM is reported.

Page 3-1 1, line 7: Change "deposited in" to "trandocated to".

Page 3-12, line 18 - 25: An important study on retention of poorly soluble particlesin humans by Bailey
et d. (1985, Baley, M.R,, Fry, RA., and James, A.C. Long-term retention of particlesin the human
respiratory tract. J. Aerosol Sci. 16: 295-305) is not included here. This study is the most
comprehensive one on particle retention in humans, pointing out the importance of changing clearance
rate over time such that particle retention haftimes vary from about 180 days at the beginning to 700
days later after deposition.

Page 3-12, line 33: Add after "lung burdens' the words "and estimated exposure histories'.

Page 3-13, line 29: It is not clear why the intercept A would represent amounts cleared from the
gadtrointestind compartment and why intercept B would represent intermediate clearance from the lung
compartment and not the long-term clearance? This needs to be clarified.

Page 3-13, lines 33 and 34: Thisisafinding which contrasts previous statements (see comment above)
that high doses of DPM may impair tracheobronchid clearance. Thisrequires clarification.

Page 3-20, lines 29-32: This section does not gppear to be very meaningful, stating that deposited
particles may be either completely or incompletely cleared from the respiratory tract. If thissectionis
retained, what should be included is a description of the changing pattern of the clearance over time as
found by Balley et d. (1985) (see comment above), and aso that clearance kinetics are affected by
total particle load (overload). Otherwiseg, it is not clear what this section is supposed to convey.



Page 3-20, line 36: Change "depends on” to "includes knowledge of'.

Page 3-21, line | 1. | suggest to change "retention of deposited particles' to "retained dosesin the
lower respiratory tract .

Page 3-21, line 16: Deete theword "norma” and change "patterns’ to "kinetics'.

Page 3-21, line 26: It is not clear why the impact of respiratory disease would be especidly in the
tracheobronchia tree.

Page 3-22, lines 3-9: It would be desirable to include a reference to the recent ILSI workshop on
particle overload which was held in March, 1998, with severa participants from EPA. The workshop
report isnow in pressin Inhaation Toxicology and has been digtributed to al meeting participants. A
definition of the particle overload phenomenon as well as other perfinent issues regarding particle
overload-induced adverse effects have been presented at that workshop. For example, the term
"overload" was defined as "For chronic inhdation of poorly soluble particles, particle overload isa
consequence of exposure that results in aretained lung burden of particles that is greater than the
steady-state burden predicted from the deposition rates and clearance kinetics of particlesinhaed
during exposure.”

Page 3-22, line 16: Thisline ends with a sentence which is not finished and does not belong here.

Page 3-23, lines 7 and following: Morrow (1988) did not emphasize a concentration of 10 mg/lung asa
lung burden a which particle clearance seizes, but rather emphasized the volumetric load of
macrophages. This ought to be included here, rather than in the next section (page 3-24) sincethisisan
important concept upon which aso present occupationa exposure limits to PNOC are based.

Page 3-24, line 1. Include the word "chronic” before "inflammation”.

Page 3-24, lines 2 and 3: Change the orders of words at the end of the sentence and include mutationa
events asfollows “.....to the development of fibrogs, epithdid cdl mutations and tumorsin rats
(Mauderly, 1996; Driscoll et d., 1996)."

Page 3-24, line 33 to Page 3-25, line 18: Move this portion to page 3-23 as pointed out above.

Page 3-25, line 27: Add the word "crystdling" before "dlica’ and delete the word "may". Also, another
example of particlesinducing imparment of lung clearance a much lower lung burdensiis ultrafine
particles as reported by Oberddrster et a. (1994 Inhaed Particles VU).

Page 3-27, line 36: Replace "aerodynamic” with "thermodynamic”. Page 3-30, line 3: Add to end of
sentence the words "in rats.”



Page 3-32, line 32: Replace "hdf-lifé" with "haftime'. The same gppliesto line 2 on Page 3-33.

Page 3-33, lines 4-11: This paragraph states that the deposition fractions for PM in the pulmonary and
tracheobronchia regions of the human lung remain reatively unchanged for particles between 0.2 and
1.0 Fm. Thisis probably correct, and it would be useful to include afigure here like the one derived by
ICRP in their recent 1994 model. Such figure should also show the range of predicted deposition
efficencies. It would aso be useful to point out that the predicted particle depostion efficiencies for the
different models can be quite different for specific particle Szes, i.e., differences between the NCRP
and ICRP modd or differencesto the Yu and Dyu 1983 modd. For example, astatement on lines 9
and 10 that deposition fraction in the pulmonary region increases sgnificantly between 1 and 3.5 Fmis
not supported by the ICRP modd.

Page 3-33, line 14: Include after "transport rates' the word "were'. Page 3-35, lines 2 and 3: Reference
to the carcinogenicity chapter could be made here.

Page 3-36: With respect to the bioavailability of organics, the recent publication by Hiuraet d. (Hiura,
TS, MP Kaszubowski, Ning Li, and AE Nel. 1999. Chemicdsin Diesd Exhaust Particles generate
reactive oxygen radicals and induce apoptosis in macrophages.. J. Immuno. 5582-5591) should be
included. Thisisakey paper which demongtrates the potentid of diesdl particle associated organicsto
induce oxidative sressin target cells. Diesd particles devoid of organics and carbon black or TiO, do
not, showing that diesdl particles, indeed, are different from other poorly soluble particles of low
cytotoxicity. A caveat needsto be added, though, since the dose levels used by Hiura et d. (1999) for
the in vitro dogng are very high.

Page 3-39, line 17: Organics duted from the particles not only rapidly enter the blood stream - which is
probably not the most likeliest event - but they are metabolized in specific cell typeslike Claracells,
type 11 cdls and endothdid cdls, ether by inducible enzymes or enzymes dready present, e.g., P450.

Page 3-39, line 27: Exchange "dose’ with "exposure”.
Page 3-40, line 3: Delete "insoluble or”.

Page 3-41, lines 1-5: The statement that a greater percentage of diesd particles are depodited in the
branching of smal airways of laboratory primates is not described in the text preceding this summary of
this chapter. The statement that euted organic carcinogens remain in the lung long enough to be
metabolized needs to be expanded on in the text on page 3-39 as commented on above.

Chapter 5: Mutagenicity In the previous review, it was suggested to include a discussion on the
mutagenicity of particles with high doses without organic mutagens and dso include a discusson of the
mutagenicity from oxygen radicals which are thought to contribute to the lung tumor response of rats



after heavy high-level chronic exposures. Such discussion has not been incorporated in the revised
chapter.

It was aso suggested previoudy to discuss the issue of the high doses that have been used in
mutagenicity assays. These doses are generdly extremdy high (e.g., 20 mg of DPM/hamster) and the
relevancy of these doses to low environmental levels needs to be addressed. This has aso not been
donein the revised version.

Chapter 7.3: Carcinogenicity in Laboratory Animals

Specific Comments. Page 7-89: The study on top of page by Heinrich et d. (1989a) shows extremely
high lung tumor incidences in controls as well asfiltered and non-filtered diesdl exhaust exposed
animals. Isthis correct? Also the superscript after PBN should be a lower-case d rather than
lower-case .

Page 7-121, lines 24-30: The issues of threshold needs to consider aso additiond information, for
example, the corrdation between the degree of inflammation and associated induction of mutations as
shown in sudies by Driscoll et a. support very wel the existence of athreshold determined by the sze
of the inflammatory response. Thus, a number of data strongly suggest that, indeed, a threshold does
exis.

Page 7-126, lines 19-31: The statement that the evidence for carcinogenicity of diesd exhaust is
consdered to be adequate from the anima studies needs to be qudified by emphasizing that it is by
inhdation and in rats a high doses only. | don't think that the injection and skin- painting studies should
be used to expand the evidence for carcinogenicity to include dl animas. In the sentence of lines 26
and 27 of this paragraph, | suggest to include in the sentence with poorly soluble particles of carbon
black and TiO, that long-term high exposure inhaétion levels are required (change insoluble to poorly
soluble).

Page 7-130, line 3: The study by Borm et d. should include dso the dose levels to be used, were they
very high compared to the in vivo Stuation?

Page 7-131, lines 5 and 6 and Page 7-132, line 14: | suggest including in the title of the sections
discussng mechanisms of carcinogenicity the species from which this was derived, i.e, the rat.

Page 7-134: In this discussion of the importance of reactive oxygen species, the studies by Driscoll et
al. (Driscoll, K.E., Deyo, L.C., Carter, JM., Howard, B. W., Hassenbein, D.G., and Bertram, T.A.
1997. Effectsof particle exposure and particle-dicited inflammatory cdlls on mutation in rat dveolar
epithdid cels. Carcinogenesis 18 [No. 2]: 423-430) on the effects of particle exposure and particle
dicited inflammatory cdls on mutation in rat dveolar epithelia cdls (Carcinogeness 18, pg. 423, 1997)
should be included. These studies show that particles co-incubated with lung epithelia cells do not
induce mutations as co-incubation with ravaged particle-dicited inflammatory cells do induce such
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mutations. Particles used were crystdline SO, carbon black and TiO,. These are key studies
supporting the role of reactive oxygen pecies in inducing mutations in vivo (such in vivo mutations were
aso reported by Driscoll et d. after ingtillation as well as inhaation studies with carbon black) and they
aso show that the particles themselves do not have this interaction of mutagenicity with epithdid cdls.

Page 7-135, lines 10 and 11: The statement that PMN levels are not excessive following the deposition
of high lung burdens of TiO, in the Lee et d. study is not supported by data. Such measurements were
not made in this study.

Page 7-135, lines 17 and 18: Driscoll (1996) performed a more comprehensive comparison of a
number of inhaation studies correaing particle mass and particle surface arearetained in the lung with
tumor incidence and found that particle surface areais amuch better dosimeter than particle mass.

Page 7-135, line 33: Thereis, indeed, good evidence that continued decrease in particle Sze into the
ultrafine particle Sze range (20 nm, ultrefine TiO,.) increases the carcinogenic and toxic potentid of
those particles. In fact, the sudy by Heinrich et d. with ultrafine TiO,. can be compared to the study
by Leeet d. with larger-sized pigment grade TiO, showing that in the Heinrich et d. study 10 mg/m?
induced after two years of exposure higher incidence of lung tumors as did 250 mg/m? in Lee et 4.
sudy. Also, in the Heinrich study the niice exposed to the same concentration had to be taken out of
the exposure because of the high gpparent toxicity of these ultrafine TiO,, after ten months of exposure.
Thus, indeed, there is good evidence that the Size of particles going into the ultrafine range isavery
important parameter for toxicity and also carcinogenicity in the chronic exposure Stuation.

Page 7-136, line 10: | suggest changing "biochemicaly inert” to "low toxicity”.

Page 7-137: In thisfigure, | think an important cell type, namely the neutrophils (PMN), are missing
which are dicited via chemokines released from activated macrophages.

Driscoll et d. have shown that the PMNs are much stronger source for reactive oxygen species than
macrophage are. Also added as an update to this figure should be organics which can dicit oxygen
radical based responses (see paper by Hiuraet ., 1999).

Page 7-138, line 21: Added to this sentence should also be a statement that thisis aso a phenomenon
seen after longer exposures at high dose levels.

Page 7-139, line 1: For extraction of organics of retained particles, isit necessary to have available one
year? |an't the extraction process in the lung much faster?

Page 7-139, line 15: The statement that diesdl engine exhaust is"highly likely" to be carcinogenic -needs
to be followed by the modifier thet thisis only vaid for high exposure concentrations over along
duration. Moreover, the sub-descriptor "highly” should be deleted since this may be misread asa
quantitative assessment which has not been made a present.
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Page 7-140, line 10: Add after "characterization” the words "if concentrations are very high".

Page 7-140, line 16: How smdl isthe difference between higher and environmental exposure and
occupationa exposure levels?

Page 7-142, line 18: What is the evidence that diesdl particles at low concentrations are ingested by
epithelid cells and induce DNA damage?

Page 7-142, lines 23 and 24: What is the evidence for the statement that the resident time of organic
compounds euted at branching of smal airwaysisincreased?
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