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Hedth Assessment Document for Diesd Exhaust (EPA 600/8-
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Dear Ms. Browner:

The Clean Air Scientific Advisory Committee (CASAC, aso referred to as the Committee) of
the EPA Science Advisory Board, supplemented by expert consultants (together referred to asthe
Pandl), met on October 12-13, 2000 to review the July 2000 draft document, Health Assessment
Document for Diesel Exhaust (EPA 600/8-90/057E), in a public meeting in AlexandriaVVA. This
draft document was prepared by EPA’s Nationa Center for Environmental Assessment (NCEA),
Washington, DC

An SAB Subcommittee conducted an initial review of the diesdl topic in 1990. Subsequently,
CASAC reviewed drafts of the diesdl health 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 Panel and NCEA Staff (heresfter referred to as Staff) was held on June 10,
1999 regarding the development of the next draft. On December 1, 1999, CASAC reviewed the draft
document and found it improved, but not sufficient to warrant closure.

During the October 2000 meeting, numerous suggestions were offered for additiond revisons
to improve the document’ s accurate and complete portraya of current knowledge. Severd key issues
were discussed, and agreement between the Committee and Staff was reached on approachesto be
taken to making changes addressing dl key issues. Two issues engendered extended discussion.

It was agreed that two approaches would be taken to characterizing the level of long-term
environmenta exposure considered acceptably free from significant non-cancer hedth risk. A
reference concentration (RfC) would be derived as before, but would include an interspecies
uncertainty factor resulting in avaue of goproximately 5 pg/m?. It was agreed that linkages between
risks from diesd particulate matter (DPM) and ambient particulate matter (PM) would aso be



discussed, concluding that an annua nationd ambient air qudity standard (NAAQS) for PM,, s would
be considered adequately protective for long-term exposures to ambient DPM.

The inclusion of arange of cancer risk vaues provides a perspective on the possible range of
lung cancer risk from environmental exposures was strongly debated. There were concerns for the
conflict between inclusion of arange and the decision not to adopt a unit risk vaue for cancer, and for
the likely misuse of the values despite Agency disclamers. It was agreed that the range would be
included, but accompanied by clear cavests and disclaimers concerning the uncertainty of the risk
vaues, the use of the vaues, and the fact that the possible lower end of the risk range includes zero.

With mixed recommendations from its consultants, the Committee reached unanimous closure
on the document on October 13", based on assurances by Agency staff that key revisions would be
made as agreed and attention would aso be given to the numerous more minor issues raised by the
Pandl.

CASAC compliments EPA Staff for their strong effort to respond to the Pand’s
recommendations in developing the revised draft. With further, fina revisons, the document will
condtitute an acceptably accurate and complete summary of current knowledge concerning the heglth
effects of diesdl emissions.

We look forward to your response to the advice we have given in this report and seeing the
final verson of the Diesdl Hedth Assessment so that it can provide scientific input to the future decisons
of the Agency.

Sincerdy,
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Dr. Phillip K. Hopke, Chair
Clean Air Scientific Advisory Committee



NOTICE

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

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



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

The Clean Air Scientific Advisory Committee (CASAC), of the EPA Science Advisory Board,
supplemented by expert consultants met on October 12-13, 2000 to review the July 2000 draft
document, Health Assessment Document for Diesel Exhaust (EPA 600/8-90/057E), in a pubic
mesting in Alexandria, VA. Thisreview followed reviews of previous draftsin 1995, 1998, and 1999.
The Committee found the July 2000 draft, pending key revisons agreed upon a the meeting
(summarized below) and numerous minor editoria changes, to be an adequate summary of current
knowledge concerning the hedlth effects of diesd engine emissons.

The draft was improved over the lagt draft, and the Committee complimented Staff for its strong
effort to take the Pand’ s previous comments and recommendations into consderation. The Panel
gpproved of the generd framework of the document. Two of the key issues raised at the last review
were satisfactorily addressed in accordance with the Committeg’ s guidance. Fird, the revison
eliminated the use of a different hedth effect, immunologica responses, as abass for adjudting the
reference concentration (RfC) for non-cancer effects based on lung pathology. Second, the revison
changed the descriptive characterization of cancer hazard from long term environmentd exposures from
“highly likely” to “likey”.

Numerous suggestions were offered for additional revisions throughout the document to
improve its accurate and complete portrayd of current knowledge. Agreement between the Committee
and Staff was reached on gpproaches to making changes addressing dl key issues.

It was agreed that two gpproaches would be taken to characterizing the level of long-term
environmental exposure consdered acceptably free from sgnificant non-cancer hedth risk. AnRfC
would be derived as before, but including a factor for uncertainty in interpecies extrapolation and
resulting in avaue of gpproximatdy 5 pg/m?. It was agreed that linkages between risks from diesdl
particulate matter (DPM) and ambient PM would aso be discussed, concluding that an annual
NAAQS for PM, s would be consdered adequatdly protective for ambient DPM.

The inclusion of arange of cancer risk values to provide a perspective on the possible range of
lung cancer risk from environmental exposures was debated. There were concerns that incluson of the
range could be perceived as inconsg stent with the decison not to adopt a unit risk value for cancer, and
for the likely misuse of the values despite Agency disclamers. 1t was agreed that the range would be
included, but accompanied by clear cavests and disclaimers concerning the uncertainty of risk, the use
of the risk perspective values, and the fact that the possible lower end of the risk range includes zero.



With mixed recommendations from its consultants', the Committee reached unanimous closure
on the document, pending assurances that the above key revisons would be made and attention would
be given to incorporating numerous more minor changes suggested in the individua Pandist’s
comments.

L The closure options presented to the Panel by the Panel Chair were to: &) close on the draft document without needing to see it
again; or b) not close on the draft document if they desired to review additional rewrites (this latter option would require an additional
meeting). Three of the six consultants indicated that they wished to see how EPA characterized the results of the Panel discussionsin
certain sections of the draft document, as a result, these three consultants were not able to fully close on the draft document. All six
of the CASAC Members present (the seventh Member had resigned prior to the review) choose to close on the draft document without
formally seeing it again, assuming that EPA would make a good faith effort to incorporate appropriate updates as discussed during the
meeting on October 12-13, 2000.



2. INTRODUCTION

21 I ntroduction

The Clean Air Scientific Advisory Committee (CASAC) Diesdl Review Pand (Members plus
expert Consultants) reviewed the Agency’ s revised draft Health Assessment Document for Diesdl
Engine Exhaust (EPA, 2000) on October 12-13, 2000 in Alexandria, VA. The draft review document
was prepared by the Agency’s National Center for Environmental Assessment (NCEA) - Washington,
DC Office.

The diesdl topic was first reviewed by a Subcommittee of the Science Advisory Board in 1990.
Thisinitid effort was followed in 1995 when the firsds CASAC Diesdl Review Pand (Members plus
expert Consultants) conducted a peer review of the December 1994 version of the draft diesdl
assessment. Asaresult of that review, the CASAC recommendations focused on: @) the use of
specific uncertainty factorsin deriving the RfC (reference concentration) vaue for protecting from
adverse noncancer respiratory effects; b) the minimal scientific support for using rat bioassay data for
estimating human cancer risks; and ¢) the outdated nature of information in severd chapters. The
Committee dso made numerous suggestions and recommendetions 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).

The resultant revised draft diesd assessment was then reviewed by anew CASAC Diesd
Review Panel a ameeting on May 5-6, 1998. At that meeting, NCEA provided CASAC with alisting
that identified the digposition of the significant recommendations that had been made by CASAC in
1995 (CASAC, 1995). The CASAC Diesd Review Panel that was created for this 1998 review
included a number of Members and Consultants who served on the 1995 Panel aswell as new
pandlists to ensure that the compaosition of the review pand would be fresh and objective. Thisisthe
gandard practice of the SAB and is consstent with the provisons of the Agency’s 1994 Peer Review
Policy and the 1998 Peer Review Handbook (EPA, 1998). Panelists were asked to provided written
comments on the questions in the charge as well as specific chapters that they had been assigned for
review. These recommendations are covered in detall in the CASAC report of that review (CASAC,
1998). The Committee could not close on the draft and asked that the Agency make the requested
revisons and schedule another peer review mesting.

On June 10, 1999, the Committee held a Consultation with NCEA Staff regarding the
development of the next revision of the draft diesel document (CASAC, 1999a). Thiswasdoneasa
precursor to the next full peer review planned for later that year. On December 1, 1999, CASAC
Diesdl Review Pand met in Research Triangle Park, NC to conduct a peer review of the Agency’s
revised draft Hedth Assessment Document for Diesel Engine Emissions (EPA, 1999). Asaresult of
that review, it was clearly apparent that Staff had made a strong effort to respond to the Pandl’ s earlier
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recommendations in developing the revised draft. However, the number of mgor and minor remaining
criticisms and recommendations raised by the Panel once again precluded closure on the draft
document. In particular, there was substantia concern for the approach taken to deriving the
uncertainty factors used in caculating the reference concentration vaue (RfC) for noncancer hedlth
effects. Secondly, the mgority of the Pand disagreed with the Agency’ s use of the description “highly
likely” to portray cancer hazard from long-term environmental exposures. These recommendations,
and others, are covered in detail in the CASAC report of that review (CASAC, 1999b). The CASAC
asked to see afurther revision of the draft document, which is the subject of this current CASAC

report.
22  Charge

The chief purpose of this review was to determine whether or not changes made in response to
previous CASAC guidance resulted in arevised document satisfactory for closure. No other specific
charge questions or issues were raised by Steff.



3. COMMENTSBY CASAC ON EACH CHAPTER

In developing the fina verson of the document, we advise the Agency to consider the full range
of suggestions contained in the detailed written comments of the individua Pand members (see
Appendix A), the summary minutes of the meeting, and comments made during the meeting. Because a
full transcript of the meeting was not created, Staff are encouraged to interact with the Committee Chair
as may be necessary to ensure that key revisons are consstent with the intent of the agreements
resched a the meeting. Only summary comments concerning key issues are contained in this report.

3.1 Chapter 1. Executive Summary

This chapter will need to be examined carefully and revised as necessary to ensure that it
reflects changes made in subsequent chapters.

It would be useful to include a statement on the motivation for developing this Hazard
Assessment Document and its relationship to regulatory decision-making.

It would be useful to briefly summarize emissions trends and the contribution of diesdl emissons
to the nation’ s emissons inventories and pollutant burden.

3.2 Chapter 2: Diesdl Emissons, Characterization, Atmospheric Transformation, and
Exposures

This chapter is much improved. The Pand offered severd additiond referencesfor inclusonin
thefind versgon.

Tables summarizing emissions trends and the contribution of diesdl particulate matter (DPM)
and nitrogen oxides to the total emissions inventory should be added to the chapter, in order to better
place the contribution of diesdls into context.

The chapter should make clearer that DPM is a subset of ambient PM, rather than something
separate from ambient PM, as the present wording appears to suggest in severa places. It can be
clearly stated that athough the compaosition and potentid toxicity of DPM may differ from those of the
composite ambient PM, DPM is a ubiquitous component of ambient PM.

Different techniques have been used for measuring dementad carbon and organic carbon, and
they yidd sgnificantly different results. Without specification of the measurement method, results from
different reports may not be directly comparable. Indications of the measurement method should be
added to citations of results from different studies and comparisons among them.

The chapter appropriately mentions differences in fuels used in on-road, off-road, and railroad

diesdl engines. However this and subsequent chaptersfall to tie these differencesto their potential
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implications for hedth hazards. For example, would differences between on-road and railroad diesdl
fuds have any implications for the possible interpretation or comparisons of epidemiologica results from
truck drivers and railroad workers? Stationary sources should also be discussed. 1t also does not
indicate that the changes made in on-road diesels to reduce their emissions may have aso changed the
toxicologica characteritics of those emissions (for example, reduced amounts of organic carbon
associated with the particles).

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

The fact that DPM exhibit little hygroscopic growth has bearing on the estimation of deposition
in the respiratory tract, and should be mentioned.

The portrayd of deposition should be expanded by considering the entire respiratory tract,
rather than just focusing on deposition in the lung. Substantial deposition also occurs € sewhere, and
this knowledge isimportant to placing non-lung hedlth effects into context (e.g., nasal deposition and
nasal immunologica responses). Figuresillustrating the relationship between regiona deposition
fraction and particle Sze are readily available, and an example should be included.

The discussion of different deposition modd s should be accompanied by a comparetive
presentation of example results using the different modds. For example, it would help to place the
deposition assumptions and results of the model used to derive the RfC into context regarding other
broadly-accepted models like those of the NCRP or ICRP.

The discussion of interspecies differences in the interdtitidization of particles should note that,
athough differences between the proportion of particlesin the intergtitium of rats and non-human
primates have been observed, the observations have been at sngle times after chronic exposure, and it
is possble that comparable amounts of materia enter the interstitium of rats, but move more rgpidly to
lymph nodes and other locations than in primates. 1t should aso be ated that the information cited in
regard to intertitialization is derived from high-dose exposures, and that no such information exists for
exposures a environmentd levels. Pointswere raised in individua comments that would enhance the
discusson of how interdtitidization is treated in the Y u modd.

This chapter till does not adequately portray the plausible doses of organic compounds to
arway or pulmonary cdlls that might result from ether environmenta or occupationa exposures. Some
sraightforward “order of magnitude’ caculations could be added, and would help place the subsequent
information on high-dose in vitro mutagenicity test results into a more useful perspective. Thisissue
was raised repeatedly in reviews of previous drafts, and has sill not been adequately addressed.

34  Chapter 4. Mutagenicity of Diesel Exhaust



It would be useful to bring the discussion of our understianding of the linkages between
mutagenicity and carcinogenicity up to the front of the chapter. This should be followed by the
information briefly describing the history of diesd-rdated mutagenicity research, which could be
usefully, but till succinctly, expanded as suggested by individua reviewer comments.

As noted above, the issue of the relationship between doses used in mutagenicity assays and
plausible doses received from environmenta exposures should be discussed. The chapter does a
disservice by not placing dose into better perspective.

3.5  Chapter 5. Noncancer Health Effects of Diesel Exhaust

This chapter fails to mention the exposure or dose used in many of the Sudies cited. Without
some indication of dose, information on hedth responses has little value. The relationship of
experimenta doses to those from resulting from plausible human exposuresis key to understanding
whether responses are likely to be of public hedth concern.

The chapter contains a good breadth of information on non-cancer health issues; however,
there isinsufficient depth of interpretation of much of the information. The superficid treatment of the
information leads to both under- and over-interpretations. A few examplesfollow. Many of the
cdlular and chemica changes listed are biologicd markersthat are consstent with asthma, but the
studies do not demonstrate that asthma was produced. Many of the differences between results of
animd studies are more likely due to differencesin study design, rather than to true interspecies
differences, as presently implied. The chapter gppearsignorant of the implications of the important
differences between studies. The discussion of the increase in immune responses caused by pyrene
impliesthat pyreneisaconcern. The discusson does not clarify that pyrene was used as a single model
compound and was not compared to other compounds. It is not mentioned that other results indicate
that adjuvant activity is characteristic of multiple organic species, and among multiple combustion
emissons

The chapter states wrongly that there have been no well-controlled chamber studies. Studies
are cited in the Pandists comments.

The trestment of roadsde asthma studiesis too superficid. Present information should be
described more thoroughly, including a better distinction between asthma prevaence and exacerbation
of asthmatic responses.

A number of key referencesto be consdered for inclusion in the find document are offered in
individua Panelist’s comments (see Appendix A).

3.6 Chapter 6: Quantitative Approachesto Estimating Human Noncancer Health Risks of
Diesel Exhaust



The presentation of information linking effects of DPM to those of ambient PM isimproved, but
the comparison remains difficult. The contribution to the difficulty in making the linkage of the different
types of experimental gpproaches taken to DPM and ambient PM should be explained. The
suggestionsin individua Panelis’ s comments for additiond citations for this materia, and for discussing
their implications, should be incorporated.

The information contained in the gppendix on benchmark concentration andysis should be
discussed in a paragraph, rather than the present single sentence.

The description of the derivation of the human equivaent concentration (HEC) needs further
clarification. Firdt, asagreed a the meeting, the section can be enhanced substantially by the addition
of atable liging the key input parameters and values used for rats and humansin the Yu modd.

Second, one can determine from the appendix that the different patterns of rat exposures were
norméalized to continuous exposures to derive the HEC, but this fact and the uncertainties thus
introduced into the extragpolation need to be stated clearly in thetext. The statement that time averaging
was not part of the assessment appears in conflict with the use of time averaging in deriving the HEC.
Third, it should dso be explained in the text why the relationship between rat exposure concentration
and HEC are not proportiond over the concentration range listed in Table 6-2.

The gpproach to be taken to characterizing a safe leve for noncancer effects of long-term
exposure was discussed a length. Staff had responded to the previous criticism of using an uncertainty
factor based on immunologica responses to modify the no-effects HEC based on rat lung pathology by
removing the factor; thus increasing the reference concentration (RfC) from 5 to 14 ug/n?. There was
generd agreement that immunologica effects may possibly supersede lung pathology as the critica
hedlth concern, but that: 1) immunologica responses were more likely a concern for acute, rather than
chronic, exposures; and 2) present knowledge was insufficient for deriving a reference concentration
(RfC) for DPM based on immunologica responses. There was dso generd agreement that it was
reasonable to retain some form of uncertainty factor for interspecies extragpolation.

Staff had aso responded to the request to expand on the linkage between the safe leve of
DPM and the proposed annual NAAQS for PM, . It was generdlly agreed that some form of such a
comparison should be retained, but that current knowledge was insufficient to describe the relative
potencies of DPM and other components of PM,, 5 with confidence.

After discussing severa options, agreement was reached between the Committee and Staff to
ded with these issues by presenting two perspectives, dong with cavests regarding the uncertainties
involved.

RfC for DPM: An RfC derived in the same manner asthat in the draft and based on rat lung
pathology will be included. An uncertainty factor of 3 for interspecies extrapolation will be



used, together with afactor of 10 for differencesin individud sengtivity, resulting in an RfC of 5
pg/n.

DPM vs. PM, s: A discussion will beincluded which draws the genera conclusion that, as
long as DPM continues to condtitute it’s gpproximate present proportion of PM,, 5, an annua
PM,, s standard would be considered adequately protective for DPM.



3.7  Chapter 7: Carcinogenicity of Diesel Exhaust

The vdue of the Hill criteriafor supporting the Agency’s case for cancer causation was
questioned, especidly consdering their reliance on the Rothman interpretation of the criteriafor
explaining why individua criteriadid not have to be met. Perhaps only the consstency and biologica
plausibility criteria have been clearly met; there was generd agreement that the dose-response criterion
has not been clearly met.

Latency of effect remains akey issue in interpreting the present database to indicate that diesdl
emissions are carcinogenic in an exposure-related manner. Latency should be discussed more explicitly
in regard to the studies cited, indicating which studies provide useful information on latency , what range
of latency is present in each, and which studies provide no information on latency. This information
might best be provided in atable.

The brief discusson of the Cdifornia EPA and Crump analyses of the epidemiologica data
should be expanded to describe the differences, and the more recent andysis organized by the Hedlth
Effects Ingtitute should also be included and described.

There continued to be concern for the use of the rat inhaation studies as part of the weight of
evidence argument, as had been expressed during previous reviews. It was agreed that other
laboratory results provided sufficient biologica plaughbility for acancer hazard. Staff agreed to exclude
the rat inhaation results as part of the weight of evidence for carcinogenicity, dthough the summary
characterization of the evidence would not be changed as aresult.

The conclusion in the weight of evidence section that diesd exhaust is likely to be carcinogenic
to humans is congstent with the Committeg’ s previous guidance. There remained, however, mixed
views concerning: 1) the use of the term exhaust instead of citing a component, or components, of
exhaugt; and 2) the further characterization, at any exposure condition. The former could be
misinterpreted to suggest that no clean-up strategy could reduce concern as long as something was
emitted, even if only water and carbon dioxide. The latter implies a clearer understanding of the
exposure-response relationship than presently exists, and should be clarified as a default assumption in
the absence of complete information.

3.8  Chapter 8: Dose-Response Assessment: Car cinogenic Effects

The appendix on epidemiologica studies warrants a summary paragraph, rather than the
present single sentence.

There should be a clearer, more methodica, more explicit summary of the uncertaintiesin

interpreting the epidemiological database with respect to dose-response. This summary will enhance
the reader’ s understanding of the cavests given later regarding the range of risk vaues.
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The Committee continued to agree with Staff’ s decison not to adopt a unit risk vaue. 1t was
agreed that no single exigting data set, or combination of existing data sets, dlows for the calculation of
an estimate of unit cancer risk with acceptable confidence. It wasfet unlikely that continued evaluation
of data sets from past epidemiologica studies will resolve the uncertainties to a satisfactory degree, due
primarily to the lack of exposure information. There were mixed views regarding the likelihood thet
future studies will provide an acceptable unit risk va ue gpplicable to environmenta exposures.

The incluson of arange of cancer risk vaues to provide a perspective of the possible range of
lung cancer risk from environmenta exposures to DE was amgor topic of discusson and a pivota
issue in the Committee' s decision to close on the document. The range first appeared in Chapter 8,
and appeared again in Chapter 9. Staff made clear its intent that its listing of the values was not to be
interpreted as the Agency’ s endorsement of their use as unit risk values. There were mixed views
among both the Committee and the Consultants regarding the appropriateness of including the range;
however, there was genera agreement that, despite Agency disclaimers, the publication of the range
would likely be cited as endorsement of the values as unit risks for estimating cancer degths.
Consensus was dready established that no unit risk value could be calculated with sufficient confidence
to be presented in the document as an Agency postion. The difficult issue, therefore, was the conflict
between the use of the values to portray a possible range of risk and the agreement that no satisfactory
unit risk value could be selected.

Staff emphasized that the range should be included in order to illustrate that the most likely
magnitude of risk is sufficient to be of public health concern; i.e, that therisk is not negligible and
warrants continued action to control exposures to diesel emissions. Staff did not find acceptable the
recommendations offered by some Panelists for relying solely on atext characterization of likely risk.

The Pand generdly, but not unanimoudy agreed that the inclusion of the range of vaueswould
not prevent a recommendation for closure on the document, pending the accompanying inclusion of
satisfactory caveeats and disclamers. The nature of the cavests was discussed and specific language
was offered by some Pandlists. Although agreement was not reached on specific language, it was
agreed that the disclamers would include clear Satements that: 1) that the values were atended by
consderable unresolved uncertainty; 2) that their inclusion in the document did not congtitute Agency
endorsement of their vaidity as unit risk vaues; 3) that the vaues are not proposed as useful for
estimating numbers of cancer deaths; and 4) that the range of potentia risk from environmentd
exposures was very broad and included at its lower bound the possibility of zero risk.

3.9 Chapter 9: Characterization of Potential Human Health Effects of Diesel Exhaust:
Hazard and Dose-Response Assessments

This chapter largely recaps the preceding materid. Severa comments and recommendations

are contained in the individua comments of the Pandligts, and should be considered in developing the
find document. Most of these comments repeat and reinforce issues raised in other chapters.
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The basisfor the statement that carcinogenicity isrelaed to particle szeisunclear. The
meaning of the statement, which only occurs in this chapter, is not explained and no data are given to
support the clam. The statement should be removed.
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4. CONCLUSIONS

The conaultants offered mixed recommendations regarding closure on the document, with some
recommending re-review of some or al of the changes made in response to this review.

The Committee was unanimous in recommending closure pending Staff’ s careful attention to all
comments offered at the meeting and in writing, and pending the revisons to which the Committee and
Staff agreed at the meeting. 1t was the Committee' s view that, despite the considerable remaining
uncertainties regarding the hedth impacts of diesel emissons, the document as gppropriately revised will
condtitute a reasonable portraya of current knowledge in the field.
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Note: These are the find written comments provided by individua Pandigts following the
October 12-13, 2000 meeting. They are included here to present the full range of opinion and to
document al edits suggested by pandligts.
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Joel.Mauderly, DVM

GENERAL COMMENTS
Thisrevison is a subgantia improvement over the last draft, and reflects a serious attempt to
incorporate the comments and guidance of the CASAC pandl.

Overdl, | would agree to close on the document in its present generd form, pending
satisfactory edits by NCEA to address residua key issues and numerous lesser editoria items. The
magority of my comments address editorid faults and lack of clear statements or descriptions of studies,
rather than subgtantive issues. However, some of these “minor” problems cloud the reader’s
underganding of the facts. Thereis no reason the document can’t be written well, aswell as
adequately portraying the current state of knowledge and coming to the correct key conclusions.
Although one might avoid detailed editing in drafts, the find document will require careful examination
throughout for minor, as well as mgor, changes.

In thefind verson, the figures and tables need to be inserted into their proper placesin the text.

SPECIFIC COMMENTS
Chapter 1:  Executive Summary

1-3, 7. Thisisastrange satement. Can you think of any portion of the U.S. population that is not
exposed to “PM, 5 of which DE isapart”? Why not just say that everyone is exposed?

Chapter 2: Diesd Emisdons Characterization, Atmospheric Transformation, and Exposures

2-2, 35. Compression ignition is not just an example of atype of internd combustion engine in which
diesd fud isburned —it isthe only type. Just diminatethe“eg.”.

2-3,4-10: Thisdescription isconfusng. Inline7, you state that DPM “are considered fresh after
being emitted and undergoing aging”. | don’t think that’swhat you mean. The point iswell taken that
there isfresh DPM and aged DPM, but the wording of the paragraph needs some attention.

2-8,18: It doeslittle good to refer to the “Zedovich mechanism” unless you explain briefly what it is,
or & least give areference. Very few readers would have heard that term before.

2-9, 8 and 29 (and elsewhere): The terminology in sections describing DPM and ambient PM need to
be tightened up. DPM is aubiquitous part of ambient PM. Of course, if you anayze pure DPM it will
have a composition overlapping with, but different on average than, ambient PM. The toxicity of
ambient PM samples and pure DPM may well be different. Regardless, DPM is part of ambient PM.
With alittle atention, the wording can be changed to more accurately explain your point. Taken to
ridiculous extreme, if one listed each subset of ambient PM as different from ambient PM, there
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wouldn’'t be any ambient PM |eft! The doppy terminology tends to midead the naive reader in thinking
that DPM and ambient PM are two completdly different things. The opportunity thet islost in the
present wording is to provide a clear and accurate perspective that the many materid's comprising
ambient PM differ in nature; thus, the average composition necessarily differs from the composition of
any individua component. That's not difficult to Sate.

2-13, 31: Shouldn’t it read “ and the maximum” instead of “or the maximum”?

2-22, 36. Hereisthe Zddovich mechanism again. If it'sworth citing twice, it's worth explaining, or &
least referencing, once.

2-25, 23: If the "hydraulic-eectronic unit injection” the sysem commonly called “common rall”? If o,
gnce “common ral” isthe more commonly-used term, it would be good to put it in parenthesesin this
sentence.

2-27, 6. Firgt, has“DDEC” been defined? If not, the abbreviation is worthless. Second, write out
Detroit Diesdl Corporation. Y ou don't use the abbreviation DDC consstently (eg, next page, line 30),
and you write out names of other engine manufacturers.

2-28, 33-34. This sentence needs fixing. Y ou use the term “two stroke” twice.

2-32, 4. 'Y ou make the point that the sample from the tunndl could be taken as representative of heavy
engine emissions, and you may be correct. However, you support that premise with two facts that are
not convincing. Firgt, 25.7% doesn't seem like a“rdlatively large’ percentage, as dated. Rdativeto
what? Second, the number of heavy-duty vehicles passing through the tunnel doesn’t mean that the
sample was predominated by those vehicles. Y ou would have to make the case on the basis of the
relative volume of emissons from heavy and light-duty vehicles, but you don’'t make that case directly.

2-34, 15and 31: Hereis“DDC” agan.

2-41, 17: Here, you use the term “intercooled”. Elsawhere you use the term “aftercooled”. Neither
termisdefined. Arethey the same?

2-42, 30: Theterminology hereisnot clear. Do you mean a decrease in the amount of emissons, or a
decrease in the range (number, type?) of “factors’?

2-44, 1. A given set of dilution tunnel conditions can mode “what occurs’ in the atmaosphere, but only
under that one condition. The point is not that dilution tunnel results can not be representative (ie,
accurate), the point is that no dilution tunnel condition can accurately represent the full set of conditions,
or range of conditions that occur in the environment. Without that clarification, a naive reader would
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assume that dilution tunnel results have no vaue, rather than undergtanding correctly that their vaueis
limited to a specific set of conditions.

2-46, 34: Sentence needs to be fixed.

2-52, 6-12: There are conflicting statements here. It is stated that DPM have limited hygroscopic
growth when fresh, but have more when aged. It isthen stated that DPM “do not gppear to undergo
hygroscopic growth once emitted to the atmosphere’. Y ou can’t have it both ways.

2-54, 35 Presumably, thefirst “PM” in the sentence should be “DPM”.

2-57, 31-32: It suredoesn’t. Md Zedin (SCAQMD) has stated in public meetings that they believe
that today, only about 33% of EC in the basin isfrom DPM. Thisisabig difference from 67%. If you
want to be contemporary, you might want to cal Md and include a quote here.

2-63, 21: I've heard of biomarkers for benzene exposure, but what biomarker is specific for particle-
associated benzene exposure? If thereisn't one, then this statement is mideading.

2-67, 12-13. Thisinformation needs clarification. If the freeway contributed 0.7 to 4.0 “excess’
DPM, what does “amaximum of 7.5” mean? Isthisincluding background? What measurement was
taken as “background”?

Chapter 3: Dosmetry of Diesal Particulate Matter

3-1, 28: Bad sentence—"“here’ is Chapter 3, not Chapter 2. Just say they are described in Chapter 2.
3-1, 29-30: It should read “—are the focd points—".

3-2,15: | believe that alarger range is portrayed in Chapter 2.

3-3, 25. You dready defined these abbreviations above.

3-3, 33: Some agglomerated DPM are larger than 1 micron. Most are not, but the statement isn't true
asit sands.

3-5, 24-25. The presentation of the issue of intergpecies differences (or smilarities) in deposition is
confusng. The satement here, dong with figure 3-1, indicates that there is no important species
difference in lung depogtion. Fird the reader has no ideawhat is meant by smilar “relative depostion”
Second, this premise conflicts with the three-fold differences in deposited dose givenin Table 3-1. Are
you saying that dl of the interspecies difference in deposited dose is due to differences in ventilation
rate? If not, then we need more explanation. If s, isthat consstent with current best thinking.
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3-6, 26: | think you mean “different” particles, not “specific’ particles.

3-7, 34: Areyou making the case that there would be no difference in clearance from ether region for
DPM vs. 4 micron particles? Do we know that?

3-8, 18: It was exposure of rats to whole exhaugt containing DPM, not just to “whole DPM”.

3-8, 24. Again, the exposure was to whole exhaust containing these concentrations of DPM. The
same problem appears again in lines 36, 31, and 33.

39, 5: It would be more informative to state that alarger fraction of DPM trand ocated to the
interdtitium in heavily-exposed primates than in heavily-exposed rats. We redlly don’t have information
on whether the same difference might exist in animas exposed to environmentd levels of DPM.

3-9, 16-18: 1t would be more informative to sate that the reason it isn't relevant is that there were no
arway tumorsin therats. The tumorswere dl parenchymal, so nothing that happened in the airways
could have directly affected them.

3-10, 24. Did Chan expose rats to whole exhaust containing this concentration of DPM, or just to
resuspended DPM, as the present wording implies?

3-11, 20: | think there should be an opening parenthesis before “ CxT”.

3-12, lines 19, 29, and 32: | believe that the exposures were to whole exhaust in al these cases. Same
on P 3-13, 11.

3-20, lines 29, 34: Again, the exposures weren't just to DPM, they were to whole exhaust.
3-22,18: It should be “rodents’ rather than “animas’. The predominant site was not dveolar
macrophagesin primates. | guessit might have been if you postulate that the intertitial burden was
contained in “aveolar” macrophages that migrated there. Are you making that case?

3-29, 4. The sentence need fixed. * Some deposition conducting airways’ doesn’t make sense.

3-31, lines 6,7: So what precludes you from using a multiple-path mode for deposition and some other
modd for clearance?

3-36, 29: Which “much larger particle’ are you referring to — 0.4 or 2.0 microns?

3-37, 16 “Extimaed” isamisspdling.
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3-44, Table 3-2: Shouldn't thetitle read “—exposed to DPM in whole exhaust”? Asin the text,
implying that the exposures were to only DPM is mideading.

3-48, figure legend: The*3” at the end should be a superscript.

3-49, figure legend: It should be“mg DPM”, not “mg PPM”.
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Chapter 4: Mutagenicity

4-3,18: Frg, what is“tar”? Thisisthe only place in the document that uses that term. Regardless of
what the authors might have called it, you need to put the exposure materid in context within the
terminology used in this document. In view of the preceding sentence, you must mean “extract”.
Second, why cite a reference that dosed animal intraperitonedly with 2-4 g extract per kg? That would
be equivdent to 140-280 g in a 70 kg human! A human wouldn't absorb that much extract in a
lifetime, much less afemde during asingle pregnancy!

4-3, 24: Presumably the exposure was to whole exhaudt, not just DPM. Thisis especialy important
when you are taking about mutagenicity, given the amount of SV OCs that go through filters.

4-4, 17: In what cdlls were the adducts measured?

4-5, 24. Was the exposure to whole exhaust?

Chapter 5. Noncancer Hedlth Effects of Diesdl Exhaust

Note: This chapter does a particularly good job of providing summary statements at the end of each
section. The other chapters would do well to emulate thisone in that regard. On the other hand, this
chapter stands out as failing to mention the exposure or dose used in many of the studies cited.

5-3, 17-18. How could an increase in nasal ascorbate prevent further oxidant stress in the * respiratory
tract”? Presumably, you mean only in the nose — or do you mean that you are assuming an increase in
ascorbate throughout the tract?

5-6, 23: It would be better to have a separate heading for the “traffic’ studies. They areredly a
different type of study in which “exposure’ is quantitated in terms of traffic rather than any airborne
materid.

5-8, 4: | know I'm from the provinces, but what is an “express tunnedl”, and would someone be sitting
in one — as the sentence implies?

5-9,5-10, and 5-11. The doses are not stated in severa of these paragraphs. Specificaly, the
paragraphs beginning on 5-9,11, 5-9, 34, 5-10, 26, 5-11, 9, and 5-11, 17. Without someindication
of dose, the information is of limited vaue.

5-21, 6-8. This statement doesn't derive from the studies presented in this section. If you want to

make a case for the organics (which is reasonable), then cite the studies demondtrating the relationship.
If you can't cite studies, don’t make the statement.
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5-40, 25: What was the exposure concentration?
5-41, 16; What was the range of doses?

541, 21: What was the dose? Why cite studies using intraperitonedl injection when there are severa
studies dosing viathe respiratory tract?

5-41, 30: What was the dose?

5-42,9: What wasthe dose? Why cite afootpad study when we have respiratory studies?

5-42, 20 and 30; 5-44, 18 and 30; 5-45, 15 and 22: What were the doses in these studies?

5-53, 27; and 5-54, 1. What were the exposure concentrations in these studies?

5-57, 5. The wording states that pyrene adsorbed to DPM augments the adjuvant effect. That is not
what the study demonstrated. What you don't say is that the only single organic compound they tried
was pyrene. They used that asamodd compound, and speculated that it may aso act that way on
DPM. Whileit istrue that the sudies showed that pyrene could have this effect, it is very mideading to
imply that pyrene adsorbed to DPM causes the effect, much lessis chiefly responsible for the effect. It
islikely that severa organic compounds could have this effect in pure form, and dso areasonable
hypothesis that they do the same when attached to DPM. Y ou do a disservice, however, by citing the
sudy in away that leads the reader to a misunderstanding of the facts. Thiswhole issueisvery
important, and it is gppropriately cited in this chapter. Thereis no reason to cloud the issue by not
being clear about what we do and don’t know at thistime. It would also provide perspective to note
the dose of pyrene used to achieve this effect, and how that relates to doses expected from
environmental exposures.

5-59, 9: What was the dose in this study?

5-59, 29: This statement is exactly backwards. There was less aggregation in the mice, not in the rats.
5-64, 9: It should say “—lung tumorsin rats’.

5-69, 25: It would probably be more precise to use “potency” rather than “efficacy”.

Chapter 6: Quantitative Approaches for Estimating Human Noncancer Risks of Diesd Exhaust
6-2, 21 Is“adjuvancy” redly aword?

6-4, 24: Do you redlly mean PM s, or do you mean PMy,?
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6-11, 19-21: Isthisreally true? What about the Fred Miller et . Modd —isn't that one
parameterized for humans and rats and currently available?

6-12, 7. Didn’t you use the retained lung burden as the “dose’, rather than the air concentration? An
ar concentration is an exposure metric, not adose metric. | thought that the model(s) used for HEC
compared species on the basis of retained PM.

6-12: 1t would seem that somewhere on this page, it should be made explicit that the extrapolation
assumes the equivalence of CxT = CxT. That is, “dose’ was adjusted across species assuming that a
weekly non-continuous exposure could be extrapolated to a continuous exposure by dividing by the
hourly ratio. Thisis areasonable assumption under the circumstances, but is an important feature of the
extrgpolaion. For example, thisis an important assumption underlying the information given in 6-13,
17-21. The reader can catch this point from footnote b in Table 6-2, but it should be made clear in the
text.

6-16, 4: You could say that some studies report, or that studies occasiondly report, but you probably
shouldn’t say that some studies occasionaly report.

6-17, 32-34: This sentence is confusing. Y ou note that environmenta exposures can be above the
RfC for short times, which istrue. 'Y ou then say that time-averaging is not part of the assessment. In
cdculating the RfC, you did time average the anima exposures to estimate and equivaent continuous
human exposure. All of the anima exposures were episodic, in the sense that none were continuous.
Thus, an acoeptance of time averaging isimplicit in your method. Surely you don't think that anyone
would be exposed to 14 ug/m?® continuoudy for alifetimel Overdl, to say that time averaging was not
part of the assessment is mideading.

6-18, Ishinishi et d. Data: 'Y ou should note that the two data setsare for LD and HD. Also, why is
there a space between 1.84 and 3.72 linesin the HD data set?

6-20, Table 6-2: One cannot tell from the table or the explanation why you lumped together 2.44 and
6.3 exposure levels for the Nikula 1995 study.

Chapter 7: Carcinogenicity of Diesd Exhaust

7-1, 23-25: Y ou should note that these are estimates, or modeled data. Simpleinserting “it was
estimated” would suffice.

7-2, 8-9: | think you are confusing the reader here about the difference between *“hedth risk” and
“burden”. The hedlth burden for DPM can't be larger than the hedlth burden for PM. However, the
hedth “risk” in terms of unit risks, could be much higher for DPM than for PM. Thereisenough
confusion on the street about this issue without contributing to it!

A-10



7-4, 15: Theterm “potentialy exposed” ismisused here. Of course the workers were exposed —
everyoneis. The point isthat these workers had potentially much higher exposures than average.

7-7, 7. Don't you mean “positive’ association instead of negative? A cancer effect would be a positive
association.

7-64, 4. Imbaancesin smoking prevaence are only one way smoking could be a confounder. If
smoking acts synergisticaly with diesdl exposure, then smoking could be an important confounder even
if smoking was smilar among exposed and control populations.

7-65, 12-13: Why not just say that Hill provided a set of criteria? Others have used the criteria, but
they didn't “provide’ them. The criteriathat I’ ve heard used by dl during the past severd yearsal
semmed from the Hill li.

7-67, 28. Thereferencesyou list aredl “rat” references. Why not say that diesd exhaust has been
shown to cause cancersin ras, rather than in “animas’. If you redly mean to be more inclusive, add
some other references.

7-132: The high concentration in the Mauderly mouse study is listed as 7.0 mg/m?®. In the text and on
page 7-127, it is cited as 7.1 mg/m?. The reported concentration was 7.08 mg/m?, so 7.1 would be the
more correct. At least be consistent.

7-139, Table 7-9: Thereisno “DHHS, 2000" in the reference list.

Chapter 8: Dose-Response Assesament: Carcinogenic Effects

81, 4. Thereisan“and’ missng between “datd’ and “ Discusses’.
8-13, 17: Wouldn’'t the equivaent exposure be 21 ug/n? instead of 20?

8-13, 28: Thepoaint hereisnot clear. How are you separating on-road from non-road sources?
Surely you don’t mean the this entire document has only discussed risk from on-road sources. The
hazards and risks described throughout the document presumably include those from diesdl exhaust
from all sources. How then do you propose that exposure to off-road sources confers some specia
risk? This doesn’'t make sense.

Chapter 9: Characterization of Potential Human Hedlth Effects of Diesdl Exhaust: Hazard and Dose-

Response Assessments

9-3, 2: It should read “—most other ambient PM —*. The present wording suggests that DPM is not
part of ambient PM.
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9-9, 25: It should read “—exposure to high concentrations of DE —*. Asfor cancer, non-cancer
effects have only been demondtrated in animals at high concentrations of exposure. Regardless of how
you extrapolate to humans, the fact remains that animals have only demonstrated effects a high
exposure levels.

9-9, 30: Presumably, you mean “—mainly fromrats—‘. I’ve looked insidelots of rats and I’ ve never
seen any datain there!

9-13, 17-18: The meaning hereisnot clear. What do you mean by stating that the carcinogenicity
appears related to particle Sze? Do you have data on carcinogenicity of diesel soot of different Sizes
that supportsthis premise. Regardless of what you might have meant here, the statement should be
clarified. 1t could be taken, for example, to suggest that ultrafine DPM are more carcinogenic than
“regula” DPM. We have no data suggesting that.

9-13, 22: The meaning of this statement is not clear. | presume that you must mean that the organics
may have a greater “rdative’ importance a low exposure levels. If they have importance at dl, then
they would have importance a dl levels. Y ou must mean that Snce dementa carbon is thought to be
important in the rat response a high levels, but there is no rat response a low leves, the organics could
ill be important in humans a low levels. That is areasonable hypothes's, but that doesn’t mean that
the organics are any lessimportant at high levels of exposure.

9-17, 25: You don’'t mean 0.14 ug/m® here, you mean 0.14 mg/m?. It would be better to use 14 ug/m?
to be consstent with the RfC chapter.

9-18, 21: It should read “-0- limit for DPM would be—*. If you are taking about “DE”, the mass
concentration would be higher. | think you are just talking about DPM.

9-18, 25: Where dse would DPM come from other than DE sources?

9-18, 26-29: This statement doesn’t make sense. It could only apply if you some standard portion of
PM was DPM. If you want to speculate about relative toxicity, thisisn't the way to do it. Thewhole
example doesn't make sense. If DPM and other ambient PM have the same toxicity, you could have
DPM at any concentration up to 15 ug/m® and not exceed the toxic hazard of the 15 ug/m® annua PM
sandard. DPM condtitutes a variable portion of PM. It may be more or less toxic than other PM. If
al PM were equaly toxic, you could have any mix up to atotal concentration of 15 ug/m® and mest the
intent of the annua standard. The generd point that not dl PM are likely to be equaly toxic and that
DPM may be more toxic than most is a reasonable one to make, but the present wording only confuses
the issue,

9-19, 3-7: | don't agree that the gpparent congruence of the RfC and the annual PM standard suggests
the vaidity of either. | could argue equaly well that the congruence suggests that one or both must be
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wrong. Happening to come out with close to the same number may be reasonable and acceptable, but
that certainly doesn't support the vdidity of either number. Remember, in the last draft you were
equally convinced that the RFC should be 3 timeslower. Overdl, you' d better let well enough done
and not try to congtruct a circular argument for why the congruence imparts confidence.

9-24, 25. Just which areaiin the U.S. does not have ozone present? Thereis ambient ozone
everywhere. The statement doesn’t make sense. Now if you want to argue from the basis of datain
hand that there is some synergism and that DPM may have greater effects as accompanying ozone
exposures increase, you may have a defendable point. However, that's not what the sentence says.
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Philip Hopke, PhD

Chapter 2

They have made avery comprehensive review of the information that is available on diesd
emission rates, characterigtics of those emissions and the amounts of diesel particles that can be
estimated to be present in the ambient air. One of the problems with this chapter is that it does not
provide any clear links to the hedlth risks of diesdl exhaudt. It would be useful to provide some pointers
to the discussons that will come later in the document. For example, given the information they provide
with respect to the significant differencesin railroad diesd fue relative to highway and off-road diesd,
there should be some comment about how this might affect the epidemiology of railroad workers
relative to truckers.

One agpect that is still missing in either chapter 2 or possible chapter 3 is the response of diesd
particles to the high humidity conditions it would encounter in the respiratory tract. One of the
important characterigtics of diesd particlesis that they do not demongtrate significant hygroscopic
growth. Hygroscopic growth has been examined by severd investigators (Weingartner et al., 1993;
1997; Duaet al., 1999) and find that these particles do not exhibit growth. In fact, they gppear to have
some decrease in Sze with higher humidity possibly through the collapse of the fractal aggregate
gructure. This point has been raised in prior reviews, but hasyet to be added. Thisraises questions
about their level of understanding of particle dosmetry.

References
Dua, SK., P.K. Hopke and T. Raunemaa, (1999) Water, Air, Soil Pollution 112: 247-257.
Weingartner, E., Burtscher, H., and Batensperger, U. (1993). J. Aerosol Sci. 24:S371-S372.

Weingartner, E., Burtscher, H., and Baltensperger, U. (1997). Atmospheric Environ. 31:2311-2327.
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Warren H. White, PhD

Chapter 2

In the subset of tables and figures that my interests led me to examine closdly, | came across
severd substantive errors.

Table 2-18. | can't find PAH emission rates broken out by different fuel types anywhere in Norbeck et
a. (1998c), the cited reference. Moreover, the vauesin thistable are 2 or 3 orders of magnitude
higher than those given by Norbeck or those in the HAD’ s unsourced Table 2-18.

Table 2-25. The vaues given for Rochester and Washington presumably belong in the mg/m? column
rather than the % column. The footnote symbolsfor MATES Il and ‘not available’ are reversed.

Table 2-26. Anaheim has a quarter-million people, and isidentified as ‘urban’ in Table 2-25. Itis
unclear that the digtinction urbar/nonurban has any meaning within the LA basin.

Figure 2-33. The Schauer et d. (1999) study employed TOT rather than TOR for the EC
measurement. Rogge et d. (1993) employed a method different from the DRI TOR used for Zielinska
et a. (1998) and Norbeck et a. (1998).

Figure 2-34. (A) The plotted vaues (y-axis) give EC content as percent of totd fine particulate
matter, not as percent of total carbon. For example, Schauer et a. (1999) report EC as 30.8% of fine
particle mass and OC as 19.7% of fine particle mass, for an EC/TC ratio of 61%. (B) | can’t find in
Zidinska et d. (1998) the 33% EC content plotted for engine mode year 1990. (C) All four data
references have coauthors, not just Zielinska.

TORvs TOT

Two different thermal-optica procedures are widely used to determine the fraction of a
sample stota carbon present in the reduced, or “eementd,” form. These are varioudy identified asthe
TOT/Sunset Labs/NIOSH and TOR/DRI/IMPROV E methods, and they are known to yield
substantidly different EC/OC splits (Countess, 1990; Chow et d., 2000; Norris et d., 2000). Both
methods evolved from a common ancestor (Johnson et al., 1981) over the course of a decade or more,
complicating the interpretation of trends and the integration of data from different sudies, particularly
those from different years. This situation will likely continue, as the Agency has invested in two large
ambient monitoring networks (IMPROVE and PM,, 5 speciation), the former employing the IMPROVE
method and the latter the NIOSH method.

The digtinction between SOF and therma-optical determinations of OC is noted and discussed
in section 2.2.8.1.1, but the digtinction between TOR and TOT determination of EC is overlooked in
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section 2.2.8.1.3. Six linesin section 2.4.2.2 seem to be the only mention anywhere of this pervasive
source of ambiguity. As| notein my Chapter 9 comments, failure to distinguish between TOR and
TOT determinations of EC is an important source of uncertainty in estimates of ambient DPM
concentrations, which are centra to this assessment. Paul Solomon and other air monitoring people at
EPA are actively studying the disagreement between TOR and TOT, and should be consulted on this
subject.

EC as surrogate for DPM

The discussion on page 2-57, lines 23-31, uses far too many significant figures. Neither the
64% cited for EC as afraction of DPM nor the 67% cited for the diesdl share of EC differsin any
meaningful way from the fraction 2/3. To claim that DPM = 1.04* EC rather than DPM j EC is absurd.
(Note that ‘HC' iserroneoudy substituted for ‘EC’ in line 31, and again in dl three displayed equations
on page 2-58.) Over-interpretation of the gpproximation DPM | EC continues on page 2-58, and
concludes with the circular logic in lines 22-27, which overlook the fact that the surrogate calculaions
are themselves based on the CMB apportionments supposed to vaidate.

References

J.C. Chow, J.G. Watson, D. Crow, D.H. Lowentha, and T. Merrifield (2000) Comparison of
IMPROVE and NIOSH carbon measurements. Paper presented at PM 2000, Charleston.

R.J. Countess (1990) Interlaboratory analyses of carbonaceous aerosol samples. Aerosol Science &
Technology 12, 114-121.

R.L. Johnson, J.J. Shah, RA. Cary, and J.J. Huntzicker (1981) An automated thermal-optical method
for the andysis of carbonaceous aerosol. In Atmospheric Aerosol: Source/Air Quality
Relationships, E.S. Macias and P.K. Hopke editors, American Chemica Society, Washington.

G.A. Norris, M.E. Birch, M.P. Tolocka, CW. Lewis, P.A. Solomon, and J.B. Homolya (2000)
Comparison of particulate organic and elementa carbon measurements made with the IMPROVE and
NIOSH Method 5040 protocols. In existing HAD draft references.

Chapter 9

This chapter has clearly benefitted from the added round of editing and revison. | particularly
like its explanations of risk-assessment concepts and Agency guidelines. At the end of the day,
however, | find that | till don’t understand the larger question of why the Agency needs this assessment
of diesdl exhaust asan air pollutant that is distinct from its chief congtituents, fine particul ate matter and
nitrogen oxides. Isthe need a gatutory one? A consequence of overlgpping regulatory paradigms? A
response to asingular practica issue?
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Given the PM, ; NAAQS, why should we worry specificaly about diesd PM? This chapter
notes as one reason that somewhat different congtellations of hedlth effects have been suggested for
PM, ; and DPM. Another reason is that some components of PM,, 5, such as St particles and sulfuric
acid droplets, are chemically quite dissmilar to diesdl exhaust particles. But one can grant that it makes
sense to distinguish st particles from engine exhaust and till question the need to distinguish between
the compression- and spark-ignition contributions to engine exhaust. Are gasoline and diesd exhaust
quaitatively so didtinct in terms of particle composition?

Diesd PM isdigtinctively rich in EC; the chapter gives arange of 50%-75% for the EC fraction
of DPM mass. However recent measurements aso find subgtantia EC fractions in gasoline exhaudt.
Norbeck et d. (1998) found EC to contribute over 40% of PM emissions averaging 7 mg/mi from nine
1991-97 light duty gasoline vehiclesin southern Cdifornia. Similarly Watson et d. (1998) found EC to
contribute over 40% of PM emissions from light duty gasoline vehicles during cold start operation in
Denver. Diesd exhaust dso contains benzene, PAHS, and other carcinogens, but again so does
gasoline exhaust. Indeed, gasoline exhaust contains substantialy higher proportions of the heavier
PAHs such as BaP (e.g. Watson et al., 1998).

One could argue that diesd and gasoline exhaust are different and variable mixtures containing
EC and a suite of organic toxicants in common. Given the document’s characterization of risk in terms
of orders of magnitude, are severa-fold differencesin EC content or larger differencesin the rlaive
proportions of different individua PAHs actudly sgnificant?

Ambient exposuresto DPM

The document often interprets EC as a marker for diesel exhaudt, but large ambiguitiesin its
measurement continue to confound the Agency and the scientific community. There are currently two
different anaytic methods for digtinguishing EC from OC, varioudy identified as the TOT/Sunset
Labs/NIOSH and TOR/DRI/IMPROV E methods, and they are known to yield substantidly different
EC/OC splits (Chow et d., 2000). (Note in Figure 2-34, for example, that the sole post-1990 DPM
sample showing less than 50% EC (Schauer et d., 1999) is dso the only one andyzed by TOT rather
than TOR.* ) Both methods evolved from a common ancestor (Johnson et d., 1981) over the course
of two decades, complicating the interpretation of trends and the integration of data from different
dudies. Thisgtuation will likely continue, as the Agency hasinvested in two large ambient monitoring
networks (IMPROVE and PM, 5 Speciation), one employing each method. It presents an overarching
problem for the Agency, and this chapter of this document presents a good opportunity to highlight its
generic importance.

Additiond ambiguity in reports of EC as afraction of total carbon isintroduced by the OC
measurement, which is senstive to sampling conditions. Schauer et d. (1999), for example, found 35%
less OC in their DPM when they sampled behind an XAD denuder to remove organics in the gas
phase.
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* [The caption of Figure 2-33, which claims that al studies employed TOR, isincorrect (Schauer et
a., 1999, page 1579). Theverticd axis of Figure 2-34 is dso incorrectly labeled: the plotted EC
values represent % of tota particle mass, not % of tota carbon.]

This document (and individud investigators) sometimes combine EC vaues from different data
sources without accounting for their origin in different measurement methods. Given the smilarity of EC
contents in some gasoline PM to those in DPM, such combining of inconsistent source and ambient EC
measurements has the potentid to yield Szegble errors in estimates of DPM exposures. | would
accordingly direct more emphasis on page 9-6 to the fact that dl DPM concentrations in the middle
paragraph represent uncertain estimates rather than actua  measurements.

Human evidence for carcinogenic effects

Thisisacharged subject, in which asingleline of ‘spin’ can squander the credibility purchased
with a paragraph of balanced discusson. There are a couple of points where the Agency seemsto be
reeching.

9-11, 8+: “ Although some studies did not have information on smoking, confounding by
smoking is unlikely because the comparison populations were from the same socioeconomic
class.”

Is socioeconomic class such an accurate predictor of smoking? How fine a class Sructure are
we taking about here? The previous draft (11/5/99) was more cautious on this point, concluding that
(7-81, 11+) “.. aposshbility remains that the Satistica adjustment for smoking is not completely
effective, and resdud confounding by smoking may persst to bias the measure of the diesd exhaudt-
lung cancer association.”

9-15, 8+: “ ..examination of the available PM data has not resulted in the identification of a
cancer hazard for ambient PM, although there is some evidence indicating a possible
association between ambient PM and lung cancer.”

‘Some evidence conggts of three familiar studies (pages 7-2,3,4). Thefirst is Sx Cities, which
reported a non-significant RR = 1.37 for lung cancer. The HEI reanalyss (Krewski et d., 2000) found
this association, unlike those for al-cause and cardiopulmonary mortality, to disappear when he
accounted for occupationa exposure. The second is the ACS study, which reported a significant RR =
1.36 for sulfates, but no association with fine particles. It takes considerable effort to construe these
results as linking cancer with the carbonaceous DPM thét is elsawhere the focus of this document. The
fina exhibit isthe AHSMIOG study, which | previoudy understood to have found no significant
associations between pollution and mortdity. |1 now learn that recent analyses show a cigarette-like RR
= 23 for lung cancer in nonsmokers from PM,o; unfortunately, the citations given for this sunning finding
aremissing from the list of references. Please! One can as reasonably assert that thereis ‘some
evidence indicating a possible association between air freshener and lung cancer.
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Relationship between risks from DPM and ambient PM,, 5

| appreciate the Agency’ s attempt to accommodate the Committee' s previous recommendation
that it acknowledge the connection between DPM and PM,, 5. After reading sections 9.5.1.2-4 | dso
gopreciate its previous lack of enthusiasm for the task, as the resulting discusson has adigtinctly Alice-
inrWonderland flavor. Risk analysisisthe Agency’s misson, however, and the Agency should be able
to articulate its logic more persuasively than it hasin the following passages.

9-18, 18+: “ If one assumes that the adver se health effects of ambient fine particles are due
entirely to DPM, ... the upper-limit for DE would be 15 Ig/m3.”

But if DPM is*“typicdly in the range of 10%" of PM, s mass (line 26), PM, 5 epidemiology then
impliesthat 15 Ig/m? DPM is associated with the (rather severe) hedlth risks observed a 150 Ig/m?
PM, s Thatis, if DPM is“exceptiondly toxic” then we need DPM < 1.5 Ig/n? to obtain the protection
asociated with the PM, s NAAQS.

9-18, 26+: “ If one assumes that DPM is astoxic as other constituents of ambient PM, 5, then
ambient concentration to [sic] DPM needs to be below the range of 1.5to 5 Ig/m? ... to achieve
the same protection for the annual average standard for ambient fine particles of 15 Ig/m3.”

By thissamelogic, if 1.5 Ig/m? is an acceptable lifetime exposure leve for DPM, then it is not
an acceptable leve for either on-road DPM or off-road DPM. And if, say, 1 Ig/m? is an acceptable
lifetime exposure leve for the on-road portion, then it is not an acceptable leve for diesdl busses. And
if .... etc. Alternatively, if back-yard barbegue smoke (the Chamber of Commerce' s favorite pollutant)
is as potent as DPM and one-tenth as abundant in urban air, then back-yard barbeque smoke needsto
be below 0.15 Ig/m? to achieve the same protection. Does the Agency redly want to place itsdlf in the
position of having to choose between barbeques and public hedth?

9-19, 5+: “ This congruence of independent methods should also increase overall confidence in
these estimates ..”

Two of the three methods are hardly independent, resting directly on the PM, s NAAQS.
Thelr agreement (to within an order of magnitude) is a smple consequence of the agreement between
ambient DPM and PM,, 5 concentrations (to within an order of magnitude).

Miscdllaneous details and typos

9-2, 27+ Hasn't ‘microns become politically incorrect? Aren’t we now supposed to say
‘micrometers ?

9-3, 7. It'safact, not just an expectation, that * Some geographic areas have a higher percentage of
DPM in PM, 5" Period.
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9-3,9: The 1982 estimates cited here are dl for different Stesin the same urban Cdiforniaregion,
greater Los Angeles.

9-3, 18: How can ‘some DPM organic condituents  be higher than the upper limit of the range for the
‘organic carbon portion of DPM’ ?

9-13, 22: | think the author means to say that the rdive importance of adsorbed organics may
increase at lower exposure levels.

9-17, 25: The NOAEL is 0.14 milligrams per cubic meter, not micrograms.

9-19, 18: According to the destinction drawn at the top of page 9-13, | think the author means
‘mode(s)’ rather than ‘ mechanism(s)’ here.

9-20, 12: ‘DE’ should modify ‘exposure’ rather than ‘workers'.
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E.S. Macias and P.K. Hopke editors, American Chemica Society, Washington.

D. Krewski, R.T. Burnett, M.S. Goldberg, K. Hoover, J. Semiatycki, M. Jerrett, M. Abrahamowicz,
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Arthur Upton, MD

Chapter 4

The revisons that have been made in Chapter 4 respond effectively to the following criticisms
which were leveled againgt the preceding draft: 1) this verson of the report contains an gppropriately
expanded discussion of current information on the mutagenicity of particles having little or no organic
content, including evidence for the involvement of reactive oxygen species as demonsrated by the work
of Driscoll and others; 2) this verson dso includes a discusson of the mutagenicity of oxygen radicals,
which are thought to contribute to the tumoigenic effects of chronic high-level exposure to diesdl
exhaust particles on the rat lung; and 3) this version cites the work of Walace, Keane, et d. a NIOSH
on the mutagenic activity of whole DPM, as was recommended.

This version of the report does not adequately respond, however, to the criticism that it should
place the high does used in mutagenicity assaysin context relative to the does likely to occur from
inhaation.

As concerns editoria issues, the statement on page 4-4, line 24 that "both adduct and
mutagenicity were highest among the 16 most exposed” is confusing in thet it gppears to contradict the
preceding sentence, which states that hrpt mutant frequencies in workers did not differ from those in
controls.

Pages 6-2 to 6-6: in addition to the references cited, the document should cite the newly
published article by Daniels, Dominici, Samet, and Zeger (Am. J. Epidemiol. 152: 397-406, 2000),
which reports that the data for the 20 largest U.S. cities are best fitted by alinear-nonthreshold
relationship between PM 10 and daily mortdity from al causesand from cardiorespiratory causes, and
which concludes that "linear mode s without a threshold are gppropriate for assessing the effects of
particulate ar pollution even a current levels'.

Pages 6-6 to 6-7 and page 6-21. if daily mortaity may vary as alinear-nonthreshold function of
particulate air pollution, ought it not to be included among the non-cancer hedth risks considered in this
chapter?

Page 7-114, line 25: the statement here and elsewhere (e.g., page 8-3, line 13, and page 9-15,
line 1) in the document that "the mode of action for DE-induced lung tumorsin rats is sufficiently
understood” is not scientifically judtified. | would suggest another wording; e.g., "Although the mode of
action by which DE may posearisk of lung cancer for humansis not fully known, the tumor-inducing
action of DE on the rat lung appears to depend on particle overloading of the lung and is therefore
judged to be irrdevant for purposes of assessing the risks of ambient levels of DE, asdiscussed in
Section 7.4".
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Page 8-14, line 7: since DE is not known with certainty to be a carcinogen for humans, the
statement should be reworded to read: "...pose a lifetime cancer risk ranging from alower limit of zero
to an upper limit of 10-5to 10-3".

Page 9-9, Section 9.4.2: shouldn't daily mortality be included here, or at least mentioned?

Page 9-14, line 13: "its' should be changed to "the rdevant”.

Page 9-14, line 15: "gppears to” should be changed to "may".
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SverreVedal, MD

Chapter 7. Carcinogenicity.

Hill criteria

The application of the Hill criteria (pp. 65-68) for assessing the likelihood of causation is
improved in this verson of the document. It should be gppreciated that modern views on the usefulness
of the Hill criteria, such as those expressed by Rothman as referenced in the document, have
ggnificantly limited the usefulness of the criteriafor this purpose. In brief, the generd point of these
views s that none of the Hill criteria, except for temporality, need to be satisfied by an association that
is, infact, acausd association. That is, none are necessary. Specifically, neither a strong association,
specificity of effect, dose-response, plausibility nor consstency are required. One wonders about the
utility of gpplying the Hill criteriawhen <o little isgained by their use. Regarding the strength of an
association, in the document it is noted that the strength of the association is*modest to week”.
Although some studies observe rdative risks of 2.0 or greeter, the overdl estimate across sudiesis
gpproximately 1.3 to 1.4, which | would argueis awesk association. The Hill criteriathat are probably
met are the consstency criterion and the biologica plausbility criterion. 1t isnot clear that the dose-
response criterion ismet. Specificity is partidly met, dthough studies have elther not addressed other
effects or have lacked power to do so. The tempordity criterion is assumed and not tested. The
conclusion based on the discussion of the Hill criteria, and as repeated in the Weight of Evidence
section (p. 110), seemsforced. | would recommend basing arguments for causdity, when using the
epidemiologica data, not on the Hill criteria, but rather on those characteristics of sudies that determine
vdidity.

Latency
Latency was discussed under the Hill heading of “temporaity”, which isonly partly stretching

the intent of this criterion. Nevertheless, latency is seldom directly addressed for any of the sudies
except in Table 7-1 whereit is noted that “no latency andyses’ were performed for some of the
dudies. Given the rdatively recent use of diesd with respect to end of the follow-up period in most of
the epidemiologica studies, thereisasensethat latency is short. Explicit assessment of latency for each
study should have been atempted in the document, noting those studies where it was not possble to
address the issue because of lack of information. At issue here, obvioudy, is whether the observed
effects with the present latency periods are implausible, and therefore whether the effects observed are
due to uncontrolled confounding.

In order for investigators to address latency in a more satisfactory manner, it would be
interesting to perform anayses in which latency is explicitly examined. For example, one could restrict
the study to include only subjects with latency of lessthan 10 years, in which case if Smilar effects were
observed, one would argue that diesd exposure was not likely responsible. Thiswould aso weaken
the Hill “temporality” criterion. Other srataof latency could aso be examined, redizing thet latency,
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age, and duration of exposure would likely be corrdated. Assessing duration of exposure, asa
measure of “dosg’, isnot the same as ng latency
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PM studies

It isrelevant to include descriptions of the observationa studies of PM in this chapter, aswas
donein this verson of the document. The PM “cohort” studies that included lung cancer mortdity asan
outcome (the 6-Cities Study, the ACS Study, and the AHSMOG Study) resulted in some interesting,
but ultimately puzzling, findings. In the 6-Cities Study, deaths due to lung cancer were increased in the
most polluted relative to the least polluted city, dthough the association was not satigicaly sgnificant.
The number of lung cancer deaths was not reported. 1n the ACS Study, lung cancer deaths increased
with increasing sulfate concentrations in men, but were not increased with increasing PM,, 5 in the subset
of citieswith dataon PM, 5.  Although the number of lung cancer deaths was not reported, they were
likely 300 times larger in the ACS Study than in the 6-Cities Study, based on the relative number of
degthsin the two studies. Inthe AHSMOG Study, with 20 femae and 16 male lung cancer deathsin
this nonsmoking population, ozone, SO, and PM;, were associated with lung cancer degthsin men,
while SO, and PM, were associated in women. At thistime, the vaidity of the findings of these
studies with respect to lung cancer is questionable, as is therefore their relevance to diesdl
carcinogenicity. A more critica review of these findings would be welcomed. Nevertheless, the find
satement (p.4, line) places these studies in reasonable perspective. However, it isnot clear how this
reasonable statement follows from the description of the “cohort” sudies. Also on p4 (line5), why is
the ACS finding with respect to PM,, 5, which is a negative finding, consstent with the findings of the 6-
Cities Study?

Minor comments and editorid issues

page

2 In paragraph 2, why do the PM estimates represent an “upper limit” for estimates of DPM  if
DPM isonly part of the PM mix? That is, say if the rest of PM has no carcinogenic effects, it
would be counterintuitive to conclude that any observed effects of PM would be an upper limit
on effects of DPM. | may be misinterpreting what is meant, and if so, some darificationis
needed (see aso comments for chapter 6).

Also in this paragraph, mention is made of evidence from the cohort studies that these provide
evidence on chronic effects. | am not sure they provide any evidence on chronic vs. acute
effects.
50 The second paragraph is reproduced verbatim on p. 51. Although possible, please review.
52 “tkas’ line 20

54 The last sentence of this page needs rewording to clarify (double negetive, etc.)

60 The meaning of sentence beginning line 4 is not clear.
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64 It isnot clear how insufficient latency would result in increased RRs (1ine33).

67 Do the Garshick and Steenland studies redly have adequate latency (line 6)? In chapter 8itis
noted that adequacy of the latency period is a problem for both.

99 In the last paragraph, it is argued that human lungs (and mouse lungs?) could be more sengitive
to the carcinogenic effects of PAHs than rat lungs, since only in human and mouse lungs do
many lung cancers exhibit mutations of p53 and K-ras genes. However, the high dose DPE
inhaation sudies show that in fact rats are relatively sendtive and mice relaively insengtive.
This paragraph needs clarification.

10 1Section 7.4.2, as noted, refers only to particle overload conditions. It should be emphasized
that the inflammatory mechaniams are largely rdevant only in this setting.

106 Line7“increadang’ isconfusing, since the effects occur with decreasing particle sze.

110 My reading of the gpplication of the Hill criteria section beginning on p. 65 isthat they add little
to aconviction for the causdlity of diesd exhaudt.

112 Is“limited” on line 23 too strong an adjective?
133  Table 7-4 needs a source attribution (Dasenbrock, 1996).

In the Weight of Evidence section, reference is again made to the chronic exposure rat deta,
which should not be used to argue for causdity.

Chapter 8. Dose-response assessment: car cinogenic effects.

This chapter is generaly well done. The estimates of lifetime risk based on the human
observationd data, of course, assume that the estimated effects are valid, thet is, are unconfounded. At
the very least, aqudifier to this discusson should be added, since otherwise we would be concluding
that DE is a definite carcinogen, and we are merdly trying to quantify the dose-response relaionship. It
seems unlikely that cigarette smoking is the unifying confounder. However, the rdatively short latency
remains worrisome, suggesting either that the effects would be stronger with an adequate latency
period, or that the effects are confounded and have no relationship to latency. Thislatter issueraises
the concern that relative risks are in fact 1.0, which would clearly invaidate the range of estimated
effects that was proposed. Thisisrelated to the issue that exposure in these studiesis not “diesdl
exhaust” but rather employment category.

Based on these reservations regarding the validity of the effect estimates in the occupationa
cohorts, and even legitimate concerns that the estimates may in fact be 1.0, | would not be in favor of a
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quantification of risk that rangesfrom 1 x 10 °to 1 x 10 3. If such a quantification of risk is deemed
important, | would recommend using the range zero to 1 x 10 3. Future work should include addressing
effects in cohorts with clearly inadequate latency to determine if estimated effects remain elevated, and
hence not attributable to diesd exposure. If effects are not eevated for subjects with clearly inadequate
latency, and adequate latency has been shown for other studies, then | would be much more
comfortable with the vaidity of the occupationa cohort effect estimates.

It was my undergtanding that another significant activity thet is underway (first paragraph, p.11)
is an extengon of the period of follow-up for the Garshick cohort study, an activity which hasthe
potentid of addressing the latency issue.

With respect to cigarette smoking, on page 4 (line 16) it is noted that adequate smoking
adjustment could have sgnificant impacts on the estimates of effect, which istrue. Neverthdess, when
this hasin fact been done, the impactsare amdl. Also, it isstated (line 21) that traditiona Satistical
andyses are unable to adjust for the possbility that smokers may be more susceptible to DE effects (a
notion regarding susceptibility, by the way, which if maintained should be justified somewhat better).
However, this can be handled easily in alogistic regression, and in many other types of analys's, through
introduction of interaction terms (between smoking and DE exposure) in the modds, assuming that
smoking status is known. This point therefore needs clarification.

Also regarding smoking, the sentence beginning on line 22 notes that control for smoking isa
greater problem for case-control than for cohort studies because most lung cancer cases are al'so
smokers. However, the same is true for lung cancers detected in a cohort study. That is therefore not
the reason that smoking might be more difficult to control in a case-control study. A prospective cohort
study is generdly preferable to a case-control study since good smoking data, and data on other
potential confounders, are easer to obtain, and the adequacy of the control group isnot anissue. The
point regarding data on confounders cannot be maintained for a retrospective cohort study such as
those that address the DE issue.

Minor comments and editoria issues;

page
2 Should be*causa” (line 27)

The use of the high concentration animal data to motivate causation should be dropped.
7Add “and risk of lung cancer.” to linel8 to follow “exposure...”.

Chapter 5. Non-cancer health effects of diesel exhaust.

pege
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70

The clam (line 2) that there have been “no well-controlled chamber” studiesis out of date. The
two Salvi papers referenced on p.7, and now the Nightingae study reported in Am J Respir
Crit Care Med in 2000, are examples of such studies.

The description of the “roadway” studies (beginning line23) is one-gded in the sense that no
negative sudies are included. Some studies show no association with asthma prevalence,
athough there may be associations with asthma exacerbation.

The dam beginning on line 6 concluding that the “principa noncancerous hedth hazard to
humans posad by exposure to DE isa gructurd or functiona injury to the lung” is debatable
given the, in my opinion, more compelling datain both humans and animds on the effects of DE
on alergic responses.

Regarding the Conclusions, in kegping with my observation above on dlergic effects, these
effects seem more sgnificant than elther of those described in the other two conclusions: that
noting increases in symptoms (an incongstent finding) and that on chronic effects in humans and
animas. Also, given the weight placed on both inflammation and fibros's resulting from chronic
exposures in the RfC in Chapter 6, the third conclusion (p.71) should include fibrosis as an
important effect in the anima udies.

Reference to the Ishinishi (1988) study should be made in a consstent fashion in this chapter

and chapter 6. Thisreferenceis critica to the NOAEL in chapter 6, but it is referred to asthe
“Research Committee for HERP Studies’ (1988) in chapter 5 (Table 5-6, for example).

Minor comments and editorid issues:

page
65

66

line 15, “incidents’ should be “incidence”

The two sentences beginning on line30, taken together, are confusing. The first notes that
short-term DPM exposures have no apparent hedlth effects, whereas the second details effects
onthelung at “lower levelsof DE”. Whichisit? Maybe the meaning isthat these latter
responses are not redly hedlth effects. Nevertheless, clarification is needed.

Chapter 6. Quantitative approachesto estimating human non-cancer health risks of diesdl
exhaust.

As noted in my comments on chapter 5, the animd data on effects of chronic exposure are not

as compdling as the human and animd data on dlergic responses. The use of the animd data on effects
of chronic exposures for caculating an RfC does not therefore make use of the best data for estimating
areference concentration for DE. The motivation for not using these dlergy datais thet they “are
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consdered inadequate for dose-response evaluation” (p.9 line 16). But, as noted below, absence of
dose-response information does not preclude a study from providing useful information for determining
areference concentration.

With respect to the chronic anima studies, ignoring studies that do not provide information on
dose-response (for example, p.10, line 31) ignores vauable information in deriving an RfC. Evena
study that made use of only one DPM concentration, since effects at that concentration are either
consstent or incons stent with the observations from studies that included a dose-response evauation,
would seem to be relevant to the RfC derivation. For example, should a study that observed no effects
at the one concentration evauated, if that concentration, say, were above the NOAEL observed in
studies assessing dose-response, not be consdered relevant?

It should be emphasized that we have ardatively high degree of confidence in the RfC, given
that what we are highly confident of with an RfC is that the effects of concern do not occur at
concentrations lower than the RfC.  The EPA has gone to great painsin the incorporation of the
uncertainty factors to ensure this type of confidence. Thisis not to suggest that effects are likely to
occur a concentrations even severa fold higher than the RfC, since there is no upper bound. That is,
the RfC could be a gross underestimate, but higher RfCs would not give us the same degree of
confidence that effects do not occur a concentrations lower than these RfCs.

Minor comments and editorid issues
page

1 The reference to “upper limit” (line 30) here is confusing. The point being made, | believe, is
that observed PM effects are the upper limit of effects attributable to DPM. As noted, DPM
comprises only afraction of PM. If DPM is more toxic than other components of PM
(unlikely, but possible), the observed effects of PM would not represent an upper limit of DPM
effects. Any point intended here needs to be clarified.

4 Line 22. The effect estimatesin the 6-Cities Sudy are week, not large. Estimated public hedlth
impact should not be confused with strength of association.

16 The point regarding “ congruence of estimates’ isingenuous, but is now moot based on the
discussions a the CASAC meeting.

The reference to the Ishinishi study (1988) should be made in a consstent manner in this
chapter and in chapter 5.

Chapter 9. Characterization of potential human health effects of diesel exhaust: hazard and
dose-response assessments.
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page
11

12

19

Agan, the use of the Hill criteriaargument (line 12) is not a very compelling one regarding a
causa associgtion in the case of DE.

The use of therat data here (linel3) is puzzling. The dataare not useful for dose-response
andysis because of the overload argument. But because this mechanism isfdlt, with
judtification, not to play arolein possble cancer pathogenesisin humans, it ssems dso that the
data should not be used to support the presence of a cancer hazard in humans.

Line 3. The point about “congruence of estimates’ here (and p. 22, ine28) isingenuous. Itis
difficult to be reassured about the reasonableness of the RfC based on the PM,, ; annud
gtandard when the RfC is heavily influenced by an uncertainty factor of 10 (one order of
magnitude). Further, the DPM component of the PM,, ; standard is approximately 10%, or 1.5
ug/ne, rather than 15 ug/m?®.

Line 16. Therat dataare used again.

Minor comments and editoria issues;

pege

5

14

16

23

DPM should be PM, | bdieve.

Line 33. | would add “...and other potentia confounders...” after “...the effects of smoking...”.
Similarly for chapter 1, p.4, line 22.

Line 28 (and p. 18, line 20): see discussion on “upper bound” in chapter 6 comments
(referenceto p.l).

Line30. Itisunclear what “this assessment” refersto. It scemsto refer to the RfC, in which

case an uncertainty factor of 10 to account for susceptible subgroups has aready been incorporated.
This therefore does not assume that it gppliesto “average hedth adults’. This point aso gppliesto
chapter 1 (p.6, line 4).

Chapter 1. Executive summary.

See comments for chapter 9 referring to p. 6, line 4, and p. 4, line 22..
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David Diaz-Sanchez, PhD

General comments

Aswitheachnew draft, | bieve thisisafurther improvement fromthe previous one and isa better
representation of the hedth risks of diesd. | believe that the more cautious gpproach taken in this draft
towards making overstatements on both carcinogenic and non-cancer effects is warranted until more
quantitative studies are published.

Chapter 5

Despite the limitations cited below | think this chapter is satisfactory with minor editing.

The agency should be commended in amplifying the number and range of articles on non-cancer
effectsof diesdl exhaust. Indeed | believe that they have been overzealous in achieving thisam. Thus, while
the study by Brunekreef et d. (2000) cited on Page 5-7, 5 isinteresting and potentidly very important, it
should be noted that it has yet to be peer-reviewed. Smilarly, Maddenet d., islisted under the references
as "submitted'”.

Despite the breadth of the articles cited there ssems again to belittle depth in understanding the
ggnificance of these reaults. For example: what is the sgnificance of a change in IgE or goblet cdl
hyperplasaor mast cdl influx or cytokine changes in anima models? Without a statement that these are
key changes and markers of asthma, the reader is left with the impression that diesd induces a variety of
immunologica changes but has no idea what relevance this has to hedth effects.

Unfortunatdy, thislack of understanding leadsto incorrect conclusions such as that on 5-45, 30
that "diesd exhaust has minimd effects onthe immune status of rats and guinea pigs’ while it does have an
effectin mice. Thisimpliesthat there is inter-gpecies variaion, however, as dated in the comments to the
lagt draft report, the lack of response seen in the studies done on rats and guinea pigs (Dziedzic 1981,
Mentnech 1984, Bice 1985) are to be expected since they were only performed in the absence of an
dlergen unlike those done on mice where an dlergen (ovabumin, house dust mite, pollen etc.) was used.

The organization of this chapter appears arbitrary. For example why isYanget d., (1997) placed
under acute exposure when thisisan in vitro assay? Similarly, why are the studies by Terada et a (1997
and 1999) performed on human cellsin the Laboratory Anima section (5.1.2.3.6) and not the "Human
cdl culturestudies’ section(5.1.1.1.4)?Why is Takano et a (1997) under acute exposure, whendl other
indillation experiments are under 5.1.2.3.6? Why are studies by Rudell et d., in a separate section than
those by Sdvi et ., when these exposures were performed by the same group under the same conditions
and measured similar or related outcomes.
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5-57,5 "notably pyrene' implies that pyrene is more active than other congtituentsin the organic
matter, this is probably an over-interpretation. Pyrene is used in the studies cited (Suzuki et a. 1993,
1996.) asamode chemicd and isnot compared to others. It should be noted in vitro studies suggest that
phenanthrene, benzo (a) pyrene and TCDD can affect immunogenicity and alergenicity. It may aso be of
relevanceto notethat other combustionmateriad such as fly ash and second-hand smoke has been shown
to have smilar adjuvant effects as DPM in anima models.

5-40, 23 should read IgG1 not 1g1

Chapter 6

Despite the fact that dmost 2/3 of articles published in the last 10 years on the non-cancer effects
of diesdl have dedlt with immunological changes, and that acute exposures may be of morerelevancethan
lifeime exposures, | agree with the authors that the lack of dose-response information makes taking a
quantitative approach usng these criterion premature. | gpplaud the authorsfor induding aguidancevdue
for DPM by treating it as a subset of total PM 2.5. Thisisanecessity giventhe hedlth outcome studies and
previous statementsinthe documents suchas 5-63, 5 "diesd exhaust toxicity results froma mechanismthat
is andlogous to that of other relatively inert particles’. The incluson of Appendices B and C are most
useful.

6-6, 22 states that DPM istypicdly in the range of 10%, while the executive summary (1-2, 7)
gives the figure as 6%. There should be consstency throughout the document.

6-14,12 suggests that children have a greater susceptibility to DPM but 5-59,21 statesthat there
iS no evidence that the youth of an individud enhances the risk. A amilar asgument and contradiction is
made for pre-existing conditions such as emphysema.

6-6,23 ates that large numbers of ultrafine particlesmay make DPM disproportionately toxic. If

the authors are going to make sucha sweeping statement they should provide references or refer back to
other parts of the document.
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Eric Garshick, MD, MOH
Chapter 1: Executive Summary

Generd comments: This chapter needs to be rewritten to reflect the changes that will be made
in the rest of the document in response to the comments of CASAC. In order to prevent confusion
regarding what is known about diesel exhaust inhaation as a potentid hazard (a great ded of
information) with the truerisk of an adverse hedlth effect a environmentd leves (very little information),
these terms need to be carefully defined, and the definitions should be repeated in he executive
summary and in key chapters. Differentiation between ambient cancer hazard and defining ambient
cancer risk is made on the top of page 1-5, but | would consider noting this earlier in this section.

Page 1-4, line 15-17: One might extend the title of this section to “ Carcinogenic Effects—
Hazard Identification”.

Consider ending the sentence after “inhaation” with a period instead of saying “at any exposure
condition” since the phrase “a any exposure condition” is quaified in the next paragraphs. | am
concerned that the uncertainties regarding the phrase “at any exposure condition” is not accurately
conveyed. It is worth noting that accurate exposure-response information, particularly a low levels of
exposureis not avalable.

Consider these sentences. “ The studies on which thisis based comes from epidemiologic
studies of workers with occupationa exposure to diesd exhaudt. Although in some casesthereis
overlap between occupationa and environmenta exposures, it is not possible to establish alink
between a specific exposure level and lung cancer risk with confidence and therefore determine the
magnitude of the risk that occurs a specific environmenta levels. The point of this paragraph isto Sate
that there is uncertainty about the leve of risk that occurs a agiven level of exposure. Although it is
agency policy to condder thet thereisarisk at environmenta levels, it is not possible to sate the
magnitude of risk that occurs.

Page 1-4, line 33-34: Consder this change: “hazard extends to ambient environmenta levels’
to “some hazard extends to environmenta levels’. | do not think it is necessary to include the word
ambient and environmenta in the same sentence.

Page 1-4, line 36: change “it is prudent public hedth policy to presume a cancer hazard for DE
a any exposure’ to “itis prudent public hedth policy to presume a cancer hazard for DE at low levels
of exposure, dthough it is not possble to determine the magnitude of therisk.” | amn concerned the
sentences as written will be taken out of context.

Page 1-5, lines 12-19: consider adding to this section “ The range of the actud risk may
gpproach and include zero”
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Page 1-5, Sources of Uncertainties. Thisis agood section and can be referred to at the
beginning of the Executive Summary so that persons do not forget the limitationsinherent in the
interpretation of these data

Chapter 3: Dosmetry Of Diesel Particulate Matter

Page 3-20, line 18: Comments on the section entitled “Relevance to Humans’: Consider
expanding this paragraph to describe the relevance of the rat model to the occurrence of non-cancer
hedlth effectsin humans. This seemsimportant because the rat model was abandoned for both hazard
identification and formal risk assessment for lung cancer, but is used to estimate an RfC vaue for non-
cancer hedlth effects.

Chapter 5: Noncancer Health Effects

This chapter is much improved, but there are still some points that need to be clarified. It is
important to be precise when relating the relevance of experimenta datato potential mechanisms of
human disease. At times results are generdized and their rlevance is overstated. Some the hedlth
effects attributable to PM aone Add: PM document to support some of non-cancer hedth effectsin a
quditative sense,

Page 5-4, lines 23-24: The results summarized by the sentence “Miners with a history of
smoking had an increased number of decrements over the shift than non-smokers did” needsto be
restated Since it is not clear what an “increased number of decrements’ refersto. Presumably it refersto
agreater decrement in pulmonary function over awork shift observed in smokers compared to non-
smokers.

Page 5-6, line 35: Presumably truck traffic counts were associated with a decrement in lung
function in these children. A stronger point can be made, rather than saying just “lung function was
associated with truck traffic density”. Relate roadway studies to potentia diesel exposure,

Page 5-7, line 1: A sentence could be added to describe what is meant by “black smoke” in
this study and how it relatesto diesd exhaudt.

Page 5-12, lines 4-6: These lines state that DPM has the potentid to cause inflammatory and
immunologica responses typica of asthma. Taken at face vaue, this tatement implies that DPM can
cause dlinica asthmain humans, which is a syndrome characterized by airway inflammation, bronchid
hyperreactivity, and recurrent episodes of wheezing, bresthlessness, chest tightness, and coughing, as
well as airway inflammation. Evidence has not been produced in humans that diesdl exhaust exposure
resultsin asthma, and | am concerned that these sentences may be taken out of context. 1t seems more
gppropriate to be more circumspect regarding the evidence for alink between the inhdation of DPM
and asthmain humans.
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The controlled inhaation experiments in humans summarized in the chapter document incressed
numbers of polymorphonuciear lymphocytesin BAL samples, the expression of the genes than result in
the production of IL-8 and IL-5 (inflammatory mediators), and bronchid biopsies with an increasein
neutrophils, mast cdls, and lymphocytes. Nasal lavage studies reved that DPM can act as an adjuvant
to stimulate specific IgE responses and can result in the production of various inflammatory mediatorsin
the nasd lavage cells. Therefore, a more precise way to summarize these data obtained from studiesin
humans and from using human cells may be that DPM can cause an increase in markers of inflammation
in the nose and airway, and that some of these markers of inflammeation are also observed in asthma.

The study that described the 3 cases of asthma following high dose exposure to diesdl exhaust
has been taken out of the section on “Immunological Effects’ but would be worth noting in the section
cdled “ Short-term Exposures’ since the mechanism was due to the short term inhdation of high
concentrations of exhaust rather than an immunologic mechanism. The study is il liged in Table 5-1
but is not described in the text.

Page 5-12, line 8: The words “increase their effectiveness’ appears a the end of the sentence.
It isnot clear what “effectiveness’ means here. Presumably it means the effects of DPM in enhancing
the IgE response, but in this|eft to the reader’ s imagination.

Page 5-61, line 10-15: This sentence regarding susceptibility to inhaed particlesis not
supported by datathat is presented in this document. In fact, two experimenta studies did not support
the increased susceptibility of developing lungs or emphysema studied in rat lungs. The results of these
experiments are dismissed as irrdlevant to human exposure.

Page 5-66, lines 2-3: I'm not sure what the phase “ doubling of a minor restrictive airway
diseasg” means. This needsto be explained since airway disease does not typicaly result in aredtrictive
ventilatory defect.

Page 5-66, lines 20-22: This should be restated to say that DPM appears to have the potential
to induce airway inflammation in humans without disease, and in one exposure study, periphera blood
changes were noted. The sentence as written does not seem to accurately capture the experimental
evidence noted from human studies. How is pulmonary inflammation different from airway inflammeation
here?

Chapter 6: Quantitative Approachesto Estimating Human Noncancer Health Risks of Diesdl
Exhaust

This chapter is more clearly written than in the past and the discussion about the PM standards
and health effects enhances the rationde for the development of the RfC. The message that | take from
the chapter asit was origindly written is that arange of possble RfC vaues are suggested, ranging from
15 pg/m? 2 on the PM standard, a value of 14 pg/m?® based on animal data extrapolated to humans,
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and apossible vaue of 1.5 pg/nt to 5 pg/m?. However, it is not possible to endorse the lower values
over the higher vaues because of the uncertainty of the data used to obtain these vaues. It aso would
be reasonable to talk about the relevance of therat data for the derivation of the RfC to contrast this
decision with the same rat data that has been rgjected to for the assessment of carcinogenicity. | agree
that data based on dlergy may be the basis of future standards.

Page 6-14, lines 8-11: This sentence regarding persons who may be more susceptible to diesdl
exhaust seems speculative, and should be judtified.

Line 25, page 6-16: Itisnot clear what is meant by “The toxicologica database for DE is
relaively complete’. There ssemsto be much uncertainty regarding many questions.

It is reasonable to add the uncertainty factor of 3 to the calculation of the RfC as discussed at
the meeting.

Chapter 7. Carcinogenicity of Diesel Exhaust

Overdl, this chapter is more clearly written than previous versons and an improvement.
Enhanced by discusson of sudies of PM and lung cancer. Agree with bottom line

Page 7-3, lines 28-29: Relative risks quoted seem large here. The overall whereas the odds
ratios for the long haul drivers was 1.31 (95% CI1=0.81-2.11), and for the short haul drivers was 1.27
(0.83-1.93). Thelong haul drivers drove mainly diesd trucks, whereas the short haul drivers drove
gas-powered trucks. The smilarity in odds ratios and exposure level s between the short haul and long
haul drivers suggests that much of the driver’ s exposures come from the roadway. Other issueis one of
latency, and knowing for sure the types of truck driven and for how long, given that the desths were
collected 1982-83. This doesn’t negate observations that diesdl particles have the potentia to cause
lung cancer, but raises the issue that workers who work as professiona drivers are exposed to particles
of avariety of combustion sources.

Page 7-39, lines 9 and 10: The sentence “As far as quditative risk assessment is concerned,
this study is till congdered to be positive and strong” is confusing since the quantitative risk assessment
performed is not used in assessing risk in the document (due to limitations of the exposure data), and
the study has dready been described in the previous section. This paper doesn’t add any independent
information to the discussion of the previous paper.

Page 7-63, line 7: A statement is made that occupational data (presumably job title) is a poor
surrogate for the true underlying exposure distribution. A more precise statement would be that
variability in actud lifetime exposure to diesel exhaust in an occupationd cohort may not be reflected in
differencesin job title, and there might be considerable variahility in actua exposure despite smilar job
titles.

A-37



Page 7-63, line 8. A statement is made that death certificate information isinaccurate regarding
the diagnosis of lung cancer, whereas on the next page it is stated (appropriately) that lung cancer
diagnosis on the degth certificate is generdly accurate. Thisis contradictory.

Page 7-67: Biologic gradient: The dose-response relationship between diesd exhaust and lung
cancer is uncertain since the biologic gradient has not been defined well in the literature.

Page 7-110, firgt paragraph: A well as the factors noted in this paragraph, an overdl limitation
of the diesd-lung cancer literature is that there has not been a study conducted with workers with
documented long-term exposure to diesdl exhaust and long-term follow-up.

Page 7-113: The designation likely carcinogen is congstent with previous assessments, asisthe
group B1 desgnation (Page 7-112). Further justification of how the “upper end” of the spectrum
desgnation differs from a*“lower end” of the spectrum designation would add clarity for mein
understanding why the terminology for upper end is used.

Page 7-113, line 4: The comment “likely to be carcinogenic a any exposure condition” is based
on EPA’s science palicy, noted in the sections below this statement. However, taken out of this
context, it implies that we know for certain that there is a measurable lung cancer risk at al
environmenta conditions. A better characterization might be “likely to be carcinogenic to humans by
inhaation, but with grester uncertainty about the magnitude of cancer risk a environmental and low-
level occupationd conditions’. To summarize, statements regarding risk a environmenta levels should
be emphasize the uncertainty about what is known about actud risk.

Pege 7-114, line 9: The statement regarding environmental exposure resulting in a cancer
hazard is repested, but the qudifier “may” has been added, in contrast to the statement made on the
previous page. A reason for uncertainty can include the lack of a sudy conducted with workers with
documented long-term exposure to diesdl exhaust and long-term follow-up.

It was recommended at the mesting that the rat data regarding carcinogenicity be removed from
hazard identification because the mechanism of lung cancer in the rat (particle over load) is not
observed in humans. | pointed out to the committee that the rat data had been part of hazard
identification (but not risk assessment) since the document was first written gpproximately 10 years ago.
| agree with the consensus to mention this on page 7-113, but not to make it part of the forma hazard
assessment criteria

Chapter 8: Dose-Response Assessment: Carcinogenic Effects
Page 8-2, lines 25-26: condder adding “at some levels of environmenta exposure, dthough the

specific levels cannot be specified” and “may pose a cancer hazard’. The word hazard has an
adminigrative meaning, if unclear, it can be interpreted to mean risk.
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Page 8-5, line 13: Should read “between 10 to 20 years of work” in 1959.

Page 8-10, lines 14-18: The methods used to obtain the cumulative exposure values are
controversd (exposure weighted using emission factors and assumptions about vehicle milestraveled in
the absence of a more comprehendve exposure assessment), and the listing of these cumulative
exposure levelsis mideading if additiona research proves them to be incorrect.

Page 8-11. Section on cancer risk: | prefer anarrative discussion of risk, and then showing that
environmentd levels have the potentid to overlep a the lower range of occupationd exposure, and
saying that this merits control. | do not think that these risk levels should be estimated given the
uncertainty about dose needed to result in cancer. In the absence of study of persons with years of
exposure and follow-up, with some idea of exposure, | can't justify these caculations. While these are
interesting, | think it remains speculdive to do this.

| believe that the risk calculations presented here grosdy over smplifies the overdl gpproach
needed to understand the relationship between dose of diesdl and lung cancer. We do not know the
nature of the complex exposures experienced by workersin diesdl exhaust exposed jobs. These
workers were not only exposed to diesdl particles, but to other particles aswell. We need to
understand the nature of what is captured in the job codes used in the epidemiologic sudies that has
come to mean cancer risk. If the risk numbers were used, it would be complete to note that the range
of risk may approach zero aswell.

Chapter 9: Hazard and Dose-Response
This chapter needs to be rewritten to reflect changes made in the rest of the document.

Page 9-13, lines 17-18: Carcinogenic activity is related to the smadl szes of the particles. Isthis
known for sure in humans?

Page 9-14: Add that alimitation of the diesd literature is the need to follow-up of acohort with
well-characterized exposure over many years.

Page 9-20 to 9-21: | believe that these risk cdculations as too uncertain, and favor subgtitution
of prose describing the overlgp in occupationd and environmental exposures, and the uncertainty
regarding the lifetime dose of diesdl necessary for the development of cancer.

Page 9-22, line 24: Would say “It is presumed that low-level exposure may cause chronic
inflammation.......:" Previoudy statements like this were phrased with greater uncertainty.
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Roger O. McClelan, DVM
A. General Comments

The document with severa ggnificant revisons will be acceptable for use in regulatory decison-
meking. Ingenerd, thedocument isimproved over earlier versons. However, with apreparation time that
now extends over more than a decade, preparation having started in the late 1980s, it is inevitable that
some portions of this document have become out-dated as other portions have been updated and
improved. The key dements of the document concern the two mgjor types of hedlth effects attributed to
diesd exhaust exposure; @) cancer and b) non-cancer hedth effects principaly related to effects on the
respiratory and cardiac systems.

The document adequately reviews potential non-cancer hazards. Thisverdon of the document is
improved in that it provides a better linkage than in past revisons, to the substantia body of information
available onthe hedth hazards of Particulate Matter (PM) exposure. Thisinformation hasbeen reviewed,
and is currently being updated, as part of the process for stting the National Ambient Air Quality Standard
(NAAQS) for PM. The derivation of a RFC of 14 ngy/m? essentially equivaent to the annual PM,, <
NAAQS of 15 ngym? isappropriate. Indeed, | find no compeling evidenceto not usethe NAAQS PM, -
vauefor the RFC for diesd exhaust particulate matter. Inmy opinion, thisvdueisconservative, i.e. more
likdy is overly stringent because for chronic exposureit is dependent uponkey epidemiologica studies for
whichexposure extended over earlier decades whenar quaity measures, and especidly particulate matter
concentrations, were substantialy higher than the time periods immediately prior to the assessment of the
hedth impacts. In my opinion, the use of the historicd ambient ar concentrations suggests the reported
exposure-response functions may have been biased to the high sde by afactor of 2 or more.

The 15 ng/m? vaue for an RFC for diesdl based on human datais clearly preferable to using the
value of 14 ny/n? or the suggested revised value of 5 ny/n (arrived at by extrapolation from laboratory
animd data). That extrapolation process is uncertain and the results are strongly dependent on the
exposure levels selected for use in the origind animd toxicity studies. If more exposure levels had been
studied above the lowest levels studied by Manderly et a and Ishinishi et a it is quite likely that ahigher
NOAEL would have been found.

At the medting, EPA gtaff suggested they would revise the RFC to 5 ng/me.  Although the
extrapolation process is uncertain, the use of two uncertainty factors (10 for intraspecies - human -
variability and 3 for rat to human toxicodynamic extrapolation) very adequately accounts for uncertainty.
Thus, the use of afactor of 30 to cover uncertainty results in an RFC with an associated high degree of
confidence.

The second endpoint of concern, cancer, is more uniquely related to diesd exhaust particulate

matter than PM in generd. This reates principaly to concern for the complex mixture of organic
compounds associated with the readily respirable diesd exhaust particles. Without question, when the
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organic fractionisremoved fromdiese exhaust particleswithvigorous extraction methods and used inhigh
concentrations in biologica systems multiple effects are observed. These include cell damage, DNA
damage, and mutations. What is frequently overlooked are the smal quantities of the organics that are
actualy depogited in the human respiratory tract even with chronic exposure to diesd exhaust. As noted
on page 3-29 of the document, it is calculated that continuous exposure to 1 nym?® of diesd exhaust
particulate matter results in annual depositionof 3 ng (the report actudly uses a precisdy caculated vaue
of 2.94 ny) of polycycdlic aromatic hydrocarbons (PAH) in the total lung volume. This is an important
reference statement that should be repeated in severd placesin the report.

Condderationof this smdl quantity of PAH deposited helps one appreci ate why with occupational
exposures orders of magnitude higher than 1 ny/m?® even in the best epidemiologica sudiesthe result is
aweak sgnd for excesslung cancer (ardative risk on the order of 1.4). The ability to detect a weak
sggnd of excesslung cancer risk is complicated by multiple factors. The most Sgnificant of theseisthe fact
that many individuds in the epidemiologica studies were cigarette smokers and smoking has associated
relative risk on the order of 10.0. Thus, the epidemiologist is chalenged to try to tease out an effect for
diesd that is only about 1/20th of the much more significant risk factor—smoking. Nonetheless, the
presence of aweak cancer-causing Sgnd for diesel exhaust does raise public hedlth concerns because of
the large population exposed at low concentrations.

A critical issueisthe potential for trandating the week sgna into anestimate of potency; i.e., aunit
risk estimates. The caculation of potency requires knowledge of both health outcome and exposure of the
populations studied in the epidemiologica studies. This includes exposures that occurred over decades
prior to the observation of lung cancer. Unfortunatdly, the actud level of exposures are not known and it
is impossible to reconstruct them with a high degree of certainty. | do not have confidence in the
recongtructed vauesand, thus, urge that the reconstructed exposure va ues not be used to elther develop
unit risk estimates. In my opinion, the reconstructed exposure vaues are sufficently uncertain that | do
not favor their use even in "back of the envelope' approachesto create surrogate unit risk factors as done
in the document on page 8-13.

Inmy opinion, the evidenceissufficent to characterize diesd exhaust occupationa exposure at high
levels as alikdy human carcinogen. Therisks a ambient levels of exposure are unknown and cannot be
quantified. | do not think it is necessary to stretch the bounds of scienceto create quantitation that conveys
alevd of certainty that is not condgstent with the avallable science.

On page xxi, there is a brief accounting of past versons and reviews of the document. Missing

fromthe account isthe firg draft and a consultative CASAC review that took place in 1990 or early 1991.
This CASAC review should be cited to make the record compl ete.
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Chapter 1. Executive Summary

In generd, the executive summary is adequate. However, it could be improved with some
modest changes.

1. Page 1-2: 1t may be useful to cite quantitative data from EPA's Trends report in diesdl
emissons of particulate matter. Indeed, it may be gppropriate to use atable that shows diesd
emissions compared to other sources asin Table 3 of Lipfert (1998) which is based on EPA data.

2. Page 1-4, line 23-24. The referencesto "intengve evidence for the induction of lung cancer in
the rat from chronic inhdation exposure to high concentrations of DE" must be qudified with reference
made to the overload phenomena and the lack of relevance for estimation of human hazard.

3. Itiscritica that the Executive Summary very accurately reflect the contents of the report,
including the changes proposed during the course of the October 12-13 mesting.

Chapter 2. Diesel Emissions

1 Page 2-11, line 5. Beyond referencing EPA's Trends report, | suggest a table be included that
shows diesd particulate emissions compared to other sources as | suggested for the Executive
Summary (see Lipfert, 1998). | fed thereis great vaue in showing datafor al magor sources of
particulate emissions and oxides of nitrogen. Thistype of comparison helps place the diesdl issuein

perspective.

2. Page 2-15, lines 15-19. If available, information should be provided on the sulfur content of
railroad-grade diesdl fuel compared to on-road fuel.

3. Page 2-15, lines 20-23. The discussion should be expanded to include consideration of
lubricating oil contributions to the solvent extractable organics and not just PAHS.

4, Page 2-43, Figure 2-37. Information should be provided on where rdative to the origin of the
particles in the combustion cylinder and exhaust system the number/mass particle Sze measurements
were made. Kittleson may have more recent data on how number/mass size distribution changes with
distance and time relative to point of formation. (See dso pg 2-45, lines 25-28.)

5. Page 2-61. Exposure: to provide some historical perspective, this section might include one or
more figures from Lipfert (1998). (SeeFigures5and 6.) Condgderation of these higtorical levels of
PM is needed to appropriately interpret the findings of epidemiologica studies of both PM and diesdl
exhaust particulate matter.
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Chapter 3. Dosimetry of Diesdl Particulate M atter

This chapter in its present form is marginally adequate for use in evauating the hedlth hazards of
exposure to diesdl exhaust. The chapter could be substantialy improved with modest additions and
changes. Specific suggestions are given below:

1 The present chapter does not represent a balanced coverage of dosimetry information on
humans and laboratory animas. Obvioudy, our primary interest is in humans and, thus, human data
should be emphasized when it is available with laboratory animal data used only when required to fill
gapsin our knowledge of humans. Page 3-2, lines 3-7 needs to be revised to recognize that it is only
necessary to become concerned with "human equivaent concentrations' derived from laboratory
animals when sufficient human data are not available.

2. The chapter should give broader coverage of the total respiratory tract because inhaed diesel
exhaust particles deposit on the totd tract from the naresto the dved: not exclusvely the lung as sated
on page 3-1, lines 30-31.

3. Section 3.3.1 on Deposition Mechanisms is adequate but could be enhanced with use of the
well-known (to expertsin the field, but not dl readers) figures on deposition mechanisms. The section
gppears to undergtate the deposition of diesd exhaust particlesin the nares by diffusion.

4, Section 3.3.1.1 would be enhanced by inclusion of afigure showing regiona deposition of
particlesin humans asinfluenced by particle 9ze. This generd view should be presented before the
present Figure 3-1. It might also be useful to show similar curves for the most commonly studied
laboratory animal species such astherat. These are available from earlier reviews by Schlesinger and
others.

5. Section 3.3.2 on Particle Clearance and Trand ocation could be enhanced by including afigure
showing typical clearance patterns (as a function of time after sngle exposures) for humans and perhaps
therat. The date of Bailey et d (1982) might be used. Itiscited on pg. 3-9, lines 33-35.

6. A version of Figure 3-5 (referenced on page 3-19) should be used that includes the predicted
lung burdens for the 3.5 and 7.1 ng/n?® levels for comparison with the obsarved lung burdens. This
helpsillugtrate the impact of the impaired clearance and overload. | can provide afigure if the Saff
cannot locate one.

7. Section 3.3 should include a discussion of the NCRP and ICRP respiratory tract models. This
should include one or more illugtrations of model results for chronic exposure. The modding results
should then be compared with the predictions made by Xu and Yu, 1987 and presented in Table 3.1.
Thiskind of comparison was requested in the last CASAC review.
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8. The information presented in Section 3.5.4 on Bioavailability/Deposition of Organics needs to
be verified and the results compared with those developed using the NCRP and ICRP models. All
relevant parameters including assumptions should be explicitly stated. The results presented in this
section are very important to later discussion involving effects measured in vivo aswell asin in vitro
assays. The fact that exposure to 1 my/m? of diesdl exhaust continuoudy only results in deposition of
about 3 ng of PAHSs per year in the tota human lung helps reconcile the results of in vitro assays with
very large doses and the weak cancer Sgnd in heavily exposed occupationd populations.

9. The summary section (3.6) on modeling isinadequate. The information requested above (items
8 and 9) could be presented here. However, a quantitative treatment and comparison of the modelsis
required.

10.  Thefootnote to Table 3-1 has typos related to expressions of surface areain cn® rather than
cn?. Reference is made to human data on tota lung volume, total airway surface area and the surface
areaof the unciliated arways. Similar data should be presented for rats and hamgters. In addition,
other critical respiratory parameters should be presented for al three species (humans, rats and
hamgers).

11.  Thesource for Figure 3.3 isunclear.
Chapter 4. Mutagenicity

This chapter inits present form is adequate for use in evauating the health hazards of exposure
to diesd exhaust. The chapter would be substantialy improved by including
(a) acontextud setting as to why mutagenicity of diesd exhaust is of interest, (b) ahistorical context,
and (c) a context for congdering the relatively large doses of diesel exhaust particulate extracts used in
the variousin vitro and in vivo assays. Recall the EPA caculation that continuous exposure to 1 ng/n?
of DPM resultsin annua depodtion of 3 ng of PAHsin thetota human lung. This result from Chapter
3 should be summarized in Chapter 4.

1 Page 4-1. A brief paragraph should be added concerning the linkage between mutagenicity
and carcinogenicity. Hence, the basis for the high degree of interest in the mutagenicity of diesd
exhaust. Thisisdone later but it would be helpful as part of a"road map" up front.

2. Page4-1. A brief paragraph should be added providing ahistorical context for the research on
mutagenicity of diesdl exhaust particle extracts. Thiswould include a reference to the paper of Kotin et
a (1955) that describes the presence of aromatic hydrocarbonsin diesd exhaust and the
carcinogenicity of the extracts when painted on mouse skin. (Koatin, P.; Falk, H. L.; and Thomas, M.,
1995. Arométic Hydrocarbons: 111. Presence in the Particulate Phase of diesdl engine exhausts and
the carcinogenicity of exhaust extracts. Ind. Hedlth 11: 113-120.) The results reported in this paper
coupled with the availability of the Amestest in the 1970s triggered EPA's early efforts to evaduate the
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mutagenicity of diesel exhaust. Note should be made of two aspects of EPA's early program: (a) its
orientation to attempting to use a comparative potency approach (short-term mutagenicity and cell
transformation assays, skin painting/carcinogenicity assays, short-term animal studies, and
epidemiologica evidence on roofing tar, coke oven emissons, and cigarette smoking) to estimate diesel
exhaudt risks and (b) biologicd activity-directed chemicd fractination/characterization. Thiswould
include references to severa papers by Roy Albert who championed the comparative potency
gpproach and Jodlen Lewtas who guided the biologicd activity directed chemicd fraction work. This
work is covered starting at the bottom of page 4-1, but should be introduced in opening paragraph of
the chapter. A reference on the comparative potency approach that might be included is Cuddihy, R.
G.; W. C. Griffith, and R. O. McCldlan, 1984, Hedth Risks from Light Duty Diesdl Vehicles,"
Environmentd Science Technicd 18: 14A - 21A. A reated referenceisMcCldlan, R. O., R. G.
Cuddihy, W. C. Griffith, and J. L. Manderly (1989); Integrating Diesel Data Sets to Assess the Risks
of Air Pollutantsin Assessment of Inhalation Hazards. (U. Mohr, D. R. Bates, D. L. Dungworth, P. N.
Lee, R. O. McClélan, and FJC Roe, page 3-22 ILSI Monograph Internationa Life Science Indtitute,
Springer-Verlag, Berlin, Germany. Although the comparative potency approach has been replaced, the
use of direct, but highly uncertain epidemiologica evidence, the gpproach till deserves brief coverage.

3. A brief paragraph should be included to place the dosages used in the mutagenicity assaysin to
perspective rlative to plausble human exposures. Thiswould include use of Figure 3 from McCldlan
(1986) (McCldlan, R. O., "Opening Remarks. Toxicologica Effects of Emissions from Diesd Engines
(1986). In: Carcinogenicity and Mutagenicity of Diesd Engine Exhaudt. N. Ishinishi, A. Koizum, R.

O. McCldlan and W. Stober, Eds. Pg. 3-8, Elsevier Science Publishers, Amsterdam.) Reference
should aso be made here to the materid presented on page 3-29 of Chapter 3 on Dosmetry. That
section notes that an individud inhaling 1 ny diesd exhaust particul ate matter/m? for 1 year would
deposit 420 ng of DEP and 2.94 ng of PAHs n ther lung.

4, Page 4-1. Closeto the reference of proceedings of symposiums on the hedlth effects of diesd
emissons, reference should aso be made to the Hedlth Effects Ingtitute document that reviewed the
hedth effects of diesd exhaust. Severd chaptersin that excdlent review cover the issue of genotoxicity
and its linkages to carcinogenocity.

5. Page 4-4. A recent paper from Japan on gene mutations eva uated in rodents with a marker
gene and exposure to diesd exhaust should be cited. | do not have this reference a hand. Although it
notes an increase in gene mutations in the lung it fails to cite the classical studies by Driscoll and
Oberdorgter which show that the mechanisms of mutagenic response to soot particlesislikdy viaan
inflammation/oxidative stress pathway.

Chapter 6.  Quantitative Approachesto Estimating Human Non-Cancer Health Risks of
Diesel Exhaust
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This chapter is acceptable for use in evaluating the human health hazards of exposure to diesd
exhaud. It could benefit from rigorous editing to improve the clarity and make it more concise. The
following points require specific atention.

1 Page 6-4, line 32. Reference should be made to the recent re-analyss of the Harvard Six-
Cities Study and the American Cancer Society Study performed under Hedlth Effects Indtitute
sponsorship by ateam led by Professor Dan Krewski. The results of the re-andysis should be briefly
summarized. In addition, the recent multi-city study performed by Professor Jon Samet and associates
under Hedlth Effects Indtitute sponsorship should be cited and the results briefly summarized.

In discussing the results of the Harvard Six Cities and the American Cancer Society Study,
reference should be made to Lipfert (1998), who has emphasized the importance of considering
historical changesin ar concentrations of particulate when estimating exposure-response relaionships.
Lipfert (1995) indicates that when historica TSP vaues were subdtituted for more current valuesin a
re-analyss of the Harvard Six Cities Study the regression coefficient for the exposure-response
relationship was reduced by afactor of 2.6. (Lipfert, F. W. (1995) "Egtimating Air Pollution -
Mortality Risks from Cross-Sectiond Studies: Prospective vs. Ecologicd Study Desgns” In:
Particulate Matter: Health and Regulatory Issues, pp 78-102. AWMA Pub. No. VIP 49.
Proceedings of the Internationa Speciaty Conference, Pittsburgh, PA.) More recently, Lipfert (1998)
has reviewed data on historical changes in particle concentrations and discussed how these changes
should be conddered in the analysis and interpretation of American Cancer Society Study reported by
Pope et d. Lipfert (1998) indicates that the failure to use this exposure data from the earlier time
period biased Pope et d's regresson coefficients for exposure-response relationships upwards by a
factor of 2t0 5.5. He indicates regression coefficients based on air qudity datafor the earlier time
period could have yielded coefficients in the range of 0.0013 to 0.0035 per ngyn?. (Lipfert, F. W.
(1998), "Trends in Airborne Particulate Matter in the United States.” Appl. Assup. Environ. Hyg. 3
(6): 370-384). Thetimetrendsin ambient air concentrations of particulate and other pollutants need to
be consdered in evauating hedth effects studies associating effects in morbidity and mortaity with
long-term exposure to pollution. 1t may aso be informative to consider the changing patterns of
€miSS 0N SoUrces.

2. Page 6-6, lines 27-34: The gpproach outlined in this section has very little support and should
be diminated. If the paragraph isleft in it should be placed after more plausble approaches. On line
27 the word "view" should be replaced by "assume" and on line 28 the word "treet” should be replaced
by "assume." If the approach taken here were to be used it would aso have to assume that particles
other than DPM are without any hedlth effects.

3. Page 6-7, lines 9-12: The approach proposing apportionment of the 15 ng/m* NAAQS for
PM, s to different sources, in this case to diesd, isingppropriate. Thisis not an gppropriate part of the
setting of an inhdation reference concentration and this sentence should be removed. Instead, | might
suggest "The gpproach of assuming equa potency for PM, s and diesd exhaust suggests that an
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appropriate inhaation reference concentration for DPM is 15 ng/n, avalue equa to the annua
NAAQS for PM,."

4, Page 6-9, lines 4-6: The reader is provided a one sentence pointer to a 10 page appendix (B)
on "Benchmark Concentration Andyss of Diesdl Data™ If this Appendix (B) isworthy of incluson,
then it should be presented more clearly in thetext. | suggest the gppendix remain and that a paragraph
be used to introduce the approach on page 6-9 and then a paragraph used on page 6-13 or 6-14 to
indicate clearly why the Benchmark gpproach is not being used.

5. Page 6-10, lines 22-24: This sentence should be removed from the text and added as a
footnote to Table 6-1.

6. Table 6-1: The footnote notes for the table need to be reviewed and revised. A key footnote
was place in the text (see above) and others are apparently note used.

7. Page 6-11, HEC Derivation: This section suffers from inadequacies noted in the Dosmetry
chapter and is excessvely long and complicated. Part of the difficulty relates to excessive reliance on
the modd of Yu (1991) and the failure to make quantitative use of NCRP and ICRP mode s for
particle deposition and clearance. The section could be improved if reference were made to akey
table as | have suggested for inclusion in the Dosmetry chapter that would detail dl of the relevant input
parameters (including assumptions) for rats and humans used to cdculate a"Human Equivaent
Concentration” for diesd exhaust particles. The table would show input data and output for the Y u,
NCRP and ICRP modds and be accompanied by text explaining smilarities and differencesin results.
The present Dosmetry chapter does not contain such atable.

The exigting section 6.5.2 HEC Derivation could be subgtantialy shortened if atable such as
described above were included in the report.

8. Table 6-2: Thistable could be improved by including a column that normdizes dl therat
exposure data to mg/m?® or n/m?® based on continuous exposure. Thisisthe first sep in evauaing the
HEC. Burying this normdization in the HEC vaues given mydtifies the HEC evauation process.
Indeed, | am concerned that excessive reliance on the Yu mode has unnecessarily complicated the
HEC cdculation process and may have introduced distortionsin the basic data. For example, theratio
of the exposure concentration (not normalized to continuous exposure) to the HEC for the lowest
exposure level (0.35 mg/n?) for the Manderly et a (1987a) study is about 10 to 1 while for the 3.5 and
7.0 mg/m? levelsit isnearly 2to 1. For the Ishinishi et d (1988) study the change in this data from the
lowest exposure concentration to the highest shiftsfrom 3 to 1 to about 0.8 to 1. The difference
between the Manderly et a and Ishinishi et d tudies a a given exposure concentration is primarily due
to the difference in exposure time (35 hours per week versus 96 hours per week). Presumably, the
remainder of the differencesincluding the shift from low to high exposure concentrations results from

Y u's modeling of overload. | submit that Yu and the EPA staff have gotten carried away with
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modding, perhaps best characterized as "mathematica gymnagtics" and would do better by focusing
on the basic data. | suspect it may not change the basic RFC caculation since rdliance is based on the
low exposure concentration data. The key question is whether one fed comfortable saying that rats
exposed to 0.46 mg/nt, 16 hours/day, 6 days'wk (normalized 0.38 mg/m?) and humans exposed to
0.144 mg/m? are equivaent exposures in terms of doseto lung. This difference appears about right and
islargdy related to differencesin fractiona deposition for rats and humans. This dement of smplicity is
logt in the mathematical detalls of Appendix A.

9. Pages 6-13, line 16: A brief paragraph should be added here explaining why the Human
Equivaent Concentration to rat exposure concentration relationship is not proportiona over the range
of exposures described. This should include a brief statement as to why the shift occurs, isit al
attributable to overload? If so, what isthe evidence for "overload” occurring in humans? This Situation
might be clarified when a comparison is made to results from use of the ICRP and NCRI models.

10. Page 6-13, lines 18-19: Changeto read "with no observed adverse effect levels as high as
0.144 mg/n?,

11. Page 6-13, lines 20-21: Change to read "in the continuum from 0.33 to 1.95 ng/ne."

12. Page 6-13. Much of the discussion on this page and page 6-14 fails to recognize that the
relationships observed are in part afunction of sudy desgn. For example lines 35-36 note that the
highest no-effect HECs of 0.128 mg/m? and 0.144 mg/n? are nearly five-fold above other no-effect
levels of 0.032 and 0.038 mg/m?. Sowhat! If Manderly et al had elected to study a concentration
higher than 0.35 mg/m?, 7 hr/day, 5 day/wk, than one could have caculated a NOAEL HEC closer to
0.144 mg/n?. Likewisg, it is quite possible that if studies had been conducted at levels above that
identified as the highest NOAEL but below the LOAEL, an ever-higher NOAEL might have been
identified. This should be clearly stated in the text.

13. Page 6-13, line 36 and page 6-14, line 3: The basisfor electing to not use the BMCL,, needs
to be expanded. One could argue that a calculated BMCL,, of 0.37 ng/m?® combined with a HEC-
NOAEL of 0.144 mg/m? provides a basis for sdlecting avalue of 0.25 to 0.30 mg/n? as agtarting point
for caculations of an RFC.

14. Page 6-15, line 19: Expand to read "0.46 mg/m?, 16 hours/day/6days/week"

15. Page 6-17, line 13: Remove the phrase "the apportionment estimates of 1.5 - 5 ng/m™'. As
discussed earlier, the issue of gpportionment is not a part of the science underlying selection of an RFC.

16. Page 6-17, line 28: Reviseto read "this DE RFC vaue of 14 ngy/n? or arevised DPM-RFC of

5 my/n? is reasonably congruent with the annua PM, s NAAQs of 15 nyn?® established to protect
agang adverse effects of ambient air fine particlestypica of the current U.S. environment. If arevised
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DPM-RFC is cdculated usng an uncertainty factor of 10 for intraspecies variability and 3 for
interspecies (toxicodynamic congderaions), then | think the resulting RFC should be viewed as having
a high degree of confidence.

17.  Page6-21: Expand to read "0.46 mg/m?, 16 hours/day, 6 days/week, a NOAEL ."

18.  Appendix A: Thisisan extraordinarily detailed presentation that would benefit grestly from
incluson of an easy-to-reed summary. Such asummary would include atable such as | have
advocated dsewhere, summarizing dl of the critical input and output parameters for modeling the
dispogition of particles in rats and humans exposed to diesel exhaust particles. It may be necessary to
modify Appendix A to include details related to use of the ICRP and NCRP models.

Chapter 7. Carcinogenicity of Diesel Exhaust

1 Page 7-2, line 32: As noted e sawhere, in consdering the Harvard Six Cities and American
Cancer Society Studies, it isimportant to make note of the historical changesin air qudity (Lipfert,
1998).

2. Page 7-5, lines 8-10: The figures presented here on sales of diesal-powered trucks need to be
qudified by making reference to the portion of the on-road truck fleet that was diesdlized. Perhgpsthis
portion of Chapter 7 can be better linked to Chapter 2 on diesdl emissons.

3. Page 7-113, Weight-of-Evidence: This section needs to be rewritten. In my opinion, it is not
gppropriate to use the rat lung tumor data inhalation study as part of the weight of evidence for human
carcinogenicity. Itistotaly ingppropriate to include data from rats given intratrached inhdations as part
of the weight of evidence in the face of the compelling mechanigtic data from well-conducted inhaation
studies showing alack of relevance of the rat data for assessng human hazard for diesd exhaust
particulate matter exposures. Indeed, the most relevant rat data are from the many rats studied at levels
not producing an overload and these were negative for cancer induction (Vaberg).

4, Page 7-113, line 27-31: In my opinion the following statement is not adequately supported and
should be diminated "Nonethdless, available data indicates that DE-induced lung carcinogenicity seems
to be mediated by mutagenic and non-mutagenic events by both the particles and associated organic
compounds, athough arole for the organicsin the gaseous phase cannot be ruled out. Given that there
IS some evidence for amutagenic mode of action, acancer hazard is presumed at any exposure level."
In my opinion, the argument for arole for mutagenic events has not been clearly articulated and, thus,
the case for alinear extrapolation to levels of afew - g/m?® has not been made. Consequently, this
assumption is clearly a default and should be stated as such. The summary statement provided on page
114, lines 29-30 is appropriate. (Perhaps it was written by a different author.)

Chapter 8. Dose-Response Assessment: Carcinogenic Effects
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1 Page 8-2, lines 29-31: While it has been shown unequivocaly in severa studiesthat DE can
cause benign, and maignant lung tumorsin rats in a dose-related manner following chronic inhdation
exposure to sufficiently high concentrations, it has dso been shown that low, but still subgtantiad
exposures to diesd exhaust do not cause an excess of lung cancer in rats (Vaberg). Further, it has
been clearly demondtrated that the rat lung tumors occur viaamode of action (particle overload,
inflammation, reactive oxygen pecies, mutations and lung cancer) that is unlikely to be operativein
humans at ambient levels of exposure. Thus, the quoted sentence should be removed. The sentenceis
not congistent with lines 13-21 on page 8-3. The EPA gaff should accept the evidence for human
cancer risk from diesd exhaust for what it is—weak—and avoid overdating the evidence.

2. Page 8-3, line 27: | suggest adding: "In addition, it is difficult to ascertain the role of ambient
particulate matter that was at substantialy higher concentrations for much of the life of the
occupationdly exposed individuds than was the case when the epidemiologica studies were conducted
(Lipfert, 1998).

3. Page 8-4, line 10: | suggest you insert "For example, relaive risks on the order of 10 are
frequently observed for lung cancer in smokers compared to relative risks for diesel exposed workers
for up to about 1.5"

4, Page 8-5, line 4: | suggest it be revised to read studies have 'reconstructed quantitetive
higtorical exposure data' to emphasize the exposure data was reconstructed. | suggest that any time
reconstructed historical exposure data is cited it should be specifically cited as reconstructed historical
exposure data.

5. Page 8-6, lines 4-20: 1t would be appropriate to give the confidence intervals for the odds ratio
of 1.64 and 1.41. In addition, the odds ratios and the associated confidence intervals for smoking as
reported by the author should be given. This helps provide the reader with perspective as to the weak
evidence for cancer risks from diesd exhaust exposure vs. cigarette smoking.

6. Page 8-9, line 8. add "lack of knowledge of whether the men actualy drove diesd trucks.”

7. Page 8-9, lines9-17: | think the authors should state more strongly the high degree of
uncertainty associated with retrospectively reconstructing exposures for 1948 to 1983 from 1990
exposure assessments.

8. Page 8-10, line 9: | think the valueis"about 15-fold" rather than five-fold.
0. Page 8-10, lines 12-24: | suggest that any time an exposure value is presented, especidly
when presented to three sgnificant figures, it should be prefaced by "estimated.” And, as noted

elsawhere, it should be stated that ambient particulate exposures, including EC, were undoubtedly much
higher for amgor portion of the life of the individud.
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10. Page 8-11, lines 4-7: With reference to activities underway, it would be appropriate to note
both the Augtrdian miner study and the NIOSH miner study.

11. Page 8-12, lines 27-29: It isinappropriate to state a 5% background lifetime lung cancer risk
for the U.S. population without giving data showing how non-uniformly thisrisk is distributed across the
total population. For example, the lifetime lung cancer risk for non-smokers is about 1% compared to
10% for smokers with about 85% of the casesin thistotal population attributable to cigarette smoking.
Since areativerisk gpproach is being used it follows that 85% of the estimated cases attributed to
diesd exposure will occur in smokers. Thus, for non-smoking workers the excessrisk attributable to
diesd exhaust exposure would be about 0.4% and for smokers about 4%. In Smilar fashion the
subsequent risk numbers need to be lowered by afactor of 5 for non-smokers and eevated by afactor
of 2 for smokers. And one could go on and on playing agame of "mathematica gymnagtics. The more
one plays the game of "mathematical gymnagtics," the more obscure the underlying data becomes and
the greater the likelihood of losing contact with redlity. | suggest that we call time-out on "mathematical
gymnasgtics' and agree the existing epidemiologicd data are inadequate for quantitation. Thefacts are
that we have awesk signa for potency and a potentiadly large population exposed to low levels of
diesdl exhaust on the order of a - g/n.

12. Page 8-13, lines 28-29: If the Agency is concerned about non-road sources of diesel exhaust,
then why didn't they include more information on non-road sources. The statement seemsto imply that
only aportion of the U.S. population is exposed to diesd exhaust from non-road sources. Intuitively, |

suspect the non-road sources contribute generaly to exposure acrossthe U.S. But thered question is
whereisthe data? The statement "children who may be more sengtive to early life exposure" appears

to be dmost athrow-away. Again, what isthe evidence?

13. Page 8-13, line 30 and earlier: 1 am concerned about the excessive quantitation based on very
limited data. | doubt that this paragraph sufficiently quaifies the "mathematical gymnastics' exercises. If
these numbers are left in, | suggest words be added as follows - "There is alow degree of confidencein
the risk numbers cited and, therefore, they should not be congtrued in any way be equivdent to the unit
risk values the agency has sometimes caculated.”

14. Page 8-14, lines 6-7: | suggest it would be appropriate to reword as follows - "Nevertheless,
these andyses indicate that environmental exposures on the order of anym® may pose alung cancer
hazard even though aleve of zero risk cannot be excluded.”

15. Page 8-15, line4: Remove the reference to environmenta cancer risks from DE ranging from
10°to 10°3.

16. At severd placesinthis chapter it is very important to emphasize that the basic epidemiologica

data shows an association between employment in the trucking and railroad industry and aweak cancer
sgnd. It isimportant to emphasize that the epidemiologica studies were not based on exposure to
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DPM but rather job classfication, duration of employment, etc., and an evauation of association with
lung cancer. In asecond step, edimates of exposure to DPM are introduced as a means of
extrgpolation to ambient air concentrations and the generd population. Thereis ahigh degree of
uncertainty in extrgpolating from these very complex occupationa Situations to the genera population
and from high levels of exposure to DPM and many other agents to substantidly lower ambient leves of
DPM.
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APPENDIX C

As noted earlier in my comments, the estimation of exposure becomes acritica part of
caculating the potency (i.e., dope of the dose-response function) for past exposuresincreasing
mortality. This point should be made in Appendix C when the Harvard Six Cities and American
Cancer Society Studies are cited. 1t will be appropriate to reference the Lipfert (1995 and 1998)
papers and note the impact of using estimates of exposure from historica ar quality data. 1t may be
gppropriate to include one or more of the figures from the Lipfert (1998) paper.
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Gunter Oberdorster, PhD
Chapter 3: Dosimetry of Diesel Particulate Matter

Thisrevised chapter isSgnificantly improved, and the comments made at the previous review have
generdly beenaddressed. References to the PM document have been made throughout the Chapter, and
some figures have been included. It would till be useful to include aso a figure showing the deposition
efficiency in humans over the whole particle range from ultrafinesto 100 - m, for example, asit has been
derived by ICRP. The comments made below relate to afew additiona issues which should be answered
and incorporated in this draft.

Page 3-1, line2: | suggest to ddete"clearly” and start the sentence with " Animasand humans....."

Page 3-3, line 6: | suggest to delete "many”.

Page 3-6, lines 25/26: Theinggnificant rate of clearance by dissolution pertains only to the core
of DPM, not thewhole DPM. Furthermore, thereisdso asgnificant difference between rats and humans
withrespect to the importance of clearance by dissolution. Dueto thelong aveolar macrophage-mediated
clearance in humans — in contrast to rats — dissolution of even "poorly soluble particles' can be a
sgnificant contributor for humans as has been pointed out by Kreyling.

Page 3-7. line 3: Clearance of PSP deposited in the oral passagesis not by coughing.

Page 3-8, lines 5/6: One study is indicated here to show a difference in trachea transport with
respect to age. The reference is missing, and can that one study be used to generdize age-related
differences?

Page 3-9, lines 4-10: It is speculated here as to why PAH on the diesdl particles may have an
effect in humans but not in rats. One possibility suggested here is the greater interdtitid locdization of
inhded diesd particlesin the primate lung compared torat lungs, based onthe paper by Nikulaet al. One
has to be cautious with thisinterpretation of the paper snce trandocation rates from the dveolar to the
interdtitium may be quite different betweenrats and primates, smilar to the alveolar macrophage-mediated
clearance rates being much faster in rats than in humans. Thus, an evduation of interdtitid vs. dveolar
particlesmade at one point intime only (at the end of atwo-year study inrats and monkeys) probably does
not give an accurate picture of the kinetics of such trandocation and the importance of the interstitial
compartment of one vs. the other species.

Page 3-16, lines 11/12: It should be emphasized here that the studies by Adamson and Bowden
used high doses by intratrached indtillation and that this will lead to Sgnificant direct particle-type | cdl
interactions inthe lung. Themechanism of interdtitial access of particles a very high doses given asabolus
islikely quite different from that & much lower inhaed doses.
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Page 3-16, lines 24-29: As mentioned before, the study by Nikula et al. needs to consider that
only one point in time after exposure to different particles in rats and monkeys was used to determine the
relative ratios of dust accumulation in the dveolar space vs. the pulmonary interdtitium. Asiswel known
fromother sudies, there is sgnificant accumulation of dustsinhaed at higher concentrationby ratsinther
tracheobronchia lymphnodes, i.e., these particleshave to be transported there via interdtitia access; if the
clearance rate fromthe intergtitium into lymphatic tissuesisfaster inrats thaninmonkeys this could account
for the observation that rlatively lessinterdtitia particles were found in the rat as compared to monkeys.
This may give rise to an incorrect conclusion with respect to species differences of the persistence of
interdtitid vs. dveolar particles.

Page 3-18, line 13: Change "pathophysca™ to "pathophysiologica”.

Page 3-19, lines16-18: Referenceismade hereto Figure 3-5. Thereisatypointhefigurelegend
and in the labelling of the ordinate, change PPM to DPM.

Page 3-19, lines 30/31: The revised version of the Pock model for rats by Stober is described
here, including an interdtitial space compartment for retained particles that increases greetly. This mode
appears to be in contrast to the conclusions by Nikula et al. if one reads the document in its present form.
However, as suggested above, the data by Nikula et al. represent only one point in time and may haveto
be viewed in the context of different interdtitid clearance rates between rats and monkeys.

Page 3-20, line 8: The overloading effect has aso been noted in mice and hamsters, not only in
rats. See studiesby Muhleet al.

Page 3-20, lines23/24: It isnot only a suggestion that macrophage-mediated clearance is dower
in humansthanin ras, but it is, indeed, afact that has been reaffirmed repestedly.

Page 3-20, line 25: It should be darified what sgnificant differences in macrophage loading
between species are dluded to here.

Page 3-21, lines 28/29: It is noted here that no lung cancer was reported among miners with
apparent particle overload. However, it should also be noted that the same istrue for rats where particle
lung overload can occur without the induction of lung tumors. See for example the study by Lee et al.
where 50 mg/m? of TiO, exposure over two yearsresulted insignificant particle overload but no increased
lung tumors.

Page 3-22, lines 32-35: In addition to the suggestion that surface characteristics of dveolar
macrophages are dtered so they adhere to each other, it has aso been suggested that aveolar
macrophages activated by phagocytized particles release chemotactic factors that in turn attract other
macrophages|eading to cluster formation. Thiswas suggested by Bellmann et al. (J. Aerosol Science 21
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377-380, 1990) where a clearance and retentionmodel witha specific aveolar macrophage compartment
is described.

Page 3-23, line 32: Change"of" to "a".

Page 3-29, line 10: | suggest to change "caculate’ to "edimate’.

Page 3-36. lines 21-36: This paragraph describes clearance rates for poorly soluble particles in
humansfor larger particlesand an adjustment to smdler ones. However, the adjustment being used for the
gmndler particles are clearance rates determined for the rat by Snipes (1979). Moreover, the clearance
rates for these smdler particles are taken from an annud report of ITRI, i.e., these data were not peer-
reviewed. Itis, thus, not understandable why the rat clearancerates should be used for humans, and it is
aso not clear which larger particle sze dluded to in line 29 is meant, isit 0.4 Zmor 2 - m? Likewisg, it
isnot clear why this choice would underestimate rather than overestimate (line 30) the correct clearance
rate for DPM.

Page 3-37, lines24/25: 1t ispointed out herethat the Y u mode hasasgnificant clearanceinto the
lymphetic system, i.e., via interditid compartment. This needs to be kept in mind, because later in the
document (see below) it is stated that the Y u modd doesnot have an interstitial compartment. (Seedso
publication by Hseh and Yu, 1998, Inhalation Tox.).

Page 3-38, lines22-33: Line 22 mentionsthe lack of an interdtitial compartment in the' Y u modd,
which is not quitecorrect Snce an interdtitia pathway in the Yu modd for lymphatic clearanceis certainly
provided. In this paragraph the work of Kuempe and Nikulais aso mentioned as providing compelling
evidence onthe sgnificance of an interdtitialization processin primates. Again, as Sated before, rats dso
have a 9gnificant anount of particles cleared into the interditium and the regiona lymph nodes, and this
clearanceis consdered in the Yu modd aswell sncein thismode the aveolar clearance rate conssts of
the macrophage-mediated and the interdtitia clearance. Specifically inthe particle overload Situation, this
pathway appears to be rather rapid in rats. Thus, the difference betweenrats and humans may betherate
of clearance into and out of the interdtitium, Smilar to the differences in aveolar macrophage-mediated
clearance rates between rats and humans.

Line 30 dates that the findings in retired coal miners are consstent with the exigence of an
interdtitid compartment. However, these findings are also quite consistent with overload induced
retardation of aveolar macrophage-mediated clearance, as has been pointed out before.

Page 3-39, lines34/35: Thelack of theinterdtitid compartment inthe'’Y u modd isagain addressed
here which may have to be revised.

Page 3-40, lines 17/18: The statement here that dissolution is insgnificant for poorly soluble
particlescompared to clearance as anintact particle isnot necessarily true for humans because of the much
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longer dveolar macrophage-mediated clearance in humans vs. rats. This was pointed out by Kreyling
repeatedly.

Page 3-40, lines 22: The prominence of interdtitidization poorly soluble particlesin primates vs.
rodents should be considered in light of possibly much faster clearance rates for this pathway in rodents,
as mentioned severd times before.

Page 3-40, line 25: Replace "may” with"is'. Itis, indeed, afact that prolonged exposure to high
concentrations of particleswill lead to particle overload.

Also, replace "appears’ with"is'inline 30. It hasbeenwdl established that, indeed, macrophage-
mediated cdlearance is dower in humansthan in rats.

Page 3-41, line 31: The MMAD of 0.2 = mshould more gppropriately be called a mass median
thermodynamic diameter.

In generd, this chapter should aso emphasize more the variahility in outcome between different
models with respect to deposition and clearance as well as the biologicd individud variability in particle
depositionand clearance whichcan lead to Sgnificant differencesin estimates of retained particle burdens.
Thus, a cautionary note that the use of the C. P.Yu modd should not be viewed as an endorsement that
itisthe most gppropriate oneto use. The predictions derived fromthis model aswdl asfromother models
dill have potentidly large uncertainties.

Chapter 4: Mutagenicity.

This chapter does not include revisions that were requested repeatedly in dl previous reviews of
the document, i..e., addressing the issue of very high doses whichwere used inmutagenicity assays rddive
to doses that can reasonably be expected to occur in vivo. The EPA should take this suggestion a bit
more serioudy and include a satement in this section regarding the high dose levels being used.

Chapter 9: Characterization of Potential Human Health Effects of Diesel Exhaust:
Hazard and Dose-Response Assessments

Based on the extensive discussions that the Panel had at the CASA C mesting this chapter will be
revised accordingly by EPA. Mog of the following comments are repetitive since they were submitted
prior to these discussions and have been addressed at the mesting.

Obvioudy, EPA &aff is struggling in this chapter to find the right wording for the degree of
carcinogenicity for diesel exhaust whichsometimes leadsto awkward sentences. For example, statements
like "the humanevidencefor potentia carcinogenicity for DE isjudged to be strong but less than sufficient”
(page 9-11, lines 15/16), or "DE is likely to be carcinogenic to humans by inhalaion at any exposure
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condition” (page 9-13, lines 29/30). Another sentence states (page 9-12, lines 13-15) that "the animal
evidence provides additiona support for identifying a potentia cancer hazard to humans, but is considered
not suitable for subsequent dose—response andys's and estimation of human risk with DE".

Thisneedsto beresolved: If the evidenceis not sufficient, it cannot be that strong; carcinogenicity
of DE at any condition is hard to accept; and if the animd evidence cannot be used for human risk
extrapolation (because of an irrdevant mechanism) then they cannot provide additiona support for
identifying a potentid cancer hazard to humans.

The derivation of an RFC — summarized in this chapter — is not quite clear, specificaly the
justification that the vaue of 14 = g/m? for the RFC agreeswiththe NAAQS of 15 - g/n, and a the same
timeit being closeto the 1.5 - 5.0 = g/m® derived fromthe apportionment of the PM,, ; standard. TheRfC
agpparently was derived by usng just one uncertainty factor of 10 for more susceptible parts of the
population, whereas no factor for rat to human extrgpolation was used. This is judified by the use of a
dosmetric extrgpolation model and by a statement in Chapter 6 thet rats are more sengtive than humans.
However, the use of the dosmetric deposition, retention and clearance modd addresses only to some
extent the uncertainty for interspeci es extrgpol ation, Since depogition and clearance modds ingenerd have
some degree of uncertainty. Thus, the use of such mode does not diminate completely the need for an
uncertainty factor which is normally 10 (3 for toxicokinetics, 3 for pharmacodynamics). In view of data
by Ruddll et al. (1999; see below) showing that humans exposed for 1 hr. to 0.3 mg/m?® show significant
inflammatory cdl responsesin lung lavage, one could argue that humans are at least as sendtive or more
sengtive thanrats, and that an additiond factor of 3 for rat to human extrapolation is justified. That would
indeed bring the present RfC of 14 - g/m? down to around 5 - g/m? for DE. Thisisavery low vaue, and
| consider the confidence in this RFC to be moderate to low, given that it is based on a number of
assumptions.

Attached are the abstracts of two publications by the Swedish group, with Rudd| asthe first author
(Ruddl et al., Effidency of automotive cabin air filters to reduce acute hedlth effects of diesd exhaust in
human subjects. Occup & Environ Med. 56(4): 222-231, 1999; Rudell et al., Bronchoaveolar
inflammeation after exposure to diesel exhaust: comparison between unfiltered and particle trap filtered
exhaugt. Occup & Environ Med. 56(8): 527-534, 1999). The studiesshow that human subjectsexposed
to diluted diesdl exhaust at 300 - g/m? for 1 hr. experience sgnificant inflammatory responses with respect
to lung lavage cdls. If one contrasts this with results from a two-year rat inhaation study with diesd
exhaust (Henderson et al ., 1988, FAAT 11: 546-567) at the lowest exposure concentration of 350 - g/n?, it turns
out that in the rat study exposure a this concentration for 3 months (intermediate sacrifice timepoint) did
not show any sgnificant inflanmeatory responsesin the lunglavage. Thus, a greater sengtivity of rats with
respect to non-cancer effects cannot be assumed, asis stated in the present draft of the document.

The studies by Ruddl et al. (attached abstracts) should aso be included in Chapter 5 of the

document, Non-Cancer Hedth Effects of Diesd Exposure. These authors show, in addition to
inflammeatory responses in humansafter short-termexposures, that by induding a particle trap inthe exhaust
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the inflammatory response in humans was till the same and that only the incluson of an activated carbon
filter diminated the response.  This result demonstrates that not the particles but the gaseous exhaust
components are respongible for the inflammeatory cell response.

The decisonnot to usethe rat lung tumor response data for human extrapolation isin line with the
recommendation of CASAC since the rat tumors are induced by mechanisms which certainly will not be
operating at low environmentad exposuresinratsor in humans due to the existence of athreshold inparticle
overload sudies. Thereis some speculation in this chapter and in other parts of the document (Chapter
8) asto why there may be differences betweeninductionof lungtumorsin rats a high concentrations and
a suggested carcinogenicity for DE for humans at low environmenta concentrations.  This difference is
hypothesized to be due to mutagenic and genotoxic effects of organic compounds in the gas and particle
phase and other effects related to induction of reactive oxygen species by the organics.

However, one other aspect that is not discussed in the document relates to potentially significant
differences in the exposure atmospheres of the chronic high dose rat studies vs. the low environmentd
levels of diesel exhaust. Atlow environmenta concentrations, asisdescribed in Chapter 2 of the document
(Figure 2-37), there are two digtinct particle modes of diesd exhaudt, the ultrefine particles and the
accumulation mode particles. In contragt, the high concentrations in the mg/m? range used as primary
dilution in the animd exposure studies are likdy to have resulted in rgpid coagulation of the ultrafine
particlesonto the accumulationmode. Therefore, itispossblethat the particlesinhaed by the experimenta
animals were only the larger (about 0.2 - m) accumulation mode particles. Rapid coagulation of the
ultrefine particles at several mg/n of diesdl exhaust canbeassumed from homogeneous and heterogeneous
coagul ation processes (Hinds, Aerosol Technology , JohnWiley,New Y ork, 1982), and heterogeneous coagulationcan
be one to several ordersof magnitude greater than homogeneous coagulation(NRC, 1979). Furthermore,
depending on the time and Site of cooling of the hot gases in the dilution tunnel to room temperature could
lead to sgnificant quenching of ultrafine particles.

The chemica composition of the accumulation mode and the ultrafine mode particles of diesel
exhaust are probably quitedifferent (Kittelson, D.B. and Watts, W. Nanoparticle emissonsfrom engines.
In: Nanoparticles Applicationsin Materids Science and Environmental Science and Engineering. Natl.
Science Foundation, p. 17-21, 2000; ISSN 1436-509X), which could be another important difference
between the experimenta animas vs. humans. The chemical compostion of DPM described in this
document (Chapter 2) is derived from filter samples with collection of both particle modes. They consst
of dementa and organic carbon compounds. Infact it is stated in Chapter 2 that dementa carbon isthe
major component of diesel exhaust, contributing gpproximeately 50-85% of the diesel particulate mass. In
contrast, newer sudies using particle 9ze sdlective sampling show that ambient ultrafine particles condst
manly of organic carbon compounds. (European Aerosol Conference 2000; Hugheset al., Environ. i
& Technal. 32, No. 9, 1998). If ultrafine diesd particles as part of the ambient nuclel mode dso consst
of organics, thiswould point to an important difference between low environmenta exposure of humans
to diesd (ultrafine + accumulation mode particles) and high experimenta exposuresof ratsto diesdl (only
accumulationmode particles). Although speculative, this suggested difference could be included into this
document together with other hypotheses about differencesinresponseto diesd betweenrats and humans
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(e.g., Section 7.4.5 - Integrative Hypothess for Diesdl-Induced Lung Cancer). Ultrafine particles (~20
nm) have avery high predicted deposition efficiency in the alveolar region of the respiratory tract, in fact
per unit surface area they have an approximately fifty times higher deposition in the conducting airways
compared to the dveolar region (ICRP 1994 modd), and deposition is significantly grester than for
accumulationmode particles. Significant differences of exposures of target cdls between humans and rats
may, therefore, occur a low and high exposure levels.

Some specific comments on Chapter 9indude: Avoid the use of microns, it should be micrometer
(page 9-2, lines 27-28).

Page 9-12, lines27/28: | suggest to add that the mutagenicity assayswere performed at very high
doses.

Page 9-17, line 25: Change microgram to milligram.

Withrespect to reaching closure of this Health Assessment Document for Diesd Exhaudt, | amin
favor of it, with the strong recommendation that EPA staff includes the changes that were discussed and
agreed upon at the CASAC mesting on October 12/13, 2000.
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Ronald E. Wyzga, Sc. D.
Overall Comments;

The document is much improved over earlier documents. The document is well organized, well
written, and works sysematicaly toalogica concluson. During the course of the meeting, severd changes
were recommended for the document. Unfortunately, there was no record of the changes to be made.
If the document incorporates the changes and caveats that my colleagues and | suggested, | bdieve that
the document is ready for public release.

Chapter 1:

Executive Summary. Comments reflect those given below. | will bring specific comments to
meeting.

Chapter 2:

This chapter is missng severd recent references, they should be reviewed and incorporated into
the document:

Brown, J. E.; Clayton, M. J.; Harris, D. B.; King, F. G., Jr. (2000) Comparison of the particle size
digtribution of heavy-duty diesdl exhaust using a dilution tailpipe sampler and an in-plume sampler during
on-road operation. J. Air Waste Manage. Assoc. 50: in press.

Chrigtoforou, C. S.; Sdmon, L. G.; Hannigan, M. P.; Solomon, P. A.; Cass, G. R. (2000) Trendsin fine
particle concentration and chemical composition in southern Cdifornia. J. Air Waste Manage. Assoc. 50:
43-53.

Coburn, T. C. (2000) Statigtical andyd's of onrroad particulate matter emissions from diesdl vehicles.
Inhalation Toxicol. 12(suppl.): 23-33.

Jansen, N. A. H.; deHartog, J. J; Hoek, G.; Brunekreef, B.; Lanki, T.; Timonen, K. L.; Pekkanen, J.
(2000) Personal exposure to fine particulate matter inelderly subjects: relation between persona, indoor,
and outdoor concentrations. J. Air Waste Manage. Assoc. 50: 1133-1143.

Kinney, P. L.; Aggawd, M.; Northridge, M. E.; Janssen, N. A. H.; Shepard, P. (2000) Airborne
concentrations of PM 2.5 and diesdl exhaust particlesonHarlems dewaks: a community-based pilot study.
Environ. Health Perspect. 108: 213-218.

Ramadan, Z.; Song, X.-H.; Hopke, P. K. (2000) Identification of sources of Phoenix aerosol by postive
matrix factorization. J. Air Waste Manage. Assoc. 50: in press.
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Singh, R. B.; Huber, A. H.; Braddock, J. M. (2000) Devel opment of a microscae emissions factor mode
for particulate matter (MicroFacPM) for predicting rea-time motor vehicle emisson. Presented at:
PM2000: particulate matter and hedlth--the scientific basis for regulatory decison-making, specialty
conference & exhibition; January; Charleston, SC. Pittsburgh

The article by Christoforou et a. documents the nature of the changes in exposure that are occurring
over time. These datawould be important to include in the document, especialy in section 2.2.8.1.3.

The paper by Kinney et al. shows that under some circumstances short-term exposures to diesdl
particles can be high.

Other comments,

The nature and sgnificance of exposure patterns should be highlighted in the report. | redize that
data are limited here; it would be useful for the document to emphasize the need to develop datato give
us agood understanding of the magnitude and nature of persond exposuresto diesd exhaust.

Chapter 5:
Firg of dl this chapter ismissng severd key references:

Abe, S,; Takizawa, H.; Sugawara, | .; Kudoh, S. (2000) Diesdl exhaust (DE)-induced cytokine expression
in human bonchid epithelid cells. Am. J. Respir. Cell Moal. Bial. 22: 296-303.

Baeza-Squiban, A.; Bonvdlat, V.; Boland, S.; Marano, F. (1999) Airborne particles evoke an
inflammeatory response in human airway epitheium. Activation of transcription factors. Cdl Biol. Toxicol.
15: 375-380.

Donadson, K. (2000) Nonneoplastic lung responses induced in experimental animals by exposure to
poorly soluble nonfibrous particles. Inhaation Toxicol. 12: 121-139.

Green, F. H. Y. (2000) Pulmonary responses to inhded poorly soluble particulate in the human. In:
Gardner, D. E,, ed. ILS Risk Science Ingtitute Workshop: The Relevance of the Rat Lung Responseto
Particle Overload for Human Risk Assessment; March, 1998. Inhdation Toxicol. 12: 59-95.

Kilburn, K. H. (2000) Effects of diesd exhaust on neurobehavioral and pulmonary functions.
Arch. Environ. Hedlth 55: 11-17.

Mauderly, J. L.; Bice, D. E.; Cheng, Y. S;; Gillett, N. A.; Henderson, R. F.; Pickrell, J. A.; Wolff, R. K.
(1989) Influence of experimenta pulmonary emphysema on toxicologica effects from inhaed nitrogen
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dioxideand diesdl exhaust. Cambridge, MA: Hedlth Effects Indtitute; report no. HEI-RR-89/30. Avallable
from: NTIS, Springfield, VA; PB90-247347.

Nightingde, J. A.; Maggs, R.; Cullinan, P.; Donndlly, L. E.; Rogers, D. F.; Kinnerdey, R.; Chung, K. F.;
Barnes, P. J; Ashmore, M.; Newman-Taylor, A. (2000) Airway inflammation after controlled exposure
to diesdl exhaust particulates. Am. J. Respir. Crit. Care Med. 162: 161-166.

Nikula, K. J. (2000) Rat lungtumorsinduced by exposureto selected poorly soluble nonfibrous particles.
Inhalation Toxicol. 12: 97-119.

Nikula K. J; Vdlyathan, V.; Green, F. H. Y.; Hahn, F. F. (2000) Influence of dose onthe distributionof
retained particulate materia in rat and human lungs. Presented at: PM2000: particulate matter and
hedth--the sdentific basis for regulatory decision-making, specidty conference & exhibition; January;
Charleston, SC. Pittsburgh, PA: Air & Waste Management Association.

Nordenhdl, C.; Pourazar, J.; Blomberg, A.; Levin, J.-O.; Sandstrom, T.; Addroth, E. (2000) Airway
inflammétion fallowing exposure to diesd exhaust: a study of time kinetics using induced sputum. Eur.
Respir. J. 15: 1046-1051.

Ostro, B.; Chestnut, L.; Vichit-Vadakan, N.; Laixuthal, A. (1999) The impact of particulate matter ondaily
mortality in Bangkok, Thailand. J. Air Waste Manage. Assoc. 49(Sp. Iss. S1): PM-100-107.

Vdavanidis, A.; Sdika, A.; Theodoropoulou, A. (2000) Generation of hydroxyl radicals by urban
suspended particulate air matter. Therole of iron ions. Atmos. Environ. 34: 2379-2386.

Ye, S.-H.; Zhou, W.; Song, J.; Peng, B.-C.; Yuan, D.; Lu, Y .-M.; Qi, P.-P. (2000) Toxicity and health
effects of vehicle emissonsin Shanghai. Atmaos. Environ. 34: 419-429.

All of the above should be incorporated into the document. | don't believe that any of themwould
dramatically change the conclusions or even tone of the report. They could, however, lead to a greater
discusson of the relationship between diesdl particle and PM hedtheffects. Although thisis discussed in
the report, the discussionisrather superficid. The report should delve into issues, such as, is there reason
to believe that diesdl particlesare as, more, or lesstoxic than PM genericdly. What hedlth effectsare seen
for PM?and diesdl particles? Have studies|ooked at the same endpointsfor both groups? Were the results
amilar? What experiments need to be done to examine the role of the diesd particle fraction in PM hedlth
effects? | believethereisagenera disconnect between thesetwo mixtures. diesd emissonshave generdly
been related to carcinogenic and chronic endpoints, PM, in generd, has generdly been linked to acute
endpoints, especialy mortdity and cardiovascular endpoints. | believe that there is aneed to examine the
role of diesdl emissonsin some of the endpoints identified as being associated with PM exposures.
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In the tables, | would like to see exposure levels broken down into the componentsof Cx T. It
would be interesting to examine other metrics besides the product of Haber's law to seeif other patterns
might emerge.
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Chapter 6:

The discussion of the development of the PM-2.5 NAAQS missesthe key issues asfar as diesdl
particles are concerned. See my comments on Chapter 5. In many ways| bdieve that this section would
be more appropriately placed in Chapter 5 thanin Chapter 6, whichshould focus on the quantitetive dose-
response estimation. Given the lack of parald studiesfor diesdl exhaust and PM, | have problems with
satements, suchasthoseonp. 6-17, gating that "the congruence of estimates attests to the reasonableness
of data used and the judgments made in the RfC process...." | beieve the smilarity in numbersis dueto
coincidence.

Otherwise the materid in this chapter is presented in a straightforward and logica approach that
is congstent with EPA methods for caculating the RfC.
| have no mgor problem with the chapter as written. Perhaps the rationde for choice of the uncertainty
safety factors could be clarified.

| would argue, however, that the toxicologica database for DE may not be "relatively complete'’.
P. 6-16, |. 25. The PM literature suggests that peak exposures are associated with a variety of hedth
responses, some of which have not been thoroughly investigated for DPM. (See above comments on
Chapter 5.) Studies, which examine the relationship between some of these responses (e.g., heart rate
variability, other cardiovascular parameters) and peak DPM exposure should be encouraged. The RfC
is concerned largdly with chronic exposures; there could be a need to say something about the rdaive
safety of acute exposures; it ismy understanding that suchameasure is under development; at some point,
this measure could be gpplied to diesd emissions.
Chapter 7:

This chapter presents the key studies in a clear and congstent manner. There are areas where
elaboration could be helpful. For example, there is scant discusson on p 7-19 onthe Crump et d. and
CaEPA andyses. This should be expanded to highlight the differences. | dso believe that the Hedth
Effects Inditute hed a workshop to hep resolve the differences in these studies. The discussion of the
difference in these two studies is more appropriate here than in Chapter 8, which should focus on the
development of dose-response relationships. Sincethesestudiesreceived greater attentioninother reviews,
e.g., that of the State of Cdifornia, it isimportant that they be fully discussed here so thet the reader redizes
that they were fully consdered here.

Onpage 7-110 it could dsobenoted that the epidemiology literature consders exposuresto diesel
emissons fromolder technologies. It should be noted that there could be adifferencein the carcinogenicity
associated withthe ol der technologiesmay or may be the same for the newer technologies. Theemissons
characterigtics are different, and until Sudies are done on these technologies, it is difficult to make any
judgment.
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Chapter 8:

| agree withthe Agency's decision not to derive a unit risk estimate for diesdl exhaudt. Inaddition
to the arguments given here, | would add that we are dedling with a complex mixture, the composition of
which is changing over time,
Hence it isunclear whether a unit risk estimate derived from specific conditions of exposure (pattern of
exposure and composition of DE) could be extrapolated to different conditions of exposure.

| have agreat many concerns about Section 8.4. | believe the perspectives can articul ate societal
concerns about DE and cancer without a fixed number, which can be easily misinterpreted and misused.
Sincenumberswill be retained, | believe that al of the caveats associated withthemshould be highlighted
and that there should be an explicit statement in the report which states: The risk numbers presented here
aredone 0 to help place the exposures to diesel emissions in perspective compared to other exposures.
The risk numbers are highly uncertain for the many reasons givenbelow. Accordingly these number should
not be used to estimate the numbers of cancersassociated withdiesal emissons. Such numberswould be
mideading. The estimates are based upon the following assumptions. 1.) thereis an association between
exposure to diesdl emissons and lung cancer; 2.) the underlying dose-response relaionship between
exposure and cancer incidenceislinear; 3.) the risk estimatesinvave usng data fromoccupational studies,
wherethe influence of smoking is unclear and where exposures have not been measured quantitatively; 4.)
study exposures are tied to older technologies, current exposures probably reflect a mix with some
emissons from newer technologies, which have not been evauated; 5.) risk numbers are derived usng
methodol ogies designed to be protective; hence they may be an upper bound; for any oneindividud, the
risk may be zero. On the other hand, the upper range of some public exposures to diesd emissons
exceeds the lower range of occupationa exposures which have been related to excess lung cancers.

Specific comments. Can the exposurelevdsin Table 8-1 be augmented to provide some idea of
the year during which these exposures occurred? | raisethisfor two reasons: 1.) it may give some idea of
exposure trend; 2.) it gives us some idea of how we may have to compensate for differences in DE
compodition over time as we learn more about these differences

Chapter 9:

This chapter appears to have two objectives. summarize dl that was presented earlier and then
interpret the conclusions made by the document. The document fairly accomplishesthefirst objective; |
would like to seefurther clarification and cavests associated with the second objective, particularly in the
document's hazard characterization of carcinogenicity. The document mentions the changing character of
DE over time and notes that the evidence for carcinogenicity islargdy tied to older technologies (some of
which Hill exigt in the red world, and many of which exigt in the less developed world.) The key issueis
the extent to which we can extrapolate across technologies. We just don't know, and it is important to
aticulate that fact. Hence whenever it is stated that DE is a probable human carcinogen, the statement
should be caveated that the statement is based upon studies in which exposures to DE weretied to older
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technologies. The extent to which this statement is true for technologies which have been introduced
recently is unknown. | would add such a statement to section 9.4.2.2.5 and 9.5.2.

| also have some problems withsection9.5.1.. Giventhedigparity of theinformation used to derive
the PM-2.5 standard and the RfC, | find it difficult to make the comparisons made here. (Incidentdly the
unitsonp. 9-17, 1.25 should be mg not ug.) | so do not agree withthe confidence of the RFC assessment
is"medium”. Frg of dl, | don't know how to define "medium’; secondly until we have more data from
more experiments, induding more studieswith humans, with different exposure patterns and at dose levels
closer to ambient exposures, we have consderable uncertainty. | would drop line 31 on p. 9-17.

I'malso uncomfortable withthe discussionbeginning line 32,, page 9-20 through line 13, page 9-22. The
document fairly summarizes what is know, wisdy rejects the temptation to quantify in the face of great
uncertainties, and makesacoherent and logica argument on how to characterize the carcinogenicity of DE.
Why deviate from this practice here. We have large uncertaintiesabout the exposure levelsin the sudies
of concern; moreover the nature of exposures (patterns and compaositionof DE) are different inthe studies
and in the public domain. See my comments on Chapter 8.

Appendix C:

| amdisappointed withthis gppendix. | had hoped to see some discussionof the linkages between PM and
DE and what is know about their hedlth effects.
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Ledie Stayner, PhD

Chapter 6: Quantitative Appr oachesto Estimating Human NonCancer Health Risks of Diesel
Exhaust

My only mgjor concernwiththis chapter was the justificationfor dropping the use of an uncertainty
factor for the interspecies extrgpolation. In my comments on the previous draft of this document, |
expressed a concern that EPA had only used asafety factor of 3 for interspecies extrapolationrather than
the conventiond factor of 10. The rationae given for this wasthat a pharmacokinetic (PBPK) modd was
used, and thus this removed the uncertainty related to species differencesin kinetics that was assumed to
be afactor of 3. However, thislogic presumes that there is no uncertainty in the PBPK modd, which is
clearly not the case for the Y u modd for reasons that are now discussed in the document.

| was therefore quite surprised when | found that this current draft not only dropped the factor of
3 for pharmacokinetics, but also dropped the other factor of 3 for pharmacodynamics. The rationde for
dropping the factor for pharcodynamic differences was that rats were more sengtive to the non-cancer
hedth effects of diesdl exhaust exposure than humans. This statement was unreferenced, but appears to
be in part based on a misnterpretation of an ILSl report. Thisreport did draw this concluson for lung
cancer, but not for non-maignant respiratory diseases whichisthe hedthoutcome in thisandyss. It dso
appears to be based on a discusson in Chapter 3 of the histology findings of the NIOSH 2-year cod
dust/DEP study in rats and primates (at exposures equivalent to the PELS, Lewis et d. 1989). Nikulaet
d. (1997) used tissue sections fromthe Lewis et d. study to compare particle retention patternsinrat and
primatelungs (and found retentionwas primarily inaveodli inrats, and in intergtitium in primates). On page
3-16 it is noted that the alveolar response was more severe in the rats, while the interdtitial response was
greater in the monkey; yet it is concluded that the rat is more sendtive. MOST IMPORTANTLY, this
document and Nikula et d. ignore the fact that the rats were exposed for nearly a full lifetime, but the
primates were exposed for only afraction of their lives.

| was quite satisfied when the decison was made a our meeting to restore the factor of 3 for
pharcodynamic differences, but gill believe that there is some uncertainty related to pharmacokinetic
differences. Of course, it would be difficult to argue on scientific grounds for afactor of 10 or 3 and this
is probably apalicy cdl. | do believe the resulting RFC vaue of
5 = g/m?® should be reasonably protective of public hedlth.

Other Comments
| agree withthe decisionto change the level of confidence in the RFC to medium, inthe sensethat

| am reasonably confident that exposure to this level will not present a substantid risk of non-maignant
respiratory diseasesin the genera public.

A-68



In discussing the use of the PM 2.5 standard as an dternative means of justifyingan RFC, it should
be stressed that thislevel of exposure may dill be associated with a substantia risk. If possible, it would
be useful to present an estimate of risk for PM2.5 at the 15 = g/n?® leve toillugrate this point. | definitely
agree with the decision to drop the andyss based on source gpportionment, which was confusng, and
based on an unsupportable assumption that diesdl exhaudt is responsible for dl of the hedlth effects
associated with PM 2.5 exposure.

We continue to have some concerns about the adequacy of the Yu modd for predicting human
doses, based on the work of Kuempe et d. (2000) incoal miners. If our experience with studies of cod
miners applies to diesdl exhaust exposed workers, then the Yu modd would grosdy underestimate the
doses in humans at environmentd exposure levels. The suggestion that was made by Dr. McCldlan to
consider using the ICRP and NCRP models as an dternative for humans seems very appropriate.

Page 614, 3" para, 2" sentence- Why would this assessment be for individuals of average hedlth
inthar adult years. Doesn’'t EPA generdly consder senditive subpopulationsin their assessments (e.g. the
young and elderly)? Thefactor of 10 that was used for intra-human variability would seemto at least in
part be used to address this concern.

Page 614, last sentence - This statement should be dropped for the reasons discussed above.
Chapter 8: Dose-response Assessment: Carcinogenic Effects

The revisons of this chapter are entirdy consstent with concerns raised in the review of the
previous draft of this document. In particular:

1. The revised document moved the review of previous risk analysis from the main body of the report to
the Appendix, and deleted the table summarizing these risk estimates. This was in response to the
commentsfromsome of the reviewsand public commentsof the previous draft. The chapter Smply states
that “ Appendix D provides a summary review of dose-response assessments conducted to date by other
organizations and investigators.” | think this chapter should at least briefly summarizethese previousefforts
and refer the reader to the Appendix for further information.

2. The document suggests that it is not possible to perform a dose-response analysis and therefore to
develop aunit risk at thistime based on the epidemiologic studies of railroad workers or truck drivers. |
agree with this pogtion, athough hopefully the stuationwill be improved inthe near future. We have been
working with staff of the Office of EPA Mobile Sourcesto improve the estimates of higtoric diesel exhaust
particulate exposures in the NIOSH study of teamster workers. We expect that this effort will result in
sgnificant improvementsinour confidenceindose-response analysesusing this sudy, athough substantial
uncertaintiesinexposure will certainly remain. We are a so working collaboratively withDr. Eric Garshick
on the update of his study of railroad workers, and this may aso hdp to makethis sudy more suitable for
dose-response analyses.
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3. A added asectionto thisdraft that provides a“Perspective’” on the significance of the cancer risk usng
a rather crude method for determining the bounds of the risk that would be consistent with the
epidemiologic studies of workers exposed to DEP. This change was responsve to a least one of the
CASAC reviewer’s comments (mysdf). The analysisis based on the following assumptions: 1) a linear
dose-response relationship,

2) that the estimate of relativerisk (1.4) fromthe meta-analyses of the occupationa studiesis unbiased, and
3) that the range of exposuresinthe epidemiologic studieswerebetween 4 and 1740 micrograms per cubic
meter. Each one of these assumptions needsto be clearly stated inthe document (whichit is not currently
the case for dl of these assumptions), and | believe some discussion of the reasonableness of these
assumptionsiswarranted. Persondly, | believe that they aredl fairly easy to justify, and | would offer the
following arguments for this position.

Linearity

The past practice of EPA and other U.S. agencies has been to assume that the dose-response
relationship was linear when there was an absence of evidence to the contrary. | believe clearly that this
isthe pogtion we are currently in, which is that we Smply don't know if the dose-response relationship is
linear or not. The fact that we are uncomfortable withusng the existing epidemiologic studiesfor a dose-
reponse assessment clearly suggests that we can't say anything at this time about the shape of the dose-
response curve based on these sudies. Although it is true that we do not find an excess of lung cancer
amongcoa minerswho are clearly exposed to overload concentrations, | don't believe one should interpret
this asindicating that thereisathreshold for particulate exposures and lung cancer in humans. Frgt of dl,
many of these sudies are SVIR studies which rely on comparisons with the general population. Smoking
may negatively biasthese studies, snce coal minersarenot permittedto smoke while working and thus may
have lower background lung cancer risksthan the genera population. Furthermore, its not clear whether
the mechaniam of action of diesd exhaust in humans is related to overload as it appearsto bein rats and
its quite possible that it isinstead related to the genotoxic activity of the poly aromatic hydrocarbons that
are adsorbed onto the diesdl particles.

Thetoxicologic studiesare dso clearly uninformative withrespect to the questionasto whether the
dose-response relationship inhumans for diesel exposure and lung cancer risk is linear or not. If we accept
the argument that the rat studies are not useful for estimating lung cancer risk inhumans, thenobvioudy one
can not use these sudies to argue that there is athreshold or non-linear dose-response in humans.

The Validity of the Meta-Analysis Relative Risk Estimate
It is generdly impossible in epidemiologic studies to fully exclude the possibility of confounding.
It is, of course, possible that the true meta-relative risk in these studies should be larger, smdler or even

one (i.e, no effect). The fact that EPA and others have concluded that the weight of the evidence is
cons gtent withdiesel exhaust parti culateexposure being a humanlung carcinogenwould lead one to at least
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accept that the true rlative risk must be greater than one. Evenif it werelessthan 1.4 thiswould not have
agreat effect onthe range of risk estimatesthat EPA has presented in the draft assessment. For example,
if the true relaive risk were 1.2 thiswould only reduce the risk estimates by afactor of 2, whichis hardly
of any dgnificance in this context. Thus overdl, | would argue that ardative of risk of 1.4 is unlikey to
grosdy overestimate the risk, could be an underestimate and that athough the true risk might be O that this
unlikely.
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Range of Exposuresin the Epidemiologic Studiesis Between 4 and 1740 - g/m®

|dedlly the estimates of exposure used in this andyd's should reflect that probable range of average
exposuresfor the cohort studiesthat wereincluded inthe meta-andlysis. Therange used by EPA isclearly
too broad for the studiesincluded in the meta-andlys's, and | am particularly concerned about the vaidity
of the upper end of the range (1740). EPA citesthe HEI 1995 report for the range, and this appears to
come from a statement in apaper by Watts onpage 121 of the report. Thisreview includes exposure
assessments of miners, which is the only occupational group with exposures as high as 1740
- g/m®. However, both of the meta-analyses cited for the relative risk estimate of 1.4 excluded
studies of miners from their meta-analyses. Thusthe use of 1740 - g/m® as an upper bound
estimate of exposureswas clearly inappropriate. The highest reported average exposure from the
gpidemiologic studies appears to be 191 : g/n?, whichiis the leve for hostlers in the railroad study by
Garshick et dl.

Other Minor Comments

Page 8-7, 2™ para, 1% sentence - | don’t think itstrue to say that cohort studies are usualy used for dose-
response assessments. Nested case-control studies and even sometime population based case-control
studies may be equaly or more vauable.

Page 8-8, 2" para, 3" sentence- It isstated that “an ideal dose-response analysis would account for ages
whenexposureto DE began and terminated . . . using exposure intensity over age rather thancumulative
exposure’. | don’'t understand the logic here. Accounting for what age exposure began and terminated
may or may not be important depending onwhether these variablesmodify the dose-response relaionship.
Using exposure intengity may or may not result in a better model than usng cumulative exposure. | don't
understand what is meant by “exposure intensity over age’.

Page 8-10, 2" para, last sentence - | smply do not understand what the authors are trying to say here.
Page 8-13, 2" para, last sentence - | don't believe that these sources of uncertainty impact this analysis
in “opposite directions’. The true dose-response could be either supra-linear, sub-linear or linear. The

actual exposure levesfor the exposuresis clearly agross overestimate as discussed above, and would |ead
to an underestimation of risk.
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