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NOTE

This report was prepared by Eastemn Research Group, Inc. (ERG), an EPA contractor, as a general
record of discussion for the peer consultation worksliop on a proposed protocol to assess asbestos-
related risk. This report-captures the main points of scheduled presentations, highlights discussions
among the panelists, and documents the public comments provided at the meeting. This report does not
contain a verbatim transcript of all issues discussed, and it does not embellish, interpret, or enfarge upon
matters that were incomplete or unclear. EPA will use the information presented during the peer
consultation workshop to determine whether the proposed risk assessment methodology can be used to
support decisions at asbestos-contaminated sites. Except as specifically noted, no statements in this
report represent analyses by or positions of EPA or ERG.
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EXECUTIVE SUMMARY

Eleven expert panelists participated in a peer consultation workshop-to review: a proposed protocol to
assess asbestos-related risks. The protocol is documented in the xéport, ‘Technical Support Document
for a Protocol to Assess Asbestos-Related Risk, Parts [ and I” (Berman and Crump 1999, 2001). At
the end of the 2%4-day workshop, which was open to the public, the exéezt Qancﬁsts drafted the
following summary of their findings:

The peer consultation panel strongly endorsed the conceptual approach of developing an updated
cancer risk assessment methodology that takes into account fiber type and ﬁBer dimensioﬁ. The
opportunity is at hand to use substantial new information from epidemiology, experimental toxicology,
and exposure characterization on what continues to be an extremely important societal issue—assessing
the health risks associated with environmental and occupational exposures to asbestos. The panel
recommended that EPA proceed in an expeditious manner to consider the panelists’ conclusions and
recommendations with a goal of having an updated asbestos risk assessment methodoiogy. Itis
important that EPA devote sufficient resources so that this important task can be accomplished in a
timely and scientifically sound manner. The panel urges that additional analyses underpinning the
document, prepasation of documentation, and further review be carried out in an open and transparent

manner.

+ Prior to the workshop, the pérticipants received draft copies of the “Methodology for Conducting Risk
Assessments at Asbestos Supesfund Sites Past 1: Protocol” and “Part 2: Technical Background
Document.” The panelists generally found that these documents did not pmvi;ie a complete and
transparent description of how the data were analyzed to support the conclusions presented. The
incomplete documentation of methodology prectuded the replication of the findings, in advance of the
mwtmg, by several panelists. The methodology used was clarified by the comprehensive presentations
that Drs. Berman and Crump made at the workshop. However, future drafts of these documents must
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clearly describe the methodologies and include sufficient data, perhaps in appendices, such that the
findings can be replicated.

The panelists made the following conclusions and recommendations:

®m  Measureinient methods. Continuing advaices have been made in the application of exposure

measurement techniology for asbestos fibers during the’past two decades. These advances
include the use of transmission electron microscopy (TEM) and allied techniques (e.g., energy
dispersive x-ray detection, or EDS) as an alternative to phase contrast microscopy (PCM),
theleby allowing the bivariate (i.e., length and width) characterization of fibers and fiber type.
“The pmposed risk assessment methodology‘ incoiporates these advances in the development of

" an exposure index. The panel was in agreement that this dspect of the new risk assassment
methodology wpmmts a substantlal advance over lhe exnstmg me!hodology :

= Iutegration of exposure and risk asséssment models. A key aspect of the proposed risk
© assessment miethodology is a linking of specific exposure characterization methodology with
exposiire-response coefficients. It has been emphasized that any change in the exposure
‘charactérizition metrics inust be accompanied by changes in the exposure-response coefficients
of the risk assessment modéls. This was emphasized in the report and the panelists endorsed this

view.

L Access to additional raw data sets. The panelists strongly recoramended that EPA make
every attempt to acquire and analyze raw data sets from key human epidemiological studies.
Where possible, it would also be desirable to obtain bivariate (i.e., length and diameter) fiber
éxposure information for these re-analyses. Several panelists believed that review of additional
data sets offers substanitial opportunity for improving the proposed risk assessment
méthodology. Iii the event thaf raw data cannot be obtained due to confidentiality reasons or
other restrictions, the panelists suggested thiat the' authors consider asking those who have
access to the dita to conduct the rictessary stahstlcal analyses and commummte thexr results
dmactly to EPA for fuither consnderahon :

®  Fiber diameter. The proposed risk assessment methodology uses a diameter cut-off of 0.5
micrometers (m) for considering fibers. The report tites that fibers 0.7 pm in diameter can
reach the respiratory zone of the lung. A few panel members indicated that the fiber diameter
cut-off could be as high as 1.5 pm diiring oral breathing. The 0.4 pm cut-off came from rat data,

“but-Jarger diameters would be expected to be ‘respikablé in humans. There was general
agreement that the diameter cut-off should be between 0.5and L5 pm. ’I‘lus issue is deserving
- of further analysis.

vi
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Fiber length. The Besman and Crump analyses made a significant contribution by obtaining and
analyzing membrane filters from the animal inhalation studies in Edinburgh and conducting
quality-assured bivanate length and distribution analyses by TEM—thereby greatly reducing the
uncertainty of the exposure side of the exposure-response relationship for chronic fiber exposure
in rats. Unfortunately, correspondingly detailed information on bivariate size distribution is not
available for humans. This leads to the need to use the animal data, although one must always
recognize the uncertainties associated with interspecies extrapolations such as anatomic .
characteristics and respirability between species. Futuxe analyses may beneﬁt from using other
available laboratory animal data sets and human data sets.

The fiber leagth dlsmbunons for the human cohort exposuxfs are much mo:e uncertam. For the
Wittenoom, Quebec, and South Camlma cohorts, there are lnmted fiber length dnstnbuuon data
based on TEM analysis from historic membrane filter samples, but only fibex mtegones longer
than 5 pm and longer than 10 pm were counted. Forall other cohorts, the measurements were
limited to PCM fiber counts for all fibers greater than 5 um in length in some, and particle counts
(10x objective) on midget impinger samples in others. Both methods do not measure thin fibers,
.do pot dxscmnmate between asbestos and olher mme[al parﬁcl&s, and provndc no lnfoxmauon on
the concentratlons of fibers longer than 10, 20 or 40 pm, or inter-laboratory vananons in
optical resolution and counting rules. As one approach to addressing the varying uncertmnty in
asSessing exposure mthedlffetmtstudmc, Benman, ananmmusedthe available information to
make adjustments to the uncertainty ranges in  the exposure-response coefficients. The
workshop panel welcomed this initiative but suggested alternative approaches (see “Methods,”
below). i

.Some panelists felt that an Exposum-Ammént Workshop, wit‘hparﬁcipants_ having a broad
range of expertise, could evaluate the uncertainties in historic occupational data sets’ exposure
measurements. They felt such a workshop could result in a more confident assessment of
exposure-response relationships for populauons exposed to a vagety of amplubolcs chrysotile,
and mixtures. With incotporation ¢ of ‘ather available knowledge on ﬁber type, process, smoking
I (3 avallable), and the relative. mmlber of, cxocssjungmncet andmwothelzmna, it may well be
possible to gain a much clearer understandmg of the. rol&s of these: yanables as, causal factors for
these asbestos-associated cancers. In addition, the workshop would prove valuable in further
discussion of mineralogical, geological, and industrial hygiene issues with regard to apphmuon of
the model to risk assessment in envuuumsntal sites of concem.

'[‘heBennananannnpmdexasmgnszcmnskm fibers l&ss than 5 pmmlength Fbets
between 5 and 10 pm are assigned.a nsk that is one three-hundredth of the risk assxgned to
fibers longer than 10 g Panelists agleed that there is a considerably. grmtet risk for lung
cancer for fibers longer than 10 pm. However, the panel was uncertain as to an exact cut size
for length and the magnitude of the relative potency. The panelists also agreed that the available

vii
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data suggest that the risk for fibers less than 5 pm im length is very low and could be zero. This
specific issue was addressed by an expert panel convened by the Agency for Toxic Substances
and Disease Registry (ATSDR)) in October 2002. Some panelists suggested that, for
mesothelioma, greater weight should perhaps be assigned to fibers in the 5 to 10 pm length

». - range-and to thinner fibers.

-, Fiber type.For mesotheliomq, the panelists supported the use of different relative earcinogenic
. potencies for different fiber types. The panelists unanimously agreed that the available
epideniology. stzdies provide compelling evidence that the carcinogenic potency of amphibole
fibers is two orders of magnitude greater than that for chrysofile fibers. There was some
discussion about the precise ratio expressed due to questions about the availability of exposure
data in existing studies (¢.g., Wittenoom). There was recognition that time since first exposure is
an important factor in determining risk for mesothelioma and some discussion is needed on the
importance of duration and mtensnty of exposure. -

For Iung cancer, the panchs!s haddlﬁ'enng opxmons on the mferencas thatmn be made on the
relative potency, of chrysotile and amphibofe fibers. Some panelists supported the finding that
amphibole fibers are S times or more potent for lung cancer than are chrysotile fibers, Other
panelists did not think the statistical analyses in the draft methodology document supports this
relative potency and wondered if additional review of the epidemiological data might identify
factors other than fiber type (e.g., industry considered) that provide further insights on the
matter. These other factors can then be considered when. the risk assessment is applied.

Cleavage fragments. The panel knéw of little data to directly address the question as to
whether cleavage fragments of equal durability and dimension as fibers would have similar or
dissimilar potency for lung cancer. The general view is-that data indicate that durability and
dimension are critical to pulmonary pathogenesis. Therefore, it is prudent at this time ¢¢ assume
equivalent potency for cancer in the absence of other information to the contrary. Consideration
of conducting a rat mhalahon study using tremolite cleavage fragments was mcommended to

... address,this issue. For mesothelioma, it was v1ewed that thm fibers greater than $ prm in lmgth
are more unpommt. Cleavage ﬁagments that do not meet these criteria would not contribute to

tisk of mesothelioma.

Other ampluboles. ’I‘he panel agxeed wnh the report s conclusion that the potericy. ¢ of cum:ntly
regulated and unregulated amphibole fibers should be. considered equal based on the reasoning
that similar dutablhty and dimension would be expected to result in similar pathogemcuy

Methods. 'Ihc pannhsts extenswely dxscussed the appmach to conducting the mcta—analysns of

_ the large number of epxdermologzcal studies. A number of the panelists urged that consideration
be given to using more.traditional approach% that would include development and application of
specific criteria for inclusion of studies into the exposure-response analysis, examination of
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. heterogeneity and sources of the heterogeneity, and the use of sensitivity analysxs fo identify
‘influential studies.

The parielists also urged, in the study:specific analysis, exploration of altemative exposure-
response models other than the lung cancer and mesothelioma risk models EPA has been using
stnce 1986. This would possibly include non-linear response models (e.g., log-linear models),
examination of separate effects for-coricentration and duration, timie since first expostire, time
since cessation of exposure, possibly dropping the “« factor,” and different methods for
micasurement emor. The adequacy of different models should be examined using goodneéss of fit
statistics across all studies, The possibility of intemal analyses ‘shouild bé re-examined (i.¢., it may

. -be'possible fo obtain partial data, suchas age-specific person years data, from authors).
o Exploratlon of non-lmmnty should a!so include’ shapc of the curve in the low exposumat&.

The panelists also urged altemauve appmach&s to meta«amlysw ‘In pamcular panelists’
recommended meta-regression using original (untransformed) exposurc-response coefficients, in

 which predictor variables include the estimated pércentage of amphiboles; percentage of fiber

greater than 10 pm, and categorical grouping of studies actording to quality. Original exposure-
respontse coefficient variances should be used in ‘Conjunction with random effects modsls'in
which residiialinter-study variation is estimated: Analyses restricted to long latency and'a
predictor variable for industry type should be considered. A prriofi distribution for inter-study
residual varance might also be considered. Meta-regression will allow simiple inspection of
likelitivods to consider the importance of different predictor variables. Sensitivity analyses should
be conducted in which the mclusxon or exclusxon of specific studics or groups of smdm is
eva!uated.

Clgarette smoking. Most panelists felt strongly thiat future ana!ysw nieed to'pay mare attention
to the effécts of smoking on the liing cancer exposure-response model and extrapolations to
risk. However, the cumrent data’sets have variable and limited information available on smoking.
The panelists noted that smoking is the primary cause for lung cancer, but the lung cancer dose-

" " 'résponst re!aﬁonshnp for smokmg is complex due to the eﬁ'ects of smokmg dumtxon, m!msnty,
and cessation. - :

The impact of smoking has effects on both the estimation and the application of the model for

- projecting risk of lung cancer due to asbestos’ exposuxe “This fiay bé an'especially critiéal issue

for low-exposure extrapolation. With respect to estimation, accépting the form of the proposed
model; thé effect-of smoking may require different K, valies for smokers and non-smokers. The
panelists recognized that there is limited epidemiologic data to address this issue, but
fecommend that it be investigated: With respect to applymg the model to make risk projections

- for any futire:cohort, the background rate of luiig cancer employed in the model needs to be
‘carefully-detétmined to capture the sinoking behavior of the tohort

e e s R — T
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a Localized tremolite exposures. During the course of public comments, the panel received
input from several individuals who expressed concems about environmental exposures to
tremolite asbestos from focalized geologic formations in California. The individuals suggested
that inadequate attention had been given to characterization of the exposures to residents of
these communities. While the panel was not in a position or charged with the evaluation of this
issue, the panel did feel that this was a potentially sericus matter déserving of attention by the
appropriate.public health authorities. Evaluation of these kinds of situations would benefit from
the use of the improved risk assessment methodology being considered.

Thie rerinder of this teport simmiarizes the discussions and observations that led to these findings,

revidivs the panelists’ comments on many topics nof listed in this executive summary, and documeiits '

the observer comments provided at the workshop.
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1. INTRODUCTION

This report summarizes a peer consultation by 11 expett panelists of a proposed protocol to assess
asbés.tos-telétéd risks. Conuagmm .to the U.S. Environmental Prqtéctio_n Agency (EPA.) developed the
proposed protocol, which is documented in a report titled: “Technical Support Docisment for a
Protocol to Assess Asbestos-Related Risk” (Berman and Crump 2001). The purpose of the peer
consultation workshop was to provide EPA feedback on the scientific merit of the proposed protocol.
The peer consultation workshop took place in.a meeting open to the public on February 25-27, 2003,

in San Francisco, California.

This report summarizes the technical discussions among the expert panelists and documents comments
provided by observers. These discussions largely focused on three topic areas: interpretations of the
epidemiology and toxicology literature, the proposed exposure index, and general questions about key
assumptions and inferences in the protocol. The remainder of this introductory section presents
background information on the protocol (Section 1.1), describes the scope of the peer consultation
workshop (Section 1.2), and reviews the organization of this report (Section 1.3).

1.1 Background

EPA’s current assessment of asbestos toxicity is based primarily on an asbestos review completed in

- 1986 (EPA 1986) and has not changed substantially since that time. The 1986 assessment considers six.
mineral forms of asbestos and all asbestos fiber sizes longer than 5 micrometers (pm) to be of equal
carcinogenic potency. However, since 1986, asbestos measurement techniques and the understanding '
of how asbestos exposure contributes to disease have improved substantially. To incorporate the
knowledge gained over the last 17 years info the agency’s toxicity assessment for asbestos, EPA
conitracted with Aeolus, Inc., to develop a proposed methodology for conducting asbestos risk
assessments. The proposed methodology distinguishes between fiber sizes and fiber types in estumating

-1
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potential health risks related to asbestos exposure. The methodology also proposes a new exposure
index for tshmatmg carcinogenic risk. '

Asakey stcp in detemunmg the scxenuﬁc mcnt of the proposed risk assessment me&lodology, EPA
decided to ob(mn -expert mput on the draﬁ report through a peer consultatxon wotkshop. The puxpose
of the workshop was to obtain feedback from subject-matter- experts durmg the devclopmcnt stage of
lhc proposed nisk mmmt methodo[ogy; the workshop was not an official peer review. Eastem
Research Group, Inc. (ERG), organized and xmplemented the peer consultation workshop under a
contract to. EPA.

12 AScope‘o“f‘ the Peer Consultation qukshoﬁ

The peer consxﬂtation invo.ls},ed many activities before the wqricéhop_ (see é.ection 1.2.1), atthe
workshop (see Settion 1.2.2), and aftér the workshop (see Section 1:2.3). The following subséctions
describe these activities.

1.2.1  Activities Prior to the Peer Consultation Workshop

This chtfon d&scnbm the. major activities ERG and the expert panelists .g:oxidhcted prior to the peer
consultation wodkshop: - ‘ ' '

® - Select expert pan elists. ERG selected the expert panelists for the peer consultation workshop.
ERG sought to compile a panel of experts with broad experience and expertise in the following
disciplines: toxicology, epidemiology, biostatistics, asbestos sampling and analytical methods,
EPA’s human health risk assessment guidelines, and asbestos—mlated environmental and
occupational health issues. Appendix A lists the expert panelists ERG selected, and Appendix B
. includes brief biographies that summarize the panelists’ areas of expertise. ,

Every panélist is eithier a seriior scientist, physician, or researcher with exténsive experience in
the aforementioned fields, as demonstrated by peer-reviewed publications, awards, and service

1-2
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to relevant professional societies. To ensure the peer consultation offered a balanced
perspective, ERG intentionally selected expert panelists with a broad range of affiliations (e.g.,
academia, consulting, state and federal agencies). When searching for panelists, ERG asked all
_candidates to disclose real or perceived conflicts of interest.

= Prepare a charge 1o the expert panelists. ERG worked with EPA to prepare written
guidelines (commonty called a “charge”) for the peer consultation wotkshop. The charge
includes 12 specific questions, organized into 4 topic areas. Discussions at the workshop largely
addressed the technical issues raised in the charge, but the expert panelists were encouraged !o
discuss other relevant matters that were riot specifically addressed in the charge quwtxons A
copy of the charge is included in Appendix B.

a Distribute review documents and other relevant information. Several weeks prior to the
peer consultation workshop, ERG sent every panelist copies of the charge and the proposed
risk assessment methodology (Berman and Crump 2001). These items formed the basis of the
technical discussions at the workshop. In addition, FRG distributed: several additional- -
publications on related topics (see Table 1, at the end of this section, for list of the pubhcanons).
The supplemental publications were provided largely in response to panelists” requests for
further background information on selected issues. The panelists also circulated publications

. amongst themselves on specific topics. Finally, one of the meeting chairs noted for the record
that, upon amriving in San Francisco, he also received a memo and copies of many abstracts and
other infonmation from Cate Jenkins of EPA. The meeting chair offered to share these matérials
with other panelists during the workshop.

= Obtain and compile the panelists’ premeeting comments. After receiving the workshop
mateals, the panelists were asked to prepare their initial responses to the charge questions.
Booklets containing the premeeting comments were distributed to the expert panelists before the
workshop and were made available to observers at the workshop. These initial cominents are
inchided in this report, without modification, as Appendix B. It should be noted that the =
premeeting comments are preliminary in nature. Some panelists’ technical findings may have
.changed after the premeeting comments were submitted. o

1.2.2  Activities at the Peer Consultation Workshop

' The 11 expert panelists and approximately 75 observers atterided the’ péer consuliation workshop,
which was held at the Westin St. Francis Hotel in San Francisco, California, on Febmuary 25-27, 2003.
The workshop was open to the public, and the workshop dates and times were annouriced in the

i3
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Federal Register. Appendix C lists the observers who confinmed their attendance at the workshop
registration desk. The workshop schedule generally followed the agenda, presented here as Appendix
D. .

; The workshop began with introductory-remarks from Ms. Jan Connery (ERG), the faciiitator of the

peer consultation. Ms. Connety welcomed the expert panelists and observers, stated the purpose of the

. workshop, identified the document being reviewed, and explained the procedure for observers to make

comumnents. Mr. Richard Troast (EPA) then provided background information on the review document

and EPA’s ongoing efforts to.assess asbestos toxicity (see Section 1.1). Mr. Troast identified the main
. différences between EPA’'s existing asbestos risk assessment methodology (EPA 1986) and the -

proposed methodology (Berman and Crump 2001). Mr. Troast noted that the expert papelists’- - .
feedback will ultimately -help EPA complete its update of asbestos healthrisks for the Integratedesk
Information System (IRES); he clarified that the final IRIS update will be subject to peer review or-
Science Advisory Board review before being implemented. Following these opening remarks, Dr.
Wayne Berman and Dr. Kenny Crump—the authors of the proposed methodology—presented

detailed information on the review document; Section 2 of this report summarizes their presentations.

After the background presentation, Dr. Roger McClellan and Dr. Leslie Stayner chaired the technical
discussions that followed. For the remainder of the meeting, the panelists engaged in free-flowing
discussions when answering the charge questions and addressing additional topics not specified:in the

'charge. Observers were glven the opportumty to pr0v1de verbal oommcnis three different times durmg

the wodcshop, these observer comments are documented in Appendxx E Repmemauves from EPA
and the document authors provided clanfications on the proposed methodology perdiodically throughout:

. .the 2%-day workshop.

1.2.3  Activities Following the Peer Consultation Workshop

4
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The primary activity following the peer consultation workshop was preparing this summary report. A
technical writer from ERG who attended the meeting prepared a draft of this report, which ERG-
distributed to the [1 expert panelists and asked them to verify that the draft accurately reflects the tone
and substance of the panelists’ discussions at the workshop. After incorporating the panelists’
suggested revisions to the draft report, ERG submitted the final repott (ie., this repon)'io'EPA

1.3  Report Organization

The structure of this report follows the order of thie technical discussions during the meeting. Section 2
summarizes Dr. Bertnan and Cniunp's background presentations. Sections 3 through 6 are records 'of
the panelists™ discussions on the four main topic areas: interpretations of the épidemiology and
toxicology literature (Section 3), the proposed exposure’index (Section 4), general questions (Section-
5), and conclusions and recomméndations (Section 6). Finally, Section 7 provides references for éll

documents cited in the text.
The appendices to this report include background information on the peer consultation workshop. This

information includes items that were on display at the workshop and items generated since the

workshop (e.g., a final list of attendees). The appendices contain the following information:

= List of thie expert panelists (Appendix A).

‘® " The panelists’ premeetmg comments the charge to thie i reviewers, and bnef bios of the expext

panelists (Appendix B). -
= List of registered obscfverﬁ <;f the peer consultation wodcshop'(AppendiJ.( C).
= Agenda for the peer consultation workshop (Appendix D).
= Observer comments provided af the peer cofisultation workshop (Appendix E).

B Observer post-meeting comments (Appendix F).

-5
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. Table 1 :
References ERG Provxded to the Expert Panehsts

Berman, DW and Crump K. 1999. Methodology: for Conducting Risk Assessments at Asbestos.
Superﬁmd Sites; Part 1: Protocol. Final Draft. Pmpared for us. Envnronmcntal Protechon Agency.
February 15, 1999.

Berman, DW and Crurap K. 2001. Technical Support Docurmient for a Protocol to Assess
Asbestos-Related Risk. Final Draft. Prepared for U.S. Department of Transportation and U.S.
Envuomnental Protcchon Agency. Scptembcr 4, 2001

Bermau, DW, Crump, K., Chatfield, E., Davis, J. and A Jones 1995 The Sizes, Shapes and
Mineralogy of Asbestos Structures that Induce Lung Tumors or Mesothelioma in AF/HAN Rits
Following Inhalation. Risk Analysis. 15:2,181-195.

Bexman,DW 199s. meta. Risk Analysis. 15:4,541.

(bmxmttae on Nonoocupatxonal leth Risks of Asbmﬂfoxm Fxbcrs. Breslow L, Chauman 1984.

Asb&snform Flbers Nonoccupahona[ Health Risks. Washington, DC: Natxonal Amdemy Press, -

EPA 1986. Airborne Asbestos Health Assessment Update. US. Envmonmemal Protectlon Agency.

EPA 600/8-84-003F 1986

NIOSH [nterdmsmual Fi 1ber Subcommittee Report. Prepaned by the NIOSH Interdlvxsxonal Fiber . .

Subcommitiee. 1999,
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2. BACKGROUND ON THE PROPOSED PROTOCOL
TO ASSESS ASBESTOS-RELATED RISK

This section'summaxizm presentétiﬁns given by the ‘principal authors of the proposed risk Mmsnt y
methodology. These pmentatmus were given because several panelists asked ERG, poor to lhe peer
consultation workshop, if the authors would provide detailed backgmund information on how the
methodology was developed. This section reviews the major presentation topics; but does not present '
the panehsts comments on the proposed protocol. Sections 3 thmugh 6 document the expert panehsls
techmm.l feedback on the pmtocol.

L Moftivation for developmg the propased protocol. Dr. Berman identified several feasons for
developing the updated protocol for assessing asbestos-related risks. These reasons inclade  ~
EPA’s existing asbestos models being incousistent with inferences from the scientific literatuire,
the need for havirig uniformly-applied samplmg and analytical procedures to measure asbéstos
characteristics most predictive of risk, and the belief that EPA’s current asbestos risk
assessment methodology may not be adequately protective in some circumstances. To i mypmve
upon the current melhodology, the authors intended to develop a risk assessment model that
adequately prediéts cancer risk in all studied environments and can therefore be applied with
.much greater confidence to environments that have not been studied. Dr. Berman outlined the.
general approach taken to develop the proposed protocol, as sumimarized in the following
bulleted items.

Dr. Berman provided background inforration on and definitions for asbestos, other fibrous
structures, asbestos morphology, and cleavage fragments. He also described the capabilities and
limitations of the analytical techniques that have been used to characterize asbestos exposures,
such as midget impingers, phase contrast microscopy (PCM), scanning electron microscopy
(SEM), and transmission electron microscopy (TEM). Dr. Berman explained how differences in
these analytical techniques must be critically evaluated when comparing results reported inall'
epidemiological and other types of studies that examine asbestos exposure. Dr. Berman also
stressed that it is not just differences in analytical techniques, but choice of specific methods for
each analytical technique that affects results. Further information on these topics is included in
Chapter 4 of the proposed protocol (Berman and Crump 2001).

L] Re-analysis of human epidemiological data. Dr. Crump described how the authors
evaluated the human epidemiological data. He displayed a list of the shudies that were
considered, noting that he had access to raw, individual-level data for three occupational
cohorts: chrysotile textile workers in South Carolina, United States; crocidolite miners in
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Wittenoom, Australia; and chrysotile miners and millers in Quebec, Canada. All data sets with
exposure data were considered in the analysis, and criteria were not established for selecting
studies. Dr. Crump then presented findings for asbestos-related risks for lung cancer and
mesothelioma.

. For lung cancer, Dr. Crump. first revigswed EPA’s existing lung cancer model for asbestos
exposure (see equation 6.1 in the proposed protocol), which relates the relative risk of lung
cancer mortality linearly to cumnulative asbestos exposure, with a 10-year lag time. Dr. Crump
nofed that the model predicts that relative risk for developmg lung cancer remains constant after
asbestos exposure ceases—an assimption he showed was reasonably consistent with findings
from epidermiological studies. Dr. Crump also dlscussed how the mode] assesses interactions
between exposures to cigarette smoke and to asbestos—an issue the panelists revisited several
tirpes later in the workshop (e.g.; see Section 3.1.1 and the executive summary) Dr. Cump
presented a series of tables and figures demonstmtmg the adequacy of muluplc ]ung caneer
models: first using EPA’s exlshng lung cancer model, next-using a modified version of the model
(hai accounts for dtﬁ'erencas in:the backgmund rates.of lung cancer, and ﬁmﬂy using the ,
pmposed Jung: cancer model, whxch considers an exposure index that assxgns greater -
carcmogemc potency to amphlbole fibers and to lopger fibers.

Stmx]arly, Dr. Crump revnewed the performance of EPA’s m&codxehoma modcl for asb&stos
exposuses (see equation 6.11 in the proposed, pmtocol) ‘which predicts that mwothehom risks
vary linearly with the average asbestos exposure and increase quadratically with time from onset
of exposure. Dr. Crump presented several tables and graphs indicating how well EPA’s existing
model and the proposed protocol fit the human epidemiological data. He made, scveral
conclusions abwt the existing risk modeL mc!udmg that mesothelioma risk coefficients varied
conslderably across the cohorts and the risk coefficients were genemlly higher, for.cohorts
exposed primarily to amphibole fibers, compamd to those exposed pnmzmly to chrysotile fibers.
Dr: Crumip also noted that the data did not support consideration of a sub-finear or threshold
dose-response relationship. This latter pomt generated consxdemble d:scussnon Iater in the

.workshop (e £., see Section 4.3)..

-Dr Crump then d&cnbed the meta- analys.ls the authors oonducted to cva.!uate the rela&ve
potency of amphxbole and chrysouie fibers. First, he explained how the authors welghted the
different studies in the meta-analysis, based on uncertainty factors assigned to the individual
studies. Dr. Crump identified the four unccrtmnty factors and described gmemlly how each
factor was assigned. Sources of wricertainty included representativeness ofair sampling data, the
availability of conversion factors to express exposures in terms of PCM concentrations, and
whether data on exposure duration were available. Dr. Crump then lughhghted the main
_conclusions from the meta-analysis. For lung cancer, the meta-analysis suggested that amphibole
. fibers are approximately five times more potent than are chrysotile fibers, but the difference in
potency was not statistically significant (ie., the authors could not reject the hypothesis that
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chrysofile fibers and amphibole fibers are equally potent). For mesothelioma, the meta-analysis
suggested that chrysotile fibers are 0.002 times as potent as amp!u"bole ﬁbe(s and the difference
in potency was statistically significant.

Inferences drawn from the broader liferature. Dr. Berman descubed how the authors
incorporated inferences from the broader scientific literature into the proposed protocol. He
‘reviewed key findings on how various mechanisms are biologically relatéd to how asbestos
* causes disease. These mechanisms inchided respiration, deposition, degradation, clearance,
translocation, and tissue-specific biological responses. Chapter 7 of the review docuiment
provides detailed information on the relevance of these mechamsms with emphasis on the
" influence ofﬁbertypeand ﬁberdnnmslm.

Derivation of the exposure index. Dr. ‘Berman explained how the authors dérived the
exposure index, which is largely based on an earlier re-analysis (Berman et al. 1995). of six

*": apimial inhalation stildies conducted by a single laboratory: That m—analysns found that lung tumor

incidence is adequately predicted using an exposure index that sssigris fio carcinogenic potency -
to fibers shorter than 5 um, relatively low carcinogenic potency o fibérs viith lengths between 5
and 40 pm and diameters less thidn 0.4 pm, and the greatest carcinogenic potency to fibers
longer than 40 pm and thinner than 0.4 pm. However, these findings could not be applied
directly to the human epidemiological data, because the epidemiological studies do not include

* exposure meéasurements that quantify the relative amoimts of asbestos fibers shorter and longer

than4041m.

Dr. Bérman noted that the proposed protocol includes an ad hoc assumption that the fiber size
 weighting factors optimized frorit the laboratory animal studies can be applied to huimans, but
withi'a length cut-off of 10 i in the exposure index, rather than a cut-off of 40°pm. Dr: Berman
emphasized that this assumption was made to' model the critical characteristics of asbestos in a
manner thiat reasonably captures cancer risks observed across multiple epidemiological studies.
He acknowledged that asbestos potency is likely 2 continuous function of fiber length; but the
exposure measurements from the available animal and epidemiological studies do ot support

- incorporating such a continuous function in the exposure-response model. The panehsts

'commmted on the proposed exposure mdex when dnscussmg topic area 3 (see Secuon 4)

* Dr. Berman also noted that the authors selected a conservative set of dose-response coefficients
(see Table 6-30 of thie review docummt), rather than using the optimized ones from the animal
studies (see Table 6-29). However, the conservative arid optimized dose-response coefft cients
were reasonably consistent: none of the conservative cbefﬁcnems differed by more than a factor

of 4 ﬁom the compondmg optlmlzed ones.’

Concluswns regarding proposed protocoL Dr. Berman indicated that the proposed protocol
is substantially more consistent with inferences documented in the scientific literature (ie., that
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long, thin structures contribute most to risk) than EPA’s existing risk assessment methodology.
Further, the proposed protocol provides a better fit to cancer risks observed in the human
epidemiological studies than does EPA’s existing model, and the proposed protocol appears to
underestimate risks of lung cancer and mesothelioma less frequently and to a lesser degree than
the existing approach- Finally, by recommending use of a stindardized analytical method that
links directly to the exposure index, the proposed protocol will help ensure that future risk
assessments are conducted in a consistent fashion and their results can be readily compared

ﬁ'omonesmdytomenext
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3. COMMENTS ON TOPIC AREA 1 INTERPRETATIONS OF THE. -
EPIDEMIOLOGY AND TOXICOLOGY LITERATURE - '

“This section summarizes the panelists’ di_;sasziqn;s onithe interpretations of the epldmuology and
toxicology literature. The meeting co-chairs—Dr. McClellan and Dr. Staynéer—-facilitated the
discussions on this topic area, which focused first on lung cancer (sec Section 3.1) and then on
mesothelioma (see Section 3.2). This section presents a record of discussion of the topics mentioned
during the workshop. Several panelists referred to their premeeting comments (see Appendix B) for
additional suggestions for how the review of epidemiology and toxicology literature can be improved.

3.1 Lung Cancer

The panelists discussed at length whether the epidemiology and toxicology literature support the
proposed protocol’s finding for how lung cancer potency varies with fiber type and fiber length. This
section surnmarizes these discussions, first on fiber type (Sections 3.1.1 and 3.1.2) and then on fiber

length (Sections 3.1.3 and 3.1.4). General issues regarding the lung cancer evaluation are presented in

Section 3.1.5.

3.1.1 Lung Cancer and Fiber Type: Inferences from the Epidemiology Literature

According to the proposed risk assessment methodology, amphibole fibers have a 5-fold greater hung

cancer potency than do chrysotile fibers. The panelists had differing opinions on whether this finding is

consistent with the epidemiology literature. On the one hand, some panelists indicated that the
epidemiology literature is consistent with amphibole fibers being more potent for lung cancer, though the
magnitude of this increase may not be known precisely. One panelist noted, for example, that multiple
analyses (e.g., Hodgson and Damton 2000, Berman and Crump 2001, and the statistical analyses a
panelist presented during this discussion) all point to a consistent increased lung cancer potency for
amphibole fibers compared to chrysotile fibers, albeit a small increase. On the other hand, other
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panelists did not believe the epidemiology literature suppoits this conclusion, for reasons stated below.
Finatly, other panehsts were niot convinced that the epidemiology literatire supports the higher lung
cancer potency for amplubole fibers; but they believed the difference in potency seems likely based on
evxdence fiom the animal toxxoology studm (sce Séction 3.1.3) and lung bunien stndms A summary of
the panehsts’ discussion on thxs topxc fo!lows

®  .Comments on specific publications. Several panelists cited specific studies to support their
: positions on the relative lung cancer potency of chrysotile and amphibole fibers, but the panelists
often had differing opinions on the inferences that should be diawn. The panehsrs mentioned the
following specific studies: o

e .. Some panelists noted that a recent re-analysis of 17 cohords (Hodgson and Damton
- 2000) indicates that-the lung cancer potency for amphibole-fibers is-10 to 50 times
greater than that for chrysotile fibers. One panelist did not agree with this finding, due to
- thé-crude approach the article uses fo characterize relative potency. Specifically, this
panelist noted that carcinogenic potency was calculated by dividing the overall relative
risk for a given cohoit by the average exposure for the entire cohot, even for cohorts
where the data support more sophisticated exposure-response modeling. He was
particularly concerned about the authors’ decision to omit the cohort of Southi Carolina
textile workers from the meta-analysis. This decision was apparently based on the
South Carolina cohort being an outlier, due to its much higher lung cancer potency
when compared:to other studies. The panelist noted, however, that the lung cancer risk
for the South Carolina cohort is not unusually high-when compared to other cohorts of
textile workers. The panelist was concemned that omitting this study might have biased
. the article’s finding regarding relative lung cancer potency. No. other panelists discussed
- the review article. .

S One panehst cxted a study of Quebec chrysotile miners and mﬂlexs (ledell et al. 1997
- . 1998) that reports that increased lung cancer risk was limited. to ‘the mining region with
- the highest level of tremolite asbestos, after correction for smokmg and exposure. The
article was distributed to the panelists on the first day of the workshop, but no panelists
- commented further on the study.

- One panelist noted that his review of multiple textile cohorts (Stayner, Dankovic, and
Lesen 1996) found relatively small differences in luag cancer potency, even though

. ~ some of the cohorts were. exposed to-asbestos mixtures containing different proportions

o of amphibole fibers.
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> One panelist indicated that fiuther evidence on how fiber types relates to lung cancer
potency can be gleaned from epidemiological studies that were not included in the
meta-analysis due to inadequate exposure data for exposure-response modeling.
Examples include a study of non-occupationally exposed women from two chrysotile
asbestos mining regions {Camus et al. 1998) and a study of railroad workers employed
by shops that processed different proportions of amphibole fibers (Ohlson et al. 1984).
Both studies, she noted, provide evidence thit amphibole fibers exhibit greater lung
cancer potency. This panelist added that studies of auto mechanics have provided no
convincing evidence of increased lung cancer due to chrysotile exposure, though she
acknowledged that the absence of an effect might reflect the short fiber length in the
friction brake products. One panelist cautioned about.inferring too much from these
studies-regarding fiber type because they were not controlled for other factors, such as
fiber length and level of exposure.

¥ One panelist-added that atecent study: of a cobiort of Chinese asbestos plant workers
" (Yano et-al..2001) should be considered in future updates to the proposed protocol;
the workers in the cohort had increased risks for lung cancer and wefe reportedly
exposed to“amphibole-free” chrysofile asbestos. However, another panelist cited a
publication (Tossavainien ¢t al. 2001) that indicates that asbestos from many Chinese
- chrysotile mines actually does contain varying amounts of amp}ubole fibers.

- Several panelists noted thiat the propesed protocol’s meta-analysis found a 5-fold
difference in lung cancer potency between amphibole and chrysotile fibers. However,
other panelists indicated that the reported difference was not statistically significant.
Some panelists had additional reservations about the authors’ meta-ana!ysns as
summarized in the t’ol!owmg bulleted items. .

Comments on'the meta-analysis approach. Several panelists commented on altemate
approaches the authors could have used to conduct their meta-analysis of the epidemiology
studies. One panelist noted that the fung cancer potencies reported by the various studies exhibit
" considerable heterogeneity. In such cases, meta-regression is conventionally used to identify

"+ which factors account for the variability in the resiilts (i., in the'lang cancer potencies). This

" panelist suggested that the meta-analysis should have considéred other factors in'addition to
fiber type and dimension; such other factors could include industry, follow-up time for the

cohort, and estimated percentage of amphibole fibers inithe exposures; to the extent that data on
these other factors are avaxlablc

- "To demonstrate how more detailed mvwhgahon mlght tevenl further msnghts ‘one panelist
* . - présented his own initial statistical analysis of the epidemiological studies. This analysis used a
fixed effects model and a random effects model, both inverse weighted by the variance of the
studies. His analysis examined how industry and fiber type contribute to the heterogeneity
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observed among the cohorts and found that the industry of the cohort appears to be a stronger
predictor than fiber type. The panelist explained that the purpose.of displaying his statistical
analysis was to highlight how other approaches to conducting meta-analysis can offer different
insights on the epidemiological data. This panelist recommended that the authors conduct similar
meta-regression analyses to investigate the importance of various variables on the lung cancer

This panelist also demonstrated how a sensitivity analysis might yield additional information on i
. influential studies. Using a fixed effects model, the panelist first showed how lung cancer potency :
- factors (K ) vary with exposure to chrysotile fibers, amphibole fibers, and mixed fiber types. .

+ =, Whenall epidemioclogical studies were considered in his analysis, the amphibole fibers were i
found to be three times more potent than the chrysotile fibers. When the cohort of chrysotile i
miners.and mlllets from Quebec was omitted from this analysis, however, the amphibole. fibers . !
were found to be nearly two times fess potent than the chrysotile. ﬁbets Conversely, when the
cohort of textile workers from South Carolina was omitted, the amphibole fibers were found fo ;
be more than ten. times more potent than the chrysotile fibers. Given that the conclusions drawn !
about the relative potency of chrysotile and amphibole fibers appear to be highly sensitive to
whether single studies arc omitted from the analysis, this panelist was more skeptical about .
whether the increased potency of amphibole fibers is a robust finding. He recommended that the
authors, when completing the proposed protocol, conrduct similar sensitivity analyses. to help -
reveal the factors or studies that appear to contribute most to lung cancer.

‘ . Another panelist agreed with this feedback, and provided further comments on the meta-
analysis, noting that these analyses typically start with establishing critenia for study inchision.
After selecting studies to evaluate, she said, various statistical analyses can be used to test
hypotheses and to understand the concordance and disparity among the individual studies. The
panelist thought such an appmach is needed to help understand the variability in potency factors

_ observed across the multiple studies and to identify for further analysis the studies found to be
most descriptive of exposure-response. To clasify the authors’ approach, Dr. Berman, indicated

. that the meta-analysis considered any pubhshed epxdenuologxm! study with sufficient «quantitative
exposure data that allowed for a reasonable estimate of the exposure-response relationship;

- uncertainty ﬁwtors were than ass:gned fo give greatest welght to the most robust studies. In
response, addmonai panelists concured with the original comment that meta-analyses -
conventionally begin with establishing explicit study mclusxon criteria. These panelists clarified

. that they are not advocating removing a majority of studm; currently considered in the proposed
) protocol, but rather being more judicious in selecting the studies to evaluate.

One panehst oﬁ'e[ed ‘addifional comments on the ;neta—énaljsis. He supported, for instance, the
use of sensitivity analyses, and encouraged the authors to conduct additional analyses to identify-

- influential studies, factors that contribute to risk, and the impact of different weighting factors.
The panehst also noted that more sophxsucated statistical methodologies (e.g., Bayesian’
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modeling, Markov Monte Carlo) can be used to generate distributions of outputs, rather than
discrete values, which might offer greater undetstandmg of the mferem:cs that can be drawn from
the epldermologxml studies. :

= Dtsparate fi ndmgs from the South Carolina and Quebec cohoris. Mu]l:ple panelists noted
that the issue of the relative lung cancer potency of chrysotile and amphibole fibers depends
largely on how one interprets the disparate findings from the cohort of textile wotkers in South
" Carolina and the cohort of chrysotile miners and millers in Quebec. Two of these panelists
- indicated that the relative potency issue likely will not be resolved until the underlying reasons for
E the differences between these two studies are better understood. The other panelist viewed the
i difference in potency observed across industries (ie., mininig versus textile) as a more important
muatter than the difference between the two specific cotidrts. When discussing these studies, two
“panelists indicated that the increased lung cancer risk for the South Carolina cohort might be
“attributed to exposure to amphibole fibefs, which are lmown to be found in trace levels in
* commercial ch:ysoul : .

= Relevance of fiber durabilio'i. One panelist noted that the issue of fiber dumbility often enters
" thie debate on the refative lung cancer potency of chrysotile and amphibole fibers. Though he
agreed that the animal foxicology data indicate that amphibole fibers are more persistent than
chrysotile fibers, the panelist noted that trends among'the huran epidemiofogical - :
data—particularly the fact that lung cancer risk does niot appear to decrease with time since last
. exposure, even for cluysohle—sugg&et that the lower durabnhty of the chrysottle fibers might oot
be important.

L Influence of sinoking. The panelists had differing opinions on how the proposed protocol
should address cigarette smoking. it terms of inferences drawn from the epidemiological
literature, two panelists noted that very limited data are available on smoking, making
quantitative analysis of its intéractions with asbestos exposures difficult. Specifically, only one

* stidy includes detailed information on smoking, but that study found no differenice in lung cancer
. * potency between smokers and pon-smokers. Duririg this discussion, Dr. Berman explained that
" the proposed: protocol assunies'a muiltiplicative interaction between smoking and asbestos
exposure, consistent with EPA’S 1986 model. Dr. Berinan noted that a riltiplicative factor in
the model, ¢, répresents the backgroiind risk in the stidied cohort relativé to the risk in the
comparison population, and both groups include smokers; he added that the influence of
“smoking is addressed implicit in the model because it is a relative risk model in which the effect
of asbesfos is multlphed to the background disk that is present. A panelist clarified, however, that
neither the potency factors nor « were denved based on observauons of smokmg prevalence in

the epndcnuologuz! studles

One panelist émphasized that the confounding effects 6f smoking greatiy comphcatm the analysis
of lung cancer potency. He noted that the relative img cancer fisk from asbestos exposure is
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considerably lower than that for cigarette smoking, As a result, the panelist wondered how the
meta-analysis can truly discern the relative potency of the asbestos fiber types from studies that
presént no information on cigarette smoking. This panelist provided an example to fllustrate his
concern: if a given cohort has between 5 and 10% more smokers than the typical population,
this increased prevalence of smoking alone could totally confound relative risks atiributed to
“asbestos. The panelist indicated that all future analyses of epidemiological data will suffer from
similar limitafions, so-long as detailed information on smoking is not available.

®  General comments. During this discussion, some panelists offered sevéxal general comments
.that apply to the entire proposed. protocol. These comments included concems about the
transparency of the analyses, qu&suons about data tables being incousistent with text in the body
"of the report, and $omé panelists” inabilit fo reprodute cértain findings from the available data.
These general comments are reflected in the executive summary of this report.

312 Lung Cancer and Fibef Type Inferences ffom Animal Toxicology and
Mechanistic Studies

The paneb'sls offered vamngmsggbls on the inferegees that can, or should, be drawn from animal

amphxbole fibers.

Citing various publications (e.g.; Lippmann 1994), multiple panelists noted that the animal toxicology
studies do not support the 5-fold difference in lung cancer potency between chry@tile and amphibole
fibers. Two panelists. added that the absence of different pofencies might result from the animal studies
being of too short duration (typically no longer than 2 years) for the:greater.dissolution of chrysotile

. fibers to be an important factor. Another panelist a&ded that exposure levels in some animal studies are
" not relevant to hurman exposum,as an gxample, he:noted that areqent rat inhalation study {Hesterberg
et al. 1998) involved exposure levels at 11,000 fibers per a}bic centimeter. These panelists indicated
that the ammal studlw are genemlly more mfounatwc of how !ung cancer potency varies with ﬁber
length (see Sectlon 3 1 4) and are less mformanve on how potcncy van&s with ﬁber type.
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Thepanehsts noted that in vitro studies exhibit various findings, depending on the study dcsxgn and
endpomt assessed. Orie panelist, for instance, indicated that some in wlro studies sugg@st that
chrysotile ﬁbets are actually more potent than amphibole fibers. Other panelists added that many in
vitro stndxes show cmadohte bemg considerably more toxic than chtysoule These panehst cautioned
against drawing firm conclusions ﬁom.the in vitro studies, however, given thit the study duration is far
too short for any impact of dissolution to be observed. Finally, another panelist referred fo the
International Agency for Research on Cancer (JARC) consensus statement on fiber carcinopenesis for
aﬁ overview of mfemnccsthatmn be drawn from mechamsuc studies: “Overall, the ava_iléble evidence
in favor of or against any of thése mechanisms leading to the developmient of lung cancer-and -
mesothelioma in either animals or humans is evaluated as weak” TARC 1996). -

Based on the previous comments, the panelists cautioned about attempting to draw inferences from the
animal toxicology for several reasons. One panelist indicated that the animal studies have limited utility
because hing cancer in hurnans results from 2 comiblex set of exposures, including cigarette' smoke, and
because rats, when compared to humans, develop different types of tumors at different sites. Another
panelist reiterated that the duration of most animal studies precludes one from observing dissolution
effects. Given these limitations, twi panelists emphasized that conclusions should be based primarily on
the épidemiological data, especially considering the volume of human daa that are available. Though
not disagreeing with this recommendation, one panelist noted that the exposure index—one of the
major outcomes of the proposéd protocol—is, in fact, based on observations from animal studies. -

" 313 Lung Cancer and Fiber Dimiénsion: Inferences fiom theEpidemioloéy
Literature

The panem madc several observanons regardmg what can be mfcned from the epxdermology
literature on how lung cancer potency varies w1th fiber dimension, though they first noted that most
published epidemiology studies do not include detailed data on the distribution of fiber dimensions to
which cohorts were exposed. Overall, the panelists generally agreed that indirect evidence from the
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epidemiological studies supports the proposed protocol’s finding that longer fibers have greater.
carcinogenic potcncy for Iung cancer. They added, however, that the epidemiology literature provides
no evidence to suppoxt or mﬁlte the magnitude of the mlahve potencies used in the proposed protocol
(ie., fibess longcr thatt 10 gm bemg 360 umcs more potent than those with lengths between 5 and 10

-wm). The panelists made no comments about fibex d.lameter when discussing this matter. Specific
discussion topics follow:

- Observations from the epidemiology literature. The panelists identified several studies that
provide general insights on the role of fiber size in lung cancer. One panelist, for instance, noted
that cohorts of textile workers, which were believed to be exposed {o relatively longer asbestos

" fibers; exhibit higher hing cancer relative risks than do'cohorts of miners or cement prodict
workers..Another panelist indicated that studies.of taconite miners from Minnesota (Cooper et -
at 1988) and gold miners from South Dakota (McDonald etal 1978) found no increased lung
cancer tisks among the cohorts, which were known to be exposed primarily to fibers sbo:ter
than 5 pm (see Dr. Case’s premeeting comments for further information on these studies). This
panelist added that the Minnesota Department of Health is currently updating the study on

, taconite miners and a publication is pending. Another panetist added that epidemiology studies
. of workers exposed to asbestos from friction brake products show no clear evidence of
) increased lung cancer. This panelist acknowledged that these epidemiology studies do not
include expostire heasurements, but other studies of this work environment have indicated that
the asbmtos fibers in fnctlon brake products are pmdormnantly sho:t chrysotile fibers.

L Relevance of fib‘r‘-ous structiives shorter than 5 jiii. Some panelists noted that no
epidemiology stirdies have examined the relative-potency specifically of fibrous structures shorter
“than 5 jirn, thius fio conclusions could be drawn from the epidemiology studies alone. While not
disagreeings with this observation, one panelist reminded panelists that airborne particles and
" - fibers have 4 broad distribution of fiber lengths, with a.cléar majority (75-90%) of fibrous
" structures bemgshbxterﬂ:an 5 pm. This panehst added that indirect inferences can be drawn
“from the’ épidemiology studies listed in the previous bulleted ifem. Anéther panelist noted that the
" fibrous strichies shorter than 5 ym behave imore like particles rather than fibers, at least in
térms of img deposition and clearance paitems. Finally, two panelists indicated that an ATSDR
‘expett panel feceritly evaliated the issue of relative potency of fibers shorter than 5 pry
however, the final report from that expert panel meeting was not available until after the peer
consultation workshop. The final report has since been released, and a conclusion from that
panel wis that “there is 4 stiong weight of evidence that asbestos and synthetic vitreous fibers
" - shorter than S-uin are'unlikely to cause -cancer in humans” (ERG 2003).
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L] Statistical analyses in the proposed protocol. As indirect evidence that longer fibers have -
- greater carcinogenic potency, one panelist indicated that the exposure-response modehng by
Drs. Beman and Crump showed an improved fit to the observed relative risk from
epidemiology studies when using an exposure index that assigns greater weight to longer fibers
* and no risk to fibers shorter than 5 pm. Another panelist concurred, but added that the authors
could have attempted to determine the specific weighting (ie., between longer and shorter
fibers) that would optimize the fit to the epidemiological studies:-

3.14 Lung Cancer and Fiber Dlmens:on Inferenca from Ammal Toxxcology and
Mechanistic Studies

The panelists generally agrwd that the animal toxiéology smdxes andmecbamstxcstl‘xdx& mdtcute that
ﬁber dmensxon—mpeadlly ﬁber length—plays an important role, both in'teons of dosxme(ry and
pathogeﬂesxs. However, panehsts had differing opinions on the specnﬁc cm-oﬂ's that should be used for

fiber dlametets and lengths iri the exposum—nsponse modeling (though panehsts genetally concurred
that fibers shorter than 5 pm should be assigned zero potency)

L Fiber length. Multiple panelists noted that the animal toxxcology studus pmvxdc compellmg
evidence that lung cancer potency increases with fiber length. Another panelist agreed, but had
reservations about assigning no potency to fibrous structures shorter than 5 pm, based on a
recent study of refractory ceramic fibers (Bellman et al. 2001) that found that the incidence of
inflammation and fibrosis appears to be related to the presence of small fibers mlhelung.Thls
panelist indicated that exposure to small fibers likely has some bearing on the. oxldanve stress
state and mﬂammatlon in the lung, and he suspected that the exposure-response telallonshxp for
long fibers might depend on co-exposures or past exposures to shorter fibers. Based on these

. .observations, the panelist.-was hesitant to. exclude ﬁbmusstmc;umshoxter than 5umf ﬁ'om the
proposed risk assessment methodology. On the other hand, another panehst added that, animal
toxicology studies have shown that fibrosis endpoinis are -strongly related to. ﬁber lcngih, with
exposares to shorter fibers showing less evidence of fibrosis or lung damage, 'lhe panelists
revisited the significance of fibers shorter than 5 ym when discussing the pmposcd exposure
index (see Section 4). - )

8 Fiber dmmeter. The panehsts offered several commcnts on the role of ﬁbe: dlameter inthe
proposed protocol. Noting that fibers with dxameters up to 1.5 ym are capable of penetrating to
sensitive portions of the lung during oral inhalation, one panehst indicated that this range of fiber
diameters should not be excluded from future risk assessments. Other panelists shared the
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concem of assigning no lung cancer potency to respirable fibers with diameters greater than 0.5
pm, especiatly considering that respirability patterns in laboratory animals differ from those in
hmnans(l.e., &uckerﬁbefsammorehkelytodeposntmmchmnan lung than they are. in the rat

tung).

'Ihe panelxsts a!so dLscussed astatement in the pmposed protoco! that “few ﬁbers ﬂnckcr than
0.7 pm appear to reach the deep lung.” First, one panelist indicated that the proposed p;:otowl
includes outdated information on fiber deposition patterns; he recommended that the authors
.obtain more current insights from specific publications (e.g., Lippmann 1994) and from the latest
lung dosimetry model developed by the International Commission on Radiological Protection. .
Second, another panelist questioned the relevance of deposition in the deep, lung, because
humans tend to develop bronchogenic carcinomnas, while rats develop bronchoalveolar
carcinomas. Another panelist cautioned against inferring that asbestos fibers must deposxt on
‘brouchial airways to cause Jung cancer in humans, noting that significant 2 acumulanon of
‘asbestos fibers docs not occur in the airways where carcinomas develop in humans, due
primarily to, mucociliary clearance; this panelist suspected that deposition of fibers.in the deep
Jung is likely related to. lung cancer formauon in humans, though the mechanisms of )
carcinogenesis are not fully unde(stpod._ -

3.1.5 Other Issues Related to Lung Cancer-

The panelists discussed several additional issues related to the proposed protocol’s evaluation of fung
cancer potency. Most of the discussion focused on the utility of non-linear exposure-response
modeling, but othier to:pics were also addressed:

Consui’eratmn of non-linear exposure-response models. Thic panehsls had dlffermg
opmlons on'thé extent to which the proposed protocol should consider non-linear exposm:-
'r&cponsc modelmg On the one hand, one panelist strongly récommended that EPA consider
“ e)qnlonng the applicability of non-linear exposure-response models, given his conceims with
Tinéar lowcxposme éxtrapolation. This panelist acknowledged that the revised linear model in
 ‘the proposed pmtoool clearly provides an improved statistical fit to the epxdenuologlcal data

Tihen compamd to'BPA’s 1986 lung cancer model, but he advocated more detailed exploration
“of nori-linear ¢ &anicer risk models, particularly to account for observations of cohorts with low

" “edposures. This panelist was particularly concerned about the cancer risks that would be
predicted for low exposures: because the slope in any linear lung cancer model will'be *
determined largely by highly-exposed individuals, he questioned whether the slope derived from
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high exposures truly applies to lowly-exposed individuals. To demonstrate his concern, this
panelist indicated that the epidemiological studies consistently show that cohorts (or subsets of

" cohorts) with low exposure generally exhibit no increased lung cancer risk (standardized

mortality ratios not statistically different from 1.0). To account for the possibility of a threshold
or non-linearity in the exposure-response relationship, this panelist recommended that EPA
investigate altemate exposure-response models; such as linear-linéar models (i.e., models with

: two linear exposme-mponse mgxons havmg different slopes) or log lmear modcls .

Other panelists generally supported these comiments. One panehst, for instance, noted that.
EPA’s Draft Revised Guidelines for Carcinogen Risk Assessment indicates that exposure: -
response mlauonslups should first be eviluated ver the range of exposure observations, and
then various approaches to extrapolate to-exposure levels outside (Le:, below) this range should
be investigated. Another’panelist added that some studies finding no evidence of luniz cancer
risks among large cohorts with low exposures should factor fiito'the decision 6f whether the lung
cancer model stiould include thresholds; he cited a study of non-cccupationally exposed women
from chrysotile mining régions in'Canada (Carnius et al. 1998) to illustiate his concein’ Other
panelists noted that the utility of this study is limited; because exposums were not measured for
individuals; further, a panelist clarified that approximately 5% of the individuals consideted in this
study were occupationally exposed. Finally, one panelist indicated that evidence from the
epidemiology literature strongly suggests there are asbestos exposure levels below which lung
cancer will not occur; this panelist added that he is unaware of any epidemiological study that
has found evidence of lung cancer risk at exposure levels below 25 fiber-years. He
recommended that the proposed protocol at least acknowledge the lowest exposure level at
which lung cancer effects have been demonstrated.

On the other hand, some panelists were not convinced of the utility of conducting detailed
analyses at low exposures and investigating possible thresholds. One panelist, for instance, .
indicated that a meaningful quantitative analysis of potential thresholds will not be possible, s0
long as the authors do not have access to raw data from additional epidemiological studies.
Further; this panelist suspected that the protoco! authors would find considerable hetemgenexty

. .among exposure-fesponse slopes. for low exposures, andhe questioned what conclnsxons could

be drawn by focusing exclusively on the low exposme region. Another panehst agreed, addmg

Athat the failure to find smﬁmnﬂy mcxmsai cancer risks among lowly—exposed cohorts very

likely results from poor statistical power and other uncertainties, and not nw&ssanly f'mm the

. presence of an actual exposure thmhald for asbestos-related lung cancer. Finally, one panelist

indicated that the National Institute fo Occupatxonal Safety and Hmlth (NIOSH). pmvxously
exaxmned a thr%hold model for the cohort of Soulh Carolina texhle workers, and that analysxs

" revealed that the best fit of the exposure-response data was a thresbold of zero (i.e., the best fit

mdxcated th_at there was no threshold). .
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32 -

Consideration of cigarette smoking. Several times dunng the workshop, the panelists
debated the ability of the proposed risk assessment model to address interactions between
cigarette smoking and asbestos exposure. One panelist recommended that the authors review a
recent study that examined the role of cigarette smoking on lung cancer among chrysotile miners-
and millers in Quebec, Canada (Liddell and Armstrong 2002). Although the panelists generally
agreed that smoking is an important consideration for developing and applying the model, some

_panelists were not coavinced that the available data are sufficient to develop an exposure--

response model that accurntely portrays the interactive effects of asbestos exposure and

" smoking. The panelists finither discussed this issue further later in the wodshop

Transparency of the proposed protocol. Several panelists mdlcated that the review of

epidemiological data in the proposed protocol is not presented in a transparent fishion. One
panelist, for instance, sought more information on the uncertainty factors used in the meta-
analysis, such as what ranges of factors were considered, what criteria were used to assign the
faciors, arid a table of the factors'that were eventually applied. ‘This panelist also recoitiniended

that the proposed protocol idenfify the a-values that were determined for each epldamologwal i

study and provide explanations for any cases when these values are unexpectedly large. Another

“panelist indicated that the proposed protocol shiould more clearly differentiate conclusitns that
. arg based on a meta-analysis of many epidemiological studies from conclusions that are based

ona demled review of Just one or two studzes

The need to obtain additional raw data sets. The panelists unanimously agmed that EPA.
should make every effort to try to obtain additional raw data sets for the epidemiology studies,
such that the authors can further test how adequately the proposed risk assessment model
predicts risk. The executive summary of this report presents the panehsts specific
recommendation on this.issue. ,

Meésothelioma

~ The followmg paragraphs documént the’ panehs!s responises o charge questlons rega:dmg mferences
. ﬁom the epldcrmology and toxicology literature on how mcsothehoma pohem:y varies wnth ﬁber type

(Sections 3.2.1 and 3.2.2) and fiber length (3.2.3 and 3.:2.4).

3.2.1 Mesothelioma and Fiber Type: Inferences from the Epidemiology ﬁiéfét‘ixre
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The expert. pane!rsts unanimously agreed that the epidemiology Biterature provides compclhng evidence
that amphibole fibers have far greatcr mesothelroma potency than do chrysotrlc fibers—a ﬁndmg
reported both in the review document (Beoman and Crump 2001) and a recent re—analysrs of 17 cohort
studies (Hodgson and Dam!on 2000) that reported at least a 500-fold drfference in potency Two
panelists commented further that the-epidemiology literature provides no screntrﬁc support for clirysotile
€Xposures havmg a role in causation of mesothehoma—an observauon that is genemlly consistent with
the meta- analy51s i the proposed protocol, which failed to reject the hypothesrs that chrysotile fibers
have zcm potency for mrsothehoma_

‘The most not;ible response to this charge question was the agreement; among most panehsts that .

amphibole fibérs are at lwst 500 tirhes more potent than chrysohle fibers for m&sothehoma, as :
supported by two separate rev:ews of epidemiological studies. ‘The. panehsts made addmonal comments
on specific matters when résponding to this question, as summarized below, but the key point m  this
discussion was the agreement that chrysotile is a far less important cause e of mcsothehoma than are

amphiboles.

= Relative roles of chrysotile and amphibole. One panelist indicated that cobiort studies with
individual-level exposure-response data and the broader epidémiology literature both provide no
evidence of increased mesothelioma risk due to chrysotile exposure. Further, this panelist noted
that 33 of 41 mesothelioma cases previously identified as occurming among workers primarily
exposed to chrysotile fibers (Stayner-ef al. 1996) were later reported as likely resulting from
exposures to tremolite fibers found in the chrysotile mines (McDonald et al. 1997). This panelist
- poted that a recent finding of a small mesothelioma risk from chrysotile (Hoedgson and Daraton
-2000) results entirely on the assumption that the 33 mesothelioma cases. mentioned above result -
entuely from chrysotile exposures. Based on these observatrons this panelist mdrcated that the
" litetafimre suggests that chrysotile exposures have Timited, if any, fole in-causing ‘riesothélioma: He
nonetheless supported the relative potency attributed to chrysotile in the proposed protocol as a
conservative measure in the overall risk assessment process.

B Specific comments on the Connecticut friction producis. workers. Another panelist-
commented on an eprdeuuologrcal study of a cohort of workers employed at a friction products
plant in Connecticut. The panelist noted that the original study (McDonald et al. 1984) did not
identify any deaths from mesothelioma, but review of the state cancer registry (Teta et al. 1983)
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revealed that three Connecticyt residents who died of mesothelioma were employed by the
same friction products company. One of these employees had amphxbole exposures during the
time he wotked for a textile plant that wis under the same parent company that owned and
operated the friction products plant. The other two cases, the panelist noted, were females who
indeed worked at the friction products plant. A pathology review found that one of these cases
was a woman with probable pleural mesothelioma and'5 years of exposure; the other case was
a peritoneal mesothelioma in 2 wornan who also had asbestosis, and wotked as a clerk for 30 -
years. This panelist noted that it was questionable to attribute the latter two mesothelioma
diagnoses to thie chrysotile exposures at the friction products plant; thoagh she added that this-
possibility cannot be definitively ruled out. This panelist encouraged that future review of this .
epidemiological study should be mwsed ngen thlS new mﬁ)rmahon.

= Comments on the propased 500- fold’ di jﬁarence in relative potency. The panelists had

several comments on the ﬁndmg in the proposed risk assessment methodology that amphibole
fibers are 500, times more potent ot miesothelioma ‘than are chrysotile fibérs. Severil parielists”
noted that this finding is consistent with that of a recent re-analyses of; 17 epidemiological studies
(Hodgson and Damton 2000) Though not disagreeing that amplubole fibers afe clearly more
potent, one panelist was concerned that the risk coefficients (Ky) were largély derived from

. -data sets with inadequate; exposure-response information for mesothelioma, and assumptions
had to be made to determine critical mputs to the mesothehoma model (e g avemge €Xposure,
duration of éxposure). ’

Other panelists commented on specific sections in the proposed protocol. One panelist, for
example, recommended that the authors check the accuracy of data presented in Table 6-16
and Table 6-29 of the. report, which are not reported.consistently. Another panelist suggested.
that the authors better explain why separate risk coefficients for amphﬂ)oles and chrysotile were
calcutated for some cohorts (e.g., Hughes-et al. 1987) but not for othérs (e.g., Berry and-
Newhouse 1983), even though the exposure information available for the'studies.appears to be
comparable. Finally, one panelist recommended that the authors of the proposed ptotocol
“éonsider questions‘récently raised (Rogers and Major 2002) aboit the quality of the exposure

. data originally reported for the. Wittenoom cohort (De K.lerk et al. 1989) when evaluating
exposure—mponse relahonshlps for mcsothehoma

3.2.2 Mesothelioma and Fiber Type: Inferences from Animal Toxncology and
Mechamstlc Studles

“The panelists discussed the inferenées provided by animal toxicology data and mechanistic data
regarding relative mesothelioma potency of different asbestos fiber fypes. Overall, two panelists
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commented that the human epidemiological data clearly wtabhsh that exposuxm to amphibole asbestos
fibers pose a greater mesothelioma risk than do exposures to chqrsonle fibers. They added that the
animal toxxoolpgy data are genenally supportive of this finding, but the animal data suffer from some
limitations, Two panelists, for instance, ioted that the utility of animal toxicology studies is Limited by the
fact that rodents are rather insensitive to mesothelioma: These panelists added that the ammal
toxicology studies involving intxa-trachtmi iﬁsﬁllation or peritoneal irijé:tion are not dizectly relevant to
the inhalation exposures that occtir in hmnans These limitations nothdlstandmg, the panchsts raised the

) following points when discussing the ammal toxmology and mﬁchamsuc studies:

One panclist referced to one of his mrher publications (Lipprmarin 1994) for firther insights on the
ocatrmnccofmmoﬂlchom mammal stadies. Atthathme duspanehstnoted, the animal_ mhalahon
studies found fewet than 10 cases of mwothehoma, and the number of cases appeared to be greatest
among auunals that were cxposed to mxxmxm conmmmg higher pmpomous of amphlbole fibers. He
found this consistent w1t11 the influence of ﬁber type observed in the human epndenuolog;cal data (see
Section 3.2.1).

During this d:scussxon, one panehst zevxewed a publication (Suzuki and Yien 2001) that was méntioned
earlier in the. workshop. The pubhcauon documents the amounts and types of asbestos fibers m&sumd
in samples-of pleural plaqueés and tumor t:ssue couected for legal cases. These analysm reportedly
found relatively large ¢ armounts of shonf,thm chrysonle fibers in the pleura, suggesting that these fibers

should ot be excluded from the group: of fibers belleved to mducc mwothehoma. 'Ihe panehst had .

several criticisms of the study. First, he. mdlwted ﬂlat the mmpl&s were analyzed usmg a non—standard
technique, without any controls. Second, he questioned the major finding of fibers being detected in the
pleura, because most of the satnples analyzéd were actually timior tissie, m  which he would not expect
to find fibers. The panelist suspected that the chrysohle fibers repoxtedly f'ound in the smdy likely result
from specimen con_ta:mqatgqn—,g _b;as that would have been more apparent had rigorous quality control

procedures been followed. Finally, the panelist noted that a more rigorous study (Boutin et al. 1996) of.
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asbestos fibers in the parietal plenra found a mixture of fibers, including long amphibole fibers, among .
living patients with asbestos-related conditions. Based on these concerns, the panelist concluded that
the publication of concemn (Suzuki and Yuen 2001) is serously. flawed and its recommended should be .
excluded from EPA’s analyses. '

A specific issue raised regarding the analytical technique in the study (Suzuki.and Yuen 2001) was that .
water was used during the digestion process..Noting that water may contain large amounts (>30,000.
fibers/L) of small asbestos fibers, another panelist suspected that the fibers detected in the study might
have resulted from contamination introduced during the digestion process, Because control samples B
were not analyzed, the panelist said the study offers no evidence that the fibers detected truly were in - .
the original pleural plaques or tumor tissues. He added that studies of lung-retained asbestos fibers
routinely detect primarily short, chrysotile fibers, and that the presence of the short fibers in the pleural
tissue—even if the measurements from the study are valid—would not necessarily prove that short -
fibers cause mesothelioma.

3.23 Mesothelioma and Fiber Dimension: Inferences from the Epidemiology
Literature

The panelists commented briefly on how the human epidemiological data characterize the role of fiber
sizé on miesothelioma risk: Nollng that expostire measurements in most evexy epldermologxml study do
not characterize fiber length distribution, one panelist indicated that thesc studxes pmwde no direct
evidence of how fiber length is related to mesothelioma. He added that the studies offer conflicting- -~
indirect evidence ofithe role.of fiber length. Specifically, the higher mesotheliora risk coefficient among -
textile workers in South Carolina, when compared to that for the chrysotile miners and mullers in
Quebec, could be supportive of longer fibers being more-potent, since exposures in South Carolina had,
a laxger percentage of long. ﬁbers However, a cohort of cement plant workers in New Orleans was - -
found to have a higher nmothehoma risk cocfficient than that of the.South Carolina cohort, even though
the South Carolina workers were exposed to higher percentages of long fibers. Finally, as indirect
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evidence that carcinogenic potency increases with fiber length, this panelist noted that the mesothelioma
risk model using the proposed exposure index, which is heavily weighted by long fibess, provided a
considerably improved fit to the epidemiological data. -

The panelists briefly revisited the inferences that can be drawn from studies of [ung—ret;;med fibers. One
panelist again commiented that results from a recent study (Suzuki and Yuen 2001) should be viewed
with caution. He added that several othier lung pathology studies (e.g., McDonald'et al. 1989, Rogers et
al. 1991, Rédelsperger et al. 1999) have been conducted using more rigorous methods, such as using
appropiate controls for age, sex, and hospital. These studies all showed that risk of mesothelioma was
considerably higher for individuials with larger amounts of long fibers retained in their lungs.

One panelist indicated that results from a study of lung-retained fibers (Timbrell et al. 1988) suggest
fiber diameter plays a rule in mesothelioma risk: the study observed no mesothelionia cases among a
population highly exposed to anthophytlite fibers, which tead to be thicker fibers. Citing his earlier
review of mesothelioma cases (Lippmann 1988), the panelist also noted that crocidolite fibers are both
thinner than and more potent than amosite fibers, which further supports the hypothesis that

carcinogenic potency for asbestos decreases with increasing fiber diameter.

3.2.4. Mesothelioma and Fiber Dimension: Inferences from Animal Toxicology and
Mechanistic. Studies

" The pareelisté inade few observations o findings from aniinal toxicology studies regarding miesothelioma

and fiber length. One panelist indicated that findings from thie animal toxicology studies generally -
support the overall finding that mesothelioma risks are ‘greatest for loig, thin fibers. However, another
panelist noted that his earlier review of mesothelioma risks (Lippmiann 1988) hypothesized that the
critical fibers for mesothelioma induction are those with lengths between 5 and- 10 um. This panelist
added that fibers of this dunensuon are more likely to translocate to the pleuta than are longer fibers, but
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he acknowledged that it is unclear whether fibers must first translocate to the pleura in order to cause

mesothelioma.

Some panelists indicated that ﬁber dumbnhty hkcly p[ays a mle in mducmg mesothehoma, based on the
fact that mesothelioma is more ensxly mduoed in animals usmg admxmstmtmn methods (e £, peritoneal
injection) that remove the uuporrance of dissolution.

33  Exposure Estimates in the Epidemiology Literitire

The panehsts rdised numerous’issues wbcn respondmg to the tb.u'd charge quesnon ““To what extent are
the exposure estimates documented in the asbastos epldenuology literature reliable?” Recognizing that
the exposure aﬁmatm from the eptdemxolcgy studlec are critical inputs to the exposure-response
assessment, the pzmehss cxpmsed concermn about the exposure data: few studies provxde detailed

- information on ﬁber size d15tnbut10n, many studies report exposures using outdated sampling and
analytical methodologies (e g., midget impinger); individual-level data are not avaﬁable for most studles, .
and many studiés'do not report detailed mformatlon on paxameters (e g., exposure levels; exposure
dumtnon) needed to evaluate exposure-response rejationships, paxtxculariy for mesnthehom '[hmr

specific concerns on these and other mattess follow:

L Concems regardmg exposure estimiates in specific studiés: Some panelists expmsed
coriceim about the assumptions made to interpret the: exposu:e datz originally teported i the
epidemiology studies: One panelist reviewéd specific examples of thése concems: * "~

» ©t The 3ﬁgii1al study of workers at a Connétticut friction products plant (McDon‘ﬁld etal.
T 1984) reports exposures measiired by midget i unpmgets (in uhits of mupcf), with no
sinforimation on how to convert this to PCM measurements and the ongmal pubhcauon
' mcludm hrmted data on exposure durauon. C

T Thie ongmal study of workersat a New Jersey insulation ﬁlctoxy {Séidman etal. 1986)
R dld not report any exposure measurements from’ ihe fadtory studied; and dam oollected
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from another plant with similar operations were used to characterize exposure-response
for this cohort.

> The original study of workers at a Texas insulation factory (Levin et al. 1998) reported
a range of exposure levels (15-91 fibers/mL), and the authors of the proposed protocol
assigned an average exposure level (45 ﬁbexs/mL) to the entire cohozt

- The original study of U.S. insulation applicators (Sehkoﬁ’ and Seidman 1991) has no
information on exposure. The proposed protocol assumes that all workers were
exposed to 15 fibers/mL for 25 years, based on a separate review of exposures among
insulation workers (Nicholson 1976).

> The original study of retirees from the U.S. Asbestos Products Company (Enterline et
. al. 1986) reported exposures based on midget impinger sampling, with no information
on how to convert these exposurm to PCM measumments

- According to a recent letter to the editor (Rogers and Major 2002), the original study

of the Wittenoom cohort (De Klerk et al 1989) might have overestimated ¢ exposures,
possibly by as much as a factor of 10.

The prevmus comments led to a dnscusswn on whether certain studies should be excluded from
the meta-analysis used in the proposed protocol (see next bulleted item). Prior to this discussion,
one panelist expressed concerm about being overly critical of the exposure estimates used for
many of the studies listed above; he emphasized that all exposure estimates appear to be based
oi1 a critical review of the literature, and no estimates are completely arbitrary, as some of the
panelists’ comments implied.

Commenis on using study inclusion criteria for the meta analysis. Given the concerms
about the quality of exposure data reported in some epidemiology studies, the panelists debated

. whcthcr future revisions.of the pmposcd -protocol should exclude certain studies from the

exposme—mponse analysx& The panelists-were. divided-on this matter.

On the one hand, several panelists recommended that-the authors develop'and apply study
inclusion criteria in thc exposure-response evaluation, as is commonly done when conducting a
meta-analysis. One panelist, for instance, recommended assessing exposure-response
relationships for only those studies found to have adequate exposure data, and then using a
sensitivity analysis to examine the effect of excluding studies with inadequate exposure data.

- These panelists ¢ clarified that they are not advocating disregarding the majority of studies; rather,
) they are suggesung sunply that the authors of the. proposed protocol use study inclusion criteria

and sensitivity analyses to ensure that the conclusions are based on the best available exposure
data.
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On the other band, several panelists supported the current approach of using as many studies as
possible and accounting for the quality of the exposure measurements in the uncertainty factors.
One panchst, for example, commended the authors for being as inclusive as possible when
-reviewing the studies; he supported the approach of recognizing the limitations of the available
exposure data-and accounting for these limitations in the uncertainty factors that were ultimately
used to weight the studies in the mefa-analysis. This panelist ackmowledged that the exposure
estimates in:some of the epidemiological studies might be rough estimates, but he emphasized
that the estimates are not wortbiess and should not be discarded. Other panelists concurred with
these comments, and did not support applying overly restrictive study inclusion criteria.

®  Comments on the uncertainty factors assigned to each study, The panelists made several
comments on the uncertainty factors that the authors assigned to each study. Dr. Berman ficst
explained the four uncertainty factors: the. first factor (F1) characterizes the confidence in
-exposure estimates; the second factor (F2) represents the confidence in the. conversion to PCM
. measurerments from other expostre metrics (typtcally midget impinger analyses); thie third factor
. (F3) characterizes the confidence the authors ‘had on worker history data; and the fourth factor
.(F4) was a nop-exposure related factor to account for other uncertainties (€.g., lack of
information on confounders, incomplete or inaccurate mortality ascertainment). Dr. Berman
described generally how the individual uncertainty factors were assmgned and noted that each
factor could range from 110 5. )

. The panelists .comments primarily focused on the transparency of how uncertainty factors were
presented and mcorporated into the meta-analysis. Multiple panehsts for ipstance, .
recommended that future revisions to the proposed. protoool include a table that hsls the
-uncertainty factors assigned to each study. Further, one panelist suggested that the revised
 protocol describe the assumptions inherent in the uncertainty factor weighting appmach, such as
-explaining why some factors are assigned values over a broader range than others (e.g., why Fl1
values span a broader range than F4 values) and describing why the individual uncertainty
factors have equal weights in generating the composite uncertainty factor. Another-panelist
agreed, and added that the revised protocol should more explicitly describe how the uncertainty
factors: were, combmed into the composite factor.and how this coraposite: factors, affects; the
.weighting of studies in the meta-analysis. Expandmg on. thxs point; another panehst suggasted that
the firial document more clearly explain that the final estimates. of cancer risk coeﬂicxents (K *
and K,,*) are actually weighted averages of the epidemiological studies, with the weights
assigned to each study being a function of that study’s uncertainty. This panelistalso
recommended that the revised document clearly state how, if at all, the fraction-of amphibole
fibers and the fraction ‘of ﬁbe:s‘ longerthan [{)um are neﬂected in the uncertainty’-facmrs. -

Some panehsts dcbatedthe uhhty of altcmate approaches that could be used to assngn
uncertainty factors. Two panelists noted that the approach used to assigning uncertainty factors
is somewhat subjective, because different groups of analysts would likely assign different -
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- uncertainty factors. To avoid the appearance of arbitrariness, these panelists suggested using
altemate meta-analysis approaches that do not require using uncertainty factors. They noted, for
example, that the authors could use a random effects model in which residual inter-study
vatiation is estimated. Ariother suggestion was to conduct sensitivity analyses examining the
effects of including or excluding studies, depending on the uncextainty factors assigned to them.

- Another panelist disagreed with these comments and supported the analyses-in the proposed
protocol; this panelist indicated that the authors had no choice but to make judgments based on
the information documented in the epidemiology literature. He suggested that EPA consider
convening a separate expert panel to assngn unoettamty factors, if panelists do not suppoxt those
- selected by Drs. Berman and Cmmp

= Assumptions made to convert éxposure éstimates from midget impinger sampling.
" Several panelists noted that the original publications for rany epidemiology studies dociment
.- exposure estimates.based only on midget impinger sampling and do not include any information
- on’how to conveit these exposures to levels that would be measured by more modemn methods
eg PCM, TEM). The paoelists noted that the conversion factor (from mmpcf to fibers/mlL)
can vary considerably from one occupational setting to the next.

H Interpretations of the study of South Carolina textile workers. The panelists had different

opinions on interpretations of the study of South Carolina textile workers (Dement et al. 1994).

. One panelist, for instance, found this particular study to be an outlier among the other
epidemiological studies, and he recommended that the authors exclude this study from the
exposure-response analysis until the causes for the increased relative risks observed for this
cohoit are better understood. Another panelist suggested that the proposed protocol should
classify the South Carolina cohort as being exposed to mixed asbestos fibers, rather than being
exposed to chrysotile fibers. He indicated that some workers in the cohort were exposed to
amosnte and crocndohte in addition to being exposed to ch:ysonle

‘Other: panehsts however ‘did not think the South Carolina study shiould be excluded from
-EPA’sS analysis. One. panelist was troubled about ¢riticisms of the ¢xposure estimates for this

" -cohiort, given that this is one of few studies in which co-located samples were collected and
analyzed usmg different methods, thus’ pmwdmg sma-@eclﬁc data for convertmg nudget impinger

1 After reviewing 2 draft of this report, one panelist indicated that it is important to note that cxposurc.dam
for the South Carolina cohort are available from more than just ong mfcm_nce»(Demeqt et al. 1994). He suggested that
EPA use data from studies conducted by McDonald inthe 1980s of a parallel cohost in the same plant. However, he
cautioned EPA against treating multiple studies of the same relatively small group of workers as sepamc studies,
considering the large overlap of workers studied by the two groupis of itvestigators. This panelist eicouraged EPA
to consider other data sources for this cohort, given thata recent re-analysis of epidemiological studies (Hodgson
and Damton 2000) severely criticized the data source EPA uscs (Dement ct al. 1994), to the point of those data being
dropped from the recent rc-analysis altogether.
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sampling results to PCM measurements. Another panelist challenged suggestions that the South
Carolina study is an outlier; he indicated that the South Carolina study is one of the more
rigorous epidemiology studies available for asbestos exposures, and he found no valid scientific
reasons. for discarding it. During this discussion, one panelist point out-in response that the South
Carolina study is indeed an outixer among the textile cohotts, with a slope which is higher than

' either of the two textile cotioits; thiis panelist did aclmow!edge that the lung cancer risk among

the textile cohorts is greater than that among the mining cohorts. This panelist added that
scientists need a better explanation for why the lung cancer risk among the South Carolina
cohort is greater than that of other cohorts before the South Carolina study can achieve
credibility, especially considering that exposures in Seuth Carolina were supposedly to “pure”:
chrysotile.
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4. COMMENTS ON TOPIC AREA 2: THE PROPOSED EXPOSURE INDEX

This section summarizes the panelists’ responses to the charge questions pertaining to the proposed
exposure index. Section 4.1,4.2, and 43 document the panelists’ responses to (;hatgc_quwﬁoné 4,5,
and 6, respectively. T

4.1 Responsés to Charge Question 4

Charge qusﬁon 4 asks: “The proposed exposure index does not include contributions from fibers
shorter than 5 pm. Please comment on whether the epidemiblogy and toxicology literature support the
conclusion that asbestos fibers shorter than 5 um present little or no carcinogenic risk.” The panclists
discussed this matter earlier in the workshop (see Sections 3.1.3 and 3.1.4 for these comments), and
provided additional insights on the matter. Overall, the panclists agreed that carcinogenic potency
increases with fiber length, particularly for lusg cancer. Most panelists supported assigning no potency
to fibrous structures smaller than 5 um. Some panelists agreed that the short fibrous structures are
clearly less potent than long fibers, but they had reservations about assigning zero potency to the
structures smaller than 5 pim; these panelists acimowledged that the toxicity of the short fibrous
structures might be adequately addressed by EPA’s air quality standards for particulate matter. Specific

comments on this charge question follow:

B . . Reference to ATSDR’s expert panel workshop.on the role of fiber length. Two.panelists -

* noted that ATSDR convened an expert panel in October 2002 to discuss the role of fiber length
on toxicity, and much of that discussion specifically addressed fibrous structures smaller than 5
pm. A main conclusion of that panel was that there is “a strong weight of evidence that asbestos
and synthetic vitreous fibers shorter than 5 pm are unlikely to cause cancer in humans” (ERG
2003). The panelists encouraged EPA to review the surnmary report prepared for that
workshop, which was officially released on March 17, 2003, and is available on-line at:
www.atsdr.cdc.gov/HAC/asbestospanel.

u Evidence from epidemiological studies. One panelist indicated that the epidemiclogical
stadies do not provide direct evidence of the role of fibrous structures shorter than 5 pm.
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However, the panelist indicated that a growing body of evidence suggests that the cohorts
predominantly exposed to shorter fibers (e.g., friction brake workers, gold miners, taconite
miners) do not have statistically significant increased cancer risks. This panelist added that the
mechanistic studies provide the strongest evidence for assigning no potency to fibrous, structures
(see next bulleted item). Another panelist agreed with these statements, and added that his
interpretation of data compiled by the National Cancer Institute provide additional indirect
evidence of short fibrous structures presenting little or no carcinogenic risk (see page 102 of the
premeeting comments in Appendix B).

The panelists briefly revisited the findings from a recent publication (Suzuld and Yuen 2001) that :
_reported finding telatlvely large amounts of short, thin chrysotile fibars in malignant mesothelioma _ !
tissue. Several panelists éncouraged that these findings not be corisidered in the risk assessment

methodology.for reasons cited easlier-in the workshop (see Section 3.2.2). :

®  Evidencé from ritechanistic studies: The panelists offered diffetent interpretations of

‘mechanistic studies. One panelist indicated that mechanistic studies have shown that shorter.,
fibers are cleared more readily than long fibers from the alveolar region of the hung by
phagocytosis, and therefore provide supporting evidence that short fibers play littlé or no'role in
carcinogenic risk. This panelist acknowledged that extremely high doses of particular matter and
other non-fibrous structures can generate biological responses (e.g., inflammation), but he

) doubted:that such “overload” conditions would be relevant to the environmentat exposxm that

. the proposed protocol will be used to evaluate.

- Anocther panehst agxwd that long fibers are clearly more potent than short fibrous stmotum but
he questioned the conclission that short fibrous structures 'have no impact on carcinggenic risk.
This panelist noted that mechanistic studies have demonstrated that short fibrous structures and
‘'spherical particles; like silica, can elicit the same toxic responses (¢.g., generate reactive species,

- stimulite prolifétative factors) identified for asbestos fibers. This panelist added, referring to his

' ptemwhng comments, that exposure to short fibers could cause inflammation and generation of
‘okidative: specm ; that thight incirease the response to long ﬁbers (see Bellman et al. 2001).
- Oetall:tiis panslist acknowledged that long fibers are more persistent than shiort fibers it the
lung and should be weighted more heavily in the exposure index, but hé was ‘hesitant to assign
the short.ﬁb;ous stmctum Zero potency.

L Implications on sampling and analytical methods. One panelist commented on the
- practical implications, from a saipling perspective, of any changw to the ¢ exposure index. This
* - “pdnelist indicated that measuring all fibers (including structures shorter than 5 pm) in
envirorinéntal samples would not only be expensive, but also would compromise the sensitivity
* "of teasuring the longer fibers that are most predictive of.cancer risk. This panelist
+ ackiiowledied that human exposure is predominantly to fibrous strictures less than 5'yim, but e
noted tiat the ariounts df shiort fibrous structures retained by the lung tend to be very strongly
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4.2

correlated with the amounts of long fibers retained by the lung.- Due to this correlation, this
panelist noted that measuring long fibers with sufficient accuracy would allow one to estimate
amounts of short fibrous siriictures in a sample. This panelist added, however; that he sees no
benefit of characterizing exposures to fibrous structures smaller than 5 pm, given the conclusion
that such fibers do not cause cancer (ERG 2003)

Respounses te Charge Question 5

Ch_a:g_e'qumtion's asks: “The prppoged. exposure index is weighed héavily by fibers lo.nger than 10 pm.
Specifically, Equation 7.13 suggests that the carcinogenic potency of fibers longer than 10 yim is more
than 300 times greater than that of fibers with lengths | between 5 and. 10 pm. How consistent is. this-

difference in carcmogemc potency with the' epldemxology and tomoology literature?” The panehsts’

responses to this qucstxou follow: .

. Consistency mth eptdemwloglcal llterature. The panelists notcd that the ongmal

epidemiology studies did not collect exposure information that provides direct evidence of the
relative potency, assigned to the two different fiber length categories: fibers longer than 10 um, .

.and fibers with lengths between 5 and 10 pm. During this discussion, one panelist recommended
that EPA, consider the mults ofa  case-control study. (Rogexs etal. 1991) that suggwts that

mesodlehoma risks are greatcr for individuals with lasger amounts of the. shorter fibers (i.e

_ between 5 and 10 ) mtamed mﬁlexrlungs. Another panelist was not convmwdofthc findinps

from this study, due to posmble biases from selection of controls not matched for hospxtal of
origin. This panelist encouraged EPA to refer.to more rigorous lung-xetamed ﬁber studies (e.g.,
McDonald et al. 1989, Rodelspctget etal. 1999) that have found that the majority of cancer-

- risk for m&sothehoma is attnbuted to exposures to. longer ﬁbers, cven when mmsurements of
 short fibers are taken into acoomt . : - -

Questions about the f ber length-dependence used for mesothelioma. Some -pé.nelists,
were not-convinced that the relative potencies assigned to different fiber lengths were

- appropriate for mesothelioma.. Onc panehst. for instance, noted that his previous review of the "

literature (prpmann 1994) suggests that cancer risk for m&sothehoma is most closely assoc:atcd
with exposure to fibers between 5 and 10 ym long. He indicated that dus assessment is .
consistent with other humzn lumg evaluations (e.g., Timbrell et al. 1988), wluch have tepoxted
that fibers retained by the lung tend to be longer. than fibers that translocate to the plema. This
panelist added that the epidemiology literature clearly suggests that lung cancer and
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4.3

mesothelioma have different nisk factors, as the relative amounts of lung cancer and
mesotheliorua cases vary considerably from one cohort to the next. Based on these concerns,
this panelist supgested that EPA consider developmg separate fiber length weighting schemes for

. lung cancer and mesothelioma.

Another panelist indicated that the epidemiology studies pmvide indirect evidence that
carcinogenic potency appears fo increase with fiber length. Specifically, he noted that the studies
consistently show that mesothelioma has a very long latency period—a trend that suggests that
thie mriost darable fibers (i.e., the longer fibers) are the most potent. The panelist added that the
analyses in the proposed protocol provide further indirect evidence of mesothelioma risks
increasing with fiber length: when the exposure index was used in the mesothelioma model, the
proposed risk assessment methodology generated an improved fit to the epidemiological data’

Dunng this discussion, a panelist cautioned about inferring that only those fibers that reachthe
pleiira are capable of causing mésothelioma, because resmmhers havenot determined the exact

‘uechanisms by which mesothelioma is inducad. Fmther he cautibned about mfemng to6 much

from a single study (Timbrell ¢t al: 1988), given that many addmonal smd.tes are avaﬂable on
tun -retained fibers. : :

Questions about the relev‘ance'of aninial toxicology data. Some panelists exbféséed
concern abouit basing the proposed weighting factors for-different fiber lengﬂ)s o observations
from animl data. First, one panelist noted that the weighting factors were dérived strictly based
on lung cancers observed in Iabordtory animals, and he questioned whether one can assume that
thé weighting factors can be défensibly applied to mesothelioma. Second, other panelists noted
that extrapolating the welghtmg factors from rodents to humans also involves uncertamty, due to
mter-Specm differences in rcspxxato:y anatomy, macrophage sizes, and sntcs of lung cdncers.

Suggested follow-up. analyses. Given the concerns about basing the proposed exposure index
entirely on data from animal toxicology studies, two panelists recommended that EPA attempt to
optimize the wexghhng factors applied t6 differént fiber length mtegorm using the available
haman epidémiological data: Orie panelist suggested that this optirtiization could be performed

‘using the data compiled in Table 6-15.in 'the pioposed pmtocol, which pmcnts estimates of the

fiber lexigth distribution for differerit occupational cohorts. & panehst alds' suggwted that EPA

" consider deriving separate weéighting factors for lung ‘cancei*and mescthelioma, rathier than

assuming the same fiber length dependence for both outcomes.

Responses tp' Charge Qﬁest;lofl 6
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Charge question 6 asks: “Please explain whether the proposed exposure index will allow meaningful
comparisons between current environmental exposures to asbestos and historical exposures to asbestos
that occurred in the work place.” The panelists discussed several topics when addressing the question,

" because some panelists had different impressions of what the question was asking. Some panelists
VIewcd the question as askmg about the vahdlty of low-dose linear extmpolauons (see Sectlon 3.15 for
more mformahon on thls topic), and others viewed the question as asking about whether the proposed
methodology is an improvement over EPA’s current risk assessmént model A mmaq of the
pangélists’ spec:ﬁc tesponsm follows: L o

m Is the proposed exposure mdax an unprovement to asbatos mlc asses'sment ? When
: answetmg this chatge ques’aon, multiple panelists focused on whcthq' the pmposed exposure

index is an nnprovemcnt over EPA’s 1986 asbestos risk models. These pagelists- agreed that the
proposcd approach is more consistent with the overall literature on health risks from asbestos,
which show that cancer risks vary with fiber type and fiber dimension Two panelists were
hesitant to call the proposed approach an improvement for evaluating mesothelioma risks,
because the fiber length weighting factors are basedcnhrelyonlung cancer data in animals.
These panehsts were particularly concemed that the proposed methodo!ogy might assipn lower.
risks for m&sothshoma in certain circumstances, because the fiber-length dependence in the
methodology is not based on any toxicological or epndermoioglw.l studxes of mesothelioma.

= Does iheproposed risk assessment model suppoﬂ axtrizpol’atior,x from occupational
exposures fo environmental exposures? Some panelists commented on the applicability of
the proposed risk assessment model to exposure doses below the ranges considered in the
occupational studies. Referring to.observer comments prowded eardier in the workshop, two
panelists mdmted that some envucmmeuml exposures in areas with ualnmlly—oocurmg asbestos
do not appear to, be consxdembly lower than those expeuenced by ocwpahonai cohorts.
Another panehst agxeed, and cautloned about dlstm_gmshmg envxmnmcntal eXposures. fmxn
occupatmnai exposures; he mstead encoumged EPA and thc panehsts to.focus-on the exposure:
magmmdc regardless of whether it was expenenoed inan occupauonal or envmmmental setting.

One panelist recommended that EPA. investigate hdw cancer risks for luxig cancer and
mesothelioma vary between EPA’s 1986 model and the proposed risk assessment
methodology: for different distributions of fiber types and dimensions, does the proposed
methodology predict higher or lower risks than the 1986 model? Dr: Berman indicated that the
proposed methodology, when compared to EPA’s 1986 model, generally predicts substantially
higher risks for environments with longer, thinner fibers and environments with larger amounts of
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amphibole fibers and:predicts somewhat lower risks for environments with shorter, thicker fibers
and environments that contain only chrysotile fibers. One panelist recommended that future
revisions to the proposed protocol include sample calculations, perhaps in an appendix, for
several hypothetical environments to demonstrate how estimated cancer risks compare between
the new methodology and the 1986 model.
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5. COMMENTS ON TOPIC AREA 3: GENERAL QUESTIONS

This section summarizes the panelists’ responses to charge questions 7-10 and 12. Responses to
charge question 11 are included in Section 6, because this charge question sought the panelists” overall
impressions of the proposed risk assessment methodology, rather than focusing on any one specific

issue.
5.1 Responses to Charge Question 7

This charge question asks: “The proposed risk assessment approach assigns carcinogenic potency to
individual fibers and to cleavage fragments (or ‘bundles that are oomponents: of more complex
structures’). Please comment on whether cleavage fragments of ashestos are as toxicologically
significant as fibers of the same size range.” The panelists raised the following points when responding:

] Terminology used in the charge question. One panelist took strong cxoeptibn to the
wording in this question (see pages 30-33 in Appendix B) and strongly recommended that the
panelists use comrect terminology during their discussions. This panelist noted, for instance, that

cleavage fragments are not equivalent to bundles, nor do cleavage fragments meet the regulatory .

definition of ashestos, as the charge question implies. He clarified that he defines cleavage
fragments as non-asbestiform amphiboles that are derived from massive amphibole stuctures.
This panelist was concerned that none of the panelists at the workshop has the mineralogical
expertise needed to address issves pertaining to cleavage fragments. Another panelist echoed
these concems and agreed that this charge question raises complex issues.

B Significance of cleavage fragments with respect to human health effects. The previous
concems notwithstanding, several panelists commented on the role of cleavage fragments in the
proposed risk assessment methodology. One panelist, for example, indicated that there is no
reason to believe that cleavage fragments would behave any differently in the burnan lung than
asbestiform fibers of the same dimensions and durability; he added that this conclusion was also

reached by the American Thoracic Society Committee in 1990 (Weill et al. 1990). This panelist

acknowledged, however, that expert mineralogists have differing opinions on the role of
cleavage fragments. Several other panelists agreed that it is reasonable to assume that cleavage
fragments and asbestos fibers of the same dimension and durability would elicit similar toxic

rESponses.
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" Review of selected epidemiological and toxicological studies. The panelists briefly
discussed what information has been published on the toxicity of cleavage fiagments. One
- panelist indicated that Appendix B in the proposed protocol (see pages B-3 through B-10)
.. interprets results ﬁom an animal study (Davis et al. 1991) that cvaluated exposures to six
tremolite samples, including some that were pnmanly cleavage fragments. This panelist poted
that the study. provides evidence that clmvage fragments can canse mesothelioma in animals.

: Another panehst, however aauuoned agamst mfemng o0 much from this ammal study for

. several T2as0nS; the study. was not peer reviewed; the fiber. measurements in the study reportedly
suffered from poor reproducibility; and the mesotheliomas observed in the study might have
reflected use of intra-peritoneal injection model as the dose administration method. This panelist
recommended that EPA conduct a more detailed review on the few studies that have examined
the toxicity of cleavage fragments; possibly considering epidemiological studies.of taconite

. miners from’ Minn%ola (Higgins et al. .1983) and cummxngtomte—gmncntc miners from: South
.Dakota (McDonald et al. 1978); he noted that a pending publication presents updated risks
among the taconite miners.

= Practical implications of measuring cleavage fragments in environmental samples. One
panelist added, and another agreed, that measuring cleavage fragments in environmental samples
presents some challenges, because microscopists cannot consistently distinguish cleavage -
‘ fragments from asbestiform fibers, even when using TEM.

5.2  Responsés to Charge Question 8

Charge questiori'8 asks: “Please comment on whether the proposed canter assessirient approach: is
relevant to all amphibole fibérs or only to the five types of amphibole fibiéis (actinolite, amosite, < 5

: | anthophylite, crocidolite, tremolite) designated in federal regulations.” The panelists made the flloviog.
| ~ general comments musponse L ‘ S

®  Review of evidencé froni toxicological and epidemiological studiés. The panelists’
identified few, ,smdles that address the toxicity of amphibole, fibers other than actinolite, amosite, .
anttmphylhte cmmdohte and tremolite. One panelist indicated that animal toxmology studm _
‘have demonstratéd that synthetic vitreous fibers with difféting chemistry, but having simiac
durability and dimensions, generally.exhibit similar potency for fibrosis, lung cancer, and
mesothelioma. Another panelist added that lung cancer and mesothelioma EXPOSUIE-TESPOnse

! 5-2

_-—_——__“———;-“

HWBUI0011045



relationships for a cohort of vermiculife miners from Libby, Montana, have been pubhshcd for
both asbwuform richterite and winchité. : '

® - Appropriateness of applying the model 1o rion-asbestiform amphiboles. Several panelists
agreed that the proposed risk assessment methodology is relevant to amphibole fibers other than
 those listed in the federal regulations. The panelists noted that, in the absence of more detailed
information on the matter, it is prudent o assume ‘that fibers-of similar dimension and durabiity
will exhibit similar toxic effects. Two panelists expressed some hesitation on applying the
proposed model to the non-asbestiform amphiboles: one panelist asked how confidently one can
apply the cancer risk coefficients to amphibole fibers:that have not been studied, and another-
-panelist indicated he Wwas riot.convinced that the model shiotld be applied to the other
' ~'amphibolm, let: alone forthe amphibol&s that are: hsted in the federal regulatxons
Gtvenﬂxcanmuntofmhxrallyoommngamphibolasmtheﬁarﬂx s Crist; onepanehstsuggwted
- ‘that the proposed protocol clearly state that the non-asbestiform amphiboles being evaluated are
-onlythose with the samé dimensiofal characteristics and biodiirability as the corresponding
_ asbestiform amphiboles.

53 Resi)qn;e_s to Charge Question 9

Charge question 9 asks: “The review document recommends that asbestos samples be analyzed by
transmission electron microscopy (TEM) and count only those fibers (or bundles) longer than 5.um.
Such counting practices will provide no information on the amount of asbestos fibers shorter than 5 pm.
To what extent would data on shorter fibers in samples be useful for future evaluations (e.g., validgﬁon
of the cancer risk assessment methodology, assessment of non-cancer endpoints)?”

- o T .

The panélisis-expreswd varymg opinions oh:thg matter: some panelists saw o benefit of measuring
fibrous structures shorter than 5 um, based on responses to earlier charge questions (see Sections
3.1.3,3.14, and 4.1); other panelists indicated that there is some ufility to collecting information.on
shoxter ﬁbrous structumc, pattxcularly lf the mc:emental analyhmt cos!s am not pmhibmvely expenslve
and 1f counhng short ﬁbers dom not compmmlse accurate counts of longe: fibers. The panehsts raised
the following specific i issues 'vhen discussing medsurement imethiods: - '
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= Support for using TEM in _future sampling efforts. The panelists unanimously supported the
recommendation in the proposed protocol of using TEM, rather than PCM or some other
method, to characterize exposures in future risk assessments. The panelists also emphasized that
future measurement methodologies must focus on generating accurate counts of the most
biologically active fibers, or fibers longer than 5 pm.

= Practical implications of counting fibers shorter than 5 pm. One panelist indicated that -
analyzing samples for fibrous structures shorter than 5 pm would compromise analysts’ abxhty to
accurately count the amcunts of longer fibers that are of greater biological coricem. Some
- panelists and an obsecver further discussed the costs associated with counting fibers in multiple
length categories, including shorter than 5 pm. The panelists did not cite firm cost ﬁgums for
these analyses. However, noting that environmental samples fypically contain more than 90% ™~
_short fibrous structures, one panelist suspected that counting the shorter structures would .
considerably increase the time a microscopist needs to analyze samples, and therefo:e also -
-would considerably increase the cost of the analysis. A panelist indicated that the costs and ™7 *
: benefits of counting fibers shorter than 5 yum might be more appropriately debated between,. .
maicroscopists and risk assessors, with inputs from industrial hygienists and mineralogists.

® . Relevance of fibers shorter than 5 pm for non-cancer endpoints. One panelist noted that. -
exposures to fibrous structures shorter than 5 wm can contribute to asbestosis in occupanonaﬂy
exposed individuals (Lippmann 1988), but he doubted that the exposure levels found tobe

‘ associated with asbestosis would be experienced in non-occupational sethings. Another panelist
added that the role of shorter fibrous structures for other non-cancer endpoints is not known,
such ‘ds the pleutal abnormalities and active-pleural fibrosis observed in Libby, Montana. No
panelists were,aware of any authoritative statements made on the role that short fibers play; if -
any, on these other non-cancer endpoints. During this discussion, one panehst indicated that the
toxicity of fibrous structurés shorter than 5 pm miight be adequately addressed by EPA’s"
particulate matter standards. .

5.4 Responses to Charge Question 10
Charge question 10 asks: “The proposed risk assessment methodology suggests that exposure
estimates should be based only on fibers longer than 5 pm and thinner than 0.5 um. Is this cut-off for

fiber diameter appropriate?” Before the panelists responded to the question, Dr. Berman first clarified
that the exposure index optimized from the animal studies (see Equation 7.12 in the proposed protocol)
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assigns a far greater carcinogenic potency to fibers longer than 40 pm, with diameters less than 0.4
he noted that the proposed diameter cutﬂff (0.5 um) was based on an ad hoc ad;ustment.

The panelists agreed that the proposed cut-off for fiber diameter (0.5 jsm) would '!iklely‘ include most
fibers of health concern; however, they also unanimotisly agreed that the exposuré index should not
exclude thicker fibers that are known to be respirable in humams The main argument given for
increasing the cut-offis that fibérs with diameters as'large as- 1.5 pm (or with aerodynamic diameters as
large as 4.5 pm) canpeneb:ate to small lung airways in humans. Other banelis(s pmﬁded addiﬁonal
spacxﬁc comments, gene:ally supportmg inclusion of thicker ﬁbe:s in the pmposed exposure mdex. One
panelist, for example, advxsed agamst basmg the fiber dxameter cut—oﬁ‘ strictly o observauom from rat
inhalation studies, due to inter-species Mcmm in respirability. Further, noting that the proposed cut-
off for fiber diameter would likely exclude some amosite fibers and a considerable portion of tremolite
fibers with known carpihogenic potency, another panelist encouraged that the proposed exposure index
include ééntﬁbutipns ﬁoin.ﬂlii:ker fibers.

The panelists noted that consic-lerationA of fibers thicker than 0.5 pim was viewed& being most
importarit for the lung cancer risk assessment model; as isks for mesothelioma appear to be more
closely linked b,exmsures to long, thin fibers (see Séctiog 3.2.3). Further, some panelists suspected
that increasing the fiber diameter cut-off in the exposure index should be accomparied by changes to
“the exposure-response coefficients in the risk assessment models, but the panelists did not unanimously

. -agree on this issue. .
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5.5.. Responses-to Charge Question 12 . .

Charge question 12 asks: “Section 8.2 of the review document presents three options for assessing
cancer risks from asbestos exposure. Please comment on the technical merit of the proposed risk -
assessment options . The panelists. briefly reviewed the strengths and weaknesses of the three options
presented in the proposed protocol for assessing asbestos-related cancer risks. The panelists agreed
that the first option——direct use of EPA’s lung cancer and mesothelioma risk: assessment. . . |
models—allows for the greatest flexibility in evaluating site-specific exposure scenatios, particularly
those with time-varying exposures. Dr. Crump indicated that he envisioned this option being coded into
a computer program, into which users enter their site-specific exposure information. Most panelists .
endorsed devéloping sucha program. The panelists did not reject use of the second and thudopuons,
provided that EPA ensures that all three options generate equivalent risk estimates for the same -

€XpOsure SCEenario-

. The one issue discussed in greater detail was how sensitive predictions using the first option are to the
mortality rates used in the evaluation. Noting that mortality rates as functions of age and sex differ from
one location to the next, this panehst encoumgcd EPA to consxder careﬁxlly whethier natmnwxde
mortality estimates would be pmglanmed into the risk assessment model or whether risk assessors
would have the option of entenng sﬂe—spmﬁc mortahty rates. The panehst also suggested that the
authors of the nsk assessment. oonduct - sensitivity. analyses o quamt‘y how sttong!y the momhty data
affect mnoer Tisk esumam Tha:e comments alse’ mxsed questxons about the fact that {wo populauons
with. dxffetant undcrlymg mortahty mtes oould have. dxfferent cancer nsks even though thcxr asbmtos .

exposure levels are equivalent. '
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6. COMMENTS ON TOPIC AREA 4: CONCLUSIONS AND RECOMMENDATIONS

This section reviews the parelists” individual conclusions and recommendations regarding the proposed
protocol (Section 6.1); as well as how the panelists developed their overall conclusions and
recommendations that appear in the executive summary of this report (Section 6.2).

6.1  Responses to Charge Question 11

Charge question 11 asks: “Discuss whether the proposed cancer assessment-approach, as’a whole, isa
reasonable evaliation of the available health effects data. What aspects of the proposed cancer -
assessmient approach, if any, are inconsistent with the epidemiology or toxicology literature for -
asbestos?” The panéljsts offeréd individual summary staternents, which were not discussed or'debated’
among the pavel. Following is a summary of the panelists® individual surnmary statements in the order
they were given:

= De. Lippmann’s susnimary statement. Dr. Lippmann commended Drs. Berman and Crump
on developing the proposed risk assessment protocol and supported use of 2 model that
accounts for the factors (e.g., fiber type and dimension) that are most predictive of cancer risk.
‘Dr. Lippmann supported the authors’ attempt to make full use of the existing data and to
interpret the results from the epidemiological studies. He strongly recomimended that EPA make
every effort to obtain individual-level data from additional epidemiological studies. Dr. Lippmann
" suggested that a follow-up workshop with experts in exposure assessment-could belp EPA
_ evaluate the uncertainties in exposure measurements from historic occupational data sets. Dr.
Llppmaun supported an observer’s suggestion to conduct an animal ishalation study using
“tremolite cleavape fragments to hielp resolve the issue of these fragmients”. carcinogenic potency.
Overall, he encouraged that future work on the proposed protocol continue, through use of
additional expert panels, to make more informed usage of the human exposure data.

= Dr. Teta’s summary statement. Dr. Teta indicated that the proposed protocol is an impressive
integration of the animal toxicology data and the human epidemiology data. She commended the
authors for developing a scientific methodology that successfully reduces the variability in results
across the epidemiological studies, suggesting that the studies might be more consistent than
were previously thought. Dr. Teta recommended improvements to the meta-analysis of
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epidemiological studies, such as establishing and applying critera for use of buman data in
characterizing exposure-response relationships. Overall, Dr. Teta found-no inconsisteacies
_between the proposed protocol and the larger body of epidemiology literature, including studies
of cohorts {e.g., gas mask workers, railroad workers, friction brake workers) that do not have
well-defined exposure information. Though not disagreeing with the utility of other, panelists’
mommendations, such as re-analyzing data from additional epidemiological studies and

convening additional expert panels; Dr. Teta encouraged EPA to move forward expeditiously
‘with completing the proposed protocol and discouraged implementing additional steps that might
delay the overall pm]ect, .

R Dr. Hoel’s summary . statement. Dr Hoel- enoouraged the use of more sophxsncated modeling
that incorporates data on expesure-response (including non-linear models), duration-of .
exposure, cessation of exposure; and uncertainty in exposure. Dr. Hoel also strongly
recommended that EPA attempt to obtain individual-level data from additional epidemiology

studies, or at least obtain partial data sets: He encouraged Drs. Berman and Crump to use moxe
sophisticated uncertainty analysis techniques, such as generating prior and posterior-distributions
of uncertainty. To-ensure that the lung cancer model is not confounded by eigarette smoking, Dr.
Hoel recommended that Drs. Berman and Crump more closely evaluate alf available data on the
interactions between asbestos exposure and cigarette smoking.

= Dr. Steenland’s summary statement. Dr. Steenland indicated that the proposed protocol is a
“ step forward in asbestos risk assessment; however, he had several recommendations for

improving the analysis of epidemiological studies. For instance, Dr. Steenland suggested that the
authors conduct meta-regression analyses using the original exposure-response coefficients, in
which predictor variables include fiber size, fiber type, the estimated percentage of amphiboles,

. percentage of fiber greater than 10 pm, and categorical grouping of studies according to quality.

_He indicated that these factors can. be examined using both fixed effects and random effects

models. Dr. Steentand recommended that the proposed protocol explicitly state and defend the
basis for choosing: the 10 pm cut-off for fiber length in the exposure index. He suggested that

. EPA should consider using Bayesian techniques or.other methods to determine. which relative

.. .- potencies assigned to different fiber length categonm Optmuze the mode!’s fit:to.the

epidemiological data. < S

. .. Focusing on specific topics, Dr. Steenland indicated that he disagrees with. the approach of
assigning amphibole fibers five fimes greater lung cancer potency than chrysotile fibers,
especially considering that the statistical analysis in the proposed protocol could not reject the °

. hypothesis thatamphibole fibers and chrysotile fibers age equally potent. Further, he advocated

. suggestions of exploring. the, adequacy of other exposure-response models.(e.g.,.non-linear
models). Finally, Dr. Steenland suspected that cigarette smoking likely will not be a confounding
factor in exposure-response analyses for two reasons. First, he noted that differences in smoking

practices between working populations and general populations typically do not cause
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substantial differences. in standardized mortality ratios. Second, he indicated that it is highly
unlikely that prevalence of smoking varies with workers’ exposure levels. Dr. Steenland
encouraged that EPA refer to a recent publication (Liddell and Armstrong 2002) for similar
insights on intesactions between asbestos exposure and cigarette smokmg

Di. Crapo’s samma:y statement. Dr. Crapo complunented Drs: Bemlan and Crump on
preparing the cancer risk assessment methodology; and he supported-the general approach of
expressing cancer risk as a-function of asbestos fiber type and fiber dimension. Dr. Crapo
indicated that the proposed protocol reaches several defensible conclusions, such-as assigning
greater mesothelioma potency to amphibole fibers and to longer fibers while assigning no risk to
fibers less than 5:pum in length. However, he was concemed about some specific issues that are
not yet adequately resolved. For instance; Dr. Crapo felt additional data are needed to
rigorously define how mesothelioma potency-varies with fiber length (Le., fibers fonger than 10
um being 300 times more potent than fibers with lengths between 5 and 10 :m). Br: Crapo
recommended that EPA, when revising the proposed protecol, explore more sophisticated
modeling techniques; including non-linear exposure-response models-and consideration
threshold effects. He supported more detailed analyses of interactions between asbestos
exposure and cigaretie smokdng, agam ‘through the use of non- lmwmodels

Dr. Sherman’s summary statement. Dr: Sherman ficst indicated that she concurred with
several recommendations made by Drs. Hoel and Steenland. She focused her summary
statements on the proposed exposure index, recommending that Drs. Berman and Crump use
the epidemiology data to further investigate other formulations of an exposure index. Dr.
Sherman recommended, for example, examining the goodness of fit of other formulations of the
exposure index (e.g., assigning zero potency to all fibers shorter than 10 pm). Further, she
recommended that the authors attempt to optimize the potency weighting factors in'the exposure

- index to the epidemiological data. Finally, given that panelists expressed concem regarding how
- potency varies with fiber length for mesothelioma, Dr. Shenman suggested that Drs. Berman and

Crump consider developing two different exposure indexes—one optimized for lung caricer, and

the other for mesothelioma Dr.-Shetman added that she generally-supported the hung cancer
..and mesothielioma exposure-response:models; and questioned-whiether using: moxe comphcated

miodels would necessarily lead to a better understanding of the dita. < - - -

- Dr. Castranova’s sunmary statement. Dr. Castranova éoncludgd:ihatv{he"propé)sed protocol

is a significant advance in'asbestos risk assessment methodology. He strongly supported the
recommendation that future meastrements be performed using TEM, rather than PCM. Dr.
Castranova also suppoited the approach of assigning equil carcinogenic poténcy-to cleavage
fragments and asbestos fibers of similar-dimension—a finding, he noted, that could be tésted in
an animal inhalation study. Further, Dr. Castranova agreed that non-asbestiform’amphiboles and
asbestos amphiboles of the same dimension should be assigned-equial carcinogenic potency. Dr.
Castranova indicated that the epidemiology and toxicology literatitre cleady indicate that
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mesothelioma potency varies with fiber type, but he was not convinced that this literature
supports a difference in lung cancer potency between amphibole and chrysotile fibers. .

®  Dr. Price’s summary statement. Dr. Prce found the proposed protocol to be an impressive
compilation of the epidemiology and toxicology literature into a capcer risk assessment mode{
that addresses most, but not all, risk factors debated since EPA’s 1986 model. Dr. Price urged
- EPA to explore.gxposure-response models other than the models that involve lincar, low-dose
extrapolations, which he viewed as being inconsistent with the epidemiology literature. Dx. Price
indicated that future revisions, to the. protocol should definitely-consider non-lincar models and
threshold effects.

As an addmonal.,co,:mnent,,;l)r.;Prioe emphasized that the two main elements of the
_-protocol-—the proposed exposure index and the exposure-response analysis—are closely inter-
related and subsequent changes to.the proposed exposure index could affect the robustuess of
- the overali modeling effort. As an exampie of his concemn, Dr. Price.noted that increasing the

fiber diameter cut-off in the exposure index from 0.5 pm to 1.5 pm could (according to an
observer comment) lead to dramatic differences in the number of cleavage fragments counted in
environment samples; however, he indicated that the animal studies used to.detive the original
exposure index did not include cleavage fragments. Such scenarios raise questions.about using

- an exposure index desived from very specific exposure conditions in animal studies to evaluate

. - human health risks associated with exposures of an entirely different character. Dr.. Price

encouraged further study of cleavage fragments, perbaps in an animal inhalation study, to resolve
the role of cleavage fragments.

®  _Dr. Case’s summary statement. Dr. Case congratulated Drs. Beaman and Crump for
compiling what he viewed as a reasonable evaluation of the available toxicology and |
. . cpldcnnology literature, and he strongly supported the genenal approach of factoring ﬁbet type
f and fiber dimension into cancer 1isk assessment. Dr. Case indicated that he agreed with the
.+ - finding that amphibole fibers have slightly greater lung cancer potency than do chrysotile: fibers,
.. although be believed that fiber dose, fiber length, and especially smoking history. andtype of
industry have greater importance in-this. regard. Dr. Case recognized that how, one views the
. differences between the Quebec and South Carolina cohorts affects the conclusions. drawn on
~ this issue, and he encouraged EPA to classify the.cohort of South Carolina texule workers as
being exposed to.mixed asbestos. fibers, rather than being exposed to only chrysotile ﬁbets

1 . 2 When presenting the summary ‘statemients, one panelist (LS) indicated that NIOSH is re-analyzing filters

! that-wese-collected in the 1960s from the South Carolina textile plant, and these re-analyses should indicate the

‘ distribution of fiber types in this cohort’s expasures. Another panelist (BC) noted that these re-anatyses will aat
characterize caslier cxposures to amosite {1 bers, which are believed to have occurred primarily before 1950 (based on
findings from studies of lung-retained fibers):
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Dr. Casé made several recommendations for further evaluating the existing epidemiological data
and for collecting additional data. First, Dr. Case indicated that it is critically important for any
lung cancer risk model to consider confounding effects of cigarette smoking, and he encouraged
EPA to incorporate interactions with cigarette smoking into the lung cancer model to the greatest
extent possible. Second, Dr. Case supported Dr. Lippmann’s recommendation of convening an
additional expert panel workshop to critically review inferences that should be drawn from the
exposure measurements made in the epidemiological studies; such a-panel, Dr. Case noted,
would require inputs from experts in mineralogy, industrial hygiene; and measurement
methodologies. Third, he siupported comments recommending that EPA examine non-linear and
threshold exposure-response models. Finally, Dr. Case agreed that conducting an animal
inhalation study is probably the best way to examine whether tremolite cleavage fragments
produce lung cancer, but did not advocalte using rat inhalation studies to' examine whether these

" fragments induce mesothelioma, because results from rat inhalation studics have been shown to-

be a poor model for mesotheliomi in humans. He added, however, that it would quite pmbably
be impossible to design an experiment in which rats were exposed only to “cleavage ﬁagmen
“non-asb&tlfonn fibers” with no asbesufonn fibers pt&sent at-all.

Dr. Stayner 's summary statement. Dr. Stayner supported the geneml conoept ‘of
incorporating fiber type and fiber dimension into cancer risk assessment, but he recommended
that additional work bé conducted before EPA. accepts the proposed protocol as a new risk
assessment paradigm. Dr. Stayner indicated that his confidence in the proposed protocol varies
between the lung cancer and mesothelioma modéls.

For lung cancer, Dr. Stayner indicated that the available epidemiological data should be able to
support a-new risk assessment model, but he recommended that EPA consider the-panelists’
many recommendations for how the meta-analysis can be improved (e.g., using diffetent

-statistrcal models, developing and applying minimal study inclusion criteria, conducting additional

sensitivity analyses). Concuiring with Dr. Steenland’s suimmary statement, Dr. Stayner added
that cigarette smoking is very uilikely to be'a oonfomdmgﬁctormmchmgcanoermodclandhe
questioned whether the available data would suppoit a quantitative assessment of the interaction

. effects. While Br. Stayner supported the recommendation. for evaluating non-linear exposure-

response models, ié noted that the individual-levet data riesded to construct these todéls are
not available for most epidemiological studies. Dr. Staynér added that obtaining raw dati’ from
additional occupational cohorts would provide the best opportunity for more detailed
exploration of non-linear exposure-response relationships.

Dr. Stayner expressed greater concem about the foundation of the mesothelioma risk model. He
indicated, for instance, that the relative potencies included in the proposed exposure index are
based entirely on toxicology studies for lung cancex, and not on any epidemiology or toxicology:
studies specific to mesothelioma. Despite these concems about the blologlcal basis for the
proposed mesothelioma model, Dr. Stayner noted that the proposed model does provnde an
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improved fit to the findings from the epidemiological studies. He recommended that EPA
consider optimizing the relative potencies in the exposure index to the human data, especially if
EPA can access raw data from additional occupational cohorts to evaluate how exposure-
response varies with fiber size and fiber type.

& Dr. McClellan’s summary statement. Dr. McClellan congratulated Drs. Berman and Crump
for integrating the toxicological and epidemiological data into a reasonable evaluation of asbestos
cancer risks. Overall, Dr. McClellan found the proposed protocol to be a substantial
improvement over EPA’s 1986 models and urged EPA. to continue to move forward with
completing the protocol based on the panelists’ feedback. Though he found the presentation of
information in the draft document to lack transparency on many important matters, Dr.
McClellan indicated that the authors® presentations at the workshop addressed many of his
concems regarding the transparency of how the proposed model was developed. One
suggested improvement to the protocol’s transparency was to clearly describe what literature
were reviewed and to specify what studies actually factored into the quantitative analyses.

Addressing specific topics, Dr. McClellan indicated that the analyses in the proposed protocol
adequately characterize the general roles that fiber type and fiber dimension play in cancer risk.
He supported suggestions for invelving additional experts, perhaps in another expert panel
5 review, to further review interpretations of the epidemiological studies. Further, Dr. McClellan
. agreed with other panelists’ recommendation that EPA explore the utility of non-linear
’ exposure-response models, consistent with the agency’s proposed revised Cancer Risk
Assessment Guidelines. If linear, low-dose extrapolation models are ultimately used, he
suggested that EPA explicitly acknowledge the uncertainties associated with such an approach.
Dr. McClellan indicated that obtaining raw data from additional epidemiological studies might be
particularly helpful in the exposure-response modeling. Finally, Dr. McClelian emphasized that
the exposure characterization in the proposed protocol is closely linked to the exposure-
response assessroent; thus, the anthors must carefully consider how revisions to the exposure
characterization affect the assumptions in the exposure-response assessment, 2nd vice versa.

6.2 Development of Final Conclusions and Recommendations
After presenting their individual conclusions and recommendations, the panelists worked together to
draft summary statements for the peer consultation workshop. Every panelist was asked to write 2 brief

synopsis of a paniculaf topic debated during the wotkshop. These draft statements were then displayed-
to the entire panel and observers, edited by the panelists, and then compiled into this document’s
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executive summary, which should be viewed as the expert panel’s final conclusxons and
reoonmendauons regarding the proposed protocol.

HWBUI0011056



7. REFERENCES

B Bellmang, H Muhle, O Creutzenberg, et al. 2001. Effects of nonfibrous particles on ceramic fiber
(RCFl) toxicity in rats, Inhalation Toxicology - 13(10) 877-—901 .

DW Berman, KS Crump, EJ Chatfield, JIMG Davis, AD Jones. 1995. The Sizes, Shap&s, and
Mineralogy of Asbestos Structures that Induce Lung Tumors or Mesothelioma in AF/HAN Rats
Following Inhalation. Risk. Analysis 15(2). e .

DW Berman and KS Crump 1999. Methodology for Conducting Risk Assessments at Asbestos
Superfund Sites; Part 1: Protocol. Final Draft. Prepared for U.S. Environmental Protecuon Agency
Februacy 15, 1999, . el . o

DW Berman and KS Crump 2001. Technical Support Document for a Protocol to Assess A’sﬁi)esi:&-
Related Risk: Final Draft. Prepared fof U.S. Environmental Protection Agency and US. Department of
Transportahon. September 4, 2001. - . ; :

G -Berry and ML Newhouse. 1983. Mortality of Workers Manufad\mng Friction Materials Usmg
Asbestos. British Journal of Industrial Medicine 40:1-7. . : S

C Boutin, P Dumortier, F Rey, et al. 1996 Black spots concentrate oncogenic-asbestos fibers in‘the

- parietal pleura. American Joumal of Respiratory Critical Care and Medicine 153:444-449.

M Camus, J Siematycki, B Meek. 1998. Nonoccupational exposure to chrysotile asbestos and the risk:
of lung cancer. New England Journal of Medicine 338:1565-1571. :

WC Cooper, O Wong, and R Gracbrer. 1988. Mortahty of workers in two Minnesota taconite mmmg
and milling operations. Joumal of Occupational Medicing 30(6):506-511.. . E

IMG Davis, J Addison, C MclIntosh, BG Miller, and K Niven. 1991. Variations in the Carcinoé&xicity

of Tremotite. Dust Samples of Diffecing Morphology. Annals of the New York Academy of: Scxcnwc, -

473-490.

PE Enterline, J Ha.rley, and V Henderson. 1986. Asbcstos and Cancer—A Cohort Followed to Death.
Graduate. School of Public Health, University of Pitisburgh. . .-

N De Klerk, B Armstrong, A Musk, M Hobbs. 1989. Cancer mortality in relation to measures of B
exposure to crocidolite at Wittenoom Gorge in Westemn Australia. British Journal of Industrial Medicine-

46:529-536.

HWBUI0011057



JM Dement, DP Brown, A Okun. 1994. Follow-up Study of Chrysotile Asbestos Textile Workers:
Cohort Mortality and Case-Control Analysis. American Joumal! of Industrial Meédicine 26:431-447.

EPA 1986. Aitbome Asbestos Health Assessment Update. U.S. Environmental Protection Agency.
EPA 600/8—84—003 F. 1986.

ERG. 2003 Report on the Expert Paniel on Health Effects of Asbestos and Syntheﬁc Vitreous Fibers:-
The Influence of Fiber Length. Prepared by Eastem Research Group, Inc., for the Agency for Toxic
Substances and Disease Reg:stxy March 17, 2003.

™ Haitexberg, GA Hart, J Chevaher et'al. 1998. The mnpor(‘anoe of fiber blopers:stcnce and lung
dose in determining the chronic inhalation effects of X607, RCF1, and chrysotile asbestos in rats. -
Toxmologyand Applied Pharmacology 153: 68—82

ITT Higgins, JH Glassman, MS Oh; and RG Cormelt 1983 Mortahty of reserve miining’ company
employees in relation to taconite dust exposure. American Journal of prdemxology §18(5):7110-719. -

J Hodgson and A Darnton. 2000. The Quantitative Risk of Mesothelioma and Lung Cancerin Rclauou
o Asbestos Exposure. Annals of Occupational Hygiene 44(8):565-201.

M Hughes, H Weill, YY Hammad. 1987. Mortality of Workers Employed at Two Asbestos Cement
Plants. British Joumal of Industrial Medicine 44:161-174.

IARC.1996. AB Kane, P Boffetta, R Saracci, and JD Wilbourn. Mechanisms of Fibre -
Carcinogenesis. International Agency for Research on Cancer. Oxford University Press 140:1-9.:

JL'Levin, JW McLarty, GA Hurst, AN Smith, and AL Frank. 1998. Tyler Asbestos Workers: -

Mortality Experience in a Cohort Exposed to Amosite. Occupational and Environmental Medicine
55:155-160. : .

=D ledell and BG Amstrong. 2002: The combmauon of effecls on-hing cancer of mgamtte smakmg : |

and exposure in Quebec chrysotile rainers and millers. Annals of Occupational Hygiene 46(1):5-13.: i
FD-Liddell, AD McDonald, and JC-McDonald. 1997. The 1891-1920 Birth Cohort of Quebec
Chrysotile Miners and Millers: Development from 1904 and Mortality to 1992. Annals of OcCupational
Hygiene 41 13—36

FD Liddell, AD McDonald, and JC McDonald: 1998 Dust exposure ind lung caiicer in Quebec

‘chrysotile miners and millers. Annals of Occupational Hygiene 42(1):7-20.

M Lippmann. 1988. Review: Asbestos exposure indices. Environmental Res 46:86—-106.

7-2

HWBUI0011058



M Lippmann. 1994..Deposition and retention of fibers: Effects on incidence of lung cancer and
mesothelioma. Occupational and Environmental Medicine 51:793-798.

JC McDonald, GW- Gibbs, FD Liddell, and AD McDonald. 1978. Morality afier long exposure to
cummingtonite-grunerite. American Review of Respiratory Disease 118(2):271-277. :

AD McDonald, JS Fry;:AJ Woolley, and JC McDonald. 1984. Dust Exposure and Mortality in an
American Chrysotile Asbestos Friction Products Plant. Bnush Joumnal of Industrial Medicine
41:151-157.

JC McDonald, B Armstrong, B Case, et al. 1989. Mesothelioma and asbestos fiber type. vadenoe
from lung tissue analysis. Cancer 63:1544-1547. ) .

AD McDonpald, BW Case, A Churg, A Dufresne, GW Gibbs, P Sebastien, and JC McDonaii 1-9‘9:7.
Mesothelioma in Quebec chrysotile miners and millers: epldermology and aetlology Annals of 4
Occupational Hygiene 41(6):207-719.. , C e e

JC McDonald, J Hamis, and B Armstrong. 2002. Cohort mortality study of vermiculite miners exposed
to fibrous tremolite: an update. Annals of Gocupational Hygiene 46(S1):93-94.

‘ W1 Nicholson. 1976. Part III: Recent Approaches to the Control of Carcinogenic Exposures. Case .
Study 1: Asbestos—The TLV Approach. Annals of New York Academy of Science 271:152-169.

C-G Ohison, T Rydman, L Sundell, et al. 1984. Decreased _lung' function in long-term asbestos cement
workers: A cross-sectional study. American Journal of Industrial Medicine 5:359-366.

K Radelsperger, H-J Woitowitz, B Briickel, et al. 1999. Dose-response relationship between
amphibole fiber lung burden and mesothelioma. Cancer Detection and Prevention 23(3):183~193.

AJ Rogers, J Leigh, G Berry, et al. 1991. Relationship between lung asbestos fiber type and
concentration and relative risk of mesothelioma. Cancer 67:1912-1920.

A Rogers and G Major. 2002. Leter to the Editor: The Quantitative Risks of Mesothelioma and Lung
Cancer in Relation to Asbestos Exposure: The Wittenoom Data. Annals of Occupational Hygiene

46(1):127-129.

H Seidman, IJ Selikoff, and SK Gelb. 1986. Mortality Experience of Amosite Asbestos Factory
Workers: Dose-Response Relationships 5 to 40 Years after onset of Short-Term Work Exposure.
American Journal of Industrial Medicine 10:479-514.

N

HWBUI0011059



DR A o PO R T o e e e e T B e 2R

1J Selikoff and H Seidman. 1991. Asbestos-Associated Deaths among Insulation Workers in the
United States and Canada, 1967-1987. Annals of the New York Academy of Sciences 643:1-14.

LT Stayner, DA Dankovic, RA Lemen. 1996. Occupational Exposures to Chrysotile Asbestos and
Cancer Riskc A Review of the Amphibole Hypothesis. American Journal of Public Hcalth
86(2): 176—1 86.

VTmbrell, T Asticroft, B Goldstein, et al. 1988. Relationships between retained amiphibole fibers and
fibrosis in human lung tissue specimens. In: Inhaled Padicles VI Annals of Qccupational Hygiene
32(S1):323-340.

Y Suzuld and S Yuen. 2001. Asbestos Tissue Burden Study on Human Malignant Mesothelioma.
Industnal Health 39: 150—160

MJ Teta., HC Lcwmsobn, TW. Mcxgs ctal. 1983. Mesoﬁtchoma in- Connecucut: 19551977~
Occupational and geographic associations. Journal of Occupational Medicine 25(10):749-756.

A Tossavainen; M Kotilainen, K Takahashi, G Pan, and E Vaohala. 2001.- Amphibole Fibers in
Chinese Chrysotile Asbestos. Annals of Occupational Hygiene 45(2):145-152.

H Weill, JL. Abraham, JR Balmes, B Case, AM Churg, J Hughes, M Schenker, and P Sebastien.
{990. Health Effects of Tremolite. Official statement of the Amenican Thoracic Society. American
Review of Respiratory Disease 142(6):1453-1458.

E Yano, ZM Wang, XR Wang, MZ Wang, and YJ Lan.2001. Cancer Mortality among Workers:
Exposed to Amphibole-free Chrysotile Asbestos. American Journal of Epidemiology 154(6):538-543.

7-4

HWBUI0011060



HWBUI0011061



Appendix A

List of Expert Panelists

HWBUI0011062



© , -
Appendix B

Priéeting Comiments; Alphabetized by Aitthior
(includes bios of panelists and the charge to the panelists)

Note: This appendix is a copy of the booklet of the premeeting comments that ERG distributed at the
peer consultation workshop. One panelist (Dr. Bruce Case) submitted an edited form of his
premeeting comments to ERG at the workshop. That edited version appears in this appendix.
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List of Registered Observers of the Peer Consultation Workshop
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Appendix D

Agenda for the Peer Consultation qurl.(‘s!l(’)p
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Appendix E

Observer Cbﬁﬁnehts Provided at the Peer Consultation Workshop

Note: The peer consultation workshop included three observer comment periods, one on the first day
of the workshop and two on the second day of the workshop. This appendix includes verbatim
transcripts (to the extent that specific remarks were audible from recordings) of the observer
comments, in the order the comments were given.
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Appendix F

Observer Post-Meeting Comments
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Notice

Premeeting comments were prepared by each consuliant individually prior to the meeting.

They are prefiminary comments only, and are used to help consultants become familiar with the
document and charge questions, develop the agenda, and identify key issues for discussion.
During the meeting, consultants may expand on or change opinions expressed in their

premeeting remarks and may introduce additionalissues.  For these reasons, premeeting
comments should be regarded as preliminary and do not reflect the final conclusions and
recommendations of individual consultants. These premeehng comménts will bé included as

an appendix in Ihe meetmg summary report, a!ong wnh other background matenals
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Workshop to Discuss A Proposed Protocol to Assess Asbestos-Related Risk
Charge to the Peer Consultants

The U.S. Environmental Protection Agency. (EPA) is conducling a peer consultation workshop.

to solicit feedback from a panel of experis on issues related io the draft document, “Proposed
Methodoiogy for Conducling Cancer Risk Assessments for Asbestos” (Berman and Crump
2001). Eastern Research Group, Inc. (ERG), a contractor to EPA, is organizing the workshop.
Discussions at the workshop will focus primarily on issues raised in this charge, which fists .
questions that EPA would fike the peer consultants {o discuss and answer. The charge

questions are not intended to limit the peer consultants’ discussions; they merely address
issues that are important to EPA. Peer consultants are invited to raise and discuss additional ~

relevant topics, as noted below. This charge provides background information, instructions to .-

the peer consultants, and the charge questions.

Background

EPA’s current assessment of asbeslos toxicity is based primarily on an asbestos assessment
completed in 1986 (EPA 1986}, and EPA’s assessment has not changed substantially since -

that time. The 1986 assessment considers all mineral forms of asbestos and all asbestos fiber
sizes (i.e., all fibers longer than 5 micrometers) to be of equal carcinogenic potency. However, ..
since 1986, there have been substantial improvements in asbestos measurement techniques

and in pur understanding of how asbestos exposure contribules to disease. To incorporate . the :
knowledge gained over the last 17 years into the agency's toxicily assessment for asbestos,
EPA has contracted with Aeolus, Inc. to develop a methodology for conducting risk
assessments of asbestos. The proposed risk assessment methodology distinguishes between

fiber sizes and fiber types in estimating potential health risks related to asbestos exposure. The ..

proposed methodology and the charge issues (Berman and Crump 2001) are the subject of the
peer consultation workshop.

A key step in the determination of whether the proposed risk assessment methodology can be
used to support decisions at asbestos-contaminated sites is gaining feedback during this peer
consultation workshop. During the two and one-half day workshop, EPA will seek feedback .
from the peer consuitants on the technical issues outlined later in this charge. Time will bé set
aside each day to hear from observers. The Agency - will consider feedback received at Ihe

-workshop in making decisions as to the appl' cability of the updated risk assessment

methodology.
instructions to the Peer Consultants

ERG selected eleven scientists to serve as peer consultants for the workshop. The peer
consultants have extensive expertise in refated fields, such as inhalation toxicology,
pulmonology, cancer risk assessment, and biostatistics. Before the workshop, each peer
consuitant will be asked to read the proposed methodolagy and technical support document for

a protocol to assess asbestos-related risk (Berman and Crump 2001) and to prepare and

submit pre-meeting comments, which are to be written responses to the charge questions listed
in the next section. ERG will distribute a compilation of the pre-meeting comments to all peer
consultants and will make copies of this compilation available at the peer consultation

B-1
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workshop. At the workshop, the peer consultants will actively participate in discussions that will
focus largely around the charge questions and they will help draft summary statements of their
conclusions and recommendations. Following the workshap, a technical writer from ERG will
prepare a draft summary report that documents the technical discussions at the workshep,
including the observer comments.- After the peer consultants review and comment on the dra&
summary report, ERG will submit a final summary report 1o EPA.

When prepanng wntten oomments. please wnte e_ach questxon, fotlowed by your comments: {or- -
state why you are not responding).  Please include your name at the top of each page, but do
not paginate. Please refer to the enclosed “Format Guidelines for Preparing Written
Comments.” Your written commentis are due to ERG no later than February 14, 2003.

CHARGE QUESTIONS -

Topic Area 1:- Interb"relations of the epidemiology and toxicology fiterature.
1) For fung cancer.

A] Influence of fiber type: Please commerit on the extent to which thie epldemloiogy :
_lterature and mechanistic studies suggest that caromogemc potency varies front one fiber
" type to the next (e.g., chrysolile versus amphibole fibers). How adequate is the - -

information in the epidemiology literature for supporting dose-response analyses for

different fiber types? Specifically, to what exient do you think the proposed risk
coefficients in Table 6-29 are supported by the epidemiology literature?

8] influence of fiber length: Please comment on the extent to which the epidemiology
literature and mechanistic studies suggest that carcinogeriic potency varies with.fiber
length. How adequate is information in the epidemiology literature for supporiing dose-
response analyses for-different fiber lengths? In general, is it.appropriate to assess cancer
risks using-an exposure index(see Equation 7.13) that.is weighed heavily-by. fibers langer-
than 10 micrometers ( gm)? (Note: Topic area 2 includes more detailed questions on the .
proposed exposure mdex.)

C] To what extent do anlmal studles (e g studtes by Davis and other researchers)
suggest that carcmogemc potency vanes with i ber type and fiber length‘7 :

D] Ptease comment 'on the extent to which carcnnogemc polencyis a funcbon of ﬁber
properties (e.g., diameter, aspectratio, surface properties) other than fiber type and fiber -
length. How adequate is information in the epidemiology or toxicology llteralurefor i :
supporting these other propertxes into dose-response analyses? :

B-2
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2) For mesothelioma:

A} Influence of fiber type: Please comment on the extent to which the epidemiology

literature and mechanistic studies suggest that carcinogenic potency varies from one fiber
fype to the next {e.g., chrysotile versus amphibole fibers). How adequate is the

information in the epidemiology literature for supporting dose-response analyses for - -
different fiber types? Specifically, to what extent do you think the proposed risk
coefficients in Table 6-29 are supported by the epidemiology literature? )

B} Influence of fiber length: Please comment on the extent to which the epidemiology’
literature and mechanistic studies suggest-that carcinogenic potency varies with fiber
length. How adequate is information in the epidemiology literature for supporting dose-
response analyses for different fiber longths? in general, is it appropriate to assess cancer
risks using an exposure index (see Equauon 7.13) that is weighed heavily by fibers longer
than 10 micrometers { pm)? (Note: Topic area. 2 includes more detailed questions on the
proposed exposure index.)

C] To what extent do animal studies {e.g., studies by Davis and other researchers)
suggest that carcinogenic potency varies with fiber fype and fiber fength?

D] Piease comment on the extent to which carcinogenic polency is a function of fiber
properties {e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber
-length. How adequate is information in the epidemiology or toxicology fiterature. for
supporhng these other propert:es into- dose-responseanalyses” -

. 3) To what extent are ihe exposure estlmates documented in the asbestos epsdemso!ogy
fiterature reliable? ‘

Topic Area 2: The proposed exposure indéx. .

4) The proposed exposure index does not include contnbutmns from ﬁbers shorter than 5 um.

i Please comment on whether the epidemiology -and foxicology literature support the
! . conclusion that asbestos fibers shorter than 5 pm present lithe or no carcmogemc nsk

,ug .

5) The proposed exposure index is weighed heavily by fibers longer than 10 um Spemﬁcally,
Equation.7.13 suggests that the: carcinogenic potency of fibers- longer-than- 10 pmis more
than 300 times greater than that of fibers:with lengths:between § and:10° p How consistent
is this d|fference in carcmogemc potency wath the epidemmlogy and toxucology I:terature?

' 8} Please: exp!am whether the proposed exposure mdex wdl aliow meamngfu! oompansons
between current environmental exposures to asbestos and hlstoncal exposures to asbestos '
that occurmred in the work place.- . . . e

:
| ‘.
!
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Topic Area 3: General questions.

7) The proposed risk assessment approach assigns carcinogenic potency to individual fibers
and-to cleavage-fragments (or “bundles that are components of mare complex struchsres”).
Please comment on whether cleavage fragments of asbestos are as toxicologically- ..

“significant as fibers of the same size range.

8) Please comment.on whether the proposed cancer assessment approach is relevant to afl
amphibole fibers or only to the five types of amphibole fibers {aclinolite, amosite,
anthophyilite, crocidolite; tremolite) designated in federal regulations.... -

9) The review document recommends that asbestos samples be analyzed by transmission
electron microscopy (TEM) and count only those fibers (or bundles) longer than § pm. Such
counting practices wil provide no information on the amount of asbestos fibers shorter than 5
m. To what extent would data on shorter fibers in samples be useful for future evaluations
{e.g.. validation of the cancer risk assessment methodology, assessment of non-cancer
endpoints)?

10) The proposed risk assessment methodology suggests that exposure estimates should be
based only on fibers longer than § gm and thinner than 0.5 Jm. Is this cut-off for fiber

diameter appropriate?

11) .Discuss whether the proposed cancer assessment approach, as a whole, is a reasonable
evaluation of the available health effects data. What aspects of the proposed cancer
assessment approach, if any, are inconsistent with the epidemiology or toxicology
literature for asbestos?

12) Sectlion 8.2 of the review document presents three oplions for assessing cancer risks from
asbestos exposure. Please comment on the technical merit of the proposed risk
assessment oplions.

Topic Area 4: Development of Conclusions and Recommendations

Atthe end of the workshop, the peer consultants will be asked to draft conclusion statements
identifying their most notable findings on the proposed methodology. As a prelude to developing
these statements, the peer consultants are invited to provide any additional comments or
concems, both strengths and weaknesses; on topics not specifically addressed in the previous
charge questions. After completing the discussions the peer consultants will prepare their
conclusions, and they will also be asked to develop recommendations for how EPA can improve
the methodology. Please note that, although recommendations for future research projects are
welcomed, the focus of this workshop is on the proposed risk assessment methodology and

related charge questions and issues.

B-4
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Dr. Case is a pathologist and epidemiologist at McGill University in Montreal, Canada. Following his
tesidency in pathology al McGill University he obtained the Diploma in Occupational Hygiene at McGill,
and worked as a post-doctoral fellow and instructor at the Mount Sinai Schoof of Medicine, New Yoik,
from 1980-1983. While there, he performed some of the first studies on asbestos-mediated free radical
release, with the help of the Young Investigator’s Award of the American Lung Association: On his retum
to McGill he joined the Dust Disease Research Unit. The focus of this group was the epidemiological study
of diseases related to minéral fiber exposure using lung-retained fiber in'exposure assessmient. in 1986,
he received the National Heatth Scholarship of NHRDP (Canada) for his work in the field. In 1988, he
moved to the University of Pittsburgh, where he succééded DY, Philip Eniterling as Direclor of the U.S. EPA
Center for Environmental Epidemiclogy, through their cooperative agreement with the University of
Pittsburgh School of Public Health, where he was also associate professor of epidemiology. He retumed
to McGill in 1992 and continues research, teaching, and clinical work there in pathology, epidemiology,
occupational health and in the McGill School of Enviranment. Dr. Case has participated in wockshops,
given lectures, and provided peer reviews and advice for many national and intemational agencies and
professional societies on the subject of the exposure assessment and health affects of mineral fibers,
including: EPA, CDC (through ATSDR and NIOSH), the U.S. Consumer Product Safety Commission
(CPSK), the Intemational Agency for Research on Cancer (IARC], the International Commission on
Cccupational Health (ICOH) the British Occupational Hygiene Soaety {BOHS), the American Thoracic
Saciety (ATS), the Geological Society of America (GSA), and the Collegium Ramazzini. His research on
asbestos and other rineral fiber and particle exposures and related diseases has been funded by
American and Canadian public agencies including EPA, MRC (Canada)-and NHRDP (Canada). Dr. Case
has published over 100 papers on these subjects.
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WORIGIIOP TO DISCUSS A PROPOSED PROTOCOL TO ASSESS ASBESTOS-RELATED
ml@ SAN FRANCISCO; FEBRUARY 25-27, 2063.
COMMENIS ARRANGED BY CHARGE QUESTIONS

Tepic Arca l Interpuuum of the epidemiclogy and toxicelegy Hterature

""Note I: Lungamnstcmvcyedbyubwmexposmupnnctpauymmedmdegmcof . '
-mwmwwmmwmsmqmwwmm;; '
('lnoceup-uonllaposmenhnuom),andtoﬁbertype,mappmxmtelyuutorderofpnomy -
Hm&eﬁﬂomgmkbmdd:mdbegmmgmthlmm):mthsome ‘
, Wmumannmwmmgh(c),ﬂwmyofmruom&.m-
i xelawd.
: Note 2: Whﬂetsmtmdedehrwhtlsmntby‘hwchamshcm”mme
o~ qmmxnmmuuwhammﬂanmmmmm
| incking both el free sod it systems. T fact i vitro and cell-free sysems bave.
§ ' notasyetpmvadmﬁinmemr&kawmd.mdslmldmtbeoomdmd
! (thescmegwenhonndnﬂmhonmﬂxetbaxm%ofﬁwpmposednndeb This
: has been established by a fairly recent consensus statement by IARC in Scientific
Publication 140; the Conseasus Statement has been circulated to the panelists (JARC
1996). Briefly, although a total of five possible mechanisms for asbestos carcinogenesis
© =~ were considered in some detail, “The exact mechanisms leading to the development of
cancer afier exposure to asbesios fibers are poordy understood...Overall, the available
evidence in favour of or against any of these mechanisms leading to the development of
) tung cancer and mesothelioma in either animals or humans is evaluated as weak™.
P ) : However, with respect o the two patameters principally considered in the risk
' ' assessment model under consideration by the panel, the IARC panel accepted as fact that
“Fiber dose, dimensions and durability are currently accepted as important parameters’.
(Emphasis in the odginal). '
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In the following sections therefore “mechanistic studies™ which-do not rely on
whole animal exposures will not be commented upon and (in this ohserver’s view) should
not have any input into current risk assessment. In addition, for whole animal studics,
only those based on inhalation (which is the model most useful for liimian risk :
extrapolation) will be commiented upon unless othérwise notéd. Finally, whiat is
described by the proposal as “(human) pathology s!udx ” but is actually a subsét of such
studies which includes (but is-not hrmted to) lung-relamed mtemal dose studies
(someumes called “hmg buxden studles ) wxl] be commented upon] hele where relevant,
as such studxes are most duectly relevant to human exposure assessment and have been
(in this panehst’s v1ew) afforded too [ittle emphass by the authors, partially because. of a
assurnption that the sampling for such studies is virually always “opportuaistic”. The
authors also appear to ignore the possibility of human exposure indices such as broncho-
alveolar lavage (BAL) and sputum asbestos body analysis in living subjects; both
relatively simple techniques with BAL being quite reproducible-(sputum production on
the other hand is highly affected by smoking status unless an “induction” technique is
used; it hias hevertheless proved useful in Some sitizations and in at least one situation is a
better predlctor of asbestos-related radiological abnormalities than is estimated exposuxe
'(sebasuen P, Armstrong, B., Case, B.W. 1988 ).

A} Inflaence of Fiber Type: Please comment on the extent to which the epidemiology literature
and mechamstlc studles suggest that carcmogemc potcncy vanes from one f ber type to the next
(e g chrysoule versus amphlbole fibers). How adequate is the mformanon in the cpldemlology
literature for suppomng dose—lesponse re{atlonslups f'or dtfferent f ber type.r"‘ Speqﬁcally, Fo
what cxtent do you thmk the proposed risk coeﬁic(ents in 'l‘ab]c 6-29 are supported by the
A epidermology hteramre‘? N
This is a much more difficult question for lung cancer than it is for mesothelioma, where

there is a clear preponderance of the evidence for a very large effect of fiber type. This panelist
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agrees with the authors of the proposal and with the recent analysis of Hodgson and Damton
(Hodgson JT and Damton A 2000)-of seventecn cohorts for which exposure data are available
that {even having accounted for smoking, dose, and industry type) there is at least a tenfold
increase in lung cancer asbestos-related risk for amphibole asbestos exposures over chrysotile
asbestos-exposures; it is difficult to differentiate however bctween amphibole fiber types, aﬁd
also dxfficu!t to differcntiate bctween asb&stxform and “nonasbeshform or “cleavage -
fragments of masswe amphlboles and “asbéstiform™ exposures if the latter exposures are to
Structures havmg similar dtmenszons. regardless of ;‘i:eir. crystal s;ructu-re; Ao effective test of
this is provaded in the data on chrysohlc mmers, mlllers and factory wod:ers of Liddell et a!
(ledell FD, McDonaId AD and McDonald I 1998), in wh\ch it is now clear that forall .
practical purposes (fung cander nsk) was confined 10 (one mlnmg atea),.p_robably due largely to

fibrous tremolite and in dust conditions (averaging).:.7 mpcfor vcry roughly 24 fibers/ml™.

The: proposed risk coefficients in Tables 6-29 and 6-30 appear to be highly consetvative with
respect to-what is known about the differential effects of fiber type for lung cancer risk, with ‘
only a five-fold difference. Since others have suggested that there is in fact a difference that is
somewhere between ten and £ifty-fold, this seems reésonab!e. Given the extreme impoxtance of
the other factors notcd above and descnbed in more detail in sectmn D} bclow (dose, smokmg
habit, and type of mdusmal setting (the latter perhaps bemg relalcd to fiber length); a coeflicient
which is conservative for lung cancer n;k and fiber type seems reasonable, as long as the other

factors are taken into sufficient account by the risk model.

Bi' Inﬂuence of Fiber Lengﬂ: Please comment oa the extent 10 whxch the epxdemxology
lneratum and mechanistic studies suggest that carcmogemc po(ency varies with fiber length
How adequate is mformatlon in the epldemlology hterature for supportmg dose—msponse
relanonshxps for dlffcreut fiber lengths? In gencral isit appropnate to assess cancer nsks usmg

an exposure index (see equation 7.13) that is welghtc.d heavily by fibers longer than 16

micrometers (um)?

This question was recently explored in part i)y an expeit panel for ATSDR, the report of
which is pending. Specifically, the latter panel was asked to assess charge questions which

addressed any.proven or putative risk for “short fibers”, which were defined operationally as
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those having length less than 5 pm (ATSDR 2002), for both cancer and non-cancer endpoints.
The aim was not a consensus statement but to use the information presented during the expert
pancl meeting to aid in developing scientifically sound public health evaluations for exposures to
“short fibers™ defined as above. Because the-final draft of this document has pot been released it
cannot-be cited or quoted, but hopefully it will be made available to the current expert panel for
EPA ags it is directly relevant to issues of fiber length and risk: There- is no reason to “reinvent
the wheel” for the part of the current discussion which overlaps the previous panel’s .
deliberations, although additional input from panel members pot involved in the ATSDR-
convened panel will be a valuable addition to this discussion. While the ATSDR-convened panel
was not charged with looking at the converse proposition that longer fibers convey greater risk of
the endpoints.in question (including lung cancer), this is the other side of the same coin and was
certainly discussed. .

. As acknowledged by.the authors of the current proposal to EPA, there is little
epidemiological data available which specifically assesses the role of fiber length on lung cancer
risk. ‘Most of the avajlable ‘epidemiological data on lung cancer risk for which any exposure
assessment is available comes from occupational cohosts in which that exposure was assessed

either.by midget impinger counts {(which historically counted all particles as million particles per

. cubic foot.(MPCF);. isometric particles as well as fibers). This method dealt with all particles

visible by light. microscopy-and had a low resolution of approximately 1 pm diameter, with no

information on particle length.

Some epidemiological studies have as indices of exposure to asbestos data derived from

+the membrane filter method through counting via phase contrast optical microscopy (PCOM).

Results. are gxbmssed as fibers per cubic centimeter or milliliter.(fibers/ ml.), but are always
Iigi:ited to fibers longer than 5 pm. As noted by the authors of the current proposal to.EPA, a
principal. weakness of the membrane filter method and of PCOM counts is that they are not .

. capablé.of determining whether the structures being counted are actuaily “asbestos” at all
_{although the autbors do not appear to address the usc of dispersion staining techniques in this

rcgar&,~. It is. important that EPA receive competent mineralogical.or industrial hygiene advice as
10 the suitability. of dispersion staining techniques in association with PCOM/ membrane filter

counts to improve upon the identification of “asbestos ™, and individual types of asbestos fiber
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vsing light microscopy alone, especially given the increased costs (and perhaps decreased

sensitivity) of transmission electron microscopie techniques.

. Some epidemiological studies combiné both types of exposure index (MPCF and fibers/
- 'ml), using data-derived conversion-factors from MPCF which vary from an approximate
threefold to an approximate eightfold multiplication of the MPCF value in question to deri'vc an
analogous valie in fibers/ ml. The conversion factors appear to be to some degree study and
workplace-specific; are by definition approximations, and should be used with caution; the most

- commonly used conversion factor is an approximate threefold multiplication of MPCF.

Since all situations in which there is‘exposure to asbestos fibers comprise a size’
distribution with respect to fiber length rather than a specific fiber length compartment, it is not
surprising that epidemiological studies bave not addressed this issuc to a great extent. It should
be emphasized however that alf existing risk assessment models, including the 1986 EPA risk
assessment, are largely derived-on the exposure assessment side from measurements of, or

. approximations of measurements of, or conversions of other measurcments 0, exposukcs to
fibers fonger thain 5 pm. In addition it is well known both fiom studics of size distributions of
asbéstos exposures and of asbestos retaiucd—dose that there is good comespondence of asbestos
concentrations {cven when broken down into individual fiber types) across fiber-length

categories.

-Some data does exist from epidemiological studies-which may int‘oém as to effects-of

- - fiber length oo lung cancer ﬁxcidcme of mortality: ‘There are two extremes for-ﬁber:lengﬂi-i;l
epidemiological studies which have been examined with respect to the shape-of dyistx'ibutidh.s.»
Studies of workers in ashestos textile lindus’tn'es’, in which there is some evidence that thére is
more skew of exposure fiber-length distributions tolonger fibers, have generaily shown a higher
dose-response gradient for lung cancer sisk (Knox JF, Holmes S, Dolt R et al. 1968; Newhouse
ML, Beny G, Wagnér JC et al. 1972;°Peto J; Doll R, Howard SV et al. 1977;-Peto J'1980;:
McDonald AD, Fry JS, Woolley AJ et al. 1983; McDonald AD, Fry IS, Woolley AJ et al.-1983;
Paci E, Buiatti E and Geddes M 1987; Sehastien P, McDonald JC, McDonald AD et aL"l989;
Dement IM and Brown DP 1994; Dement JIM, Brown DP and Okun A 1994; McDonald JC 1998;
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Case BW, Duficsne A, McDonald AD et al. 2000; Hodgson JT and Damton A 2000) .

Conversely, studies of studies of gold mine workers in South' Dakota and taconite miners
in Minnesota suggested no lung cancer risk for a largely short (< 5 pmy) fiber distribution. The
South Dakota workers were exposed to cummingtonite-grunerite material with:94% of airborne
fibers being less than S microns in length. Gilliam et al.(Gillam JD; Dement M, Lemen RAet
al. 1976) found increased mortality from malignant respiratory disease among workers with at
Ieast 5 years of exposure. However, a follow-up study of this cohort which considered longer
fatency and the most highly exposed workers found no such ificrease at estimated average
exposure concéntrations of 4.83 fibers per cubic centimeter (McDonald JC,.Gibbs GW, Li.ddell .
FD et al. 1978). A later study of 3,444 men employed for at least 3 months in Minnesota -
taconite mining operations {also believed to be exposed to a short-fiber distribution) during the .

.. years 1947 to 1958 (86,307 person-years of observation) found 41 deaths from respiratory- cancer
- an SMR of only 61 to 85 (for US white male rates or Minnesota rates respectively) (Cooper

WC, Wong O and Graebner R 1988).

It seems reasonable to weight the exposure indices in question to assign greater nisk for greater
fiber. length. It also seems unreasonable based on current knowledge to assign any weight at ali
to fibers of less than 5 pm in length. Finally, while it scems clear from what we know of -
_mechanistic studies that tumor hazard is related to increasing length, a coefficient that assigns
incrementally increasing weight to fibers in a continuous {ength distribution would be preferable
to one that simply categorizm; lengths. This however may be quite impractical for real-world
- assessments of hazard: Having said all this, the paucity of direct data on fiber length in the
epidemiological studies makes it imperative to answer the question ag posed —*_ .is it-

- ‘appropriate to assess cancer risks using an exposure index (per equation 7.13) that is weighted
heavily by fibers longer than 10 micrometers (um)?” in the negative; if one is referring to the
supporting evidence from epidemiological studies alone. Nevertheless, the very heavy weight
put on the longest fibers for lung cancer risk in this equation does scem reasonable taking all of
.the available data into account. -Strictly speaking, an equation which put greater weight-on .
increasing length intervals would be better, and it must be remembered that the vanishingly smalf
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coefficient for fibers between 5-and 10 pm in length will be modified by the fact that those fibers

are far more numerous {and more likely to be disproportionately counted by any available

technology, including transmission electron microscopy).

C} To whatiextent do animal studies {e.g. studics by Davis and other researchers) suggest that

carcinogenic potency ‘varies with fiber type and fiber length?

These studies are clearly outlined in the protocol provided by the authors of this

proposal. In general, inhalation studies support the role of fiber length (especially: fiber length

[greater than 10 pm, or in some studjes greater than 20 ym) i lung cancer risk and also-support

the:assertion that there is no excess lung cancer risk in these models under 5 gin.

D} Please comment-on the extent to which carcinogenic potency is a function of fiber properties
{e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber tength. How
adequate is information ta the epidemiology and toxicology literature for supporting these other

properties into dose-response analyses?

Aspect ratio is simply the ratio of length to width and therefore should have no role in
risk assessment independent from length and width. Surface properties, especially surface iron,
may well be related to lung cancer:risk through the mechanisms of lung cancer production (such
as, for example, free radical generation and cell signaling mechanisms), but in my view are
insufficiently developed or understeod at. this time to be useful for risk asscssment, and are
cestainly not ready to be incorporated-into- dose-rwponse aualyses This-was also in-essence the
conclusion of the IARGC panel, which was convcned in order to determine whether mechamsnc
studies could contribute to risk assessment protocols and in the consensus statement concluded in

effect that current evidence is “weak™(JARC 1996} .

As:noted above the principal factors driving risk for lung cancer related to asbestos
exposute, in approximate order of priority, are not fiber factors-per se but asbestos dose, degree
of smoking c.o-exposure,A type of industry (in an industrial seiting),-and fiber type. With the
exception of the latter, which was dealt with above, these are nof necessarily directly related to

fiber factors, aud are more imporiant than fiber factors (pacticulady fiber type and length) and
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should to the degree possible be accounted for in any risk assessment model - They are in fact
accounted for in one way or another in the-proposed model.
Fiber dose (derived from fiber exposure) is so obviously related to risk thaf litde further
need be said here; in fact the chacge questions assume the importance of this factor, while
“jumping the gun” to assess the effect of other factors.on “dose-response analysis”. One caunot
begin without a discussion of the influence of (externally measured) exposure, and subsequently
of retained dose, per.se.. The authors of the proposal.in fact do so in a sumber of ways, although
their model itself is highly dependent on fiber factors in addition to dose. The question of linear
extrapolation, the general use of the linear- model (as-opposed to other models), and the question
of threshold; also arises.in relation to the issue of total exposute and resultant total doge. - .

. Individual smoking history is the second n;ost.important. factor in risk after absolute
exposure and absolute dose. The previous (1986) EPA model and the current model appear to
assume through the derivation gf the terms-that risk for smoking and asbestos agc‘ multiplicative,
with both assessments béing heavily reliant on an early and flawed analysis of this relationship
by Selikoff and Hammond ((Selikeff 1), Hammond EC and Scidman H [979)  This is assumed
through the use of a model which uses relative risk (to-the underlying population) in which most
of the absolute risk is due-to smoking. This may overestimate lung cancer risk as the actual
synergism between smoking and asbestos exposure is now generaily thought to be less than

multiplicative, although still more than additive (Liddell FD and Armstrong BG 2002) .

Type of indusiry remains a powerful influence in risk. It is often assumed that fiber
facton; (perhaps especxally ﬁber length) may be unportant m this rcgard, but this remams B
unproven and based largcly on some assumptxons about the large dnfferences in the dose—
response analyses betwcen asbestos texulc cohons and asbestos mmmg cohorts, parucularly
those commonly assocxated wath chrysotlle In fact, wln[c there is no doubt tl\at iarge dlffercnces

in- the sl:)pc of lung cancer risk ex;st between thcsc mdustmx, |t rcmams unpmven lhat these can

be accounted for entm:ly by differences in fiber length, and recent thmkmg on this subject
suggests a more complex explanation (McDonald JC 1998; Case BW et al. 2000; Hodgson JT
and Damton A 2000) in w)uch other factors (mcludmg but not Iumted to fiber type, and

including other processing steps in industrial settings) play a role. For example, it is clear that
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while exposure (externally measured) may show a greater proportion of longer fibers in the
textile than in the mining setting, for any given fiber length interval the lung-retained
concentration of fibers is greater in the mining situation — and it is the mining situation which

- shows lesser lung cancer risk. -It-does.appear from closc-examination of the data however that
the ratio of retaincd dose to exposure is Méhe: imr the textile situation for the longest fibers _
{unpublished analysis of data from (Case BW et al. 2000)).

. It is hard to say -how, if at all, this:element which is a powerful one in industrial settings
- “can be translated into risk assessments for cavironmental settings unless it is possible to
determine for a given environmental setting (or site) which industrial cohort is most-similar. For
most superfund sites dealing with former mine sites, for example, mining cohorts (those with a
lower slope of lung cancer risk) should clearly be those applied and the textile data is of little

relevance. - The model offered does not account for this possible discrepancy between sites.

Finally, as noted above, fiber type-does play an apparent role in risk for lung cm&n with a
. ten to fifty-fold excess risk havingbeen-suggeﬂed by the best avaifable analysis (Hodgson JT
. and- Darmnton A 2000) for commercial amphibole exposure as opposed to chrysotile, and for
virtually ali:of the cxcess lung cancer risk in the chrysotile mining situation being explained by
co-cxposurcs to tremolite, at least-in those with exceptionally heavy exposure (specifically
greater than 300 millioa particle per cubic foot - years (MPCF-Y). (Liddefl FD et al. 1998).

2) - Far }rvesétheliama:

A] Influence of szer Type Please comment bn (hc cxtent to which the epxdemto[ogy htemturc and
mechanistic studux suggest that carcmogemc potency varies from one fiber type to the next {eg.
chrysotnle versus amphxbolc ﬁbers) How adcquatc is the information in the epndemlology literature for
suppomng doscmponsc relataonshlps for dnﬁerent Ju ber types" Speclﬁmlly, to what extent do you
think the proposed nsk coefﬁcnents in Tablc 6—29 are supported by the cpndemlology htcratute‘?

'I'he epldemlology htemturc prov:des det' nitive evidence that carcmogemc potcncy vanes from

one fiber type to thc next. Indeed, thcre is currently no rcal scientific support for the prop031t:on that
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chrysotile is a cause of malignant mesothelioma from available epidemiological:studies. This is true
across a wide range of industries and studies, including cohort studies of workers in a variety of asbestos
industries, case-control studies of mesothelioma and occupation, and a vadety of studics of non-
occupational-exposure to asbestiform ainphiboles‘, including but not limited to. tremolite asbestos and to
“cleavage fragments” of massive remolite amphibole having dimensions similar to those of asbestiform
tremolite fibers. Even efforts to gather together all reported “cases” of mesothelioma related “mainly” to
chrysotile exposure inevitably come up with smatl numbers of such cases limited mainly to chryostite

miners-and millers also exposed to tremolite (e.g. (Stayner LT, Dankovic DA and Lemen RA 1996) . -

Mesothelioma is related to amphibole asbestos exposure in approximately 80% of cases in
epidemiological and pathological studies (tl"le attributable risk vacies from about 60% (McDonald AD !
and McDonald JC 1980; Yeung P and Rogers A 2001).to about 88% (Spirtas R, Heineman EF, Besmstein
L etal::1994) depending on the population and time period covered. This is supported by studics which
assess exposure to humans directly through lung-retained fiber content (what the authors of the proposal
call “pathology studies™; for example {(McDonald JC, Armstrong B, Case B et al. 1989; Rogers AJ, Leigh
J, Berry G et al. 1991; Rodelsperger K, Woitowitz HJ, Bruckel B et al. 1999) or by occupational inquiry - .
(McDonald AD and McDonald JC 1980; Teta MJ, Lewinsobn HC, Meigs JW et al. 1983; Spirtas R et al.
1994; - Woitowitz HJ and Rodelsperger K 1994; Teschke K, Morgan MS, Checkoway H et al. 1997) (if
properly conducted in a true anatytical epidemiological study as opposed to a survey, “registry”, or

collection of “cases™).

The percentage is higher in occui:ations with heavy amphibole asbestos exposure, and in.
relatives of those in some such occupations, or occasionally in areas of endemic c;cpqsurc such as the
neighborhood of some shipyards, factories, and mines. It is important to note in this regard that i
ckposures thought to be “nonoccupational” may ficst of all simply bave inadequate occ_ypational history, - ;
and secondly may be truly “nonoccupational” but nonetheless be associated with exceptionally high dosc.

An example of both of the latter is offered by a recent.case control study of pleural mesothelioma among -

women living in the ‘ncighborholod of chrysotile mines: of ten cases discovered, all had worked outside ' cod
th.;: home, five. were:known to have worked in the industry, nine had at lived with at least one and more

frequently more than one asbestos worker, and all lived in the highest-tremolite area (Case BW. CM,

Richardson L, Parent M-E, Désy M, and Siemiatycki J 2002} . In addition exposures were very high, -

estimated among cases on average at over 200 fiber/ml — years and never under 100 fiber-mi years. A
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similar situation for environmental exposure to cmcidoliée has recently been reported from China (Luo S,
Liu X, Mu S &t al. 2003), where crocidolite was found in the surface soil in a rural county where the
average number of mesothelioma cases was 6.6 per year in the 1984-95 period and 22 per year in the
1996-99 period, in a popilation of 68 000, The annual mortality rate for mesothelioma was. reported as
85 per million, 178 per million, and 365 pec-million for three separate cobort studies; and there here were
no cases of mesothelioma in comparison groups where no crocidolite was kaown to exist in the
environment. This provides an object lesson for paﬂsoftalifomia in which asbestiform tremolite has
been identified in the surface soil and there has beea a large degree of recent and planned housing-

development.

Most exposed mesothelioma cases in'other studies either worked with, of more rarely’had
refatives who worked with comumercial amphiboles , whether crocidolite (Armstrong BK, de Kierk NH,
Musk ~AWct al. 1988; de Klerk NH, Armstrong BK, Musk AW et al. 1989; de Kierk NH, Armstrong BK,
Musk AW et al. 1989; de Klerk NH, Musk AW ,.Cookson WO et al.'1993; Hansen J, de Kierk NH,
Eccles JL et al. 1993; Hansen J, de Klerk NH, Musk AW et al. {998) and/ or amosite(Sluis-Cremer GK
1991; Slhiis-Cremer GK_ 1991; Sluis-Cremer GK, Liddeil FD, Logan WP et al. 1992), although large -
quantities of non-commercial amphibole fiber (tremolite or other minerals in the tremolitc-actinolite
series) associ'a!cd with chrysotile in mining occupations, mined as industiial: "talc® {Abrabam JL, Hull,
M., Case, B.W. 2002) or vermiculite (McDonald JC, McDonald AD, Ammstrong B et al. 1986; Amandus
HE and Wheeler R 1987; Wright RS, Abraham JL, Harber P et al. 2002) may also be causative.
Relatives of such workers who are subject o domestic (household) exposure to mining or milling fibers

ﬁrought home on clothes or shoes are also subject-to.mésbihelioma risk.

.Mcsothelionia was first 'c'dnclﬁsivély- !ﬁke& io “asbestos” by-J.C.RWagncr ‘in:Soutly Africa in
19@ (Wagner JC, Sleggs CA and Marchand P 1960) in a-large study of cases taken from the Cape
crocidolite-mines. Some pathologists‘including the Iate Dr. Wagner stiil believe that crocidolite is the
most intpdrtant or even the enly causative fiber; but most now-accept amosite as responsible for as many
or more ‘cases (at least in the United States), and lung-retained fiber surveys of cases by Churg and by
Roggli et-al. (Chuirg A and Green F-1990; ‘Rbg.gli VL, Pratt PC and Brody AR1993; Churg A and Vedal
S 1994) havc established that the less potent-amosite fiber is responsible for the largest'percentage of
cases in the United States, at least among plaintiffs in lawsuits from which their cases were mainly

drawa.
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A recent meta-analysis of 17 cohorts with established exposure histories has reconfirmed the
over-arching importance of amphibole exposure in mesothelioma causation, including in cases of
-exposure to raixed fiber types, including situations whese chrysotile is by far the most prevalent exposure
(Hodgson JT and Damton A 2600) These authors estimate the relative risks of fiber types for
mesothelioma as crocidolite: amosite: chrysotile 500:100:1, even making the conservative assumption

that the chrysotile-related fraction includes the mining cases.

Crocidolite, the form first shown to cause mesothelioma, remains the most potent cause, although.
use has been essentially banned in North America and Europe and the number of future cases has been
overestimated according to the most recently available data. More North American workers (at least
insufation workers and those in allied trades) have now been exposed to amosite, and therefore more,
cases are produced by it, even though, given equal exposures, the proportion of workers developing.

mesotheliorna is higher among those exposed to crocidelite.

Studies of chrysotile miners and millers in Quebec (well-described by -the proposal’s authors, in
general) show a mesothelioma death rate of approximately 0.4% (33'/8009 or | in 240 deaths in recent
years {Case BW, Churg, A., Dufresne, A. Sébastien,P. McDonald, A.D. and McDonald, 1.C. 1997;
McDonald AD, Case BW; Churg A et.al. {997). .Lung tissue analytic study of miners from different
focations show unequivocally that what was thought to be "chrysotile-related? mesothelioma occurs only
in mining and milling situations where tremolite is present in sufficient quantity to produce high levels of.

long, thin, high aspect-ratio tremolite or tremolite-actinolite fiber in the lungs of workers.

In these studies the area in which mesothetioma risk was in greatest excess was that where the
amphibole tremolite was (a) geologically likely to be present in highest concentration and {b) present in

excess (compared to other chrysotile mines) in the lungs of miners and millers.

Commercial amphiboles, on the other hand, have long been kaown to cause mesothclioma, and at.
- far lower dose. Wagner established the causal rclationship between "asbestos” and mesothelioma ina

crocidolitc mining region, as.noted above, ‘Work by Hansen and colleagues have shown at the Witenoom .. - -,

! This applies to the 33 of 38 cases in this study. who were miners and millers of chrysotile. Another 5 cases .
worked in a factory producing asbestos products and used ctocidolite asbestos. The total number of deaths
given-however aiso includes deaths among the small numbeér of factoty workers) :
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mine in Australia the causation of mesothelioma by crocidolite exposures as bref as onc week and as
small as 0.4 fiber-years (Hansen J et al. 1998).- Similar work in South Africa has produced comparable
results, both for crocidolite and for amosite, although the quantification of exposure is not as good as that
observed in the Australian studies (Hodgson and Damton 2000). Recent work -from China suggests that
in one rural province there the situation may be similar (Luo § et al 2003).

Surveys of individual asbestos industries have confirmed that within those industries fiber type
remains the key factor in mesothelioma production: - effectively, wherever crocidolite. or. amosite have
been used commercially some mesothelioma risk has been introduced. Achcson-and others (Acheson

. ED, Gardier W, Pippard EC et al: 1982) looked at female respirator manufacturers:. groups followed for-
40 or more years. One group made "civilian” respirators containing chrysotile -. and showed-no
mesothelioma excess.(and only one case, who had worked in the other plant as well). The other made
“military® respirators (containing crocidolite) and had-increased mesothelioma mortality. -Similar results
were observed for Canadian workers making military gas masks using crocidolite (McDonald AD and

McDonald JC 1978).

A similar pattern was demonstrated for two asbestos cement plants in Louisiana by Hughes and
Weill (Hughes JM, Weiil H and Hammad YY 1987). Mesothelioma risk occusred in the plant in which
crocidolite was used in one manufacturing process. Similarly, Gardner observed one case of
mesothelioma in a cement plant Gsing mainly chrysotile, but noted that the case was belicved to be duc to
exposure elsewhere (Gardner MY, Winter PD, Pannett B et al. 1986). A very recent study from Norway
has again demonstrated the importance of a proportion of crocidolite in the cement manufaéturing
~ -~ processin inducing mesothelioma risk:(Ulvestad B, Kjacrheim K, Martinsen JT et at. 2002).

The manufacture-of friction-products is a particuladly useful area in which to look at the
distinctive differences in epidemiologic risk by fiber type. This is because for the most part these
products were made withi chrysotile asbestos, with only-occasional “special contratts¥in some plants
l;a'ving used crocidolife. Mésotheiii:;ma::isk has been limited to those situations. This is true whethér the
studies have been of the plants in which friction materials were manufactured (for example (McDonald
AD and Fry IS 1982; Newhouse ML, Berry G and Skidmore TW 1982; Berry G and Newhouse ML, [983;
McDonald AD, Fry §S, Woolley AJ et al. 1984; Newhouse ML and Sullivan KR 1989; Berry G 1994)),

or whether the studies were case-control studies of mesothelioma in which end—pi'_oduct users (including
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identified groups of workers who worked with brake linings in garage settings) were included
(McDonald AD and McDonald JC 1980; Teta MY et al. 1983; Spirtas R et al. 1994; Woitowitz HJ and
Rodelsperger K 1994; Teschke K et al. 1997). A recent meta-analysis has added statistical power to the
latter analyses by combining them and again finding no mesothelioma risk for end-users of automotive

friction products (Wong O 2001).

“Mechanistic™ studies of mesothelioma add fittle of value to the question of fiber type. . This is
because of the large degree of interspecies difference as well as the technical difficulty of performing:
inhatation experiments with mesothelioma as an endpoint. One intriguing mechanistic-point that has. -
come to the fore with recéat in vito and celi-free work has been:the question of the presence of iron and .-
its effect on free radical generation and related effects.- ‘While this appears at first blush fo be relevant
due to the “structural” iron content of the commercial asbestiform amphiboles (crocidolite and amosite)

(as well as the ferruginous “asbestos bodies™), it does not explain the effects of some of the other
amphiboles. Furthermore, chrysotile:.is not always “iron-free”, as iron may be substituted in its structure

or absorbed onfe its surface.

The proposed risk co-efficients in Table 6-29 are quite consistent with the enhanced effect of
amphibole fiber types on mesothelioma risk obsecved in epidemiological studies. The coeflicients
appear to be conservative in that they assign any mesothelioma risk at all to chrysotile asbestos for
mesothelioma. It is interesting that although a different method was used than that of Hodgson and
Darnton (2000), the “bottom line™ in this model appears to be the same.or even éreamr: an approximate .

five-hundred fold increase in risk for the amphiboles on a fiber-for-fiber basis: -

B] Influence of Fiber Length: Please comment on the extent to which the epidemiology literaturg’and. .
mechanistic studies suggest that carcinogenic potency varies with fiber Iength. How adequate is
information in the epidemiology literature for supporting dose-response relationships for different fiber: -
lengths? In general, is it appropriate to assess cancer risks using an exposure index (see equation 7.13)

that is weighted heavily by fibers longer than 10 micrometers (um)? - -

For the most part, epidemiology studies do not inform with respect to carcinogenic potency for-

mesothelioma for fiber length. This is because, as pointed out by the authors, the existing epidemiology
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studies have not used methods for exposure assessment which are capable of assessing fiber length, other
thaa (if PCOM is uscd with the membrane filter method or an approximation of or conversion to PCOM:
values used from MPCF) limiting exposures to-those longer than 5 pm. Of “mechanistic™ studies which
inform as to fiber length, the classic studies remains those of Stanton (Stanton MF and Wrench C 1972;
Stanton MF 1974; Stanton MF, Laynard M, Tegeris A ¢t al. 1977; Staaton MF, Layard M, Tegeris A et
al. 1981), although the method of “exposure” in those experiments was peither physiologic nor in any

way related fo actual human exposure. Nevertheless, no discussion of mesothelioma and fiber length can |
ignore the Stanton model, for which there has been additional support in many asimal studies since. Tt -
must be realized however that the classic Stanton “carcinogenic” fiber dimension (fibers having length, -
greater than 8 pm and diameter less than 0.25 pm) were not met by all carcinogenic, fibers, and with-. ’
specific -respéct to tremolite — a fiber-for which two prepamtions produced a-100% tumor response in the
model ~ Stanton specifically reported that his model did not fit the response, and that “.. .relatively high
comrelations (with tumor response) were aiso poted with fibers in other size categorics haviog diamecters
up to 1.5 micrometer and lengths greater than 4 micrometer” (Stanton MF et al. 1981). On the other-
hand, there is no evidence that structures having the same chemistry and crystalline structure-as
“asbestos” but length less than 5 jem behave as fibers rather than in the same way as isomctric particies,
nor is there evidence that such particles convey any risk for malignant mesothelioma. There is also a
great deal of animal dasa which suggests the converse, much of which is listed by the authors of the

proposal.

C] To what extent do animal studics (e.g.. studies by Davis and other researchers) suggest that

carcinogenic potency vasies with fiber fype and fiber length?

Animal studies are of little value in assessing the carcinogenic potency» of fiber type. Animal
studies which assess mesothelioma risk using the exceptionally sensitive peritoneal injection model in
rats are in my view of little value, and intra-tracheal instiflation models are sirnilarly flawed, in the latter
case in part because of the difficulty of assessing either the size or the nature of the administered dose in -
terms of fiber nuraber or torphology. ‘Even animal ivhalation models have proved disappointed in
assessing the risk posed by different fiber types, principally because rats are rather insensitive in this
model. A recent review (Muhle H and Pott F 2000) summarizes this well: “Inhalation experiments with
rats need fiber exposure concentrations...about 1,000 times higher {than those of asbestos workers) to

reach the same mesothelioma risk: Also, the striking difference between the low lung burden of
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amphibole fibers of asbestos workers with mesothelioma and the more than 1,000 times higher lung
busden of rats with a low mesothelioma risk demonstrates the low sensitivity of the inhalation test model
for the carcinogenic potency even of crocidolite fibers.” Fortunately the effect of fiber type jor
mesothelioma is established beyond question by the epidemiology studies, at least for the relitive effects -

of chrysotile as compared to commercial amphiboles and tremolite asbestos.

To the degree that fiber length ,catcgorigs can be separated for the purposes of expostwes in

animals (there is no such thing as a perfect preparation in which there are “no long-fibers™ or “no.short ;
fibers™) the animal studies do indicate increasing mesothelioma risk with increasing €iber length,
altiough the fiber length varics somewhat from stidy-to study. The fiber.length most often mentioned
above which a mesothelioma response was observed'is 20 pm in more récent studies.. The$c are well-
described in.the proposal and will not be repeated here: key references include those with sized fiber
preparations, with chamacterized length dEtdEuﬁom, a;ld with theoretical calculations (Davis JM,.
Addison J, Bolton RE et al. 1986;.Davis JM and-Jones AD.1988; Lippmann M 1990; McCoanell EE,
Axten C, Hesterberg TW et al. 1999; Miller BG, Searl A, Davis JM et al. 1999). While the same

' problems exist for studies using the intraperitoneal injection maodel in the rat with length as the
independent variable as those for fiber type, one study that was not peer-reviewed prior to publication of.
six naturally occurring tremolite-preparations does suggest some effect (Davis JM, Addison J, Mclntosh
C et al. 1991). However the main purpose of this study was to test-the: refative effects of “asbestiform”

versus “nonasbestiform” tremolite preparations (see below). -

D] Piease comment on the extent to which-carcinégenic potency is-a function of fiber propettics (¢.g.,
diz.uneter, aspect ratio, surface properties) other than. fiber type. and-fiber length. How adequate is _
information. in.the: epidcmiology and toxicology literature for supporting these other propertics into.dose-
response analyses? '

It is. important here to distinguish between resphal;ﬂityiand carcinogeaicity, with respect to fiber
diameter. -As' noted. above, the-original Stanton stidiesactually showed effects at diameters of less than.--
1.5 pm, not 0.5 pm. A cutoff of 0.5 pm is probably ’inappmpria‘te,_althoughit‘ is quite true that ahﬁost all
chrysotile and crocidolite fibers will be included. This is somewhat less true for amosite and is not
acceptable at all for tremolite, which in many situations will almost reach an arithmetic average of 0.5

pm diameter. In geneeal, as demonstrat_ed.by Berry (unpublished data on Witenoom and (Beay G 1999)
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), who has shown that “the incidence of mesothelioma after exposure to asbestos is proporttional to the
intensity of exposure (fibers per milliliter of air) and the duration of exposure, and to the time that has
elapsed since the exposure. The incidence increases with time since exposure to a power of between 3

. and 4”.

The fatter variable — time since first exposure — is a very powerful component of mesothelioma
| risk in epidemiological studies.across the board, if they are large enough and have long enough follow-
up. No model which ignores this timing factor can be considered adequate for predicting risk. In
addition Berry has recently demonstrated a large effect of climination time on mesothelioma risk-by
applying this'model to Witenoom mesothclioma mortality data (Berry G;-unpublished data presented at’
International Mesothelioma Interest Group meeting, Perth, Australia, December 2002).

T will take the opportunity here to separately and briefly discuss lung-retained ﬁbér studies in .

! human subjects for mesothélioma - a separate category of study which is called “pathology studies™ by

; the authors which is capable of isolating effécts of fiber type and length with the understanding that

l. analyses are performed at an endpoint (either lung biopsy, pneumonectomy, or autopsy) which integrates

| lifetime dose and clearance at a single point in time. It is nonetheless useful, although to some degree
dismissed by the authors of the modet for a number of theoretical reasons, chicf among them what the
.authors call “opportunistic” sample site selection and what the authors believe is poor repeatability of.
results. In fact, if such studies are well-controlled, sample selection is rot opportunistic, in that samples
from cases and controls, taken at the same time and in the same way by the same pathologists in the same
hospitals, are very likely o be comparable. Similarly, there is little evidence other than a few s;udies

- - .. ..based on very-smail numbers of samples that-thece is in-fact significantly poor reliability in such
measurements-so long as they are oomparcd'w\;ithin rather than across laboratories.. Reliability is at least
as good as that for TEM fiber measurements in air. In fact, in Quebec, this is the method used routinely
to characterize exposure for worlaman's compensation purposes (when lung tissue sections are available}.
We have had the experience of huindreds of such-analyses and owr results do well in cross-disciplinary
validation studies in comparison with semiquantitative job-based indices of asbeétos exposurc. We have
not encountered difficultics with'reliability; our published studies in fact 'are capable of disiignguishing
trends of fiber retention with age, with rurdi-urban gradient, and with distance lived from and time lived
in mining areas for environmentally-exposed individuals (Case BW aod Sebastien P 19837;'Case BW,
Sebastien' P and McDonald JC 1987; Case BW and Sebastien P 1989; Case BW 1991; Case BW 1994;
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Takahashi K, Case BW, Duftesne A et al. 1994). Here forexample are results from our most recently

analyzed mesothelioma case; note the consistency across samples.

Sample site Asbestos body concentration Crocidolite Other asbestos fibers:
{AB/ gram dry lung, PCOM fiber ) detected; detection
at 320X, detection limit 40 concentration® | limit 35 fibers/ mg dry
) -t AB/ gram dry lung) {and number) fuag. . -
Right lower lobe #1. | 31,520 AB/ gram dry lung 722 hbers/ mg None detected
N ] ) ) dry lung (N=22) o
‘! Rightiniddie lober 26,880 AB/ gram dry lung 620 fibers/ mg | None detected
. drylung (N=18) §{ . .
Rxght lower lobc #2 28 320 AB/ gram dry fung 790 fibers/ mg None detected
- drylung (N=23) | 7 - . s
R.lght upper lobe 26,920AB/ gram dry lung ] 550 fibers/ mg None detected .
dry lung (N“!G)

= Fibcrs (longer than 5 gm, aspect ratio greater than 3:1)’ ldentlﬁed and countcd by tmnsmnssnon
electron’ microscopy at 13,500 X' magnification and by energy dispersive x-tay spcctmmctry (EDS)

With specific rcfcrence to mesothelloma causatlon several case-control studles usmg tlus type of
exposure mdcx havc produccd mterprctab!e results which Iend stron'g support to both the role of )
(amphibole) ﬁbcr type and of i increasing fiber lcngth In one such example, McDonald et al studled 78
case—control pairs of lung samples from msothclmma victims and controls matched for age, sex,
huspztal and time ol' acquisition of sample. (McDonald JC et al 1989) Thcrc were substanual
differences...between cases and refercnts for amosite, crocidolite, and tremolite. Much less difference
was noted for anthophylliw talc, and chrysetile...Statistical analysis indicated that shoct fibers were not
associated with mcreascd nsk for mesothellom b {4 should be noted that no specxal care was taken to
match sample sntes.for cases and conlrols Of across cases or controls, tlus is in fact not necessary lf cases
and controls are matched by hospltal and era as it is the routme practice of pathologlsts whlch detcrmmcs
sample sntc selecnon, in other words whlle the authors of the proposal were ]UStlﬁed to in their behef
that such studlcs nught use oppoxtumsnc samples wlnch are not from similar sms wnthm the lung, the
actual practtce of pathologxsts tahng Iung samples ﬁ-om autopsy or from resected Iung hssue is quxle

consxslent in thw regard with most taking central parenchymal samples ﬁom ﬁxed s:tes in @ manner

Iearned d'unng a.rzy pathology reszdency

3) To what extenit are the exposure estimates documented i the asbestos epidemiology literatuse
relisbte? - -~ .
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This question is unclear, and may not be the most relevant to ask. More important than the
reliability of exposure estimates is their validity, which in general is excellent within the largest
and best studies that have been generally used for risk assessment (combining them in meta-
analyses has proved more difficult and controversial). Similasly, reliability is good across the
largest individual studies but much poorer between studies, due to the differences in
methodology employed. This is well discussed by the authors of the proposal and they suggest
some additional work which mig'hl_lielp to ameliorate this difficulty. However, the authors do
appear to be unaware ol" 'so:'né of the controversies extant aboul these estimates?. Fbr»cxain.ple;’; '
they make use the Wltenoom data wﬂhout refering to the coutrovexsy and debate between ;
Australlan mearchers about these (because af lhetr excepttonal importance rhese comments.
are attached to these commentv as appendtx A). The authors do note the exclusion of the
Chadeston (textile) data by Hodgson and Damton but choose to include it; in my view this is not
critical to their chclusions although the Charleston data is clearly an zinomaly even within the
studies of textlle workers and should be \newed with extreme caution. It should only be used if
balanced wnth use of the Quebec data on exposures in the mining and milling of Chl'ysotllc.

“. i Finally, the set of Qucbec data, as well, has attracted both positive and negative comment, the .
laiter ueually baseil on its exclusive use of midget impinger (MPCF) data. The fatter are
unavoidable (that was the dgxta auai'lable); the data are extensive and internally conslslerlt; and tlie. '

authors of the current proposal do a goocl job of discussing this type of data.

For purposes of risk assessment my own opmlon is that the operative questlon is “Can
exposum 'be measured in such a way in sites which require évaluation that the exposure
asscssment is both valld and mpeatable" Agam, this is somewhat controversial. Rogers for

’ example is on record as feelmg that “A “clear dos&response rclatmnslup does not validate the
actual exposure 'values used but the decision about exposure values of course determmes the
slope, which influences the apparent potencles of different fiber types”. My own wew :s lhat a.
clear dose-response relauonshlp does validate the use of the exposure values lf the data arc

good enough to establish a dosc response relatlonslup then thcy havc internal valxdlty Howevcr,

2 See the letter, reply, and editorial comment recently published as regards the Witenoom exposure data
attached to these comments as Appendix A: (1) Rogers A and Major G. Letter to the Editor. Ann Occup
Hyg (2002)46: 127-128 ; (2) A W. MUSK and N.H. DE KLERK. Reply. Ann Occup Hyg (2002)46:
128-129; The Editors, Ann Occup Hyg: (3) Editorial Response. Ann Occup Hyg (2002) 46: 129.
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it is quite true that in absolute terms-none of the studies can give absolute confidence as to what
the actual exposure levels were in these historical cohorts.

Analytical semsitivity, however, is also especially important. Use of transmission electron
microscopy. coupled with energy dispersive spectrometry of x-rays and in some instances.
selected area electron diffraction should allow, at a2 minimum, the detection of fiber types and
lengths in any such situation at a specified detection limit. At the Oakland conference of May
2001, Dir. Patrick Sebastien suggested that for environmental exposures the best use of TEM/
EDS is the qualitative idcntjﬁmt_ion of the presence of.individual fiber types rather ﬂ!afl their full

- characterization in quantitative tetms. The authors of the proposal appear to believe that
“environmental” sites may be less homogencous in their asbestos content, and perhaps more.
dilute ‘in their asbestos content, than exposures in,occupati(m]al settings. .While this is no, d.oubt
true in sites where little is known about past use or exposures, it is certainly not necessarily true

in superfuad sites such as old mine sites.

The method of sampling is the key factor. for evaluating environmental exposure {for -
example, Superfund) sites: for example, simple measurement of air samples in an undisturbed
area which contains low concentrations of amphibole fibers will mislead the investigator of 2

-site. One example is offered by a study of vem;iculite insulation in the ceilings of a-Canadian:
ammy base which unfortuna.tcl)—' has beeit publisli:eﬂ only as the following’ zibstrapt {and whlch is
directly relevant to the exposure situations in Libby and to the question of €Xposures to o
amphibole from attic insulation) note the extreme effect of conducting lhe air samplirzg during
the demol:txon work: concentranons of “asbestos whlch were generally less than 0. l% by
wcxght became uemollte !cvels by TEM of up to 172 f bcm/ ml . N
Cowan BW [1997] E!cvated Asbestos Exposures from a Bulldmg Demolxtmn Whlch

Contamed Vermiculite Insulatmn. Proceedmgs of the American lndustnal Hygxene

Conference and Exposition (AXHCE 1997). Paper 65.
B.W. Cowan, Governmént of Manitoba, Biandon, MB, Canada
Vermiculite is a silicate mineral which has boen installed in many attics as a building iasulation.

An asbestos consultant collected bulk insulation samples from several locations scheduled for

demolition on a Canadian Forces base. Asbestos concentrations ranging from less then 0.1% to
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5-10% Actinolite and/or Tremolite were detected in this proactive survey. The majority: of test
results were quite low; generally less than §.1% asbestos, however, the potential existed for
asbestos fibers to become aithome during a routine demolition project. -Air monitoning was
conducted during the demolition work; which utilized no dust suppression, to determine.
representative worker exposures to aitbome asbestos dust. Tea samples \;vere'analyzcd by
transmission election microscopy (TEM) in accordance with NIOSH Method 7402 and”
concentrations ranged from 13 to 172 fibers per mL. The results of this study indicated elevated
fevels of aicbomne asbéstos fibers were generated ducing the ceiling demolition and appropriate
asbestos abatement procedures had to be initiated. These included the instalfation and ofjeration
of anegative pressure ventilation system and a decontamination facility, the wearing of adequate
“personal protéctive equipment, the pre\}vetting of the asbestos contaminated material, the pioper
* bagging of all ashestos waste, and regular on-site air monitoring to recoid the levels of airbome

‘fiber concentrations.
TOPIC AREA 2; The proposéd exposure index

4) The proposed exposure index doés not include contributions from fibers shorter
than 5 pm. Please comment on whether the epidemiology and toxicology literature
support the conclusion that asbestos fibers shorter than S jtm present little or mo

carcinegenic risk.
Such structures (they are ot fibers and it stretching 2 point to call them “asbestos™)-

present little or 1i6 carcinogenic risk. This was dealt with fully in the recent ATSDR
workshop (ATSDR 2002) and will not be repeated here, although the panelists shiotild 1f
possible be pm\nded Wlth the anrent tepoxt ﬁom the ATSDR. meetmg in lower Ma.nhaﬂan m
the fall of 2002 even though 1t has not yet been publsshed. I smcere!y hope we do not waste
much ume on this.

5) The proposed index is. weighted heavily by fibers longer than 10 pm. Specifically,
equation 7.13 suggests that the carcinogenic potency of fibers longer than 10 pum is
more than 300 times greater than that of fibers between S and 10 pm. How
consistent is this difference in carcinogenic potency with the epidemiology and -
toxicology literature?
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It cannot be said to be “consistent with the epidemiology litetature™ since as the authors
themselves point out that the epidemiology literature lacks such data {with the exception of
Tung-retained fiber studies or what are described by the authors as “pathology studies™). On
the other hand it is quite consistent with the toxicology literature; and indeed an argﬁment
could be made that the critical length should be 20 pm rather than-10. The use of the more -
conservative 10 jum, although it will make many mineralogists unihappy (since they would not
even regard such structures as “fibers™), is 'qétuziily quite coniservative in this regard.

Ulumately however the proof of the model (and of the index) is in its pmdmctlve ab:hty-
the autbors do provxde convincing evidence of this. '

6) Please explain whether the proposed exposure index will allow meaningful tl;izlpariébné
between current environmental exposures to asbestos and historical exposures te asbestos
that occurred in the workplace.

- This will be exceptionally difficult since,-as the authors note; virtually all of the published’
liferature on workplace exposures (at least in tﬁe context of the epidemiological studies referred to)
do not use similar methodology. In a broad qualitative sense the proposed exposure index will offer
better estimation of exposure than do the exposure measures offered in the historical workplace
exposure measurements, since they include the biologically important.descriptions of fiber type and
length (with fiber type in particular being of proven importance in the epidemiology. studies, a.lthough

. .not. from. the historical measures of exposure but more from the qualitative descriptions of exposure . -
offered in those studies; for example comparisons across similar industries having differences in- -

fiber type which are not necessarily quantified. -
Topic Aréa3: General' Questions.

7) The propesed risk assessment approach assigns carcinogenic potency to individual fibers -
and to cleavage fragments (or “bundles that are components of more complex structures”).
Pleasc comment on whether cleavage fragments of asbestos are as toxicologically
significant as fibers of the same size range. :
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This question must be withdrawn and reworded. It is badly mis-stated and contains

errors of fact within its structure.

First; it-is not clear whether the person or persons writing this question do not understand the
distinction between “cleavage fragments” and “fiber bundles™ (which are completely different
animals), whether they are askiog only about “cleavage fragments™, c;r whether they are asking about
both cleavage fragments and ﬁber bundies. Second, cleavagc fragments” are, by defi mtmn (asi is '

- clearly pointed out in the proposal), not “asbestos”, althoagh this does NOT mean they are without
efffect. Thxrd, the hmttatlou of the qucshon to toxzcologxcal sngnﬁmnce lgnor&s the pubhshcd data
on hurnan exposure to cleavage fmgmcnts” wluch is of greater lmportance than’ toxxcologtcal data
(for example it has recently been estimated in a very detmled mmemioglcal s!udy at the mine s:(e that
the nonasbestiform portion of the Quebec tremolite associated with one mine (the Jeffrey mine at
Asbtag;qs,_ng:bcc) is 99% “nonasbestiform”). Fourth, the expert pan;l as constituted has‘n“o .
mincrélo-gisis (;r geoloéists,: méking.any .discus;sion of .thése points somewhat petilous. ETlgus tlus

. guestion, which is an exceptionally important one that has been ad&ress;n.;d by the authors of the

proposal, should be reworded. The question commented supon by this ebserver is rewarded as the
Jollawing: K recommend that this or a consensus rewording, preferably with expert miner;zlagical

input, be substituted BEFORE the meeting:

7 REVISED) The proposed risk assessment approach assigns carcimogenic potency to individual
fibers and to cleavage fragments derived from massive amphibole structure (that is,
nonasbestiform:amphiboles).  Please comment on whether cleavage fragments of this. qaﬁre are as
significant with respect o -human heslth eﬂ'ects_:is: fibers of the same size range, indudiqg.

reference to the toxicological and epidemiological literature.

Again, cleavage fragments are NOT “bundles thiat arc componeats of more-complex structutes™. The .
question of cleavage fragments of massive amphibole is a very important one, and the question of the
assessment of complex bundles (which may-or may. not be composed of aggregates.of. asbcstiform .
stnictures, nonasbestlfonn structures; or both) is an nmportant but’ enm'e!y sepamte lssue The phrase (or
“bundles that are components of more comp!ex structures”) -must be removed-from this charge

question before the meeting. If it is not the discussion of the exceptionally important issues surround
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exposure assessment to cleavage fragments of massive amphibole, “nonasbestiform’™ amphibole, and so-
called “transitional fibers™ will be confused by this error. The following dlSCUSSlOD responds to thc
restated charge question above (7 REVISED): it makes no mention of and does not apply to “bundlm -

that are components of more complex struciuses”.

This (inclusion of cleavage fragments of massive amphibole on the smct ba.sts of sttucture

dimension) is one of the greatest sivengths of the proposed risk assessment approach. and may malce up

for the catastrophically inadequate approach taken by OSHA in their removal of such fibers from the -

asbestos standard in 1992. It may be recalled that the latter action was taken agaifist the ;gﬁce of | '
NIOSH, of the scientific branch of OSHA. itself (OSHA scientific staff, pgi;;iéal ~édmm§;;ﬁ¢m;55)§x§a'6f T
the ATS Committee on the Health Effects of Tremolite (Weill HW AJ, Balriics J, Case BW, Chu:gAM,
Hughes I, Schenker M and Sébastien P 1990; Case BW 1991a; Case BW 1991b). 'I'he'éri@i_l:;_il probfem;‘i ‘
with excluding “cleavage fragments” and/or “nonasbestiform” émphibolw (of size and shape similarto
analogous asbestiform amphiboles) from risk assessment were o B

(2) That as a practical matter there was a debate as to whether there was a “bright line™ separation ...
between them,

{b) That they often occur together, sometimes with only a small proportion of “gsbe.gtifonn"
structures;

(c) That they are difficult to separate analytically (in fact they cannot be separated by the
microscopist with certainty, not even with high-magnification transmission c!ectron mlcroscopy. .
on this point for example Patrick Sébastien has stated “To be able to tell whether f bers are.
asbestiform or not under the microscope is quite impossible. To me, the concept of

“asbestiform” is not @ microscopic one. Geologists may tell us whether a ﬁber is asbesuform, .
but certainly the microscopis{ cannot”, . - :
(Sébastien P, Discussion Part 14, Ann NY Acad Sci 643: page 505).

(d) That most important, there is no convincing evidence that given simifar dimensions and simifar S
" durability in the lung there is any ieason to believe that “cleavage fragments™ might be less toxic.
Reproducing the ATS Committee document from page | on “Mineralogic Issues” and from the
Conclusion:
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Séineralogic Issues .
As noted above, the focus oo tremolite hage
talsed the issue of the importance of deav- .
age humeu:s a5 opposed (0 asbestiform
fibers. The fund:mnlmueuwhuhgm
ﬁbmmﬁuotidmndshcaudm
will have diffcrent bolojic properthes (f the -
particles are plodes of mimeral that’ bavgbm.
ken: off a tanger sample pagalied to'a covstal
tace (ie., deavage fragments) as sppowd 1o
particles that

1t became apparent, both from our revicw . . - -
of the lievature and from submissions made C
to this coinntittee by expericincéd mineralg: . '
glsts, that the distincticn between:clnvagc

fragments and nsbauform fibirs, althongh

theoretically’ Slear, i To praciice extremely

myrky. Some mineraloghis believe that thase

two types-of pafticles wre dlvays distinee,
Mmmbeﬁemhmheymmrom .-

inta the othier &nd thas interdrediate forins

(oyssolite) exist: Furthir, these sume iubmis-

sions were at odds with each Gther. it iden-~
ﬂMngmmmhxumpksusdtnwnoma«

periments 83 asbestiform fibers or . cleavage

fragments, To complicats malters it was akso

suggested t-us that the imporwang distine-

tion is 0ot that between cleavage fragments

aod asbestiform (bess but between nonas-

besaifors and asbeitiforms fbers.

Bacause of the lack of consentis smong
mineralogiits, us well a5 the lhmited infarms- ©
honabomﬂnminmlspmunmonpub-..
lished hudian and animal dats (L, wheiher
the particles uséd or physéived really are fijers -
orclesge l‘rumems).mhavﬂot great gx-
teat ignored she distincgion and cuded up

of various fizes.” The commitice recognizes S .
that this ks not an ideal solution, aiid where . . . . . .
stropger evidenge of the cleavage fragment.
v asbesitform nature of a partioutar fitier x-

s, we have.nioted it. However, until there

hmnlbkmnmlodcumumtymm. B s

(continues as “genersl definition and the classification of specific satﬁples, and thep animal
experimentation with such classified materials, it appears to us impessible ¢o draw general

conclusions about biologic effects based on the distinction between cleavage fragments and

ashestiform fibers™

and from the conclusion:
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“ 3. The evidence for biologic effect distinctions based on mineralogic parameters, other than
fiber dimension and fiber number, i3 currently inadeguate.

4. At present, the prudent public health policy course is to regard appropriately sized
tremolite “fibers,” in sufficient exposure dose (concentratmn and duration), as capable of
producing the recogmzed ashestos-related diseases, and they should be regulated

accordingly” i
(Note: Itis strongly recommended that panelists read the full statement in the American
Review of Resplratory Medicine as referenced. Panellsts should also be aware that the
Environmental and Occnpatmnal Health Assembly of the Amencan Tlloraclc Socnety has
recently obtamed fundmg to reconvene a mew panel to update thxs statement wh:ch is i

cnrrently worklng on revisions and wxll meet in Seattle m May, 2003)

- 8) Please comment on wbcthcr the proposed cancer assessment approach is relevant to all
amphibole fibers or only fo the five types of amphibole fibers (acnnolxte amdsite, anthophyllite,

cracidolite, tremolite) designated in federal regulations.-
The proposed cancer assmsmcnt appmach is certainly relevant to all amphxbole fi bczs which

have been identified as capable of producing the recogmzed asbestos-related dlsease In addition
. to the five d&slgnated types these include nchtentc winchite, and possxbly edenite in one
location in Italy Given the very large numbet ofa.mp}uboles (over 50) it seems hkely that others
may be found to have forms which may actin similar ways, but- T am not aware of any at present.
It should also be noted that “amphiboles™ comprise a huge portion of the earth’s crust, and it
would be totally impractical to try to regulate ali forms of all amphiboles. In this regard the
authors’ proposal is very useful in that it fimiss the nonasbestxform amphiboles assessed to those

which have the same dimensional characteristics as the analogous asbestiform variefies.

9) The review document recommends that asbestos samples be analyzed by transmission electron
wmicroscopy (TEM) and count only those fibers (or bundles) longer than 5 pm. Such countmg
practices will provide no information on thc amount of asbestos fibers shortér thian 5 pm. To
what extent would data on shorter fibers in samples be useful for future evaluations (e.g., -
validation of the cancer risk assessment methodology, assmsmcnt of non—cancer endpomts)"

'This was answered above, with the exception of the point on “assessment of non-cancer endpoints™.
Again the panelists should be referved to the as yet unpublished ATSDR 2002 document which deals

specifically with this issue; there is a general consensus that such shedt structures are nol important in
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non-cancer endpoints — specifically lung fibrosis — but there are (unlike the case for cancer

endpoints) at least a few studies which contradict this.

10) The ptoposcd risk assessment methodo!ogy suggests that exposure esnmates should be based
only on fibers longer than 5 jim and thinner than 0.5 pm. Is this cut-off for fiber diameter
appropriate?

While the use of thls cutot’f would mclude most chrysoule and crocndohte ﬁbers of concerm, it
would not count some amosutc ﬁbcrs and would uot count a substantxal portlon of tremolite fibeis
of proven toxxcxty Hence thls cuto[f is nor appmpnate perhaps a wexghtcd index could be
apphed similar to that for ﬁber lcngth for thlcker fibers, but ultunately it must be reallzed that no
single technique for assessmg exposure by electron mxcroscopy in this regard will be cqually
applicable to all waste sites, and the hazard may be severely underestimated in some locations
should such a lxberal definition of dlamcter be adopted. Im pasticular, it is not appropriate to
exclude tremolite fibers under 1.5 pm in diameter from concern and from inclusion in

assessments of sites where tremolite is the major mineral of concern.

11) Discuss whether the proposed cancer ia.sse.ss;mcnt approach, as a whole, is a reasonable evatuation
‘of the available health effects data. What aspects of the proposed cancer assessment approach, if
any, are inconsistent with the epidemiology or toxicology literature for asbestos?

As a whole the proposed cancer assessment approach does appear to be a reasonable
evaluation of the available health data, aithough it is mistaken in some details. These were
described in previous sections. The emphasis on fiber type in risk assessment is long overdue;
evidence for fiber length criferia ifrth’e’ ‘approach is pechaps less solid, although cectainly it is true
that structures having length less thén 5 wm need not be assessed, and indeed (through the fact of

'skewed length dlsmbutmns) inclusion of this size category actually would provide risk '
assessmcnt whlch may elther ovcrstate or understate health effects. Use of the greater-than-10
um criterion-as the most}heawly welghted ﬁact(on, and the exact weight to attach fo it (or to

some other fraction), requircs 'diséuggiqn by the panel.

12)Section 8.2 -of the review documicnt presents three options for assessing cancer risks from
asbestos exposure. Please commient on the technical merit of the proposed risk assessment
options.
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I will Ieave this to the actual panel discussion.

Topic Aréa 4: ...the peer‘ review Acon‘sul‘tants are i;wited to provide any additionai
comments or con'cé.r‘n's, both strengths anq weaknesses, on topics not §pe:ci_tic‘hllj addressed
in the previous charge questions. the t‘ocus of this workshop is-on the ;.)r;)posed risk o
assessment methodology and how it may be used to support decisions at asbestos-contaminated

sites.
(signed)

Bruce W. Case, MD., M‘.‘Sc.,.Dipl. Occupational-ﬂygiene,~ F.R;C.P.(C.)
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CHARGE QUESTIONS

e

Topic Area 1: Iriferpretations of the epidemiology and teoxicology literature.

For lung cancer:

. A. lnﬁuence of f ber type: Please comment on the extentto, which the epldexmology

- literature and mechanistic studies suggest that carcinogenic potency varies from

* one fiber type to the next (e.g., chrysatile versus amphxbole fibers). How adequate

_isthe mformauon in the epidemiology literature for supporting dose-msponse
analyses fiber types? -Specifically, to what extent do you think the proposed nsk

. . cvefficiens in Table 6-29 ar supporied by the epldemxology literature?

Rosponse A lm'ge body of data éxist comparing mte consfanis for the mv1tro

. dissolution of fibers of different cherical compositions. A good correlation exists

between: these in vitro dissolution data and biodurability data collected in animal

‘miodels. Furthermore, a correlation exists between durability values and the potency

of fibers to cause fibrusis, lung cancer and mesotheliora in animal models. In vitro
dissolution data indicate that chrysotile is less durable than amphibole fibers.
However, in vitro toxicology data and animal studies do not consistently fine
chrysolite to be less bicactive (in vitro) or less fibrogenic or carcinogenic (in animal
models) than amphibole fibers. The report proposes that the time frame of in vitro
studies (hours-days) and animal studies (2 years) is too short for the dissolution of
chrysotile to become a significant factor. In contrast, the 30 year time frame for
asbestos-induced fung cancer is sufficiently long for chrysotile dissolution to
influence the results. This is a reasonable argument, and it is supported by the
modeling of the epidemiology data. The risk coefficients for lung cancer given in
Table 6-29 and 6-30 suggest a 5 fold greater risk from amphibole exposure than from
exposure to chrysotile. My view is that the epidemiological data support a greater
risk-coefficient for hung cancer with amphiboles than chrysotile. However, a 5 fold
difference in risk is debatable considering the uncertainties inherent in the data used

in this model

B. Influence of fiber length: Please comment on the extent to which the
epidemiology literature and mechanistic studies suggest that carcinogenic potency
varies with fiber length. How adequate is information in the epidemiology
literature for supporting dose-response analyses for different fiber lengths? In
general, is it appropriate to assess cancer risks using an exposure index (see
Equation 7.13) that is weighed heavily by fibers longer than 10 micrometers (um)?
(Note: Topic area 2 includes more detailed questions on the proposed exposure
index.)
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Response: In vitro mechanistic data generally support the hypothesis that long
fiber are more bicactive than short fibers. Animal data for fibrous and lung ¢ancer -
support this conclusion. Modeling of epidemiology also supports the hypothesis
that long fibers are inore potent in inducing lung cancer than short fibeis: -
Equation 7:13 heavily weighs the contribution of fibers > 10 um vs those between
5-10 pm in length by a factor of greater than 300:1. "The equationdismisses-
pacticles <5 ym int length as having no influence of pulmonary response.
Mechanistic in vitro data on cell proliferation, genegation of reactive species, and
cytokine and growth factor production indicate that short paiticles are not without
an effect. Indeed, although long fibers have been shown to activate transcription
factors and increase cytokine production form cultured cells to a greater‘extent
than shott fibers, a relationship to surface area was rioted (Ye et al. A ¥ Physiol
276: LA26-1434, 1999; JBiol'Chem 276; 5360-5367, 2001). Animal and
epidemiological studies of dsbestos toxicity indicate that short fibers aré relatively
less potent than long fibers.” However, these were relatively-pure exposures. Ina
mixed exposure condition, where exposure to short-or non-fibrous particles is
high, short particles may poteiitiate the pulmoriary reaction to long fibess.  The
World Trade Center site is an example of an exposure to high levels of short
paxhcla; ‘along with fiber exposure. The potency factor of 300:1 for fibers longer

thanl()pmseemslugh.

C. To what extent do animal studies (e.g., studies by Davis and other researchers)
suggest that carcinogenic potency varies with fiber type and fiber length?

Response: Animal studies do not support the 5:1 difference in lung cancer
potency of amphiboles to chrysotile. The report’s suggestion that a 2. year animal
study is too short for dissolution of chrysotile to be an important factor has merit.
Animal studies support the hypothesis that lung fibers are more potent .
carcinogeriesis than short fibers. However, animal studies do not support the
vhypoﬂlmls that short fibers orsphencal patticles are essenﬂally inert:

D. Please comment on.the extent to which carcinogenic potcncy isa functlon of fiber
properties (e.g., diameter, aspect ratio, surface properties) _other ihan fiber type
and fiber length. How adequate is information in the epidemiology or toxicology
literature for supporting these other properties into dose-response analyses?

Response: ' The major influence of fiber chemistry is expressed as differences in fiber
durability. Surface properties, such as the ability of chrysotile vs amphiboles to
generate reactive oxygen species, have not proven to greatly influence fiber ©
carcinogenicity in animal models. Diameter and aspect ratio affect fiber deposition in
the lung. However, the influénce on carcinogenicity in animal models as- mdependent
of deposition has not been adequately evaluated.
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For mesothelioma:

Influence fiber type: Please comment on the extent to which the epidemiology
literature and mechanistic studies suggest that carcinogenic poteacy. varies from one
fiber type to the next (e.g., chrysotile versus amphibole. fibers). How adequate is the
information in the epidemiology literature for supporting dose-response. analyses for
different fiber types? Specifically, to what extent do you think the proposed risk

. coefficients in Table 6-29 are supported by the epidemiology literamrc"

Response Inlrapenton&l mstlllau()n data do not suppon a grwt dﬂference between

- -the potency of chrysotile and amphiboles to induce mesothelioma. - I vitro

mechanistic data do not support a great difference in potency by fibestype: However,
animal data strongly indicate that chrysotile is less potentﬂmanxphibo[m in

producing mesothelioma. This is supportod by epidemiological data. . The relative

risk coefficients of amphiboles vs chrysotile for mesothetioma in Table 6-29 and
Table 6-30 are 500-600:1. Data support a large difference in risk..

: Inﬂuence of fiber length: Please comment on the extent to whlch the epldetmology

literature and mechanistic studies suggest that carcinogenic potcncy vanes with fiber
length. How adequate is information in the epidemiology literature for sipporting
dose-response analyses for different fiber lengths? In general, is it appropriate to
assess cancer risks using an exposure index (sec Equation 7.13) that is weighed
heavily by fibers longer than 10 micrometers (wm)? (Note: Topic area 2 includes
more detailed questions on the proposed exposure index.)

Response - Intraperitoneal instillation data support a stmng dependence on fiber

‘length. In vitro mechanistic data support a relationship between potency and fiber

length, although the refationship is not all or none. Modeling epidemiologic data
strongly support that long fibers are more potent than short fibers in.inducing
mesothefioma. Equation 7.13 indicates that fibers >10 pm should be weighed 300:1
over fibers 5-10; pm in length for mesothelioma. The welghmg for !ength and
mesothehoma is mechamsucally s!mnger ‘than for lung mncer

. To what extent. do ammal studies (e.g; studm by I)av1s and other mmhets)

suggest that carcinogenic potency-varies with fiber type and fiber length?;
Response: The difference in potency of chrysctile vs amphiboles and long vs short

- . fibers to cause m&othehom is supported by animal mhalatlon stndm

. Please comment on the extcnt to whlch carcmogemc potency isa functlon of ﬁber

properties (e.g., diameter, aspect ratio, surface properties) other than fiber type and
‘fiber length. How adequate is information in the epidemiology or toxicology:
literature for supporting these other properties into dose-response anafyses?
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Response: The major influence of fiber chemistry is expressed as differences in fiber |
durability. -Surface properties, such as the ability of chrysotile vs ampluboles to

generate reactive oxygen species, have not proven to greatly influence fiber
carcinogenicity in animal models. Diameter and aspect ratio affect fiber deposition in
the lung. However, the influence on carcinogenicity in animal models as mdcpendent

of deposition has not been adequately evaluagted. o

To what extent are the exposure estimates documented in  the asbestos eprdemrology
h(matme rehable'? ' ,

Response: “The problem with these data have been adequately dmcussed in ' the report.
Fiber characterization is not complete. Exposure levels for past exposures are often
estimates. These uncertainties don’t affect the conclusion that long fibers are more
potent than short fibers or that amphiboles are more potent than chrysohle However
they do make absolute quanutatmn of the potency differences difficult

Topic Area 2: The proposed ex?o;uro imlex.

4)

3)

The proposed exposure index does not include contributions from fibers shorter than
5 pm. Please comment on whether the eprdemrology and toxxcology literature
support the conclusion that asbestos fibers shorter than 5 pm present htﬂc or 6o
carcinogenic risk. ' :

Response: Cohorts for epidemiologic studies were chosen for the absence of major
mixed dust exposure. Animal studies were commlled for fiber exposum alone.
Therefore, the burden to paruclos less than 5 pm int length was minimized inthe’
experimental designs. At such low burdens, long fiber toxicity would dominate.
However, one could envision situations were high exposures to spherical particles or
short fibers could occur, Mechanistic dafa is "consisteit with the hypo!imls that such
burden would elevate the oxrdant/'mﬂammatory set pomt and mcrease the mponse to
long ﬁbexs 'Ilus pomt was discussed in 1B. '

' The proposed exposure index is weighed heav:ly by ﬁbers longer than 10 pm

Specifically, Equation 7.13 suggests that the carcinogenic potency of fibers longer -

‘than 10 ytm is more than 300 times greater than that of fibers with lengths between 5

aiid 10 pm’ How conisistent is this dlfference in carmnogemc potency with the
eprdenuology and toxxoology hteratme"

Responsé: See t%’ponso 1B and 4.
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Please explain whether the proposed exposure index will aflow meaningful
comparisons between currént environmental exposures to asbestos and historical
exposm'es to asbestos that occuned in the work place.

- Response: [t seems possible that current and future exposures of ‘environmenta

concern would be to mixed dusts rather than pure fibers. The proposed exposure

index would dismiss what might be a high exposure to spherical particles or short

fibers.' The World Trade Center site is an example of such a mixed dust exposure.
There are in vitro mechanistic data which would suggest that the responsiveness to
long fibers might be enhanced if the system was under particle-induced oxidative
stress and mﬂanunahorL o

Topic -Aiea 3; General quéstions.

7

8)

9

The proposed risk assessment approach assigns carcinogenic potency to individual
fibers and to cleavage fragments (or “bundles that are components of more complex
structures”). Please comment on whether cleavage fragments of asbestos are as
toxicologically significant as fibers of the same size range.

Response: Assigning équivalent potency to individual fibers and cleavage fragients
of equal dimension is a reasonable approach. Data from in vitro mechanistic studies
do niot indicate that celis can discern a difference between a smgle fiber or a bundle of

" equivalent dimensions.

Please commient on whether the proposed cancer assesseent approach is relevant to
all amphibole fibers or only to the five types of amphibole fibers (actinolite, amosite,
anthophylhtc crocidolite, tremohtc) designated in federal tegulauons

Response. RmpOnse to fibeis is govemcd by dose, durabxhty and dimensioris. No

‘mechanistic or animal data exist which would suggest that two types of fibers which
weré similar in the three charactenstxcs noted above would exhibit a different

biological response in the lung. Therefore, long diurable fibers not currently labeled
as asbestos if inhaled at a similar dose would be cxpecwdtomsult masumlardegrec

of pathology.

The review document mcommcnds that asbcstos samplw be anaLyzed by transmission
electron microscopy (TEM) and count only those fibers (or bundles) longer than 5
pm. Such counting practices will provide no information on the amount of asbestos
fibers shorter than § pm. To what extent would data on shorter fibers in samples be

" useful for future evaluations (e.g., validation of the cancer risk assessment

methodology, assessment of non-cancer endpoints)?
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Response: Use of TEM rather than PCM allows thin fibers to be counted. This is
appropriate, since long thin fibers would be expected to be highly pot‘ent. In .
evaluating risk of fiber inhafation as part of 2 mixed dust exposure, it is possible that
particles less than 5 um in length could enbance the response to long fibers. The
proposed assassment approach would i lgnoxe this possibility.

10)  The proposed nsk assessment methodology Suggcs!s that exposure mtlmatw should
be based only on fibers longer than 5 pmandthmnerono 5 g Is this cut-offfor
fiber dzameter appropriate? . : 4

Responsc. Since fibers up to 0. 7 pm can be depomted in the mpuatoxy ZoDe of the
_hang, it seems more appropnate to raise the cut—off to this value. .

i) stcuss whether the proposed cancer assessment approach, asa whole, isa msonable
evaluation of the available health effects data. What aspects of the proposed cancer
assessment approach, if any, are inconsistent with the epidemiology or toxicology
literature for asbestos?

Response: The concepts that amphiboles are more potent than chrysotile and long
fibers are more potent than short are reasonable. The debate is the weighing of these
potencies. The approach used to model existing epidemiologic and animal data is
reasonable. However, uncertainty of the weighing factors exists due to the
uncertainty of exposure and size characterization in the individual studies used in the
model.

12)  Section 8.2 of the review document presents three options for assessing cancer nsks
from asbestos exposure. Please comment on the technical merit of the proposed risk
assessment opfions.

Response: All three options assume that the weighing factors for fiber dimension and

. fiber type are adopted. Given that assumption option 2 appears to be simple to apply to
environmental conditions. Each option suffers from the uncertainty of the weighing
factors and each option ignores the situation of a significant mixed particle exposure.

Topic Area 4: Development of Conclusions and Recommendations

At the end of the workshop, the peer consultants will be asked to draft conclusion
statements identifying their most notable findings on the proposed methodology. Asa
prelude to developing these statements, the peer consultants are invited to provide any
additional comments or concerns, both strengths and weaknesses, on topics not
specifically addressed in the previous charge questions. After completing the discussions
the peer consultants will preparé their conclusions, and they will also be asked to develop
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recommendations for how EPA can improve the methodology. Please note that, although
recommendations for future research projects are welcomed, the focus of this workshop is
on the proposed risk assessment methodology and how lt may be used to support

-decisions at asbmtos—contammated sites..

Response: The proposed methodology is founded strongly on the premise that hung
cancer risk due to asbestos-is independent of other exposures. This is not the case with' -
smoking and asbestos exposure. Mechanisms for asbestos-induced caiicer include
oxidant damage, disregulation of growth control, production of inflammatory cytokines
and proliferation factors, down regulation of apoptosis, etc. Considering the current

‘mechanistic undesstanding of fiber-induced cancer induction, it is not unreasonable to

propose that lung burden to short fibers or spherical particles might change the oxidant
stress and/or mﬂanunatoryset point of thc lung and alter the lespomweness to !ong

© fibess.
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National Jewish Medical Research Center
1400 Jackson Street

Denver, CO 80206
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Fax: 303-270-2243

Email: crapoj@nijc.org:

Dr. Crapa is a professor of medicine at the University of Colorado Health Sciences Center,-Director of the °
Ph.D. Program for Graduate Health Care Professionals, and Associate Dean of the School of Medicine,
as well as serving as the Chairman of the Department of Medicine of the National Jewish:Center.
Previous fo his appointments in Colorado, he was a professor of medicine and professor-af pathatogy, and
direcior of extrapolation modeting at Duke: University.- He is a member of the American Thoracic Society,
American Federafion of Clinical Research, Sodiéty of Toxicology, and the American Physiological Society,
- as well as a fellow of the American College. of Physicians. He reéceived his B.S. magna tum laude from -
Brigham Young University and his M.D. from the University of Rochester. His certified medical specialty is
-~ internal medicine, with a subspecaa!ty in pulmonary disease. ‘He is a member of the editorial boards for .
‘{nhalation Toxicology; Environmental Health Perspectives, and the American Journal of Physiology=-Lung
Cellutar and Molecular-Physitlogy. He has published several textbooks including Toxicology. of the Lung,” -
‘“Extrapolatron of Dosimetsic Refationships for (nhaled Particles and Gases,” and Textbook of. Pulmonary
Diseases.” He has published numerous reviews, editorials, and book chaplers including “Aspects of .
respiratory tract structure arid function important for dosimetry modeling: interspecies.comparison,” Fate
and trarislocation of Fibers,”. "Models for Studying afrways Response to Environmental Injury,” *Application.
of Morphometsiic Methods ta Study Diffuse and Focal Injury in the Lung Caused by Toxic Agents,” and
Morphologic, Morphometric, and X-ray Microanalytical Studies on Lung Tissue of Rats Exposed to
Chrysolile Asbestos in Inhalation Chambers.” He has published many papers related to asbestos
including "Pulmonary macrophage accumulation-and asbestos-induced lesions at sites of fiber’
depasilion,” Characlerization of three types of chrysotile asbestos after aerolization,” Airway Branchmg
Patterns Influence Asbeslos Fiber Locahon and The Extent of T‘ssue Injury in the Pulmonary
Parenchyma.” :
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Workshop to Discuss a Proposed Protocol to Assess Asbestos-Related Risk -
Response to Charge Questions

Topic Area 1: lnterpregatﬁons of the epidemiology and toxicology literature. -

1) -For fung cancer:

A] Influencedffibertype: Pleasecomment on the extent to which the epidemiclogy fiterature and mechanistic
studies suggest that carcinogenic potency varies from.one fiber.type to the next {e.g; -chrysotile versus
amphibole fibers). How adequate is the information in-the epidemiology literature for suppoiting dose-
response analyses for different fiber, types? Specificaily, to what extent do you think the. proposed risk
ooeﬁiaents in Table 6-29 are supported by the eptdemnology literature?

§ concur that the epldemxology fiterature and ‘mechanistic studnes now. stmngly suggest that the mrcmogemc
potency vares between fiber.types. With respect to commercially. used asbestos produc:s the research
supports the carcinogenic potency as being: crocidolyte, > amosite >> chrysolile The recent review done-by
Hodgson and Daiton and the analysis prepared by Drs.. Berman, and Crump provide two approaches to
assessing the relative potency of fiber types with similar outcomes.. The epidemiologic data is now sufficient
to support developing different risk coefficients for. different fiber types. The coefficients shown on Table 6-20
are supported by the literature but are conservative. If the analysis done by Hodgson-and Darten were used,
it would result in-larger differences in the risk coefﬁctents than shown in Table 6-29. - . .

8] Influence of fiber length: Please comment on the' exten! to whlch the eptdemxo!ogy hlerature and

mechanistic studies suggesuhat carcinogenic potency varies with fiber length. How adequate isinformation ..

in the epidemiology literature for supporting dose-response analyses for different fiber lengths? In- general,
isit appropriatetoassess cancerrisks using an exposure index (see Equation 7.13) thatis weighed heavily
by fibers longer than 10 micrometers (um)? (Note: Topic area 2 includes more detailed questions on the
proposed exposure index.)

The epidemiology and mechanistic literature shows that the carcinogenic potential of asbestos is strongly
corelated with fiber length. There is sufficient literature to support the development of dose-response

relationships for different fiber lengths. The mechanistic {iterature shows that fibers less than 10-15 microns
in fength are cleared by macrophage action. The epidemiology literature supports the conclusion that the
fonger the fiber, the greater the carcinogenic potential, with fibers longer than 20 microns in length carrying
most of the associated risk for carcinogenicity. Based on the additional studies generated over the past 15
years, it would now be appropriate to develop cancer risk estimates that are heavily waighted toward fibers

fonger than 10 or 20 microns.

C] To what extent do animal studies (e.g., studies by Davis and other researchers) suggest that
carcinogenic potency varies with fiber type and fiber lengih?

Animal studies also suggest that carcinogenic potency varies with fiber type and fiber length, afthough the
differences are often less than that suggested by human epidemiologic studies. This difference is likely due
to the fact that animal studies are commonly done using extremely high doses (often given by injection or
instillation) and shorter periods of observation (fimited by the animal’s life span). Thesé differences have the
effect of removing fiber durability and clearance as substantial factors in determining carcinogenic risk. Thus,
differences in carcinogenic potency between fibers based on fiber durability are not adequately evaluated in
animal studies. In spite of this, animal work in general supports the concept that carcinogenic potency varies

with both fiber type and fiber length.

D] Please comment on the extent to which carcinagenic potency is a funclion of fiber properties
(e.g.. diameter, aspect rafio, surface properties}) other than fiber type and fiber length. How
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adequate is information in the epidemidlogy or toxicology literature for supporting these other
properties info dose-response analyses?

Fiber diameter is an important element in mmmogemc pctency prabably by mﬂuencmg the abmty of the fiber
;.tobe inhaled into the deep lung. The recommendation by Berman and Crump that sisk assessments should
be focused on fibers with diameters of 0.5 microns or less is reasonable, Aspect-rafio does not appear.to -
be a factor in determining carcinagenic risk. Aspect ratio is a valuable function in characterizing fibers from
other inhaled malferials, but there is no evidence that aspect catio is. an important factor in. predicting fiber
toxicity. There is some evidence thatother fiber characteristics, which include surface properties or chemical
oomposmon. may influence carcinogenic potential - although -this has not ‘vet.been. sufficiently defined to be
.. used in developing specific risk estimates. The cinrent epidemiology and toxicology fiterature would support
. wusing fiber diameter as an imporiant factor in determining carcinogenic potency, but woufd not suppart using
aspect ratio as a factor, and-is msutﬁclent to develop spectﬁc risk estimates for other fiber propertles _

g -One factor not adequatety constdered In the current document is me lnterrelatxonshlp between smokmg and
.asbestos exposure in tausation of lung cancer. Many- historical studies were not appropriately. contmlted for
-smoking. Smoking is a higher risk factor for causalion of cancer than is asbhestos exposure and thus. can
easily confound risk estimates that focus only on asbestos exposure. The ep:demfo!ogrc literature assessing
»the ability of asbestos exposure to contribute to cancer causation in the absence of smoking is weaks Another
important issue in developing correct estimates for asbestos exposure contribution to lung.cancer. fisk is
whether or not asbestosis is required before cancer risk is elevated. There is a substantial body of literature’
suggesting that formation of asbeslosis is required before asbestos exposure-will increase lung cancer risk.

. 2 For mesothefioma:

A} tnﬂuence of fiber type: Please comment on the extent to which the ep:demlotogy hterature and
...t mechanistic studies suggest that carcinogenic potency varies from one fiber type to the.next {e.q.,
chrysolile versus amphibole fibers). How adequate is the information in the epidemiology literature
for supporting dose-response analyses for different fiber types? Specifically, to what extent. do you
. think the proposed risk coefficients in Table 8-29.are supported by.the. epldemsotogy literature?
My comments for mesothefioma are similar to those for lung cancer.  The carcinegenic potency varies
between fiber types The epidemiologic fiterature shows a much farger difference in carcinogenic. potenbat
{based on fiber type) for mesothelioma than for lung cancer. The risk coefficients shown in Table 6-29 are
- conservative estimates based on current fiterature. A criticaf question.nat fully resolved by current,
- fiterature is whether common human occupational exposures o chrysofile result in a fow fisk of -
. mgsothe!_loma or whether such chrysaolile exposure carries no risk. it is posgible that amphibole .,
T contamlnants in chrysotx‘le {commonty tremohte) create the low |evel nsk of mesothelmma reconjed in
- "chrysome gnly cohorts Mast mesolhelmmas found in chrysotﬂe exposed cohorts are, assoctat with the .
mimng environment. MacDonald and colléagies have suggested that the mesothelioma risk in chrysonle
=.tnining cohorts is_primarily associated with tremolite contamination. Based on curvent literature, { would
¢ancur that the congervalive approach would be to use nsk coefﬁcnents for mesothehoma such as those

proposad in Table 6—29

b,

influence of fiber length: Please comment on the extent to which the epldemlology literature and
_-_._mechamst:c studies suggest that carcinogenic potency varies with fibeg Jength, How' adequate is
information in the, eprdemlotogy literature for. supportmg dose—response analyses for dm‘erent fiber
' _lenglhs? In general, is it appropnate fo assess cancer risks using an exposure index (see '.
Equatxon 7.13) thatis welghed heavily by fibers tonger than 10 mwfometers im)? (Note Top|c
area 2 incdludes more detailed quastions on the proposed exposure index.)

I coricur with the assessment by Berman and Crump that fonger fibers camry the pnmary risk for development
of mesothefioma. Itis appropriate (o use exposure indices heavily we:ghted for fibers longer than 10 microns
{or 20 microns). Fibers fess than 5 microns in length have not been shown to cany significant potency.
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Cl To what extent do animal studies {e.g., studies by Davis and other researchers) suggest that
carcinogenic petency varies with- fiber fype and fiber length?

1 .
Animal studies, in general, support that there are differences in carcinogenic potency with fiber type and fiber
length. Depending on study design, those differences may be under-estimated or not present due to the dose

"andfor route of administration of the asbestos and due to the shorter duration of animal studies. The effects
of ﬁber durabzluty in determining carcmogemc potency are not adequately assessed in animal studxee.

D}- - Please- comment on the extent to which ‘carcinogenic potency is a function of fiber propertiés
{e:g., diameter, aspect ratio, surface properties) other than fiber type and fiber fength. How =~ .~
adegquiate is information in the epidemiology or toxrcology hteralure for suppo;ﬁng these othér
pmperues |nto dose—response ana!yses?

Carunogenxc polency has deady téen shown' to be a function of ﬁber diameter which mﬁuenocs the- -

respirabifity of the fibers. There is no data associating aspect ratio with carcinogenic potency other than its

ability to-identify-a fiber-as opposed 'to' a particle.. Other factors such as surface property and chemical
: oomposmon fikely play an effect, but this is not ‘adequately defined by curent lxteralure For example, Fatx
&t al.’(2001) showed using raf pleural mesothelial celfs that crocidofyte had an impact on-growth' factor
expression not- seer with chrysoile and which was removed by milling the crocidolyte. I'would expect
méechanistic studxes to- eventua[!y deﬁne chemiwl orsurface charac!enshw of fibers which oou’(d be mcluded

m risk estimates. -

=3) -To what extent are the exposure esﬂmates documerited in the - asbestos epldemiology
fiterature reliable?

Most of the asbestos epidemiology literature contains relatively crude estimates of exposure, Most
estimates are quaitative and, at best, contain orily intermittent assessments of exposure levelSunder specific
work condition$. Even in those cases, exposure conditions are not generally well characterized as to fiber.
type, fiber length, or fiber diameter. The exposure estimates in the epidemiology literature aré adequate for
general conélusions but do not commonly allow rigorous comparison between shudies. It would be advisable
to recommend new criteria for assessing exposures which would include ime-weighled exposure conditions
and greater characterization of the fibers, |n¢ludmg a more complete assessment of ﬁber length and fiber
diameter dlsmbuhons

Topic Area'2: The proposed exposure index_
4 The propoSed exposure’ Index does ot Include contributions from fibers shorter than 5 pm.

- Pléase . comiment .on wheffier.. the" eprdemlology and toxicology  literature support the
) 'concluslon that asbestos ﬁbers shorter than 5pm present mtle ar no camlnogenlc nsk. s

- The epldemlology and foxicology lnlerature support the conclusion’ that ﬁbers shorter than 5 mlcrons
in length do not significantly contribiite to carcinogenic risk. There are sufficient epndemlologrc stuo“ses
at the present time to exclude fibers shorter than § microns in length from carcinogenic risk estimates

for asbeslos exposures.

5 - The proposed exposure ndex is welghed ﬁeavlly by fibers Ionger than 10 pm. Specvf' ically,
Equatmn 7 13 suggests that the carclnogenfcpotency of fibers longer than 10 pm is more than
300 tlmes grea!er than that of fibers with’ Ienglhs between § and 10 ym. How consistent is this
differénce in carcmogentc potericy with the epidemw!ogy and toxlcology hterature?

The. fiber length coefficients used in Equatnon 6.7 and Equatxon 7.13 are consistent with the
epidemiology and toxicology hterature i
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&) Please explain whether the proposed exposure index will allow meaningful comparisons
between current environmental exposures {o asbestos and hrstoncal exposures fo ‘asbesfos

that occurred in the work place.

The proposed exposure index will be somewhat difficult to apply to historical exposures in the
workplace becausedataregarding fiberlength and width characteristics are not consislently available
in that fiterature. However, .many reasonable - assumptions can’ be .made based on known fiber
charadteristics from different products.-Use of the proposed exposure index should enable a re-
evaluation of historical workplace exposures and may help reconcile some of the unexplained risk
differences between various workplace environments. Changing lto a new exposure index will lead
- to problems in comparing to historical data, but this should not inhibit moving to a more comect
exposure index. Oneé problem not adequately considered in the cument document is the relationship
of smoking and asheslos exposure in lung cancer causation. When considering comparisons of
current environment conditions to historic conditions, one-must also recognize that there are major
. changes in the smoking characteristics of today’s workers. This will copfound interpretation of risk
.- eshmates related o asbestos exposures when. oompansons are.done to historical studies.

Topic Area 3' General questlons.

7) The proposed risk assessment approach assigns cammogemc potency to mdlwdual fibers
and to cleavage fragments {or Abundles that are components of more complex-structures@).
Please comment on whether cleavage fragments of asbestos are as tox:caloglcally slgmﬁcant
..as fibers of the same size range. . .

My interpretation of the existing literature is that cleavage fragments of asbestos are ‘toxicologically
. significant only if the fragments remain of sufficient length (10-20 microns or longer). | am aware of
no data showing that short cleavage fragments of asbestos show carcinogenic potential.
8 - =Please comment on whether the proposed cancer assessment approach is relevant to all
-amphibole fibers or only to the-.five types of amphibole fibers (actmohte. amosite,
anthophyfiite, crocidoiite, tremolite} designated in federal regulations.

it is my general assumption that the proposed cancer assessment approach would be relevant to all
amphibole fibers, however, there is rigorous data only on a limited number of amphibole fypes — mast
of the data is focused on crocidolyte, amosite and tremolite.

9 The review document recommends that asbestos samples be analyzed by transmission
electron microscopy (TEM) and count only.those: fibers f{or bundles) longer.than 5. ym. Such
counting practices will provide no information on the amount of asbestos fibers shorter than
5 pm. To what extent would data on shorter fibers in samples be useful for future evaluations
(e.g., validation of the cancer fisk assessment methodology, assessment of non-cancer

endpoints)?

Based on curent lilerature, 1 would not expect counting asbestos fibers shorter than 5 microns in
length to significantly enhance one's ability to validate cancer risk assessment methodology or known
cancer endpoints. Itis, however, difficult to make firm statements about data one does not have. The
critical question is the cost of including short fiber counts vs. the potential future value of the data. if
costs were low, Twould include such counts. The curvent data do not support including counts of short
asbestos fibers at a high economic cost.

10) The proposed risk assessment methodology suggests that exposure estimates should be
based only on fibers longer than 5pm and thinner than 0.5 um. Is this cut-off for fiber diameter

appropriate?
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The use of. counting methodology identifying only fibers longer than 5 microns in fength and thinner
than 0.5 microns in widihis appropriate. This proposed change in methodology wouldbe a substantial
advance over the current use of a 3:1 asped ratio.

Discuss whether the proposed cancer assessment-approach, as'a whole, s a reasonable
evaluation of the available health effects data. What aspects of the proposed cancer
assessment approach, if any, are inconsistent wlth the eptdemlology or toxicology literature

for asbxtos?

The proposed cancer assessment appraach is consistent wnh the epndemtology and toxroology

" fiterature for asbestos. My primary concems relate (o the absence of an adeéquate’ assessment of the

confounding impact of smoking on lung cancer risk assessments and the absence of evalisating the
role of asbestosis as a factor in determining lung cancer risk. The'epidemidlogy literature shows that
both of the above factors are major-components in determining lung cancer risk in asbestos exposed
cohorts. Neither of these factars have been clearly shown to have' a finear comelation with asbestos
exposure alone. Table 8-xxx on page 8-10 makes an attempt to assess smoking impact on both
chrysotile and amphibole exposures. This assessment. should: be expanded " and. .intemal
fnconsistencies in the table resolved. Duration and intensity of smoking need to be more fully
characterized:: Looking at . Table 8-xxx, why would a male nonsmoker who is not exposed to an
amphibole have a 4 times hlgher fung cancer risk than a male nonsmoker - not’ exposed to chrysotﬂe?

Section 8.2 of the review document presents three opt:ons for assessmg cancer risks from
asbestos exposure. Please comment on the technical merit of the proposed risk assessment
opﬁons.

All three proposed options have significant limitations. The use of a risk table is simpler for genera!
use but is limited by factors such as the assumption of a constant exposure inbothintensity and fiber

-characteristics. It is also limited by erude grouping with other characteristics such-as smoking.

intensity and duration of smoking are also huge factors that modify the risk assessment. § would, in
general, favor estimating.risk- using.a unit risk factor if this approach were.adequately developed and
expanded, particularly if this unit factor could be accurately integrated with other major factors in
cancer causation such as smoking, other exposures, and the formation of asbestosis.

Topic Area 4' Development of Conclusions and Recommendaﬁons .

My inina! recommendauons are. xncluded in the prevrous comments

B-59

HWBUI0011132



B-60

HWBUI0011133



David Hoel
B-61

e e e e S s

HWBUI0011134



David Hoel

Professor

Medical University of South Carolina
36 South Battery

Chadeston, SC 29401
843-723-1155

Fax: 843-723-7405

Ema|l wh!tepo nt ao! oom

Dr. Hoel recelved his AB. (Mathematl(s and Statlsucs) wuth highest honors from the
University of Califormia at Berkeléy, and his Ph.D..in Statistics from the University of

North Carolina at Chapel Hill. He is Distinguished University Professor at the Mediéél:-i“ o
University of South Carolina, Clinical Professor, Department of Radiology at the

University of South Carolina School of Medicine, where he also served as Professor <

and Chairman, Department of Biometry and Epidemiology and Associate Director for '
Epidemiology at the Hollings Cancer Center. For twelve years he served as the 5o,
Director of the Division of Biometry-and Risk Assessment, Nationaldnstitute of ~ «it-0 =
Environmental Health Sciences in Research. Triangle Park; North Carolina. Heis a.. .-
meniberof Intemational Statistical Institute and a Fellow of the American Statistical -
-Association. He served as the vo-editor.of Biostatistics. inCancerRisk Assessment,

Scientist, Inc., Tokyo, 1991 and Multimedia Modeling and Risk Assessiment (co-editor-
with J Regens and C Travis), The Medical University of South Carolina Press, 1999.

He is the Section Editor, Joumal of Environmental Pathology, Toxicology and -

. Oncology,; Contributing Editor, American Jouimal of Industrial Medicine; Member,
Intemational Agency for Research eh Cancer Working Group on the Use of Mechanistic
Data to Evaluate the Carcinogenicity of Chemicals to Hurmans, 1991; Member, US.
Consumer Produict Safety Commission’s Chronic Hazard Advisory Panel (CHAP) 1999
He is a member of the American Statistical Association, the Royal Statistical Society,
the Biometric Societly, the International Statistical Institute, and the  Society for Risk .
Analysis, among others. He is a member of EPA's Science Advnsory Board's .. .
Environmental Health Committee (1997- ) and a member of the U.S. Consumer Product
Safety Commission’s Chronic Hazard Advisory Panel (CHAP),{(1999-). Hehas .
published over 150 papers, including “Perspective and Overview of the Concepts and
Value of Hazard ldentnﬁcahon as’ the Initial Phase of Risk-Assessment for Cancer and

] E -Health 18(1):83-89,. ST

1992, Huff J and: Hoel DG; “Conoordance of Carcmogenlc Response between Rodent -

Species: Potency Dependence and Potential Underestimation,” ‘Risk Analysis 127115~

121, 1992, Piegorsch WW, Carr GJ, Portier CJ and Hoel DG:; and “ Multistage Models

of Carcmogenes:s and Their lmphcahons for Dose Response Mode!s and RISK ST

Projections,” ffects

and Protection. Mtto ‘Japan, March 18-20, pp 123-126, 1992, Hoel DG

M

HWBUI0011135


mailto:whitepoinf@abi.obm

David Hoel

‘ Response to the Charge Questions

This is a very interesting and a very complex risk assessment. | am in support of what
the authiors and the agency are attempting to due. The question is whether relevant
analysis and review can be accomplished in the short ime period we have. 1 have
restricted myself to the area of epldem:ologrcal data and the quantstatwe models being -
used with this data. . _ .

The general comments 1 have so far are as fol!ows-

Models: - ; ‘ ‘ ‘

For both lung cancer and mesothelcoma two specnﬁc nsk models are used These models
are applied to the fitting of grouped epidemiological data usirig- Poisson regression.: The
models .appear to describe the epidemiological data in a.reasonable manner. ['have
several-questions conceming the adequacy of these models and the lmpaclthey make on

theﬁnalnskeshmates. . . S R

For lung mncer.-_a'snmple relative risk model using cumulative.exposure is used. For this type
of data, one.often sees the estimation of internal rates without the need of incorporating
external lung cancer mortality rates: The authors are not clear. as fo why they prefer the use of -
external rates followed by an estirnation of the alpha parameter, which allows an adjustment for
the dtfference between the backgmund {ung cancer rates-of the cohort and those of the general

populahon

Another issue is the chon:e of a linear relationship of cumulauve exposure t6-risk as opposed to
the separation info exposure rates and duration of exposure. Forexample; the lung cancer and
cigarette smoking modeling of Péto and Doll-find a Imear quadtatlc effect of smoking rate with a-
4"to 5" power of duraluon of smokmg
For mesolhelloma the model. assumes that-riskis proportionat to: cumulatlve'eXposure

- . . .Further, the effect is proportional to.the. 3" power.of time sincefirst exposed with alen-year

“ latency; Again, the question is whether this-modeliis. the appropriate one for dealmg wuth the,

various cohorts that report mesothelioma. e .

it may be that the quantslauve resuits of the overal! analysns of the eptdemxological data are
fairly robust with respect ta these two cancertisk. models If this i is not the case, then itis |
important to understand the |mpact of the quanutatlve nsk results on the’ cho:oe of these lwo
very specific cancer modéls. .

Risk Estimates:

‘The optimized risk coefficients for pure fiber types are given in Tables 6-29. Table 6-30 gives
conservative values. it would be more informative if simulations incorporating the estimated
modetl uncertainties could be carried out and used in place of table 6-30.
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Topic Area 1.

1)} Lung Cancer. At this point in my review i believe that the epidemiological data is
.supporting the questions raised in A) & B). .1 have notreviewed the animal data so {
- have no angwer for C). - Based on the human data 1do not believe we know beyond
. fiber type and length as in D). Butlam stifl Iookmg at this queshon
2). Mesothelioma: Same answers as with Lung cancer. )
3) Not my area of experhse """

Topic Area 2-4.

. I hope to have answers for a number of these questions as wé get closer lo the meeting
time. N o o A ;

ln genera! fo appropnately answer many of the specaﬁc charge questlons wxﬂ g
necessarily require rev:ewmg a large amount pnmary research papers .

CHARGE QUESTIONS

Topic Area 12’ L A :
. " ’ Interpretations of the epidemiology anid toxicofogy fiterature.
1)
. For lung cancer.
Aj Influence of fiber type: Please comment on the extent to which the epidemiclogy fiterature and
mechanistic studies suggest thal carcinogenic patency varies from one fiber type to the next (e.g.,
chrysot:le versus amphabole fibers). How adequate is the mformahon in the epxdemro!ogy hteralure

for suppdrting dose-response analyses for’ different fiber types? Specuﬁcaﬂy. to what extent ‘do you
think the proposed risk coefficients in Table 6-29 are supported by the epidemiology litérature?

Answer: Ameta type analysis was used to group ‘studies of similar fiber type

,;from the epxdemmloglcal literature; These studles appeared to be faitly - oL
heterogeneous ‘and the weighting factors were, madified.by. mooxporatmg ad. hoc
measures of study quality which resulted in increased confidence intervals. The.

- fesulting weighted potency estimates with confidence: intervals by fibertypewere
not specifically given. However there did appear to:be a-difference in potency by
fiber type (pure chrysotile v. amphibales) although they may not necessarily be
statistically different. »

_They linear RR model fits the South Carolina (Chyrsotile) example very well
while it was necessary to include an additional parameter. (alpha) in order to fit
the Wittencom miner data (u'oc:dohte) which Continiied to appear to be’

nonlinear. The reason for'assuming that'the sportaineous rate for lung cancer in
this cohort being twice that expected is not clear other than’ ‘the data is poorly fit
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without the additional parameter. How well the linear mode! describes the data
for other cohorts is not described with respect to residual patterns.

The risk estimates in Table 6-29 depend upon the concept that potency for a
given asbestos type depends primarily length ‘and diameter of the fibers. This is
the result of animal inhalation studies (Daws et al.) which are assumed to directly
apply to man. If this is correct the one can say that the Table 6-29 results. are

not inconsistent with the epidemiological data. The estimates can not apparently
be derived solely from epidemiological findings.

B| influence of fiber fength: Please comment on the extent to which the epidemiology literature
and mechanistic studies suggest that carcinogenic potency varies with fiber length. How adequate
is information in the epidemiology literature for supporting dose-response anatyses for different
fiber Iengths? i general isit appropnate to assess cancer risks using an éxposure index (see
Equation 7.13) that is weighed heavily by fibers longer than 1¢-microméters {um)? (Note: Topic”
area 2 includes more detailed questions on the proposed exposure index.}

Answer: As stated above the epidemiology literature does not provide adequate
information on fiber length and potency. Using the animal data to develop the
exposure index 7.13 and applylng it fo the epidemiology data does not change
greatly the forest plots given in Figures 6-3 and 6-4 with regard to heterogeneity.

C] To what extent do animal studies (e.g., sludies by Davis and other researchers) suggest that
carcinogenic pokency varies with ﬁber Yype and ﬁber length?

Answer: It would be useful to have Appendix C available to answer this
question. Based on the mformat:on from the animal studies it is clear that

.potency varies with fiber type and length.

0] Please comment on the extent lo which carcinogenic potency is a function.of fiber properties

(e.9., diameter, aspect mbo, surface properties) othier than fiber type ‘and fiber length. How

adequate is mformanon in the epxdemzology or tox:oology Ilterature for supportmg these other

: "pmperﬁes into dose-response analym?

Answer The eptdemlology data does not- prowde adequate mformatzon on these

measures with regard fo cancer risk.-

For mesothelioma:

Al lifluence of-fiber type: Pledse comment on the extent to which the epidemiology literature and

-mechanistic studiés suggest that carcinogenic potency varies fromone fiber fype to the next (e.g.,

chrysotife versus: amphrbo!e fibers). How adequate is the information. in the epidemiology literature
for supporting dose—response analyses for different fiber fypes? Specifically, lo what extent do you
think the’ proposed nsk ooeﬂicaents in Table 6-20 are supported by the epidemioiogy !Iterature?
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Answer: The epidemiological data is somewhat limited for mesothelioma,
however the available data shows a strong difference in potency by fiber type.
‘Because of the limited data, poténcy is necessarily assumed to be finear in
concentration.” The model which assumes a third power of lagged duration since
exposure is not: spectﬁcally used. .The exact method employed by the authors is

Casli understand a nonparametnc descnptron of time since exposure oomponent
Thisis.a reasonable approach which should be better than the paramefric
approach. The data is too limited to determine whether the parametric model is
realistic. The coefficients in Table 6-29 are reasonable but because of limited
data I have {ess confidence than for the lung cancer values.

B} Influence of fiber fengtfr Please comment on the extent to which the epidemiology literature i
and mechanistic studies suggest that carcinogenic potency varies with fiber lfength. How adequate i
is.information in the epidemiology.iiterature. for supporting dose-response-analyses for different

- fiber lengths? In genera), is it appropriate to- assess cancer fisks using an exposure index {see
-Equation 7.13) that is weighed heavily by fibers Tonger than 10-micrometers (um)?- (Note: Topic
area 2 includes more detailed questions on the proposed exposure index.)

Answer: As wnth Iung cancer the eptdemtolng:cal data are insufﬁc:ent to estimate
potency based on fiberfength. .

C} To what extent do ammal studies’ (e 9., stud|es by Davxs and other researchers) suggest that
. carcinogenic potency varies with fiber fype and fiber lengih?
/4

Answer: The Davis data does show length and type . dufferences but only a total
of 13 tumors are avaitable from the 18 expefimental groups for the estimation of
the differences. There are therefore large uncertainties which are not estimated
and incorporated into the model. There seems to be the assumption that the
fiber length and width effects for lung cancer are simifar for mesothelioma. -

D] Please comment on the extent o which carcinogenic potency is a function of fiber properties.
{e.g.. diameter; aspect ratio, surface properties) other than fiber type and:fiber length, How,
adequate is information in the epidemiology or toxicology literature for suppm’ang these o!her
properties into dose-response analyses?

~ Answer; The. epldemtology data does not provide adequate mformatlon on these
. measures ‘with regard to mesothehoma risk. :
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To what extent are the exmsufeeslimates documented in the asbestos epidemiology literature
rehab!e‘? '

Answér: |am not qualified to comment on the industrial hyglene aspect of the

“epidemiological studies. However, it seems that the comparisons between lung

burden and air concentrations are reasonable gwen assumphons concemmg

' retentxon of the fibers.

Topic Area 2:

4)

The proposed exposure index.

' The proposed exposure index does hot include contributions from fibers shorter than 5. .

- "Please comment on whether the epidemiology and toxicology literalure support the condusuon

5)

6)

- -fhat asbestos fibers: shorter than S pm present fittte or no caranogemc risk.

Answer: The anlmal datais c!ear that there is no cancer nsk for exposures. to
fibers less than 5um. The epidemiologicatl data provides tio informatiorn on this
issue due to the mixed fiber sizes in the occupational exposures. The =~
epidemiological data is not inconsistent with this animal finding.

The proposed exposure index is welghed heavily by fibers longer than 10 um. Specuﬁcally,
Equation 7.13 suggests that the carcinogenic potency of fibers longer than 10 pm is more than
300 imes greater than that of fibers with lengths betweén 5 and 10 pm. How consistent is this
difference in carcinegenic potency with the epidemiology and toxicology literature?

Answar: The analysis of the animal inhalation data produces this finding. What
is not given is the statistical uncertainty of this result. Also there may be
physiclogical differences between rat and man that suggests that the species
extrapolation may not be valid. This I simply do not know would like: to see a

‘discisssion of the'issue.

'_Please explain whelher the proposed exposure |ndex will allow meamngful compansons between

current environmental exposures to asbestos and historical exposurés to asbestos that occurred
in the work place.

Answer: Since the historical exposures are the basis for the risk models it
should be reasonable to estimate risk from cument environmental exposures.
One issue | have is whether or not the simple linear assumptions are approprate
for relatively low current exposures. If not the environmental risks may be over
estimated. There is simply no way of knowing this unless mechanistic data can
provide an answer.

Topic Area 3:

General questions.
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. The proposed risk assessment approach assigns carcinogenic potency to individual fibers and to

: deavage fragments (or “bundles that are components of more complex structures ). Please

Lomment on whether cleavage fragments of asbestos are as toxreotogrcatly srgnrﬁcant as ﬁbers of
the same size range. . -

Answer: At this point | have no opinion on the concept of ctea\rage fragments.
Please comment on whether the praposed cancer assessment approach is relevant to all

amphibole fibers -or only to the five types.of amphibole fibers (actinolite, amosite, anthophytlrte
crocidolite, tremofite) designated in federal regulations.

4 Answer § srmpty do not know enough about asbestos ﬁbers to’ say whether an
N extrapolatron beyond the five types is:reasonable. - | feel that the risk-estimates .

< using the types reported in the animal and epidemiology data are reasonable.

9)

10) -

11)

12)

- the cancer risk assessrnent methodology, assessment of non-cancer endpoints)?

s

The revlew document recommends that asbestos samples be analyzed by transmission electron ‘
microscopy (TEK) and cotint only thase fibers {or bundies) longer than's um. Such coliiting
practices will provide no information on the amount of asbestos fibers shorter than § pin. T what
extent would data on shorter fibers in-samples be useful for fulure evaluations {e.g., valrdatron of

Answer Obvrously data on shorter ﬁbers woutd be useful in future studies i in
order fo.confirm the currently proposed risk analysrs_ -

The proposed risk assessment methodology suggests that exposure estimates should be based
only on fibers longer than 5§ pm and thinner than 0.5 um. s this cul-oﬁ for fiber drameler

appropriate'?

Answer Based upon the !rmrted anrmal and eprdemlologrcal data this. seems

. reasonable fo me.. If this is not oorrect the contrrbutron to risk for fibers outside
thrs range.wou!d bevery. smatl at beet =

- 'L‘-

Discuss whether the prcposed cancer assessment approach, as a whole, is a reasonable
evaluation of the available health effects data. What aspects of the proposed cancer assessment
approach rf any, are inconsistent with the eprdemro!ogy or toxicology Hiterature for asbestos?

Answer The onty issue | have is, whether effects are proportronal to exposure-

:,The altematrve approach has been to consrder the specific 2—stage model of

Moolgavkar. Twould also be interested in seeing an application of the more.
traditional Armitage —Doll multistage model! as has been used recently with
diesel exhaust and lung cancer.

Section 8.2 of the review document presents three’ options for assessing cancer risks frofii
asbestos exposure. Please comiment ori the techinical merit of the proposed risk assessment
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options.

Answer: | prefer the seécond method since it is an estimaté of the actual riskfora
individual dassnﬁed by gender and.smoking status. It should be extend to cover
scenarios of varying or terminated éxposures and smoking status. The other
approaches are crude general estimates of increased risk.

Topic Area 4: _ S e o -
' Development of Conclusions and Recommendations

At the end of the workshop, the peer consultants will be asked to draft conclusion statements identifying
their most notable findings on the proposed methodology. As a‘prelude th developing these statéments,
the peer consultants are invited to provide any additional comments or.concerns, both strengths and
weaknesses,; on.topics not specifically addressed in the previous charge questions. After completing the
discussions the peer consultants will prepare their conclusions, and they will also be asked to develop
recommendations for how EPA can improve the methodology. Please note that, although
recommendations for future research projects are welcomed, the focus of this workshop is on the
proposed fisk assessment methodology and how It may be used to support decisions at asbestos- .
contaminated sites. . )

Answer: For both lung cancer and mesothelioma, two specific risk-models are
used. These models.are applied to the fitting of grouped epidemiological data in
a Poisson regression manner. The models appear to describe the
epidemiological data in a reasonable manner. | have several questions
conceming the adequacy of these models and the impact they make on the final
risk estimates. :

For lung cancer, a simple relative risk model using cumulative exposure is used.
"For this type of data, one often sees the estimation of internal rates without the
need of incorporating extemal lung cancer inortality rates. The authors are not
dear as to why they prefer the use of extemnal rates followeed by an estimation of
the alpha parameter, which allows an adjustment for the difference behweeri the
background lung cancer rates of the cohort and those of the general population.

Ancther issue in the medel is the choice of cumulative-exposure as opposed to
the separation mto exposure rates and duratlon of exposure. For example the

of alinear quadratlc effect of smokmg rate and aq"n to 5t power of durahon of
smokmg .

For mesothelioma, the model assumes that risk is proportional to cumulative
exposure. Further, the effect is proportional to the 3* power of time since first
exposed, with a ten-year latency. Again, the question is whether this model is
the appropriate one for dealing with the various cohorls that report
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mesothelioma.

it may be that the quantitative results of the overall analysis of the
epidemiological data are fairly robust with respect to these two cancer risk
models. If this is not the case, then it is important to understand the impact of
the quantitative resulis on the choice of these two specific cancer models.

Finalty, as | mentioned in response to question 11, § would be interested in the
use of the multistage model as it describes degregs of initiaion and promotion.

Alsoﬂwmeha—malysesusedappearwomredyusemndaneﬁedsmodetdue
to the heterogeneity of the studies. Publication bias was not considered i.e.

funnel plots efc.
Refersnces
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Agency. Seplember 4, 2001.

EPA 1986. Alrbome Asbesios Health Assassment Update. U.S. Environmantal Protection Agency. EPA
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.. 97 Old Forge Road

Tuxedo, NY 10987
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Dr. Lippmann is a professor of environmental medicine at the New York University (NYU) School of
Medicine. He holds a Ph.D. (NYU, 1967) in environmental health science, an S.M. (Harvard University,
1955} in industrial hygiene, and a B.Ch.E. (The Cooper Union, 1954} in chemical engineering. At NYU, he

-directs a research prograrm on human exposure and health effects and the EPA-supported Particulate -

Matter Health Effects Research Center. He has been the recipient of numerous awards for his research
and contributions in aerosol science and pulmonary physiology, human exposure assessment and
dosimeiry, chemical transformalions in the atmosphere population studies of exposure—response -
relationships in occupatlonal and community cohofts, and factors affecting the toxicity of airborne fibers”
Much of this research has been focused on specific chemical agents, notably ozone, sulfuric acid, and, _
asbestos. Dr. Lippmann is a past president of the Intemational Soaety of Expasure Analysns {19941 995)
past chairman of the ACGIH (1882-1983), of the EPA Sclence Advisery Board's Execulive Committee " -
(2000-2001), EPA’s Advisory Committee on Indoor Air Quality and Total Human Exposure (1987-1993),
and . EPA’s Clean Air Scientific Advisory Commitiee (1983—-1987). He has also chaired and,beena )
member of numerous National Research Council committees, including ‘commiliees on synthehc vitreous
fibers, measurement dnd contio! 'of respirable dust inmines, indoor pallutants, toxiGity data elemeénts, and'

_in-vivo toxicity testing of complex mixtures. His publications include 260 research and revuew papers in the
'scientific literature and reference texts on envifanmental health séience.
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Responses to Chaige Questions

Topic Avea 1: Interpretations of the epidemiology aid toxicolagy literature.

§] Fof lung c&:cer

A} Influence of fi ber “ype: Please comment on the extent - to whlch the epldexmology htemmrc and
mechanistic smdles suggcst that carcmogemc potency varies from one ﬁber type to dxe next (e.g., chrysotxle
versus amplubolc ﬁbels) How adequate is thc mformatlon in the epldemlology |ltcrature for supportmg
dose-rcsponse analyses for different f ber gpes‘? Speclﬁcally, to what extcnt do you thmk the' proposed nsk
coeﬂicnents m'l'able 6-29 are supported by the epldermology htcrature"

Response The epndemlology hterature controlled ammal mhalatmn exposure suldles, and mechamstlc
studies’ cntsd by chlan and’ Crump a:e among the most apptopriate for neptesennng the dlffe:enual potency
of chrysotile’and amphnbolc fibers for cgusmg increased rates of lung (;anccr. The K, pocfﬁctcnts _hst_qQ in

Table 6-29 represent the best estimates curcently available and are based on a rcasonable interpretation of

the available literature.

B] Influence of fiber length: Please comment on the extent to which the epidemiology literature and
mechanistic studies suggest that carcinogenic potency varies with fiber length. How adequate is information
in the epidemiology literature for supporting dose-respoase analyses for different fiber fengths? In general,
is it appropriate to assess cancer risks using an exposure index (see Equation 7.13) that is weighed heaviiy
by fibers longer than 10 micrometers (pm)? (Note: Topic area 2 inclpdés mmore detailed q'uestions on the

proposed exposure index.)

Response: The epidemiology literature and controiled animal exposure studies that have provided adequate
data on fiber length and diameter distributions i the exposure atmospheres and/or delivered tissue dose
cleady demonstrate that fiber length is a critical determinant of carcinogenic potency. The conclusion was

firmly supported by the recent ATSDR Workshop Report: “Report on the Expert Panel on Health Effects.
of Asbestos and Synthetic Vitreous Fibers: The Influence of Fiber Length™ (Draft Final of 12/23/02). The
epidemiology literature supporting exposure-tesponse analyses for different ranges of fiber lengths is still

quite sparse, but a formulation that is weighted heavily for fibers longer than 10 pm is certainly justified.

Tt may neced further refinement in the future (e.g., giving preater weight to fibers longer than 20 pm) but the
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proposed formulation is clearly superior to the pre-existing: formulation that makes. us distinction beyond

length > 5 pm.

C] To what extent do animal studies {e.g., studies by Davis and other researchers) suggest that carcinogenic

potency varies with fiber type and fiber length?

Response: The controlled exposure studies in animals (rats) by the John Davis group in Edinburgh-and the
" Chris Wagner group in Penarth-are among the most informative concerning the influence of fiber type {c.g.,

amosite, other amphiboles, chrysotile, and erionite) and fibex size (length and width), as summarized: by

Lippmann (1988, 1994), and the discussion Bemu\n and Crumps document would have beenstrengthened. . .

by a more complete reference to the analyses cited in those papers.

D] Please comment on the extent to which carcinogenic poteicy is a function of fiber properties (e.g.,
diameter, aspect ratio, surface ‘propertics) other than fibér typé and fiber length. How adéquaté’is
‘ information in the epidemiology or toxicology literature for supporting these other properties into dose-
response analyses?
Response: Carcinogenic potency can be influenced by fiber diameter and surface propetties, bué aspect x-at'io,
per se, has no biological significance. Fiber diameter can be influeatial in two different ways. One is that
fiber diameter is closely related to aerodynamic diameter, which in- tum largely detcrmines deposition
probabilities in the conductive airways and lung parcnchyma. The mucociliary and r_nacmpl';age,mcdiated
clearance pathways-and residence times at deposition sites are determinants of toxic potential. The other way
that fiber diameter affects:carcinogenic. potency is that very thin fibers appear to.be able to penetrate through
pores i the respiratory epithelium and thereby gain more .ready' Qccess to interstitial lung celis and Xymphanc
drainage pathways.

Surface properties can affect dissolution rates and thereby biopersistence, the generation of reactive
oxygen species, and the release of quiator& from lung cells, and all of these factors may be important to
carcinogenic potency for lung cancer. '

Aspect ratio, i.e., the ratio of fibér length to fiber width, has no known biologicaf significarice in and
of itself. Fiber lengths and witlths thermselves are the critical detérminanis of toxicity, as discussed ‘above

and in the Berman and Crump document. The information in the epidemiology and toxicology literature
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provides quite adequate support for these conclusions in regard to exposure-response relationships for lung

cancer.

2) + For mesothelioma:

Al Influence of  fiber fype: Please comment on the extent to which the cpidémiology literature _a'nd

mechanistic studies suggest that carcinogenic ‘potency vaties from one fiber fype to the next {e.g., chrysotile

versus amphibole fibers). How adequafc is the ‘informétion ‘in the epidemiclogy literature for supporting
dose-response analyses for different fiber fypes? - Specifically, to what extent do you think the- proposed gisk
coefficients in Table 6-29 are supported by tlie epxdemxology literature? .

Response: The epidemiology literature, controlled anim'al inhalation exposuré studies, and fmechanistic
studies cited by Berman and Crump are among the most appropriate-for :eprmen;ing the differential potency
of various fiber ¢ypes for causing: mesothelioma. It is clear that, in terms of potency, erionite fibers >
amphibole asbestos fibers > cheysotile fibers for given ranges of fiber diameter and fiber length. Table 6-29
provides coefficient estimates for mesothelioma (K,,) associated with amphiboles and chrysotile fibers that
are based on an incomplete evaluation of the relevant literﬁture, and need to be adjusted to. reflect tI:x.e

influcnce of fiber length, as discussed below.

B Influénce of fiber length: Please comment on the extent to which the epidemiology literature- and
mechanistic studies suggest that carcinogenic potency varies with fiber length. How adequate is information
in the epidemiology liferature for suppotting 'dose-response analyses for different Jiber Ieugth.;'? In geperal,
is, it appropriate to assess cancer risks using an exposure index (sce Equation7.13) that is weighed heavily
by fibers longer than 10 micrometers- (im)? “(Note: Topic area % includés more detaited questions on'the
praposed exposure index.)

Response: The epidemiology literature and contolled animal inhalation exposure studies iclearly‘iixdicafe ﬁbt
fiber-length is 4 critical determinant of potential to cause mesofticliorna. As discussed by Lippmann (1‘988)(

shoct amphibole fibers (<5  pum long) are essentially innocuous, in both studies ‘in human lungs: (T iiflbmll,

1983) and rats (Davis, 1986), and the criticat fibers for mesothelioma induc_tiox} are those between 5 and 10 -

pm in leagth Fibers longes than 10 pm are not effectively translocated to the mesothelioma. Thus, for
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mesothelioma, it Is not appropriate for the exposure index to be heavily weighted for- fibers longer than 10

m.

C] To what extent do animal studies (e.g., studies by Davis and other researchers) suggest that carcinogenic
potency varies with fiber type and fiber length? l

Response: Potency for nicsothelioma induction clearly varies' with both fibiet length and fiber fype: As noted
above (in 2B), the critical fiber lengths are those between S and 10 pm, and; as noted (in 2A), fiber type'is
also a critical determinant, with crionite > amphibole > chaysotile.. In. fact, as noted by Lippmann (1994),
the mesothelioma associated. with exposure to commercial chrysotile arg most likely .due fo the trcmolité

component of the commercial chrysotile.

D] Please comment on the extent to which carcinogenic potency is 3 function of. fiber properties (e.g.,
‘diameter,. aspect ratio, surface properties) other than. fiber typc and fiber length. . How adequate is
. information in the epidemiology or toxicology literature for supporting these other properties into dose-
response analyses?
Response: As noted in 1D above, surface properties caa affect dissolution rates and thereby biopersistence,
.the generation of reacufve'oxyger‘x species, and the release of mediators from lung cells, and all of these
factors. may be important for carcinogenic potency. .Accessible internal surfaces within fibers, such as that
_characteristic for. etionite fibers, may . account for the exceptional potency of gzionitg for producing

‘mesothelioma in rats (Wagner et af., 1985) and humans (Baris et al., 1987).

As noted in 1D above, aspect ratio, per se, has no influence on carcinogenic potency,

3) To what extent are the exposure estimates documented in the asbestos epidemiology literature reltable?

. Response:~ "The exposure -estimates - documented- in the asbestos epidemiology- literature clearly have
weaknesses associated with: - a)-.lhe différent exposure indices measured-(total dust count, PCM counts of
fibers > 5 pm-in length-that-could not detect very thin fibers and could -not discriminate among fiber types,
SEM, and TEM); b) the lack of information on fiber length and fiber diameter distributions i the PCM, SEM

and TEM measurements; ¢) the relatively- few long fibers seen in SEM and TEM measurements; resulting
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i Nimited statistical validity for long-fiber counts. A significant contribution made in the Berman and Crump
document was its ability to locate, access, analyze, and document better fiber distribution data from archived

sampling filters collected during past epidemiclogy and controlled animal inhalation studies. -

4) The proposed exposure index does not include contributions from fibers shorter than 5 pm. Please
comment on whether the epidemiology and toxicology literature support the conclusion that asbestos fibers
shorter than 5 pm present little or no carcinogenic risk..

Respons‘e: - The rocent ATSDR: ‘Workshop Report: “Report-on the Expért Panct on Health -Effects of
Asbestos arid Synthietic Vitreous Fibers: The Influence of Fiber Length” (Draft Final of 12/23/02) clcarly

indicates that fibers shorter than 5 um present little or no carcinogenic risk.

5) . The proposéd exposure index is weighed heavily by fibers Ionge;r than 10 pm. Specifically, Equation
7.13 suggests that the carcinogenic potency of fibers longer than 10 pm is more than 300 times greater than
that of fibers with lengths between 5 and 10 pm. How consistent is this difference in carcinogenic potency
with the epidemiology and toxicology literature?

Response: The heavy weighting of fibers > 10 pm in length is quite appropriate for risk assessments for lung
cancer, as documented in the literature réview provided by Berman and Crump.  On the other hand, as noted
in my response to charge "question '2B), such weighting is not appropriate’ for risk assessments for

mesothelioma, where the risk is most closely associated with fibers between 5 dnd 10 yrn in length

6) Please explain whether the proposed exposure index will -allow raeaningful comparisons between
current environmental exposures to asbestos and historical exposures to asbestos that occurred in the work
place. L S

Response: The proposed: exposure index is based largely on analyses, of the .past relationships between

‘cancer incidence. in asbestos exposed populations- in the mines-and mills.in Quebec, a textile plant in South

Carolina and. crocidolite exposed workers at Wittenoom.in Australia, and historic and retrospective analyses
of the airborne fiber concentrations in those work environments. The extrapolation of that experience to the

carcinogenic hazards associated with contemporary environmental exposures to people exposed to tremolite
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fibers In Libby, Montana; varous California communities around surface deposits. of serpentine, people
- exposed to dust from the World Trade Center collapse in New York and New Jersey, and other places is
- reasonable and prudent insofar as the exposure concentrations in thesé coxmqunities are within about two

orders of magnitude of those in the historic occupational cohorts.

.7)  Thé proposed risk asscssment approach assigns carcinogenic’potericy to individuAl fibers ‘and to
cleavage fragments (or bundles that are components of more complex structures). ‘Please’ commént on

. whether cleavage fragments of asbestos are as toxicologically significant as fibers of the same size rangé.

Response: The toxic:potential of inhaled minerat and vitreous: fibers: has been shown to depend most strongly
on fiber lepgth, fiber diameter, and biopersistence. There is very. little_ evidence that amphibole asbéstoé
cleavage ﬁagments m the fiber diameter and fi ber leugth mnge of concem are less hazardous than

compa!ably szzed asbestiform fibers. In fact, thc only directly relevant comparison, i.e., thc Dav;s et al.
(!991) compamtxvc study of stx tremohte asbestos samples (three asbestlform ﬁbers and thrcc clcavagc
fmgment dusts), which was dlscusscd in some detail in the Berman and Crump document {pp-. B 3 through
B-10), showed that the nisks fmm the tremolite cleavage fragments, when appropriately adjusted accordmg

to their protocol structure formulation, had quite comparable potency to the asbestiform tremolite.

8) Please comment on whether the proposed cancer assessment approach is relcvant to all amphlbole

fibers or only 1o the five types of amphlbole fibers (actmohte amosnte anthophylme cmc.dome, tremohtc)

dmlgnated in federal rcgulanons

Response: Since all amphlbole asbmtos ﬁbers tan bc expccted to be bloperslstent and be found m dlamctcrs :

“and lengths that are associated with cancer causation, there is no good reason, bascd or blology, to lumt

regulations to the five specific types now regulated.

s

9) Thc review document recommends that asbestos samples be analyzed by transmlssmn elcctron ,

microscopy (T EM) and couat only those fibers (or bundles) !onger thai'5 pm. Such counting pracnces wnll

provide no information on the amount of asbestos fibers shorter than 5 pm. To what extent would data on
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shorter fibers in samples be useful for future evaluations (e.g., validation of the cancer risk assessment
methodology, assessment of non:-cancer endpoints)?

Response: Fibers shorter than 5 pm can contribute to asbestosis in occupationally exposed indivi;iuals
(Lippmann, 1988). However, the asbestosis risk is not closely related to fiber number, but rather to fiber
surface area. The counting of fibers < 5 pm in length would serve no purpose in cancer risk assessment, and
asbwtosis. requires exposuzes to asbestos at concentrations far higher than any likely to be encountered in

nonoccupational environments.

10}. - The preposed risk assessment methodology suggdsts that exposure estimates should be bascd only

on fibers longer than 5 pm and thinoer than 0.5 gym. Is this cut-off for fiber diamerer appropriate?-

Response: There is ne good reason to exclude fibers between 0.5 pm and 1.5 pm fn diameter (~ 5 g
aerodynamic diameter) in a risk analysis for lung cancer. Such fibers can penetrate to small lung airways,
and same asbestos mincrals pro&ucc rhany fibers in this range of diameter {especially anthophyllite). On the

other hand, there is little risk for mesothelioma for fibers thicker than 0. 15 pm (I;ippmann, 1988).

i) Discuss whether the proposed cancer assessment approach, as a whole, is a reasonable evaluation
of the available health effecis data. What aspects of the proposed cancer assessment approach, if any, are
inconsistent with the epidemiology or toxicology literature for asbestos?

Response: The Berman and Crump cancer assessment approach is quite reasonable for lung cancer risk
assessment. However, as discussed in my responses to charge questions 2B and 5, it is not optimized for

mesothelioma risk assessment.

12) Section 8.2 of the review document presents three options for assessing cancer risks from asbestos
exposure. Please comment on the technical merit of the proposed risk assessment options.

Response: The three dviﬂ_fef-en-t risk assessment options proposed by Berman and Crump are all usable, albeit
with some varation in the convenience with which they can be applied. The easiest to use would be Option

2 (Risk Table), but as acknowledged by Berman and Crump, this could lead to errors for short-duration

exposures.
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For applica(ibn of any of these options, reliauce on Equation 7-13 may be appropriate for lung cancer
-risk estimation. However, it is almost certainly -misleading for mesothelioma risk assessment, where its

emphasis on fibers longer than 10 pm is not warranted.

References

Baris Y1, Simonato L, Artviali M, Pooley F, Saracci R, Skidmore J, and Wagner JC. - 1987, Epidemib[ogim!
and environmental evidence of the health effects of exposure to erionite fibres: A four-year study in the

Cappadocian region of Turkey. Int. J: Cancer 39:10-17.

Davis JMG, Addison J, Bolton R, Donaldson K, Jones AD, and Smith T. 1986. The pathogenicity "of long
versus short fibre samples of amosite asbestos administered to rats by inhalation and intraperitoneal injection.

Brit. J. Exper. Pathol. 67:415-430. ) E . -

Davis- MG, Addison J, McIntosh C, Miller BG, and Niven K. 1991. Varations in the carcinegenicity of
. tremolite dust samples of differing morphology. Ann. NY Acad. Sci. 643:473-490.

Lippmann M. 1988. Asbestos exposuce indices. Environ. Res. 46:36-106.

Lippmann M. 1994. Deposition and retention of fibres: Effects on incidence of lung cancer and

mesothelioma. Occup. Environ. Med. 51:793-798.
Timbrell V. 1983. Fibres and carcinogenesis. J. Occup. Health Sci. 3:3-12.

Wagner JC, Skidmore JW, Hill RJ, and Griffiths DM. 1985. Erionite exposure and mesothelioma in mté..
Br. 1. Cancer 51:727-730. ’ oL

Some General Comments on the Berman and Crump Technical Support Document

This document needs a lot of editing for both technical content and organization. For example, there’
are numerous places where a statement in an earlier chapter relies on text in a later chapter. The text is overly
encyclopedic and cites many papers whose relevance to the issues of concern in relation to the development of
a better model for asbestos fiber risk assessment is nat apparent. Also, there are indications of references to be
supplied (see pp. 5.7, 5.8. and 5.10) as well as incomplete refesences in the reference list. Who is to do the -

needed work to make this decument a better suppott for the recommendations offered? How much help for
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this needed work is the.responsibility of the Workshop's Peer Consultants? The merits of the basic formulations
and recommendations of the Berman & Crump document should not be discarded because of the quite stoppy

presentation in their document.

Seme Specific Technical Comments on the Berman and Crump Document
1) Replace "dose-response” with “exposure-response” in all of the numerous places where the epidemiology
and controlled animal inhalation exposure results are discussed. »
2) Replace “ashestos-relateéd risks™ with “asbestos.fiber-related risks”. Nonfibrous asbestos dust exposutes are
a different issue, A
3 - The.discussion of dust counts based on midget impinger samples on p. 4.6 needs to be clarified for most
potential readers of this document. ’ ’

4} Their reliance on Raabe {1984} for a discussion on the quantitative aspects of particle deposition, and of
Figure 7-1 from that paper o illustrate it, is inappropriate as an up-to-date and authoritative reference. A more
appropriate reference is ICRP Publication 66: Hurman Respiratory Tract Model for Radiological Protection,
Ann. ICRP,Vol. 24, Nos. 1-3, 1994,

5) The 4th, 5th, and 6th builets in Section 7.1.4 are wholly or partially incorrect statements.

6) The first paragraph on p. 7.16 misspells “mucus” five times.

7)‘ The fast bullet on p. 7.18 indicates, incorrectly. that diffusional transport .inﬂuences asbestos reteation in the
lung and othé:'- tissues. '

-8} There are various piaca where the 'auttllors have notes to themselves to reconsider or compléte the text (sée

pp. 7.48 , 7.65, and 7.103)..
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Preliminary Comments for Workshop on “Proposed Protecol to Assess Ashestos-Related Risk”

A G.enml&‘nmmn&s

[n addmon to respondmg to the 12 specific cha.rgc questlons formulated by the U S
Envuronmcntal Protectlon Agency I believe it is. appropnatc to respond to a more: general over-arching
quesuon. Speclﬁcally, “Has the Agency, and its Conlxactor, reviewed all‘of the rclcva.nt mformatlon_ on
the caxcmogcmc nsks of asbcstos and’ mtetp:eted, synthcsnzcd and mtegmted thie mformatxon ina
scu:ntlﬁcally adequate manner for mgulatory decision malcmg”? In thc followmg comments I Wlll

address tha ovemm:bmg question I have posed.. —

L

L The material provided by the Agency as backgmund matenal for tha Workshop does not
reflect a comprchcnswe and thoreugh review of the htemture Neu.her does the matenal prowdc a hlgh
degree of confidence that all the :elevant htemturc has been! rewewed mterpretcd, synthes:zcd and
lntegmtcd ina scncntlﬁcally sound i manncr tbat lcnds conﬁdcncc to the ﬁmshcd product meetmg the h:gh
standards required for use in regulatory dccxsnon makmg- Tlm:e pnmary documents wicre provided to the
Panel in sequential fashion; (a) a document labeled, “Final Draﬁ - Techmcal Suppo:t Document for a
Protocol to ‘Assess Asbestos—Related R:sk” preparecl by D.W. Berman and K Cmmp dated. Septcmber 4,
2001, (b) a document labcled “Fmal Methodology for Conductmg Risk Assessments at Asbcstos
Supcrfund Sltcs Part 1: Protocol, Intenm Version’ preparcd by D. W. Berman and K. Crump dated
February 15, 1999, and (c) a document, EPA/600/8-84/003F, June 1986 Airbortic Asbéstos Héam.
Asmsment Update prepared undér the ausplces of the Envu'onmental Cntena and Assessment Ofﬁcc
Ofﬁce of Health and Envxmnmenta! Assessment, Ofﬁcc of Research and Development, U S

Envtroamcntal Protection Agency.
Taken in aggregate these documents do not répresent an up-to-datc Sumrxiary of the

voluminous Jiterature available on the health effects of asbestos and, specifically, the fung cancer and
mesothelioma risks of exposure to asbestos. The base document, “Airborne Asbestos Health Assessment .
Update™ was prepared by an EPA contractor, Dr. William J. Nicholson, nearly two decades ago and
reviewed at that time by the Environmental Health Committec of EPA’s Science Advisory Board. In the V
intervening years, numerous additional papers on the health effects of asbestos, including new
epidemiological analyses and mechanistic studics on the carcinogenicity of asbestos, have been

published. New and improved analytical methods for characterizing exposure to asbestos have also been
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developed and adopted.

The two other documents noted-above are also dated. . Despite the intervals from .

September 4, 2001 (the Suppert Document) and February -5, 1999 (the Methodology) to present,.the
«documents remain “works in progress” with incomplete referencés and omissions. It is a challenge to the
reader to follow. the logic being used to synthesize very complex data sets into relative simple algorithms

to describe exposure-response gelationships for lung cancer and mesothelioma induction by exposure o
~different types-of asbestos fibers with varying dimensions.

The apparent haphazard and protracted approach te developing a scientifically.sound
approach to characterizing the nsks of asbestos exposure is clearly not.refated to-this being a “back
bumer” issue. During the {ast ﬁo decades, the issue of asbestos-related health effects has received |
substantial attention in the courts and resulted in the bankruptcy of some 60 companies. ;

To get the “asbestos-risk characterization” train on the track, so to speak, the Agency

-might consider using an approach that has served the Agency well in dealing with the criteria aix

-pollutants. That approach is multi-phased. In the first phase, a criteria document is prepared periodically

a. for each eriteria-pollutant by the Agency’s Naticnal Center for Environmental Assessment, Office of

Research and Development, with input from knowledgeable scientists both from within and outside the-
Agency. These encyclopedic documents describing all that is currently known about the pollu:tant-are
reviewed by.the Clean Air Scientific Advisory Committee (CASAC), a part of the Agency’s Science
Advisory Board. CASAC no(éﬁcs the Administrator by a “closure letter” when it-has reached a
consensus-that the criteria document provides a scientifically adequate review of all the available
information in the polintant.

In a second phase, the Agency’s Office of Air Quality Planning and Standards, Office of -
Air and Radiation Programs, prepares 2 Staff Position Paper, that deaws éxclusively on information in the

-criteria d(‘)clumg:nt, to critically assess the information specifically germane 1o assessing the risks of
exposurc to the pollutant in question. The Staff Position Paper is also reviewed by CASAC and when a
consensus is reached by the Committee that the document provides a-scientifically adequate basis for .

:«{cgulatory'. decision making, a “closure letter” is issued to the Administrator. -The agency then proceeds
to use fh:e resulting information to set National Ambient Air Quality Standards and take other regulatory
-actions.

Th; process describch above is transparent, open, and engages the scieatific community,

interested parties and the public. The process is not without controversy. However, the open and
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participatory nature of the process results in controversy focusing on scientific issues. Legislative
mandates for review of criteria pollutants every five years have rarely been met. Nonetheless, steady
progress has been made in réviewing new information on a regular schedule. .

Without question, the Agency-would benefit from having an up-to-date comprehensive
review of the current state of knowledge on the health effects of asbestos. The credibility and scientific
and public acceptance of the review would be enhanced by obtaining input from a-number of
knowledgeable scieatists in addition to Drs. Berman and Crump and baving rigorous peer review by the
Agency’s Science Advisory BoattL - -

A subsequent risk assessment prepared using information included within the health
assessment document would have enhanced credibility if it were based on the.input'éf a number of
v knowledgeable scientists. This statement is not intended to question the cr'edibilify and scientific
credentials of Drs. Berman and Crump who are clearly two of the world’s experts on the subject at hand.
Despite their credentials, I submit that involvement of other scientists in a participatory and transparent
manner would enhance the scientific credibility and acceptance of the final product.

As a third ‘step, it would be appropriate for the Agency to provide a brief document
detailing how the asbestos risk assessment will be used by the Agency in fulfilting its regulatory and
enforcement agenda. The present decuments leave these important matters open to speculation.: This .
includes the scientific reviewers who do not know how the science, the associated vacertainties and the
various assumptions will be used. For some applications a high degree of uncertainty and the use of

many assumptions may be scientifically defensible: For other applications, this may not be the case. -

2. Using only the three documents-provided, it is difficult to assess if all the relevant
-information on asbestos-refated health risks has been considered. Without question, the 1984/1986
Assessment is out of date. Thus, attention focuses. on the two other documents. The manner of
presentation in these documénts is such that 1 am uncertain if other knowledgeable scientists could-
reproduce the calculations and quantitative results. The basic assumptions used in the various -
calculations are not always clearly spelled out This leads to uncertainties as to the linkages between the

various tables and related text as the document builds to summary conclusions (Tables 6-29-and 6-30).

3. The documents in numerous places acknowledge the substantial uncertaiaty in

developing quantitative estimates of exposure-response coefficients for various types of asbestos (with
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varied size characteristics) producing {ung cancer and mesothelioma. Nonetheless, these uacertaintics

are rarely quantified and are sbsent from the summary conclusions (Tables 6-29 and.6-30).

4. Two key inter-related uncertainties that are not adequately addressed in-the documents. . .-
relate to (a) the shape of the exposure-response relationship ov,cr_-lﬁe range of observations from.
epidemiological studies of occupationally exposed populations, and (b) the basis of extrapolation from
observations at high levels of generally prolonged occupational exposure to much lower. levels of
environmental exposure. Thesc issues have been a focus of attennon in EPA s revnscd cancer risk.
assessment guidelines. Itis of mterest that the Agency s proposcd revnsed cancer nslc assessment

guidelines are not even referenccd in cither document.
The proposed revised cancer risk assessment guidelines emphasize the imp.of,tancc of

using a two-step process First, ‘characterize cxposurc—responsc rclauonshxps over the range where
_-observations can be-made. Then in 2 second step, ext(apolate to lowcr exposure levels. Neither step is
adequately documented in the material at hand. Intuitively, one woutd anticipaté considerable variation-
._ in extrapolated risk at eavironmental levels of exposure. To the extent it is possible the u}\cenainty

should be quantified.

5. During the last two decades substantial progress has been madé in understanding the
mechanistos by which fibers may induce cancer. The present documents focus on advances in
understanding the role of fiber dimensions as determinants of carciftogenic potency.

However, the documents do not adequately address a related issue, biopersistence, and
especially the role of fiber solubility. in biopersisténce. Advances in this area hive been extraordinary -
with regard fo man-madé ﬁbers and have led industry to make ‘revolutionary changes in commercial man—
made fibers, ie., mcrcasmg solubility and, thus, reducing their potentml for causmg “hutnan cancer. Thi§
body of science should be reviewed in the document becausé it may have applicability to some situations
involving asbestos fibers. Specifically, provision should be made for changes in risk coefficients for
asbestos fibers if it can be shown that the solubility of the fibers differs from the solybility of the
asbestos fibers purported to induce cancer in the epidemiologica'l studies used as the basis for the

exposure-résponse mt;d'e'l; that have been advanced.

6. I am uncestain at iliis juncture if the proposed risk assessment approdch is sufficiently
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well developed and validated and the associated assumptions and uncertaintics identified to warrant its
use in the ficld for regulatory decision making. However, [ do see substantial- merit to the approach and
urge the Agency to continue with development and validation of the approach on an accelerated basis.
This accelerated process should-include provision for broader scientific community pacticipation in the

development process and more peer-review than has occurred in the past.

B. Specific Comments
Topic Area1: Interprefations of the e‘p.idem'ii')logy and toxicology literature.
1) For lung cancer.
-a} Influence of fiber type: Please comment on the extent to which the e;iidemiology literature
and mechanistic studies suggest that carcinogenic potency varies from one fiber type to the next
.(e.g., chryotile versus amphibole fibers). How adequate is the information in the epidemiology
literature for supporting dose-response analyses. for different fiber types? Specificaily, to what
extent do you think the proposed risk coefficients in Table 6-29 are suppo'rtc.d.by_ _the
epidemiology literature? '
. It is my professional opinion that the epidemiological literature and mechanistic studies provide
strong evidence for the hypothesis that carcinogenic polency varies from one fiber type to another;
crocidolite > amosite > chrysotile. There is also evidence that within a fiber type, differences in
carcinogenic potency may also exist
The proposed “optimized risk cocfficients” in Table 6-29 may well be appropriate. However, the
document in its present form does not clearly relate the origins of the “representative values” in Table 6-
15 and their linkage to the “optimized risk coefficients” in Table 6-29 and the “recommended risk
cocfficients” in Table 2-1 of the protocol document. The Hodgson. and Darnton (2000) analysis, cited m.
the do_c;umeht,_ provides di@cgent coeflicients, Tﬁg basis for.the difference is not cI;a;.,:
In future reports on this topic, it is important that additional attcation be given to clarity of
presentation including the origin of any values and gssociatéd assumptions and uncertaintics. Wheaever

possible uncertainties should be quantificd.

b] Influence of fiber length. Pleasc comment oa the extent to which the cpldemlology l|terature )
and mechanistic studies suggest that carcinogenic potency varies with fiber length. How
adequate is information in the cpidemiology literature for supporting dose-response analyses for
different fiber lengths? Iu general, is it approprdate to assess cancer risks using an exposure
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index (sce Equation 7.13) that is weighed heavily by fibers longer than 18 micrometers (pum)?
(Note: Topic area 2 includes more detailed questions on the proposed exposure index.)
It is my. professional opinion that the epidemiological literature and mechanistic studies clearly
« show a strong correlation between fiber length and carcinogenic potency for asbwfos. Ifan integrated.
exposure index is devetoped and used, it is appropriate to give substantially greater weight to fibers
greater than 10 pm in length as Berman and Crump have done.

¢} To what extent do animal studies (e.g., studics by -Davis and other researchers) suggest that

carcmogemc potency varies wuh fiber type and ﬁber le:ngth"

The animal studics are clearly informative on the topics of fiber type:and fiber fength. Tbxs .
includes the early work of the Wagner group and the more recent work of the Davis group. .This section-
of the report would be strengthened by more‘careful consideration of previous analyses including those

of Lippmann (1988 and 1994).

. d] Please comment on the extent to which carcinogenic potency is a function of fiber properties
(e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber length. How
adequate is information in the epidemiology or toxicology hteratute for supporting these other
propetties into dose-msponse analyses?
Fiber diameter is an unpo;tanq determinant of the .ceirci:.logenic potency of fibers. Fiber diati_i_e‘ter .
is a major determinant of the aerodynamic diameter of fibers which strongly affects the deposition
probablllty of fibers. In contrast, fiber length has only a smal] mﬂuence on aerodynamlc diameter. The
diameter of fi bers mﬂuences the surface area of t' bcrs which, along thh surface chemistry, mﬂuences
the dlSSOlullOl‘l rate of ﬁbexs and the mtcractlou of ﬁber consmuents w:th blologtml systems
The aspect ratxo isof i |mponance in deﬁnmg what lS oris not chamctcnzed as a fiber. Thc o

definition of a fiber as an elongated particle with an aspect ratio of greater than 3tolas typically used

seems reasonable.

2) For mesothelioma:

a] Influence of fiber type: Please comment on the extent t6 which the epidemiology literature
and mechanistic studies suggest that carcinogenic potency varies from one fiber type to the next
{c.g., chrysotile versus amphibole fibers). How adequate is the information in the epidemiology
literature for supporting dose-response analyses for different fiber types? Specifically, to what
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extent do you think the proposed risk coefficients in Table 6-29 are supported by the

epidemiology literature?

The results of epidemiological inivestigations supported by mechanistic studies pro'{fide
substantial support for a variation in mesothelioma induction petency associated with fiber type: erionite -
> tremolite/crocidolite > ¢hrysotile. Because of difficulties in interpreting the vatious studies, it is not
possible to rufe out the hypothesis that pure chrysotile exposures are not associated with raesothelioma
induction. .

The proposed “optimized risk coefficients” for mesothelioma in Fable 6-29 may-be appropriate.
However, the linkage to the individual smdms from which they are denved is not always cl-r nor is the
lmkage to the “representative values™ in Table 6-15 or the “recommended fisk- coefﬁclents in Table 2-1
of the protecol document.

I future repérts, it is important that additional attention be given to clarity of presentation
including the origin of all values, explicit statements as to assumptions used and sta’temcrits of the

underlying uncertainties. Whenever possible uncertainties should be quantified.

b} Influence of fiber length. Piea%c comment' on the extent to which the epidemiology literature
and mechanistic studies suggest that carcinogenic potency varies with fiber length. How
adequate is information in the epidemiology literature for supporting dose-mponse analyses for
different fiber lengths? In general, is it appropriate to assess cancer risks using an exposure

index (see Equation 7.13) that is weighed heavily by fibers longer than 10 micrometers (Lm)?

{Note: Topic area 2 includes more detailed questions on the proposed exposure index.)

The epldenuologlcal literature, supported by the results of controlled ammal exposure studnm
cleardy indicate that ﬁber fengthis a maJor determinant of the potentxa! for ﬁhers to cause mcsothchoma.
in my professional opmlon, fibers less than 5 pm m lcngth are unhkely to mduce mesothehomas The
role of fibers 5 to 10 pm in Iength is less c!ear Ftbers {0 pm to 20 pm in length are most hkely to induce

mesothelioma. However, my statement as to the role of fiber lengths must be couplcd with knowledge of

the fiber type.

¢] To what extent do animal studies {e.g., studies by Davis and other feséaréﬁéré) suggéﬁt that
carcinogenic potency varies with fiber type and fiber length?

It is apparent that erionite and t.‘likeiamphobiles have the p‘t-)tentiél to induce r;icsothélio;fla._ The

available literature is not persuasive that pure chrysotile induces mesothclima.
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d] Please comment on the extent to which carcinogenic potency is a function of fiber properties

(e.g., diameter, aspect ratio, surface propetties) other than fiber type and fiber length. How

adequate is information in the epidemiology or toxicology literature for supporting tl{ese other

propetties into dose-response analyses?

As the diameter of fibers decreascs the relative sutface area for a given mass of fibrous material
increases. Thus, there i a greater opportunity for the surface of fibers to interact with the biological
systems. Surface area will also influence the rate of dissolution of fibers. And, clearly, surface
characteristics will influence the mterachons between fibers and the blologxcal system Unfortuna(ely,

" the specxﬁc surface propemes of conccm are not yet wcll understood o '

As noted earlxer, knowledge of exposure-responsc relanonsl:ups extendmg from thehlgh

occupational exposure levels stidied epidemiologically to environmiental levels of exposure is lacking.

3) To what extent are the exposure estimates documented in the asbestos epidemiology literatuze reliable?

The exposure estimates for qsbéstqs reported in the oceupational exposure asbestos epidemiology
literature, are highly uncertain. In some cases, there is considerable uncertainty as to the fiber types to
which the individuals were exposed. In other cases, major uncertainty exists as to the physical
dimeasions of the fibers bemuse of the varicty of evolving tr,chmques used to charactenze asbestos

. fibess. The extem to whlch other particulate matter or other toxlcants were present is not always Imown
And for most studles there are only a relat;vely few exposure concentmtxon measurements avaxlablc for
- populations exposed for many years making estimates of cumulatnve exposure lnghly uncenam

To the extent occupahonal €XpOSUIEs are undet—esumaled, the csnmatcd risk” cocfﬁcxents wxll be
too high, i.e,, ovcr—esumatc the true potency. Conversely, |f the occupg;tlonal exposures | have been over-
estimated, the estlmated nskcoefﬁcnents will be under—estlmatm of true potency For each study used to

- develop risk coefficients, the authors should provide a ciear s(ntement of their confidence in the exposure
estimates and, if possible, provide a quantitative-estimate of the uncertainty associated with the exposure
estimates. These estimates of uncertainty for exposure should be carried over into estimates of

uncertainty for the potency values.
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4) Fhe proposed exposure index does not include contributions from fibers shorter
than 5 um, Please commenton whether the epidemiology and toxlcology literature support the

conclusion that asbestos fibers shorter than 5 pm present little or no carcmogemc nsk.
Ia my professional opinion, the asbestos fibers less than 5 pm in lcngth do not pose a
carcinogenic risk. Thus, it is appropriate to exclude them from the exposure-response index for asbestos-

induced cancer.

5) The proposed expomm mdex is wexghed heavnly by ﬁbexs longer than 10 pm.
Specifically, Equation 7.13 suggests that the carcinogenic potency of fibers fonger than 10 um’is
more than 300 times greater than that of fibers with lengths between 5 and 10 gm. How -
consistent is this dxfference in carcinogenic potency with the epidemiology and toxicology
literature?

In my professional opinion, it is:appropriate for the exposure-esponse index for lung cancer to

be weighted toward the long fibers. The human literature is less certain with regard to mesothelioma

induction.

6) Please explain whether the proposed exposure mdex will allow meanmgﬁxi comparisons between
current envnronmental cxposurcs to asbestos anid historical expasures to asbestos that occurred in
the work place, :

Embedded in this qu&étion are several issues. Historical exposure assessments are what have
been reported. Whatever the technique and the reporting criteria used is what we have to work with, if it
was phase contrast that i xs what we st work with: “The second issue is the extent to which these
measurements are ttuly reflectivé of the historical exposum of the populatxon "The third issue follow:ng
A fourth issue is whether thesé e‘xposuré;response relgmonshlps are valid for contemporary

enviromheh'ta! ekposures ‘A key cohéid'craiion in thts 'iii:aiter is fhé siibs&uitiai cxtmpolation involved in
established for clean-up

Tepic Area 3: General questions.
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i) .The proposed risk assessment approach assigns carcinogenic potency to individual fibers-and ta
cleavage fragmeats (or “bundlcs that are components of more complex structures”). Please
comment on whether cleavage fragments of asbestos are as toxlcologlcaliy sngmﬁcant as fibers of
the samcsxzc range. :

Tn my professional opinion, the cleavage fragments have toxicological significance 1o the saté"

extent as intact fibers of the same dimeasions.

8) Please comment on whether the proposed cancer assessraent approach is relevant to aif .
amphibole fibers or only to the five types of amphibole fibers (actmollte amosite, an(hophylll(e
crocidofite, tremolite) designated in federal regulations. .- -

The proposed exposure-msponse index, if appmpuatcly vahdated Vrould be appropriate forise” \
in assessmg the risks of asbcslos fibers equivalent in type and size to those on which the index was = '
bascd. Use of the index with other asbestos fiber types would involve ain extrapolation of uiiknows

uncertaiaty. It should also be emphasized that use of the index with asbestos or other fibers that have

biopersistence characteristics different from those of the fibers used to develop the index would be -
a.l inappropriatc.

9) The review document fecommends that asbestos samples be analyzed by transmission ‘election
niiccoscopy (TEM) and count only those fibers (or bundlcs) longcr than 5 ym. Such counting
practices will provide no information on the amount of asbestos fibiers shoiter than 5 pm. To
what extent would data on shorter fibers in samples be useful for future evaluations (e.g.,
validation of the cancer risk assessment methodology, assessment of non-cancer endpoint)?

The document makes the point at several places that the output of the assessment of exposure
must be matched to‘:th;e exposure-response model hehg used. I‘—str.o.ng~ly' agree with this.statement. Thus,
if the Berman-Crump exposure-response indices ate to be used, then it is appropriate to analyze samples .
by tmnsnﬁssion electron microscopy and count only those fibers {particles with an aspect ratio of greater \
thag 3 to 1) or bundles longer than S pm. This approach is justified if the only use of the exposure.data is.
to match it-to the Berman-Crump exposure-response indices.
However, it mustbe recognized that for many situations; exposures'may be evaluated for
‘multiple purposes. For example, the exposure estimates may be uscd as input to an cpidemiological . ..
investigation of a specific population. In such a situation, it may be very useful to have a more
comprehensive assessment of cxposure. This might include enumeration of fibers by different

increments of length, i.e., less than 5 pm, 5-10 pm, 10-20 pm, etc. Indeed, in some cases it may be

& B4

M

HWBUI0011167



SN e ie e et e e O U O K RN F S S S OP N

Roger O. McClellan

advantageous to have information collected in a manncr that allows characterization of the vanability of
both fiber dxameter and fiber length anaiyzed.independent‘ly or in a linked manner along with clecﬁpn
diffraction analysis to provide information on chemical composition. The specific information must be

matched to its intended use and also the cost of collecting the additional increments of information.

10) The proposed risk assessment methodology suggests that exposure estimates should be based
only on fibers longer than 5 pm and thinner than 0.5 pm. Is this cut-off for fiber diameter

appmpnate"

This ques:ion addrc‘sses‘ the inter-play bétwecn the definition of a fiber (én'elohgated pa;rticlc
with an. aspect ratio [length to dlametzr] of 3 to 1), fiber length and diameter, and fiber aerodynanuc
diameter. Fibers with a length of 5.0 pm or longer and diameters up to about 1.5 um could still meet the
traditional definition of a fiber and have an Aacn.)dynamtc diameter of about 5.0 pm. Such objects would
still have a low prot;ability of being inhaled and deposited in the pulmonary region. On this grouad,
there is no basis for_c_xcludiqg them from consideration. On the other hand, the proposed exposure-

response index appears to have merit when only fibers under 0.5 um in diameter are included.

11) _Dsscuss whether the proposed cancer assessment approach, as a whole, is a reasonable evaluation
of the available ‘health effects data. What aspects of the proposcd cancer asscssment approach, if
any, are mconsnstent with the epidemiology or toxicology literature for a.sbestos? )

This issue is addréssed in my general comments.

i2) Section 8.2 of ihe review document presenfs three options for'assessing cancer risks from
asbestos exposure. Please comment on the technical merit of the proposed risk assessment
. options.

It is appropriate for the document, and any subsequent versions, to provide multiple options for -
assessing cancer risks for different situations dependent on the information available. However, it would
be appropriate for the document to more clearly define the circumstances under which it is appropriate to
use each of the options. The “decision rules” for selection of options should be crafted to avoid
providing the opporiunity for 2 regutator to attempt to select an option to gain a particular pre-selected

outcome.
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I strongly favor retaining an approach that matches exposure-response risk coefficients to the

particutar type of asbestos fiber under consideration and caleulation of risks separately for smokers and

-~ nom-smokers.
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Dr. Price is the president and founder of Price Associates Inc., where he designs and conducts statistical
studies and regulatory reviews, as well as conducling studies conceming risk and risk management
including environmental and occupational health regulatory issues. He develops and evaluates study
désigns, measurement methods, and data quality crileria. - Previous to founding Price Associates, Dr.
Price was a Vice President, Risk Assessment Consulting Group, at Marsh & MclLennan Companies, and
‘was the manager of the Program Office for Statistical Studies af Battefle Memorial Institite where he
managed and directed studies conducted for EPA related to TSCA. . -He received his B.A. in Mathematics
from thenberg Universily, his M.S. and Ph.D. in Mathematical Statistics form Ohio State University. He
is a Member of the ASTM committee D22 on Sampling and analysis of Atmospheres and the ASTM
subcommittee D22.07 on Asbestos Measursment. He served as a peer review panel member for the
report by the World Trade Center’ Indoor Air Task force Working Grolip on selectmg ‘chemicals of potential
concern and setling health-based benchmarks, he is @ member of the American Statisticat Association,

the American Association for the Advancement of Science, and the Sociely of Risk Analysis. He has
authored numerous technical reporis, -articles, and presentations including "Standard Practice for -
Deterrmmng a Detection Limit for Asbestos Measurements Based on Counts,” Trends in Inudenoe of
Mesothelionta and Evaliation of Exposure 16 Asbestos,” "Risk Asséssment for Asbestos and

management of Low Levels of Exposure to Chrysotile Asbest?s " "Cumujalive Asbestos Exposure in’
Epidemiclogic Studies of Lung Cancer and Mesothelioma,” and * Transmission Electron Microscopy and
Its Application to EPA's Proposed Asbestos Worker Protection Rule.” He has served as an expert witness
in several court cases related to asbestos on the behalf of W. R. Grace, Armstrong World Industies, and
Flintkote Company. Dr. Price has prepared several lechaical repofts for the U.S. EPA on Airbome
Asbestos Level in Schools, Analysis of Vanabllrty Associated with the Measurement of Fiber concentration
by Phase Microscopy and Transmission Electron Microscopy for the Office of Toxic Substances.
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CHARGE QUESTIONS

Topic Area 1: Interpretations of the epidemiology and toxicelogy literature.

1. ) " For lung cancer:

A] Influence of fiber to which the epidemiology literaturc and mecharistic studies suggest that

cakciﬁ&gcnié potenicy vaxiés from ong ﬁber gype to the next (e.g,, chrysotile versiis axiiphibole fibers).

- -How adequate is the information in the epxdemmlogy hterature for- supportmg dose—response

ana!yses for- different ﬁber‘(ype.s' Specxf cally, to what cxtent do you think the- pmposcd nsk
coeﬁicxcnts inTable 629 are supported by the epldcmlology llteraturc'7

Answer: “The epxdemlology llterature suggests that carcmogen‘zc potcncy for lung cancer varies
across fiber types, but the cvxdence is scattered throughout the llterature and is not overwhelmmg
A umt_ied analysis that_y mg:o_rporatcs all the lmg cancer -epxdenuqlogy data and that :sfocused_
‘specifically on the hypothesis - "potency for lung cancer varies with mineral ‘typcl" is needed to
answer. dus question. The ch & émnp report (B&C) ;';m;w-rid&c such an analysis. - [am not
aware of any other unified analysis of the Jung cancer e;-)idegflzidlogy ‘data. The B&C analysis is
innovative and, by necessity, employs various assumptions and interprctations; of incomplete data.
Before accepting the B&C conclusion, we heed a better understanding of the B&C assumptions and
data interpretations. A more detailed evaluation is needed of the B&C assumptions and applications
of incomplete data than was possible at this time. (Note: Access to raw data used in B&C would be
required for a detailed evaluation.i Since' there is no ;ompeting unified analysis of the lung cancer
epidemiology data that concludes otherwise, the "potency for lung cancer»yarics with mineral type”

hypothesis should be accepted.

Concerning the risk cocfficicnts for lung cancer in Table 6-29, the caly way to determine if they are
supported by the epidemiolopy literature is to conduct the type of unified analysis [ mentioned
above. Note that these risk coefficients are determined not only by the epidemiology data, but they
depend also on the new proposed exposure index, the fiber size distribution adjustments to K, and

the assumptions and data that were used to determine those eatities. The B&C upificd analysis, if
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it survives more detailed peer review than was possible at this time, is itself a statement. that the

epidemiology literature supports the risk coefficients in Table 6-29.

However, the recorded values® of the lung cancer risk coefficients in Table 6-29 are very likely
incorrect because the B&C analysis relies on linear extrapolation of tisk to low-exposure levels. An
alternative unified analysis needs to:be conducted that incorporates "threshold” models-for lung
cancer risk. Some researchers claim that epidemiology and clinical data suggest an -exposure
threshold for lung cancer of 25 f-yr/cc: ‘Although there may be no asbestos: exposure level where the
risk of lung cancer is an absolute zero, the size of the potency coefficient for exposures below 25 f-
yr/ce, ar an appropriately determined alternative "threshold” .:exposﬁre, s !il;:cly to be substantially

less than the size of the potency coefficient for exposures greater than the "threshold.”

" The epidemiology literature supports the existence of this type of Y‘lhresﬁold." Most, if not all the
epidemiology data from studies used in B&C indicate “no statistically significant elevation of lung
cancer cases” for exposure categories with exposures less than 15 to 20 f-y/cc. (As an example, my

. calculations applied to the: Doment data analyzed in B&C (Table 6-2) indicatc no. statistically
significant elevation of lung cancer risk below the exposurc interval, {28-60) f-yr/ecc. A simple

linear-linear fit to these data picks a "threshold” exposure at 21.3 fyr/cc)

The “thresbold” approach needs to be explored. However, simply fitting 2 standard exposure-risk
equation to the full set of data from an epidemiology study will not necessarily solve the low-
exposuré problem adequately. Standard exposure-risk equations lack flexibility. The Fisk values at
high cxpasutes tend to pull the curve upward even at.low exposure {evels and it is fikely that a
statistical test-will not be able to differentiate an s-shaped curve from a linear .model due to the: ‘

limited number of data points. Thérefqre, other approaches may be required, similar to the gen;rai
approach in B&C that combines judgment based on information from animal studies, lung burden
studies, and ceflular studies with epidemiobgy data and statistical analysis. The “threshold” - low

_ exposure livear extrapolation issue must be resolved before adopting new values for lung cancer

potency.

B} Influence of fiber length: Please comnment on the extent to which the epidemiology literature and

mechanistic studies suggest that carcinogenic potency varies with fiber length. How adequate is
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information in the epidemiology literature for suppotting dose-response analyses for different fiber

lengths? In general, is it appropriate to assess cancer risks using an exposure index (see Equation-

7.13) that is weighed heavily by fibers longer than 10 micrometers §um)? (Note: Topic arca 2

includes more detailed questions on the proposed exposure index.)

-Amswer: Fiberlength and fiber dimensions in general are extremely important factors in asbestos

risk assessment.”: The epidemiology-literature alone does not contain adequate data to determine the
effects of different fiber lengths: Information conceming the lung cancer potencies of different fiber

dimensions can be déteimined from aninal studies-and fung burden studies. An exposure index that

‘weights long ‘fibers smore heavily than short- fibers is_justified .for assessing lung cancer risk

associated with asbestos exposure.

< C} To what extent do animal studies (e.g., studies by Pavis and other researchers) suggest that

carcinogenic potency varies with fiber fype and fiber length?

‘Answer: These studics indicate that carcinogenic potency varies with fiber length.

D] Pleasc comment on the extent-to which carcinogenic potency is a function of fiber properties

{e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber length. How adequate
is information in the epidemiology or texicology literature for supporting these other properties into

dose-response analyses?

Answer: The cbidenﬁo!dgy'literam're does not @nmﬁ'adequaté' data to determine the risk effects

of fiber properties such as diameter, aspect ratio, and surfacé dimensions.

For mesotheliomi: -

A} Influence of fiber fype: Please comment on. the-exteit to° which: the epidemiology literature and
mechanistic studies-sigggest that carcinogénic potency -vaiies from one fiber type to the next {¢.g.,
chrysotile versus amphibole fibers). How adequate is tf;e information in the epidemiology literature

for supporting dose-response analyses for different fiber fypes? Specifically, to what extent do you

" think the proposed risk coefficients in Table 6-29 are supported by the epidemiology literature?
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Aaswer: The cpidemiology literature clearly establishes the. significance of fiber type for

mesothelioma potency and supports different exposure-risk analyses for different fiber types.

Conceming the risk coefficients for mesothelioma in Table 6-29, the only way to determine if they
‘are supported by the epidemiology literature is to conduct a unified analysis such as the B&C unified
'analysis. (For a more complete explanation, refer to-my discussion above of a unified analysis for
lung cancer). To answer this question, a2 more detailed peer review than was possible at this time
would be required to test B&C assumptions and to dissect how. supporting data were used (e.g., the
calculation of fiber size adjustment factors for K,). In addition, the “threshold” comcept that I
described above -for fung cancer risk assessment also needs to be considered for mesothelioma risk

assessinent to avoid problems associated with low-exposure linear extrapolation.

B} Influcnce l.)f fiber length: Please.comment on-the extent.to which the epidemiology literature and
mechapistic- studies suggest. that carcinogenic potency varies with fiber length. How adequate is
information-in the epidemiology literature for suppo'rting dose-response analyses for. different fiber
f. lengths? In general, is it appropriate to assess cancer-risks using an exposure index (sec Equation
7.13) that is weighed heavily by fibers -longer than .10 micrometers fum)? (Note: Topic area 2

includes more detailed questions on the proposed exposure index )

Answer: Fiber length and fiber dimensions in general are extremely important factors in asbestos

risk assessment. The epidemiology literature alone does not contain adequate data to determine the

effects of different fiber lengths. Information conceming mesothelioma potencies of different fiber.

dimensions canbe determined from animal studies- and fung burden studies. An exposure.index that
- weights long fibers more heavily than short fibers is justified for assessing mesothelioma risk

associated with asbestos exposure.

C] To what extent do animal studies (c.g., studies by Davis and other researchers) suggest that

carcinogenic potency varies with fiber type and fiber length? -
Answer: These studies indicate that carcinogenic potency varies with fiber length

D] Please comment on the extent to which carcinogenic potency is a function of fiber properties
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(e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber length. How adequate
is information in the epidemiology or toxicology literature for supporting these other properties into

dose-response analyses?

Answer: The epidemiology literature does not contain adequate data to defermine the risk effects

of fiber properties such as diameter, aspect ratio, and surface dimensions.

To what extent are the cxposure estimates documcntcd in the asbestos epidemiology literature

refiable?

Answer: "Reliable” is a relative term. To answer this question, the wbrd “reliable” has to be
interpreted in a context. The context is “decision-making based on risk estimates derived, in part,
from exposurc estimates documented i;1 the asbestos epidemiology literature.” . I am referring to
decision-making applied to selecting exposure limits, managing or removing asbestos-containing
materials in buildings, cleaning asbestos: waste sites, or implementing prodiict bans. The decision-
making process ‘must account for uncertainty in risk estimates, which is due, in part, to the
uncertainty (i.e., the reliability or lack thercof) i the underlying exposure data used to develop the
risk estimation method. B&C describe most and possibly. all the weli-known problems with
exposure estimates in the epidemiology literature. We cannot claim to know the exact airborne fiber
concentration-or makeup of fiber types and sizes for any particular worker who is a subject in an
epidemiology study. However, the collection of exposure estimates associated with the

epidemiology- studics; which have .been developed from various and often disparate sources of

- information, ‘appear to. provide a relatively cousistent characterization of exposure that is sufficient

for developing a risk assessment methad. Provided the uncertainty, in risk estimates is treated with
an appropriate degtée of respect in decision-making, the exposure estimates documented in the

asbestos epidemiology literature may be characterized as "reliable.”

Topic Area 2: The proposed exposure index.’

The proposed expostre index does not include contributions: from fibers shorter than 5 pm. Please
comment on whether the epidemiology and toxicology literature support the conclusion that asbestos

fibers shorter than 5 pm present little or no carcinogenic risk.
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Answer: The epidemiology literature alone does not contain adequate data to determine the effects
of different fiber lengths. The toxicology litcrature suppans the conclusion that long asbestos fibers
are associated with greater carcinogenic risk than short asbestos fibers. The assertion that the 5 pm
limit is a “bright line" separating carcinogenic fibers from non-cémimgenic fibers is doubtful, but
it is-clear that fibers shorter thap 5 pm bave diminishing potency.

An evaluation of the carcinogenic potential of short fibers also can be addiessed from a completely
different perspective, using a different sct of epidemiology. data — cancer incidence data collected
by the National Cancer Institute m its Surveillance, Epidemiobgy, and End Resulis (SEER)
program: Briefly, the trend over time of mesothelioma incidence for ‘_U$ wc;men does not refiect the
pattern that would be expected if exposure to.short fibers pos;:d.a significant carcinogenic risk.
These data indicate that although exposures to-short fibers may have increased over time, they have

not resulted in an epidemic of asbestos-related cancer.

. 5)  The proposed exposure index is weighed heavily by fibers longer than 10 pm. Specifically, Equation 7.13
suggests that the carcinogenic potency of fibers longer than 10 pm is more than 300 times greater than that
of fibers with lengths between 5 and 10 pm. How consistent is this difference in carcinogenic potency with

the e;ifdem_io!ogy and toxicology literature?

Aunswer: The epidemiology literature alone does not contain adequate data to determine the effects
of different Fiber lengths. The toxicology literature genersily supports the conclusion that long
asbestos fibers are associated with greater carcinogenic risk than short asbestos fibers. The proposed
exposure index is consistent with the toxicology literature.. There-exist no data at.this time.other than
those used in B&C to further confirm the use of the proposed classification of lengths and numerical

.weights.

6) Plcase explain whether the proposed exposure index will allow. meaningful comparisons between
current environmenial e.xpomes,tb asbestos and .historical exposutes to asbestos that occurred in

the work place.
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Answer: [ believe the question should be - Can the proposed exposure index be used to evaluate
cancer risk associated with curreit environmental exposures, given that the index was derived from
animal data and the risk inodels were derived from data collected in occupational studies? The
answer is "yes” with qualifications. "Yes" because the potency factors in the proposed risk models
were adjusted to be applied with the proposed index. The qualifications are the uncertainties

conceming the methodology and use of data to derive the adjustmeants as discussed in answers to

earlier questions.

Topic Area 3: General questious.

7

%)

9)

“The propesed risk assessment approach assigns carcinogenic potency to individual fibers and to

cleavage fragments’ (or bundles: that are components of more complex structures). Please comment

-on whether cleavage fragments of asbestos are as toxicologically significant as fibers of the same

size range.

Answer: From my reading of the scientific literature, it appears that cleavage fragments may be less
potent ‘for asbestos-related-cancer than asbestos: fibers. As a practical matter, it- would be very
difficult to evaluate the proportion of structures that were clcavage fragments in historical exposure

measurements. Therefore it would be difficult to use a current exposure measurement that was

adjusted for cleavage fragments in a risk assessment model.

Please comment on whether the propesed cancer assessment approdch is relevant to-all ainphibole

fibers or only fo the five types of amphibole ﬁbc:s~.(acﬁn6lite,.hmbsitc, anthophyllite, :crocidolite,

" tremolite) designated in federal regulations.”

Answer: The proposed cancer assessment approach is applicable only to the mixture of fibers tﬁat_
constituted exposure in the epidemiology studies. If it were subsequently confirmed that other
mineral-types were, in fact, included in ‘the exposures (e.g., winchite and richterite at the Libby
mine), the proposed cancer assessment approach; subject to adjustment of potency factors, coqld

accommodate other amphiboles.

The review document recommends that asbestos samples be analyzed by transmission electron
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" microscopy (TEM) and count only those fibers (or bundles) longer than 5 pm. Such counting
practices will provide no information on the amount of asbestos fibers shoster than 5. pm. To what
extent would data on shorter fibers in samples be useful for future evaluations (e.g., validation of the

cancer risk assessment methodology,-asscssment of non-cancer endpoints)?

Answer: The evidence is reasonably strong that asbestos fibers with lengths less than 5 pm have
. minimal potency for asbestos-telated cancers. Also, there is no-history of an association between
fow level environmental exposures, which probably included 2 high percentage of short fibers, and
asbestosis.. There is no rcliable evidence at this time that other non-cancer éndpoi.nts are associatéd
with low level asbestos exposure or short fibers. Counting fibers shorter than 5 pm would increase
“the cost of measuring airborne asbestos. The. cost would mot be justified Lf the only use of the data
were to validate the fiber lepgth component of the cancer risk mcnt . We.need more
information through a debate that has not yet been conducted to determine if the risk of specific non-
cancer endpoints potentially associated with exposures to short fibers is sufficiently. established to

justify the extra cost of including short fibers in asbestos measurements.

10) The proposed risk assessment methedology suggests that exposure estimates should be based only

on fibers longer than 5 pm and thinner than 0.5 pm. Is this cut-off for fiber diameter appropriate?

Answer: Determining the correct weights for fiber lengths is more important than fixing a specific
diameter fimit. The cut-off for fiber diameter should account for fiber respirability. and. clearance

mechanisms. [ do not have a recommendation at this time.

1) Discuss whether the proposed cancer assessment approach, as a whole, is a reasonable evaluation
of the available health cffects data. What aspects of the proposed cancer assessment approach, if any,

. are inconsistent with.the epidemiology or toxicology literature for asbestos?
- Answer: As a whole the proposed cancer assessment approach is an impressive analysis of a wide-
_ranging collection of data to produce an asbestos cancer-risk model that addresses almost ali the

significant risk issues that have been debated over the past 20 years. [t is a reasonable evaluation

of the available health effects data with one extremely important exception. It does not address the
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“threshold” - "low exposure lincar extrapolation” issue. The analysis, by virtue of this exception,

is inconsistent with the epidemiology literature for asbestos.

Scction 8.2 of the review document presents three options for assessing cancer risks from asbestos

exposure. Please comment on the technical merit of the proposed risk assessment options.

Answer: Each of the three proposed options is an approach with a counterpart that is currently
available and has been-available since 1988 when EPA last updated its Asbestos IRIS file. The

- simple equation reported in IRIS (counterpart of B&C Option 3) that determines asbestos cancer risk

fo-be 0.23 risk units -for each PCM fiber/ec measiwred in units. of lifetime average daily exposure

- (LADE) is usually identified as "the 'EPA ashestos risk assessment:" However, it is not the only

option available to a risk assessor today. One may choose to utilize Tables.6-1 through 6-3 in the
EPA Asbestos' Health Assessment Update (1986) for separate risk estimates of lung cancer and

- mesothelioma by ‘sex and smoking status (counterpart of B&C Option 2), or may use the underlying

equations for lung cancer and mesothelioma with life-table. data to estimate risks (counterpart of
B&C Option 1). The changes in the currently available approaches that define the three proposed

options are: (i) use of a new exposure index that explicitly accounts for fiber dimensions; and (i)

diffcrential potencies based on mineral type that also are different for lung cancer and mesothelioma. -

These B&C innovations are signiﬁc;.mt, but more is needed.

Option 3 does not distinguish lung cancer from mesothelioma, and requires averaging over smoking
status and sex. Option 3 may have some merit for-"q:iick" asbestos risk comparisons, but is

inflexible and subject to error. B&C does not explain how to implement Option 3. EPA should not

~ fely on Option 3-for éstimating risk. -

.Option { and Option 2 need to address "the low-exposure linear extrapolation™ issue. EPA's risk

assessment is intended to evaluate risk at low exposures. The currently available risk assessment

- raethods lead. to 'questionable risk estimates at low expdsures. For example, using the current EPA

unit risk equation published in IRIS, the incremental risk ‘of asbestos-related cancer corresponding

to a cumulative lifetime exposure of §.30 f-y/cc is approximately 1 in 1000 (110 ). However,

- epidemiology data suggest an exposure threshold that may be as large as 25 fy/ce for lung cancer.

Although there may be no exposure level where the risk of cancer is an absolute zero, it is highly
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unlikely that 0.30 f-y/cc Lifetime éxposure -would lead to a-Ex10? risk of cancer. Option L and
Option 2 are likely to overstate risks at low exposures because they incorporate low exposure linear

extrapolation risk assumptions.

Finally, Option | and Option 2 require estimates of. mortality due to.all other causes in order to
produce risk estimates -for lung.cancer and mesothelioma. B&C provides mortality data that they

use to create risk tables for Option 2. Since mortality patterns have been shifting (ic., survival to

older ages) and mesothelioma has a long latency period; the mortality data used in the model. may .

.be an important:factor, especially for Option 2. . (For example, using 1970 mortality data may-lead
to different risk estimates than mortality data-from-2000:). -The effect may be.small;. but &t necds [0

be assessed before a particufar set of data are focked-ia to Option2.
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Topic Area4: Development of Conclasions and Recommendations

At the end of the workshap, the peer consultants will be asked to draft conclusion statements identifying their
most notable findings on the proposed methodology. As a prelude to developing these statements, the peer
consultants are invited to provide any addmonal comments or concems, both streapths- and weaknesses, on
topics oot specifically addressed i the ‘previous charge questions. After completing the discussions the peer
consultants will preparé their conclusions, and they will-also be asked to.develop recomuendations for how
EPA can improve the methodology. Plcase note -that, although secommendations for future research projects
are welcomed, the focus of this workshop-is on the proposed risk assessment methodology and how it may

be used-to support decisions at asbestos-contitiinated sites.
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Biostatistician

California Environmental Protection Agency
- 1515 Clay Street, 16th Floor

Oakland, CA 94612

'510-622-3214

Fax: 510-622-3211

Ernaﬂ csherman(a)oehha ca gov

Dr. Sherman received her B.S. in mathematics from Pennsylvania State University, her M.A. in Blostahstucs
frorti the Univrsity of California-Bérketey, and her Ph.D. in statistics from the University of Waterloo. She is
a Biostatistician with California Environmentat Protection- Agency, where she specializes in quantitative cancer
risk assessment. She has served in various positions at NIEHS as a Biostafistician and has co-authored a
number of papers with Dr. Christopher Porfier including “Mullistage stochastic models of the cancer process:
a general theory for calculating tumor incidence,” “The two-stage model of Carcinogenesis: overcoming the
nonidentsﬁabnlxty dilemma,” The utifity of the Kolmogorov backward equations in stochastic Carcinogenesis
modeling,” and-* Numerically, calculating. the ‘cumulative distribution function.for the time to an observable
tumor in multistage models of Carcinogenesis.” She'is the author of a book chapter entitled “the potenhal
effects of chemical mixtures on the carcinogenic process with in the context of the mathematical multistage
model,” in Risk Assessment of Chemical Mixtures: Biological and Toxicological Issues. R. Yang (1994). She'
seves as a reviewer for several professional joumals, including Biometrics, Environmental Healthi -
Perspectives, Journal of the American Statistical Association, and The Joumnal of Toxicology and Applied
Phammacclogy. She has presented numerous papers for government agencies and universiies including
“Assessing . Cancer Risk-from large Epidemiologic Cohorts: Tumor. Incidence, Hazard Functions., and
{dentifiability,” Improving the mathematical modeling of Carcmogenes:s via intermediate events and biomarier.
-data.” She is'a member of the' American Stalistical Association, the.Intemational Biometrics Society, and the

New York Acaderny of Sciences.
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Prior to submilfing these wﬁﬁen comments, | would like to acknowledge the invaluable assistance
and guidance of my colleagues at Catifornia EPA/JOEHHA. Drs. John Budroe, Stan Dawson, and
Me‘lénie"'Marty have (proﬁably) collectively spent more years woiking on the subject of asbestos

than the numbeér of years.that‘ I have been on this earth. Without their support,';'nany of the
questions that have been :a:dg:i'éssed would have been without o&rﬁ'_rpeni. My bn!y regret is that we

did not have ample ﬁmg fo more thoroughly answer all of the questions within the charge.

Topic Area 1: Interpreétations of the epidemiology and toxicology literature.
For lung.cancer:

Al'lnﬂueng:e of fiber type: Please comment W'on the extent to 'which_ th.e ‘epidemioclogy
llfefaturenéﬁd meéha'nistic‘st-udiei;.sug'gest that carclnogeﬁi;: pbfencyvaﬂes from oné f'ib;e'r
type to the next {e.g., chrysotile versus amphibole fibers). How adequate is the information
in the epidemiology literature for supporting dose-response analyses for different fiber
types? Specifically, to what extent do you think the proposedrisk coefficients in Table 6-29

are supported by the epidemiology literature?

As has been documented throughout the asbestos literature and conditional on the relative
risk modet that has been used to describe asbesios induced lung cancer, carcinogenic
potency varies for chrysotile and amphibole fiber types. What has not been reconciled are
the results of Hodgson and Damton (2000) with this report's conclusions regarding fiber
type. Hodgson and Darnton (2000) determined differences in carcinogenic potencies for

crocidolite, amosite and chrysatile. In this report, carcinogenic potency differences between

the amphiboles are not seported nor is there a discussion 1o settie this disparity.

The overall values of KL of Table 6-29 appear to be in an appropriate relation tothe adjusted
individual values in Fig. 6-4 for pure chrysotile and pure amphibole and even for mixed
fibers, suggesting agreement with the central tendenciesin the epidemiological literature.

This approach, however, does not give sufficient recognition to the high chrysotile
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coefficients obtained in the South Carolina studies, a recognition- that is needed for

adequate health protection. -

B] Influence of fiber length: Please ¢omment on the extent to which the epidemioloigy
fiterature and mechanistic studies suggest that carcinogenic potency varies with fiber
length. How adequate is information in the épidemiology literature for supporting dose-
response analyses for different fibérlengths? ln general, is it appropriate to assess cancer
risks using an 'expo"sﬁr'e index(see Equation 7.13) that is weighed heavily by fibers longer
thén 10 micrometers' (nni)? (Note: Topic area 2 ihcl‘qdeé more detailed questions on the

proposed expostire index.)

The~adjus‘tm;éht"6f’ﬁ;é risk coefficients for fiber length seems fo be an appropriate

concept applied fo the animal studies. However, extrapolation to humans who have.

different airway geometry'than rodents and may well respond differently to the saitie
. fiber dimension-Teqiires justification. The report needs some substantial basis foran:’

extrapolation that will ultimately require a complex model to fit the human data.

C] To what extent do animal studies (e.g., studies by Davis and other researchers)
suggest that carcinogenic potency varies with fiber type and fiber lerigth?
Hesterberg ot al. (1998) exposed Fischer rats to chrysotile asbestos and
..seve_ralmanénade fibers by nose-only inhalation for 6 h/day, 5 days/week for 2 -
-years. The chrysotile asbestos inhalation concentration was. 10,600 WHO
- fibers/mt ~(WHO fibers defined as being 5 pm-in length and >3 pmin diameter” = !
and having-a léngth/diameter ratio > 3). The geometric mean length and width . -
of thg dispersed fibers was 1.2 and 0.08 um, respectively, suggesting that tﬁe.
non-WHO fiber concentration was higher than the WHO. concentration.
Additjdnally. no fibers were > 20 pm in length, and very few were > 10 um in
length. -The geometric mean length and width of the fung burden of deposited
_ chrysotile fibers after 104 weeks of exposure and 23 weeks of recovery were

1.6 um and 0.07: um, respectively.

. B-114

“

HWBUI0011187



Claire D. Sherman, Ph.D.

Chrysofile asbestos caused significanlly increased incidences of both lung cancer

(12/69, 17.4%, adenomas and carcinomas combined), and pleural mesothelioma (1/69,
1.4%) compared {o confrols (lung cancer incidence 2/130, 1.5%; mesolhelioma

incidence 0/130). These results suggest that relatively short chrysotile asbestos fibers-
are capable of inducing bolh lung cancer and mesothefiomainrats.  The authors stated
that “fiber-induced lung toxucrty is not always striclly dependent upon the numbers of .
tong fibers retained in the fung®, -and. “these data demonstrate that the toxic potential ¢ of .
chemically different fiber. types cannot be predicted solely by the dimensions of the
fibers retained in the lung.. In the induction of ﬁbgr—induéed pathogenesis, sheer .

numbers of fibers may thus be able to compensate for a lack of long fibers™.

D] Please comment on the extent to which carcinogenic potency is a function of fiber
properties (e.g., diameter, aspect ratio, surface propertias) other than fiber type and .
fiber length. How adequate is'inf_qrm,aﬁon in the epidemioclogy or toxicology literature

for supporting these other properties into dose-response analyses?

No comment.

For mesothefioma:

A] influence of fiber type: Please.comment on the extent to which the epidemiology
literature and mechanistic studies suggest that carcinogenic potency varies from one
fiber type to the next {e.g., chrysotile versus amphibole fibers). How adequate is the
information in the epidemiolog} literature for supporting dose-respoﬁse analyses for
different fiber types? Specifically, to what extent do you think the pl;bposed risk

coefficients in Table 6-29 aré suppoited by the epidemiology literature?

As stated in Section 8.1.2, Hédgson and Darnton { 2000) find substasifially different
carcifiogenic potencies for ampiboles and chrysotile. Even though the report agrees with

the conclusions of Hodgson and Damton (2000) on this point, there have been references
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-in the literature over the years to differences in potency between crocidolite and all other

asbestos minerals.

The overall values of KM appear to be substanually Iess than the mdnvudual values in

th 6-6 not only for pure chrysotile and pure amphiboles but also for the mcxlures

This appears to represent an irreconcilable difference between the optimal values given

in Table 6-29 and the individual values for the epidemiology studies.

B] lnﬂuence offnberlength Please commen! on !he extentto whlch the epidemlology

hterature and mechamstlc stud|es suggest that carcmogemc potency vanes with

fiber length How adequate is mformatlon m the epldemlology Ilterature for
supporting dose-response analyses for dlfferent fiber fengths? In general is it
appropnate to assess cancer risks using an exposure mdex(see Equatlon 7.13) that
is Weughed heavily by fibers longer than 10 mlcrometers (mm)" (Note- Toplc area 2

. includes more detailed questions on the proposed exposure index.)

Noian et al. (1994) examined the fung contents of six workers who had been occupationally
.exposed to chrysotife asbestos. Five were fung . cancer cases from Quebec Canada The
sixth case was an American worker who had developed pleural mesothelxoma An analysis
of two parenchymai lung tissue spec:mens from the pleural mesotheuoma of the Amencan
worke;,.demonsgrated that the predominant fiber type was g[;rysople, Chrysotile fiber length
‘ _ peroe.n’,tagefs.in those parenchymal lung_tisség;gpeei!mgngare _qesqibed in Table 1. .Fibér's_

.<0.5 pm in length were not counted.
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Table 1: Length distribution of chrysotile fibers from two parenchymal lung tissue

specimens from an American pleural mesothelioma case (from Nolan et al., 1994)

| Specimen | Percentage of fiber length li
x <=49%um  * 5-799pm:-_ | - >=8pm
A 96.7 ] 2.5 . 0.8
B 988 12 0

The authors stated that “the fiber length dlstnbutlon of the chrysohle reoovefed from the
'U S. mesoihehoma case was mdlstmguushable from that of chrysoule spec:mens known to
produce mesothellomas in rats”. These data suggest that short fiber chrysohle may be

capabte of mducmg mesothehoma in humans.

A smay by Suzuki and Yuen (2001) charac'teﬁzéd asbasios fibers in the lung and
mésothelial hssues (mesotheﬁomatous tissue and hyalme plaque)’ taken fiom 151 human
malignant mesothelioma cases. The most common asbestos types seen in the lung were
a mixture of chrysolile with amphiboles followed by amphiboles alone and chrysotile afone.
The maijority of asbéstos fypes seen in the mesothelial tissues were chrysofite alone,
followed by chrysotile plus amphibole and amphibole alone.  The majority of asbestos fibers
defected in the king and mesothelial tissues wére shorter than 5 ym in length. Only 4% of
the fibers found were 8 pm in fength or greater The authors stated that chrysotile asbestos
can mduce ‘human’ mahgnant mesothelloma Since,’ m ‘$ome of the mesothelioma cases,
. asbestos fibers detedted in both the Tung and mesothelial ns'sues, or'ling ﬂssue alone or
mesothelial tissues- alone were exclusively chrslsoﬁle'fib'ers‘.""Acl"c’!iﬁi'j'halw.fthé authors
concluded that “such short, thin asbestos fibers should not be excluded from those

contributing to the induction of human malignant mesothelioma”.
These studies suggest that short fiber chrysotile asbestos is capable of inducing both lung

cancer and mesothelioma in rats, and may -be capable of inducing mesothelioma in

humans.
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Similar to the case of lung cancer, the adjustment of the risk coefficients for fiber length
suffers from inadequate data applied to the animal studies. Use of the same fiber-length
adjustment obtained for fung cancer to rﬁesothelioma. though not contraindicated, is not
"supported in the asbestos literature. Extrapolation to humans who have diffefent-aiiway'
‘géometry than rodents and rndy well respond differently to the same fiber ‘dimeiision
requires justification as well. . o ' ' |

C] To what extéent do animal studies (e.g., studies by Davis and other researchers)

suggest that carcinogenic potency varies with fiber type and fiber length?

See lung cancer séction, partc.

o~
¢ P

D] Please comment on the extent to which carcinogenijc potency is a ‘function of fiber
. properties {e.g., diameter, aspect ratio, surface properties) other than fiber type and fiber
length- ‘How adequate is information in the epidemiology or toxicology literature for

supporting these other properties into dose-response analyses?

No comment.

i To what extent are the exposure estimates documented in the asbestos epldemlology
literature refiable? ; e . . L

The exposure estimates documented in the asbestos epidemiology literature suffer from-fany
of the exposure uncertainties inherent in occupational epidemiological studies. Exposure
uncertainties related to non-representative sampling, poor evaluation,,of -job exposures,
retrospectxve estimation of exposure ‘levels, and the conversion of sampies from counted
particles (particle concentrations in million particles per cubic foot) to fiber concentrations (fibers

per milliliter).

Topic Area 2: The proposed exposure index.

V. - The proposed exposure index does not include contributions fromi fibers shorter-

than 5 mm: Please comment on whether the epidemiology and toxicology literature
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support the conclusion that asbestos fibers shorter than 5 mm present little or no
carcinogenic risk.

The authors assume. asbestos fibers shorter than 5 mm present little or no cérc_inoger{ic risk
when insufficient information exists to validate this assumption. Potential cqun!er-exarnples to
this assumption would include Nolan et al. (1994} and. Suzuki and Yuen (2uoi }- Their
conclusions were that short fiber chrysotile (< Smm) may be capable of inducing mesothelioma

in humans.

§) The proposed exposure index is weighed heavily by ﬁbers fonger than 10 mm.
Specrﬁca!!y, Equation 7.13 suggests that the carcinogenic potency of fibers Iongerthan
10 mim is more than 300 times greater than that of fibers with lengths between 5 and 10

mm. How consistent is this difference in carcinogenic potency with the epidemiology

and toxicology literature?

Equation 7.12 adequately fit tumnor incidence data across 13 separate animal studies, '
but there is no justiﬁcation for using, the proposed egposure index to evaluate as_bestos'-re!ated:.
cancer risks for humans. Furthermore, as has been cited in earlier questions relating to fiber
tength, the induction of fiber-induced pathogenesis can be the resuit of the sheer nombers of'

fibers when there is a lack of long fibers.

Vi. Please explam whether the proposed exposure index will allow meaningful - -
comparisons between current environmental exposures to asbestos and hlstoncal

exposures to asbestos that occurred in the work place

Gwen the lack of |ust|ﬁcat|cn for the proposed exposure mdex in human studles iti IS dlfﬁcult 1o

answer thts queshon
Topic Area 3: General questions.

VH. The proposed risk assessment approach assignscarcinogenie potency to individual
fibers and to.cleavage fragments (or bundles that are components of more compiex
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structures). Please comment on whether cleavage fragments of asbestos are as
toxmolog:cally s:gmﬁcant as fibers of the same size range. -

Canriot comiment.

Viil. Please comment on whether the proposed cancer assessment approach is relevant
to aif amphihole fibers or only to the five types of amphibole fibers {actinolite,
amosite, anthophyliite, crocidolite, tremolite) designated in federal regutations.

in the absence of better information, it seems prudent to use the existing )
amphibole numbers, obtained from crocidelite or amosite studies or both, for . (
other fibrous amphiboles. Based upon the study data of Amandas et'al.:{-1987.), k
tremolite has a potency between crocidolite and chrysotile for mesothelioma. For i
Iung cancer, the polency of tremolite is more similar to chrysotde RIS R 5

B The review document recommends thatasbestos samples be analyzed by
transmission electron microscopy {TEM) and count only those fibers'{or.bundies)
fonger than 5 mm. Such counting practices will provide no information on the
amount of ashestos fibers shorter than 5 mm. To what extent would data.on:shorter
fibers in samples be useful for future evaluations {e.q., validation of the cancer risk

. ’ assessment methodology, -assessment of non-cancer endpoints)?

‘Data-on shorter fibers woutd certamly be useful to validate any canceér ‘tisk assessment
-miethodoldgy that is in cirrent practice or develdpment.: Suzuki and Yuen (2001)- characterized
asbestos fibers in the lung and mesothelial tissues and noted that a majority of the asbestos
fibers detected were shorter than Smm in length. They concluded that short, thin asbestos
fibers shiould:not be excluded from those contributing to the induction of hurnan mesothelioma.

e proposed risk assessment methodology suggests that exposure eshmates should be
“based orily on fibers longer tnan 5 fiim ahd’ lhmner than 05 mm Is thns cut-off for
f‘ber diameter appropnate’? A = .

‘Can‘not comment.

Xl Discuss whether the proposed cancer assessment approach, as-a whole,lis a
’ reasonable evaluation of the available health effects data. What aspects of the
proposed cancer assessment approach, if any, are inconsistent with the
epidemiology or toxicology literature for asbestos?

The proposed assessment is predicated on the adjustment for fiber length, i.e. interim
exposure index given by Equation 7.13, to be reasonable for humans. Without adequate’
justification, one cannot determine whether the approach outlined within the reportis a
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reasonable evaluation of the available health effects data. In addition, the proposed
approach for developing coefficients has two serious problems: (i) Forlung cancer, the
potendies of the South Carolina textile studies for workers exposed to chrysofile are not
adequately recognized. These should be included to afford greater health protection.
{#i) For mesothelioma, the overall optimized coefficients are substantially below the
trends of the coefficients for the individual studies.

X -Section 8.2 of the review document presen.tsAthree options for assessing
cancer risks from

asbestos exposure. Please comment on the techmcal ment of the proposed risk
-'assessment optlons. . : o .

: AII lhree optxons could be- used dependmg on the apphcatton Option 3, Estimating Risk
from a Unit Risk Factor, has the advantage of being the most simple to apply and has been
tradilionally. implemented. Optien 3 would be pamcularly useful for inexpensive screening
calculations.. - - . .

-T-'echnical Comments:

Comment: Table 6-12 and Figure 6.3 display the. likely ranges for the KL estimates.
However, the uncertainty factors used to derive these “likely ranges” are not defined in a
manner that allows one to replicate these analyses. A protacol that provides decision rules
for assigning such factors is needed as well as the range for each factor. Thus, the text that
describes the variation in .the KL estimates. could. be misleading since the confidence
intervals are effeclively expanded. ’

Pg.--é;35:Amor{g "pﬁre’.‘ amphiboie» studies, the fowest and highest of the best-estimate KL
values vary by a factor of approximately 20.... However, these two estimates are not
statistically difference (based on comparison of their confidence intervals).

Comment. ‘The inference suggested above can be stahsucally tested via- hke!lhood-ratxo
tests. By confining the slopes of the “pure” amphlbole studtes to.be equal and. then
comparing the likelihood from this model to a model where the slopes may vary, one can
ohjectively assert whether there is a stalistically significant difference in the KL estimates.
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Dr. Stayner has been selected to co-chair the workskiop. ‘He receutly sefved 35 a visiting sciefitist for
the International Agency for Rescarch on Cancer, where he worked with Dr. Jerry Rice on
monographs for man-made mineral fibers and numerous other epidemiologic projects. He. is ‘the.
"Chief of the Rnsk Evaluation Branch, which includes workmg on research oa characterization of
- - éccupational ‘health'and safety risks and the devc!opment of better rethods o' chhraéterize thises
.risks. . He was the 2000 recipicat of. the NTOSH Special Act Award for, .organizing a workshop 9on
“Future Rescarch for memvmg risk Assessment Methods.” He has lectured and served as an
instructor on risk assessment and risk manageément for dcadémia and” préfms:onal ‘societics, and
international_organizations. He has published numerous papers including “Exposure Response.
Anatysns of Respiratory Disease Risk Associated with Occupation Exposureto Chrysotile Asbestos,”
“Silica, Asbestos, Man:Made Fibers, and' Cancer, ? “Oecupational Exposiire o Chrysolile Asbestos
and Cancer Risk: A review of the ‘Amphibole Hypothesis,” “Concordance of Rat and Human-based
Risk Estimates for Pa.mde Related Lung Cancer,” Exposure to Clystalme Stllm, Silicosis and Lung:
. . Disease other than -cdncec in Diatomiaceous Earth Industry workers: A Quaititative Risk
Assessment.”. He has made numerous presentations at symposia, seminars, and workshops including
“Using Epldem:ologxc Data for a Risk Assessment of Silica Exposure 2001,” “The Molecular
Epidemiology of Asbestos'ahd ‘befier Fibers, Harvard SPH, l9§6 and “An Exposuré-Respofise
Amalysis, .of Respiratory Disease risk Associated with Occupational Exposure:to-Chrysotile

Asbestos.”
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1) For,)qn.g cancer:

Aj Influence of fiber type: Please comment on the extent to which the epidemiology
literature and mechanistic studies suggestthat carcinagenic potency variesfromone fiber
fype to the next (e.g., chrysotile versus amphibole fibers). Howadequate is the information

in the epidemiology literature for supporting dose-response analyses for different fiber

types? Specifically, towhat extent do you think the proposedrisk coefficients in Table 8—29
are supported by the. epndem:ology fiterature?

The epcdem:ologlc t:terature does not provnde oompel!mg evadence that the carcmogemc potency
.dlffers by. fiber. type far {ung cancer ThlS was the conclusson of a rewew that I authored about 5
-years ago {Stayner et al. 1997}, and hiave not seen anything'in this document orelsewhere that

has changed my posutlon In fact, the eprdemmtogrc Interature prowdes in many cases evidence

'that ohrysotnle |s ;ust as potent as amphibole for mduomg lung cancer - The studies of textile

workers provude very s1m|lar eslimates of potency (K,) desplte the fact that some of these studies

'mvolved pure chn/sotlte exposures [Dement et al. 1994, and others had mnced exposures [Peto

1985 and McDonald etal. 1983b]. In a study of cement workers, Hughes. et al. [1987] observed

an exposiire-response for lung cancer that was nearly identical for workers exposed to chrysotile

of to mixed fibers [in fact K_= 0.4 in both plants, see Table 6-16 of this reporf]. The “meta-
analysis of K s presented in this report does not provide support for the hypothesis that chrysotite
has lower potency for lung cancer than the amphiboles.  In Table 6-21 the test for the hypothesis
that the ratio of potencies (RPC) differs by fiber type was rejected (p=0.42 or p=0.14 depending
on whether K was adjusted or not). Although this analysis resulted in a potency estimate for

chrysotile that was either approximately 2 times (unadjusted K ), or 5 times (adjusted K} lower
than amphiboles these difference were not statistically significant, and therefore could be

explained by chance.

In the end, 1 strongly suspect that decision of whether. or not chrysotile is as potent as amphiboles
for lung canceris highly influenced by the disagreement between the Quebec miners and millers
study, and the South Carolina textile study. It would be highly informative if a sensitivity analysis
could be performed in which each of these studies as  well as other studies were dropped from the

analysis. | also suspect that differences in slopes may be more a funclion of industry type than

fiber type, and it would interesting to see the analysis attempt to adjust for this factor.

B-125

HWBUI0011198



Leslie Stayner

While there are some mechanistic arguments that have been advanced o suggest that chrysotile
may be less potent.for lung cancer than. amphiboles [e.g.., Mossman et 'él; 1993], it is difficult to
-accept these a_rgdments_ given that we do not presenfly know the. mechanism and that these
. arguments appear lo conflict with the empirical evidence from. the : epidemiologic. literature

.discussed above (and toxicologic literature discussed below).

In summary, { do not believe that the choice of using separate lung cancer risk coefficients for

. chrysotile and amphiboles is well justified.

B} Influence of fiberfength: Please comment on the extent to which-the epidemiology
literature and mechamstlc studies suggest that can:inogenlc potency varies with fiber
lenigth. How adequa(e i$ information in the epidemiology literature for supportmg dose-
response analyses for different fiber lengtfis? In general, Isitappropriate to assess cancer
risks using an exposure index {see Equation 7.13) that is weighed heavily by fibers longer
than 10 micrometers {im)? (Note: Topic area 2 mcludes more detaﬂed questlons on the

‘. : proposed exposurée indéx.)

There is substantial evidence that fiber length. is a crifical factor in the carcinogenic potency for .
lung cancer. Unfortunately, this evidence.is from toxicologic studies and there is litle available
information from epidemiologic. studies. This is because the epidemiologic s.ludiés, have nol
generally included characterizations of the fiber size distributions.. There is some indirect evidence
from epidemiologic studies. For example, Dement and Wallingford_ [1990] reported that the
percentage of fibers greater than 10 pm was higher in the South Carolina textile facility than what .
had previously been reported inthe Quebec mines and mills, or in asbestos cement manufactunng
facilities. Thus differences in the fiber size distributions is a poss:ble explanation for why a hlgher
carcinogenic potency for jung cancer was observed in ihe South Carolina textile facility than in the

Quebec mines and mills, and the cement manufacturing facilities.
Although there is limited epidemiclogic evidence to support the need for an exposure index that
gives greater weight to fibers longer than 10 pm, there is inadequate epidemiologic evidence to

support the choice of the specific cutoff and exposure index that is proposed in this report

[Equation 7.13].
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There is also mechanistic data to support the increased carcinogenecity of long fibers. Davis and
others have demonstrated that short-fiber preparations are cleared more rapidly from ratlungs

than long-fiber preparations.: As described in this report, a mechanistic hypothesis has been
advanced that relates this difference in clearance to the inabifity of an alveolar macrophage to
engulf fibers that are longer than the diameter of themacrophage. - - However, this mechanistic
argument may imply a different choice of cutoffs for the exposure index than what is proposed in
this report. The report lists 13.1 pm as the average diameter for a rat alveclar macrophage (AM),
versus 21.2 pm for a human AM (p..4.20). Therefore, based on this one might expect thiat model
should use a fiber size cut-point in the model that would be around 13 pm for the rat model, and
around 21 um for the human model. Instead, the “optimum” rat model in the paper by Bemstein-
etal. 1995] uses 40 ym as a fiber size cut-point, &rid the “ad hoc” hijman model uses 10 pm as

a fiber size cut-point. - .

aw B

Bérmari and Crﬁfnp also .ci‘te. studies suggesting that long fibers intéffere with.cellutar divisién in
a way that shaort fibers do not. There is evidence presented in some of these studies that
specifically it is fibers longér than 15 Pm that interfere with milosis [Jensen CG and Watson M.,
Cell Biology International 23(12): 829-840, 1999, and Jensen CG et al., Cai’cinogenésis 17(9):
2013-2021, 1936) specifically refer to this as an effect of long fibers - either 15-80 Pm long, in the
1999 paper, or 15-55 pm long, in the 1996 paper. Thus based on this mechanistic information one
might suggest a cutoff of about 15 pm.
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C] To what extent do animal studies {e.g., studies by Davis and other researchers) suggest
that carcinogenic potency varies with fiber type and fiber length ?

There is little if any:evidenoe from animal studies that carcinogenic potency for lung cancer by fiber
) type 'l'he_stalistit:al analyses of the toxioologic data by Berman et al. [1995] failed to demonstrate
any significant difference in carcinogenic potency for lung cancer by ﬁoer type. ltis snggested in
this report {page 7-151] and elsewhere that this may be a reflection of the fact that animals have
'a Mmuch shorter lifespan than humans, and that given the long half-life of amphtboles the dnfference
in potency might only be observable in humans. However, this arguments seems to conflict with

the fact that the analysis by Berman et al. [1995] was able to detect a difference in potency by fiber
type for mesothelioma.

There is extensrve evrdence from toxicologic studies that fiber s:ze rs an lmportant determmant of
earcmogemc potency The inhalation studies of Davrs and oo-workers {Davis et at. 1986 Daws
‘and Jones 1988] clearly demonstrated the effect of ﬁber size on potency The total exposure
t. ‘ooncentralxon was held constant in these studxes and the preparatlons that contamed a high
proportion of long fibers were markedily more potent than the same fiber type with a-short fiber
fength. The long amos:te (with fibers up to 100 ym long) produced it lung tumors and 3
mesotheliomas in 40 rats the short-fiber preparatlon {with i bers only up fo 10 pm) produced no
fung tumors and 1 mesothehoma in 43 rats. The long and short chrysohle preparat!ons were not
as dlfferent in lengths as the amosrte, but Davis and Jones stated that lhe long-t' iber preparation
had over 80 tvmes as many fi bers > 30 um than the short-ﬁber preparatcon in this case the Iong-_
":ﬁber preparahon pmduoed approxlmately three tlmes as many pulmonary tumors as the short- ﬁber _
‘:preparallon Simitar dlfferences in pathogemclty were seen for mesothellomas as well (n
mtrapentoneal lnjectlon studtes companng long and short fibers. There are other studles i the
tox hterature that also suggest greater palhogemcrty for long fibers, but the Davis et aI studies are

sufﬁc«ent to demonstrate the magmtude of the response d:fferences that have been seen.

D] Please comment on the extent to which carcmogemc pote ncy is a functlon of fiber
propertiés {eXg., ‘didimeter, aspect ratio, surface properties) other than fiber type and fiber
length.- How adequate:is information in the epidemiology or toxicology literature for
supporting these other properties into dose-response analyses?
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There is no epidemiologic data available to address this question.

Toxicologic evidence that carcinogenic potency for fung ‘cancer is associated with fibers > 0.5 pm
in diameter was reviewed by Lippmann, Environ Res 46: 86-106, 1988. In addition, the analysis
of Berman et al., Risk Anal 15: 181-195, 1995 suggests that fibers as large as 5 pm in diameter
may be carcinogenic in the rat. In contrast, mesothelioma has primarily been associated- with very
thin fibers; Stanton etal., J. Nat’! Cancer Inst ©7: 965-975, 1981 reviewed by Luppmann Envifon
Res 46: 86-106, 1988 ’ )

2) For mesotheliomna:

A] Influence of fiber type: Pleasé comment on the éxtent to which the epidemiology
literature and mechanistic studies suggest thatcarcinogenic potencyvariesfromone fiber
fypeto the next {e.g., chrysotile versus amphibole fibers). How adequate isthe information
in the epidemiology literature for supporting dose-response analyses for different fjl ber
types? Specifically, to what extent do you think the proposed risk coefficients in Table 6-29
are supported by the epidemiciogy literature?

! believe that the hypothesis that the nsk of mesothelloma vanes by fiber type is pretty well

estabhshed The epldemtologlc hterature clearly demonstrates much hlgher incidence of
mesothelloma among workers exposed to amphlboles than to chrysotjle For example the
percemage of deaths in South African miners exposed to crocsdoltte is approxmately 4.7% (Sluts-

Cremer 1992] and 24% among verrmcuhte mmers [McDonald et al 19886]; whereas the-

-percenlage of deaths fmm mesothelloma among Quebec chrysonle mmers and mlllers was only.

0. 4% [McDonald- et al. 1993] and only 0. 2% among South Carolma texule workers exposed to
chrysotlle {Dement et al. 1983]. In contrast to lung cancer the meta~analysrs performed in the _'
report of the K,,,s for mesolheluoma indicated that the ratlo of po!enaes for chrysohle and

amphiboles was highly statnshcally different (p <0. 001) than 1 (See Table 6-21)

Although there are clear differences in mesothefioma risk by ﬁber type, the actual values of the nsk
coefﬁcnents presenled in Table 6-29 have llmlted support from the epndemlologlc literature.

Exposure-response. information for estimating slopes (s ) was generally not available in these
studies, and the Ks could only be crudely estimated with assumpuons about the average
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exposures for most of these cohorts.  True. exposure-response relationships could -only be
determinéd from the studies by Liddell et al. [1997] and Dement et al. [1994], since these

investigators made their data available to the authors of this report.

i am not aware of mechanistic data that indicates carcmogemc potency for mesotheﬁoma vanes
by ﬁber type, although | must confess here that 1 am not totaily up to date on my readmg cf th:s

Merature

-B] infiluence of fiber length: Please comment on-the extent to which:the epidemiology
literature and mechanistic studies suggest that carcinogenic potency varies with fiber
lengith. How adequate is information in the epidemiology literature for supportmg dose-
response analysesfor different fi berféngths? In géneral;is itappropriate to assess cancer .
risks using an exposure index (see Equation 7.13) that is weighed heavily by fibers longer
than 10 micrometers {um)? {Note: Topic area 2 includes more detaited questions on the

proposed exposure index.}

3

. There is W&uauy no d_a,ta:i available i.n the epideh)iq!ogie litergu)re ig evéiuéte,hw the céfci_nogénié pefe}i& for
. mesotﬁeﬁoma varies by fiber-fength. itis interesting to note, however, that the K_s (0.013 for Asbestos; and
0.021 for Thedford) derived in this report from the analysis of raw data from the Quebec siudy of miners and
millers [Liddell et al. 1997], was nearly an order of magnitude fower than the K,, (0.11) derived from analysis of
the raw data from the South Carolina textile cohort.  This may be consistent with the argument that the
exposurds in"South Carofina had a larger percentage of long fibers, than in the Quebec mmes and mills
[Dement and Wallingford 1990}, and thus with the hypothesis that fonger fibers have higher c}értiihb:ge'rii:c"
potency formescthelioma. On the other hand, the fact that the K, for the cement plant study by Hughes etal.
' {t 987] was htgher than the South Carolina textile plant would seem to contradict this hypothesns since Derent
and ‘Wallingford [1990} also suggested that the exposures at'the South Carotina lextile facmty had a htgher
percentage of long fibers ihan the exposures at the cement factory. e

There is no epidemiclogic evidence to supporl the choice of the specific exposure index that is proposed in

this report [Equation.7.13).

C} To what extent do animal studies {e.g., studies by Davisand otherresearchers) suggest
that carcinogenic potency varies with fiber type and fiber fength ?
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- The toxicological evidence to suggest that the carcinogenic potency for mesothelioma varies by fiber type is
fimited. There Is considerable evidence from the toxicologic studies using fiber implantaion that fiber length
is an.important determinant of carcinogenic potency for mesothelioma, but there is. very ﬁmi(ec_!:'d?tq from
inhalation sfudies. Part of the problem with answering this question ié that very few meséﬂlelidﬁaé are
ptoduoed in rodent studies wheve the route of exposure isvia snhalahon The mhalahon studnes by Wagner et
al [1974] and the sludres by Davzs et al produced small numbers oflumors and overafl pmmde lfttle ev:denoe
[see re\new by Stayner ef al. 1996). ‘ﬂxe analysus by Berman et al. [1995} does suggest that chrysoule is

approximately 3 times less potent than amphiboles. However, there too few cases (n=13) to pen‘orm a direct
evaluation of this question and it was evaluatedby testing whether a direct constant of proportlonatrty cou!d be-

applied tothe prabability of tung cancer and mesothefioma. ltwas: found that this proportionality constant was
weakly sigmﬁcantly (p=0 032) forchrysoﬁle and amphlboles # should be noted that this arialysns does not take
m!o acoount dlfferenoes in the fiber size. dlstnbunons and oniy |nd|redly the exposure Ievel g

D] Please comment on the extent to which carcinogenic potency is a function of fiber
properties {e.g., diameter, aspect ratio, surface properties) other than fibertype and fiber
length. How- adequate is information in the epidemiology or toxicology literature for
supporting these other properties into dose-response analyses? .

There is.no data from epidemiclagic studies to evaluate these questions.

3)To what extent are the exposure estimates documented in the asbestos epidemiology
Iitera;qrg reﬁable?

The potenba! for exposure msc!assnﬁcatron in many of the eprdem:o!og&c studxes :s extremelyA

Iarge and poss:bly mtmduces far more uncertamty than. the adjustments used by the authors of
this report Exposure intensity and even duration of exposure had to be estimated for many . of the
studies mcluded in this analysis. For example, the study by Selikoff and Seidman of u.s.
insulators did rictinclude information on duration of exposure, and the US EPAs(and this report) -

simply assumed that all workers in this study were exposed for 25 years, and to 15 ffmlin order

to calculate a K.

There are also large uncertainties in the exposure e',stirn;a_tes.'ﬁf stﬁdié:s; tti'at_‘,ihi:!é&'gd analyses
by cumulative or average asbestos exposure. One of the key issues is the conversion of

measurements from impingers {mpcf) to the more modern methods based on PCM or TEM.
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This may in fact-be an explanation _for the differences in potency between the South Carolina
chrysofife textile-cohort, and the Queb,ec,chrysoﬁle.midefs -and millers study..which is a critical
dssue in this risk assessment. The SouMarolina-texﬁle worker study included extensive side by
side measurements for the conversion. It is noted in the report (page 5.3) thaf the conversion
factors for the Quebec study came from studies at other facilities. it is also. noted in this report
. {page 6.43) that in the mining environment-there is a large potential for interference in using the
Jimpinger method and even. the PCM: method from non-asbestos dust and cleavage f_ragménts.
This suggests the possibifity that fiber counts-may have been over estimated in the Quebec study,
-which.may explain-in part the lower carcinogenic potency observed in this facility. relative to the
. South Carolina-cohort... ' :

Topic Area 2: The proposed exposure index.

-4} The proposedexposure index does notinclude contributions from fibers shorter than

. 5 ym. Please comment on whetherthe epldemno!ogy and, toxlcologyhterature support

. the conclusion that ashestos fibers shorterthan Sum present little orno carcmogemc
risk.

The epidemiologic literature does not have any information to contribute to this question. The
toxicologic literature does, and it does strongly indicates that fibers shorter than 5§ pm have little
if any carcinogenic tisk. For example, the multivariate analyses by Berman et al. (1995)
indicated zero potency for {ibers shorter than 5 Hm. However, | . think we peed to_\bg_etsqmewh_at
cautious here about-overinterpretinb these ﬁndiﬁgs‘. it is. still.possible that short fibets (<5 um)
have a _véry fow carcinogenic potency, and that the toxicologic studies did not have adequate
stalistical power to-detect the level of risk associated with.exposures. td.=these fibers. Qne’ -might
expect short fibers to have simifar carcinogenic potency as has been observed for-other particles

such as titanium dioxide or carbon black.

5) The proposed exposure index is weighed heavily by fibers longer than 10 pm.
Specifically, Equation 7.13 suggests that the carcinogenic potency of fibers longer
than 10 pm is more than 300 times greater than that of fibers with lengths betvieen
§ and 10 ym. How consistent is this difference in carcinogenic potency with the
epidemiology and toxicology literature?
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There is virtually no information in the epidemiologic literature to address.this question. There
is also very:limited information from the toxicological literature with the exception of the paper
* by Berman et al. [1995], and even this paper does not clearly support the factor of 300, which
appears to have been chosen: somewhat ‘arbitrarily (i.e.,-using: an “ad -hoc method”).
Unfortunately, the Berman et al. paper did not present a model comparable to the proposed
index. The closest model shown is the “intermediate” analysis, and inthis analysis the potency
of fibets that are 5 to 10 um long-is only approximately 1/4™ less-than 10-20, 110" less than 20-
-40, and 900 times less than »40 - ym. Based on this mode! it would seem that assuming-a factor
of 300-in- potency between fiber 5 and-10- ym; .and > 10 pim would only- make.'sense if a very
larger percentage of the fibers > 10 ym were > 40 um. It would be very informative if the

analysis by Berman et al. could be repeated using the proposed exposure index.

One also must be concerned that this formula is based'soleiy on-the analysis of toxicdlogical

data. One:might.expect that humans might show a very different pattem in.risk-| related to fiber
: 'snze given spemes difference ‘in resplratow anatomy and the ‘size’” of human and rat

macrophages. The site of lung tumors is also different with rats developsng tumors in the )

alveoli, and humans in the bronchus. Given these species differences, one would strongly
suspect that the relationships between fiber sizeé and carcinogenic potency could be species

specific.

6) Please explain whether the proposed exposure index will altow ‘mearingful
comparisons between current environmental exposures to asbestos and historical
exposures to asbestos that occurred in the work place.

. At this time, it is not possible-to use the Exposure index torhake meaningful compéii'sqnsbetvﬂreén
current environmental exposures and workplace because the workplace studies have not included

the exposure measurements needed to use the index.

Tbj:ic Arqaj:i_:._ ‘ General quiestions.

7)  The proposedrisk assessment approach assigns carcinogenic potency te individual
fibers andto cleavage fragments {or “bundies that are components of more compiex

B-133

HWBUI0011206



Lestie Stayner

structures”). Please comment on whether cleavage fragments of ashestos are as
toxicologically signiﬁcgnt as fibers of the same size range.

{ am unaware of any eptdemro!ogxc or toxzcolognc studies that have direct beanng on this question.

it is interesting fo fiote the conceiri raised in this report that studiés of miners may have included
counhng of c{eavage fragmems. and that this mxght account for the very low Iung cancer nsk )

detected m these studles

7) Please comment on whetherthe proposed cancerassessmentapproach is releyant
“to-all amphibole fibers or’only to the five types of amphibole fibers (actinolite,

_ amosite, anthophyliite, crogidolite, tremolite) designated in federal regulations..

fam not convinced that the proposed methodology is evén relevant for the'amiphiboles: -~

designated in federal regulation let alone for other fiber types.

8) The review docuiment recoiniends that asbestos samples - be -anadlyzed by
transmission electron microscopy {TEM) and count only‘those fibers (or bundles)
. longerthan 5 pum. Such counting practices will provide no information on the amount
of asbestos fibers shorter than 5 ym. To what extent would data on shorterfibers in

samples be useful for future evaluations (e.g., validation of the cancer risk
assessment methodology. assessment of non-cancer endpoinls)?

l think its obwous that if we ever want to be able in the future to answer the question as to whether

or not fibers < 5 pm are carcinogenic, than we will need to have. studies in which these fibers.are

measured.

9) The proposed risk assessment methodology suggests that exposure estimates _
should be based onlyon fibers longer than 5 ymand thinner than 0.5 um. Is this cut-
off for fiber diameter appropriate?

In the “optimum” model in the paper by Berman et al., fibers longerthan40..  um, and > 5 pmin

diameter showed a relatively high carcinogenic potency. This would suggestthat0.5: pm is not -

an appropriate culoff, particutarly when you have long fibers.

11) Discuss ‘whether the proposed cancer assessment approach, as a whole, is a
reasonable evaluation of the available health effects data. What aspects of the
proposed cancer assessment approach, if any, are mconsistent with the
epidemiology or toxicology literature for asbestos? ’ :
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I befieve what this report has done is clearly identify weaknesses in the current methodology ueing
for measunng asbestos exposure and for assessmg risk.  The choice of a5 pm cutoff witha 3
to 1 aspect ratio was cleariy arbltrary and not based on blOlOglC pnnc:p!es as much as on the
avallable sampling methodology However fam a{rald the proposed methodology is also qutte

arbitrary, and Jacks a solid smenhﬁc basis. 1am most concemed that lower index for chrysohle

and lung cancer risk is not supported by the analysis of the epzdemnolog:c data. ‘1 am also
ooncerned that whlle the proposed exposure metnc may have more plausnbmty than the cuirent

T one, that |t stlll needs further. evatuation, before bemg adopted !n partlcular. Hhmk that there is

a real need toreanalyzé some of the kéy epidémiologic studies using this index and other possible

indices based on TEM analysis to determine what an appropriate index is. -

12) Section 8.2 of the review document presents three options for assessing cancer
risks from asbestos exposure. Please comment on the techmcal merit of the
_proposed risk assessment options. . .

Obvxously {he first optwn (usmg the dose-response model and a life table) is the most accurate, but the
second (estlmatmg rlsk from a !?fe table) should be neasonably accurate under mosl c:mumslances (ie.,

excess risks less than 1 per 100) As far as ease of use of course the 3¢ opuon is lhe easnest although
the least reliable. Al three methods may be useful for different audiences. EPA officials would probably
want in'most cases to use the first-oplion since it is the most accurate. On the other hand, the unit risk
option might be most appropriate for the lay public and this is what EPA might want to continue to use inits

IRIS database.
Othes Comments:© ~

This document is in seridus neéd of editing, and in many ways is a very rough draft. | have the

following editorial-and other minor comments to offer:"

1) Page 4.21 — It seems that a bullet should be added stated that there ere important species
dlfferences in the morphology of the fung and pleura,.and these differences may have
important lmphwhons for.risk assessment. .

'2) ﬁage 5.7, next to fast paragrap_h - There isa miss.iog‘(efel;ence (i?‘EE).
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3) Page 6.17, last paragraph — it is stated that the animal data suggests that tumorigenecity
is a function of in-vivo durability. However, this statement seems to be inconsistent with the
fact that the animat studies have generally failed to demonsirate a difference carcinogenic
potency between chrysofile and the amphiboles. The section 7.2.4 that is referred to is
merely a discussion of differences in dissolution rates and does not provide any evidence
to support this statement.

4) Chesson et al 1989, which is a critical reference cited several fimes in this document (eg.
page 6.46), is listed in the references as “Submitted for Publication 198977

5) In the meta-analyses of K, and K | hope that they have not included both the McDonald
and Dement analyses of the South Carolina cohort.  This would obviously be a misiake.

6) Page 6.61 -The improvement in the range of K, from when adjustments were made is not’
very impressive and seems to be due to improvemenis solely in the agreement between
the South Carolina textile and Quebec miners studies. | am not sure that this can be
interpreted as providing justification for the new index as the report does. -

7) Page 6.65, formula 6-12 — the symbols for this formula need to be defined.

8) Page 6.69, last paragréph — It should be noted that the differences in mesothelioma risk
was not statistically significant, which is clear in the presentation in the appendix.

g) Page 6.70 — It should be noted that the model does not fit locations 2 or 384 very well.

. 10) Page 6.90 — For the conservative risk coefficients why not use the largest value for
chrysotile rather than only using the largest values for crocidolite and then scaling
chrysotile?
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EPA asbwtos decument (Berman and Krump), comments by Kyle Steenland, 2/10/03
Silgjllilary of appreach

Exposure-response estimates-based on a linear relative risk model for lung cancer, and
an absolute risk model for mesothelioma, were re-calculated on summary data from the £5-20 -
epldemlologlc studies in the literature with exposure-response data. For lung cancer, these -
analyses were. based on SMRs comparing exposed populauons to large non-exposed populahons
with backgmund rates, and in the re-calculation an additional parameter was estimated as a -
multiplier of background rates. Using the results of these analyses;'a meta-analysis of exposure—
response coefficients was then conducted, for both lung cancer and mesothelioma. " A correction
was applied to exposure-response coefficients for lung cancer and mesothelioma based on fiber
size (more weight on long thin fibers) and on fiber type (more weight on amphiboles vs
chrysotile). The fiber size comrection was taken a priori from animal data tempered by
limitations in available exposure data, while the adjustment for fiber type was estimated from
the data. The fiber type adjustment results in separate exposure-response estimates for
chrysotile and amphiboles, a major difference from the curvent EPA approach.  The fiber size
comection has fewer implications.

The authors have done a thorough and competent job synthesizing a large body of
{iterature and data, and have taken inventive approaches to old questions. Nonetheless, Fhave
some questions and disagreements as outlined below. My comments are focused on

epidemiologic issues, which is my area of expertise.
General comments )
I Stylé of the document.

It is actually quite difficult to de-cipher the text, the heart of what was done is contained
in a few pages of a very long document.  This document could be simplified. For example,
pages 6.1-6.30 could be put in an appendix, as their results are essentially never used by the -
authors. Ihave put my commeats on page 6.1-6.30 at the end of this document. Similarly, the
animal data in section 7 seems to be summarized at the end on pages 7.148 through 7.158, and it
is not clear to me that the preceding pages could not be reduced in size.

I Meta-analysis of exposure response coefficients.

‘ ‘The meta-analysis differed fom customary meta-analyses (DerSimonian and Laird, 1986)
in which a random: effects model is used (in the presence of heterogeneity) and an inverse-
variance weighted average of study-specific exposure-coefficients is calculated (with the vanance
reflected in the confidence interval of each study-specific estimate), along with the addition of a
variance component for between study heterogeneity. Here, in confrast, the between-study
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variance component was estimated via a likelihood approach, a parameter for weighting fiber-
type was also estimated via likelihood, and the individual study variance (oonﬁdenoe mterval)

wasmﬂatedmawaydmmbedmtheAppendu&.

This approach,is not unreasonable, and is of importance in the estimation of the ﬁbcr—typc
weighting parameter from the data. - One thing not clear, however, is the inflating of confidence-
intervals for each study as indicated in the Appendix.. First, it should be made clear in the text
that these inflated confidence intervals are used uniformly throughout the text, which I believe is
the case — it would be hetter to consistently give them a different name altogether (eg,

‘reasonable range’ which is used sometimes). More importantly, Appendix A is not clear on how
these inflated confidence are in fact calculated. They seem rather arbitrary. There appears to be
an assumed value of 1.0 for up to 4 factors. Thisvalue would not appear to make sense-as the
formula in-Appendix A. has the logarithm of these. ﬁnctors, which would then be 0. I mustbe -

missing something here.

A different and more traditional approach, perhaps more transparent, would be tstlmate
the weighting factor for fiber type from the data and then use it in a traditional meta-analysis, in

which the traditional study-specific variances (CIs) are used, and an additional vaniance. _
component (which would cover all the factors in Append:x A) was taken as the between study

. variance.

118 . Why SMRs in-the lung cancer re-analysis?

For lung cancer, why were internal analyses not considered, rather than SMRs?. Use of
SMRs leads ta comection of background rates (estimation of “alpha’) for background rates, which
in turn changes the %txmated exposure-response coefficients. The raw data for the meta-analysis
given in the A}ppendlx uses a Poisson-SMR model in which background rates are incorporated.
It is not clear why a Poisson model could not be used.jn internal analyses without recourse to.
national rates, which would get rid of the need to estimate the extra parameter alpha (backgmund
corection). - . : . . .

v. Why these models (the usual EPA models for lung cancer.and mesothelioma)?. |

Given that the authors have re-calculated exposure-response data for each study, why
were models restricted largely to the usual EPA models?: Why not the more common statisticat
models, such as the usual log-linear refative risk model for lung cancer? |

For mesothelioma, the usual EPA model was originally based on animal data and
mechanistic considerations. It is not a model used for any other disease, to my knowledge. The
model, which is based on absolute risk rather than relative risk, is based on an average intensity
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and time sinoe-first exposure, with no consideration of cumulative exposure. Cumulative -
exposure is the metric of interest in. most occupational cancer studies. For example, it isthe
metric of interest used here for lung cancer (and lung cancer models do not include time since
farst exposum) Tlus dxscmpancy between these ftwo modcls could be menuoned

If there is a reason to accept the EPA models a priori for lustonml reasons thzs should be
stated. Of course; oncrmsonlstosmlphf}'ﬂxetask. :

V. 'Ihmw out the outhers"

Anothier suggestion would be to throw-out outliers; such: as-any plant where there.is no
exposure-response for lung cancer (this contradiéts the great bulk of the evidence) and perhaps -
the Ontario plant for mesothelioma, where mesothelioma deaths were almost as numerous as*
lung cancer deaths.

Comments on adjustment for fiber size and fiber type.
The charge for peer reviewers primarily relate to these two questions.

The authors claim that “by adjusting for fiber type and-fiber size; the existing data base of
studies can be reconciled adequately to reasonably support risk assessment’. The basis of this
statement is not clear. Adjusting for fiber type and fiber size reduces somewhat the heterogeneity
of the data; nonetheless, the hetérogeneity remaining within the categories of amphibole and
chrysotile studies remains very large, and any decision to accept a common risk coefficient” '
across such heterogenous data is more a policy than a statistical decision (the authors do not do
any tests for heterogeneity, referring rather to non-overlapping-confidence limits, but tests are -
somewhat superﬂuous in'the facc of large and apparent hctemgmexty) :

Adjustment for fiber type M&othehoma. It would appear that there is reasonable
evidence that adjustment for fiber type is worthwhile for mesothelioma, in that the amphibole
cohorts appear to have consideiably higher risks than the chrysatile cohorts. However, there is
greaf heterogeneity within the amphibole cohorts, making prediction within themn quite difficult
{the CONtroversy over Whitenoom exposure estimates further increases uncertainty here, see
below under “minor points’).. Furthermore, the chrysoule -cohorts are also-quite different, ie,’
between Quebec and S. Carolina/N. Orleans. Thié Carolina and New Orleans coliorts show high
risk, and approach the lower bounds 'of some of the amphibole cohorts. Nonetheléss, given'the -
general increase in risk for all the amphibole oohorts vs the chrysotxle cohotts, some adJustment
for fiber type appears Justified. :
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Animal data also apparently tends to support an increased risk of mesothelioma for .
amphiboles.

Adjustment for fiber type. Lung caner. The evidence for adjustment for fiber type for
lung cancer is more problematic, in that it relies almost exclusively on the low risk among .
Quebec chiysotile miners, or conversely ou the high risk for Carolina textile workers and New
Orleans cement workers exposed to chrysotile. The discrepancy of results these results for these -
3 cohorts is unresolved; and yet upon it rests the conclusion that the lung cancer nisk as-. ‘
substantially different between amphiboles and chrysotile. The evidence-is w&k, in ry. view, fo
make an adjustmem for fiber. type for lung cancer niskc .

Tbeanmmldatado notclmdymdxmleﬂlat lungcancernsklshxgher foramphlbolm vs -
chrysotile, further weakening the case for adjustment for fiber-type for lung cancer. Theories -
about the short life of rats and the over-whelming 6f clearance mechanisms have been pmposed
to explain the lack of difference in rats-by fiber type but these explanatxons do not appear to have
explained away the issue. :

Adjustment for fiber size. The adjuslment for fiber size on page 650 (2 [e-weighting of
traditional exposure measures used in the current standards, which are based on fibers longer
. than 5 um and with a 3:1 aspect-xatio and greater than 0.25 ura diameter) is:taken from the animal
data in which long thin fibers (>40 um) appear to be more carcinogenic, plus an ad hoc
recognition that the epidemiologic studies permit exposure measures only based on a dlchotomy
of greater or less than 10.um in length (so that a re-weighting using 40 um cannot be done).”

The data supporting the carcinogenicity of long and thin fibers appear reasonably
uncontroversial. The application of this adjustment in fact does not change much the observed
heterogeneity in the data. Another-possible approach to adjusting for fiber size is to pick the
weighting (currently-0.3% for <10 um, 97.7%: for >10 um) such that hetcmgmexty in the data is: .
maximally reduced. - In practice so little weight is given to fibers <10 um that their wengimng
could simply be 0.

-
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Mere miner points
a) Specific. comments on pages 6.1-6.30.

While fﬁeyarcmtemhngcxcmscs, itis notclwtomc whyﬂxeanalysw of raw data for two
specific cohorts was done; given the limited inferénces which can be drawn about the universe of
asbestos studies (a pooled analysis of all existing data, as opposed to a met-analysis, would be
ideal but very time-consuming and possibly impractical). Tenfative conclusions about the current -
EPA model are drawn based on these two studies, based on sparse data, which do not strike me -
as valid. In particular inferences about the pattem of rate ratios.after employment termination ©
strike me as unwarranted, as they are based on very sparse data. Time-related patterns of RRs,
eg, stratified by tifne since termination, are affected by othet variables involving the healthy
wotker survivor-effect, independent of cumulative-dose. Estimation of models using various.
assumptions about internal dose vs extemal dose are focused on patterns for time-since-
termuination. It might be more interesting to first evaluate dose-response by cumulative dose -
using estimates of intemnal dose vs external dose. But in any case, if only two cohorts can be- -
studied using raw data, it does not seem worth the effort, as no generalizations can be
extrapolated to- other studies. .

Similardy, it was not-clear to me why the multi-stage model was included in the analysis of two
cohorts . Again, while this was an interesting exercise, it could have been predicted that this
model —which has not been adopted by epidemiologist conducting occupational studies — is
complex and involves estimating a large number of parameters based on biological assumptions.
1t is difficult to interpret these parameters -

b) There is a dispute about exposure levels in Whitencom which is not reflected in this
document, whereby exposure levels may have been overestimated by 4-10 times (see Hodgson
and Damton, 2000). This becomes relevant (see below), gtven the large wexght of this study
(large numbers of cases). .

c) As a general comment, it would be worthwhile if the authors were to add the observed
numbers of cancers to Table 6.12. These would enable an immediate appreciation of the
strength of evidence provided by each study.

B-143

HWBUI0011216



s 3"

B-144

HWBUI0011217



Mary Jane Teta

B:145

HWBUI0011218



Mary Jane Teta
Principal Epidemiologist
Exponent, Inc.

234 Oid Woodbury Road
Southbury, CT 06488
203-262-6441

Fax: 203-262-6443

-Email: jteta@exponent.com
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MPH in Biostatistics from Yale University. She is a Fellow'of the Amiefican College of Epidemiology; a
consuliant to EPA’s Science Advisory Board; a consultant to several task groups at the American
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CHARGE QUESTIONS

Topic Are;s_ 1. Interpretations of the epldemiology and toxicology literature. -

For fung cancer:

A] Influence of fiber type: Please oomment on the extent o’ whlch lhe ep:demlology l:terature and

. mechanistic studies suggest that carcinogenic polency varies from one fiber type lo the next (e. g.,
-chrysotile versus. amphibole fibers). How adequate is the. mformabon in the epxdemlology -literature

for supporting dose-tesponse analyses for different fiber types? Specifically, to what extent do you

: _thmk the proposed risk coefficients in. Table 6-29 are supported by the epldemxo!ogy literature?

There is compellmg evidence from. epxdemlologlc and medlamstlc smdxw that

mmnogemc potency varies by fiber type wﬂh chrysohle bemg a l&s potent lung

mmmogen than the amphiboles. The formal analys:s of the cohort stidies mcluded inthe
Berman/Crump report illustrates this fact, even after adjustment for fiber size. There are
16 cobort studies with quantitative data upon which to base these analyses and published
studies with average TEM fiber size distributions relevant to all but two of them. This is
adequate information. While uncertainties remain related to some of the assumptions and
adjustments made in this methodology, the end result is much greater homogeneity
among the studies within each fiber type and a clear distinction in risk between chrysotile
and the amphiboles.

The analysis of refative risk (RR) with time, using raw data fromn Wittenoom (crocidolite)
and SC (primarily chrysotile), is also informative with respect to pdtency variability. The
RR remains constant after exposure for-the Wittenoom miners but dininishes with timé
since last exposure for the textile workers. This is consistent with the findings of
Finkelstein and Dufrensne (1999) that chrysotile splits both longitudinally and
transversely in the human lung and that hung burdens decrease substantially with
cessation of exposure. The breakdown of chrysotile and its greater solubility has an
inverse relationship with tumorgenicity. Although fiber size is the stronger influence on
biopersistence, both rodent and human pathology studies indicate that in vivo durability
(solubility) is a predictor of clearance and it is dependent on fiber mineralogy.
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While unable to distinguish the effects of fiber size and type, the large body of asbestos
epidemiologic studies; not included in this report because of madequate exposure data for
exposure-fesponse modeling, is very consistent with the lesser poteacy of chrysotile. For
example, Camus et al., (New England Journal ‘of Medicine, 1998; 338: 1565-71) reported
no excess risk of lung cancer ina population of women with relatively high levels of
nonoccupational asbestos exposure from two chryéqtile asbestos mjning regions. )
However, there: are NUMerous exampks of bystander and domcshc a}mphlbole exposures
[e.g-, shipyard, ; asbcstos cement] linked with increased lung cancer rates. There is no.
clear evidence. of increased lung cancer tisk among vehicle mechamcs despite potential
exposure to chrysotile in brake dust and little or no risk associated with manufacture of
{cheysotile) friction products. Similar fiber type risk differences have even been observed
within the same cohort (e £, Ohlson etal 1984 Mortahty amoug asb@stos-exposcd
workers in a raifroad workshop Scand J Work Environ Health 10:283- =201) or industrial

. group (chrysotile v. amosm: cement oohons) The contrast in lung canoer nslc among
female gas mask workers follows a similar clear pattemn of lower risk ainorig those
exposed to chrysohle than croc:ldohtc The exception of course is the textile
manufacturing studies, where fiber size and the extent of mixed exposures to amptuboles
confound the a_bnh;y ) addn;s vanabtlny in nisk duc to mmc_:ralogy.

As Berman and Cmmp pomt out, the exxstmg EPA model pmwd&s an adaquatc

' descnptlon of lung canoer mortahty for the W"ttcnoon cohort but may not be adequate f0r B
the SC cohort. Trme ﬁndmgs, in addition to the d.l.(fCKBﬂOCS observed m the optlmxzed
coefficients upon adjustment for fiber size (T able 6—29) and the consxstent micchanistic
data, provide compelling evidence that thevdo‘se-ryespons_g curyes fo;‘chfy@t;.lg and the
amphiboles are too disparate to be represented by one curvé or model . - .

The opM coeﬁ'lcients for pure fiber typ&c W1th aratio of 3.3:1 (amphlboles tol

chrysotile) in Table 6-29 suocessﬁllly reduce study potency vanablhty (33% ﬁ'om a factor
of 90 (based on 18 studies) to 60 (based on 16 studies)). Since the coefﬁcxents have been
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adjusted for fiber type and size, a straightforward quantitative assessment of consistency
with épideniiology studies may not be feasible. Furthermore, since the most informative
epidemiology studies have been used to derive these values, they cannot be used as an
mdependent test of ¢onsistency. This might have been possible, hiad some studies been
excluded from the derivation of the coefficients. In this case, predictions based onl the
coefficients could have been comparéd to what was observed in the study cobiorts. “The
disadvantge, of ourse, would bé the reduction in the number of studies and the
associated inéreased uncertainty in thié optimization procedure. Would itbe possible,
however, to examiie thé‘observed nuimber of lung caricer cases in-each study agamst
pxedlcted, using the punmd ooelﬁclents to evaluate the goodnéss'of fir 7

B} Influence of fiber dength. Please comment on the extent to which the epidemiology
literature and mechanistic studies suggest that carcinogenic potency varies with  fiber
length. How adequate is information ‘in the epidemiology literature for supporting dose-

‘response -analyses for different fiberdengths? In general, is it appropriate 10 assess.cancer

risks using ar exposure index (see Equation 7.13) that is weighed heavily by fibers longer
than 10 micrometers (um)'? {Nibte: Topic area 2 includes more detailed quéstions on the
proposed exposure.index.). : ..

Epidemiology aiid mechanistic studies provids convincing evideiice thit fiber size and
shape (length and diamieter) are important predictors of carcinogenic risk.
Mechanistically, fiber diménsion'is related to respirability, deposition, dégiadation;
clearance and translomhou and, ﬁletefoxe isa major determinant of cumulauve dose to
the lung, Attempts to relate potency to asbestos air concenuabonsbr wo:se measures of
dust coutammg asbestos zesults m extteme vanabmty in potenctm, both among dlﬁ'erent

ﬁber typm and wuhm ihe same ﬁber type

Thié detailed feﬁé:v'&'afacpam eritental data from rodénts and humans in the Bérfan/Ciumip

ceport show that:* sfioit fibers (<10 urh) are cleared much ore quickly than long (>20
um) insoluble ﬁbexs short fibers do not induce fibrosis, long ﬁbers pmduce substantlal
mﬂammahon, and deposmon and b:anslocauon depend predormnately on ﬁber size, wlule
dumblhty depends mostly on ﬁber type Even longer fibiers 1 may be cleared eﬂicxendy if
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-they are soluble.- Studies were examined that included varying fiber lengths. within the
same fiber-type to enable distinctions to be made, free of confounding. -Both the .
epidemiology:and mechanistic data support using a weighted exposure index that
recogaizes the predominant influence of fibers longer than 10um. ‘

The analysns of the lung cancer crude potencies (not ad_yusted for ﬁber snze) based on the
Qlebec mmezs and SC textile worker studies, together with 3 m—analyss of the lung
pathology recults of workers from ttme two focations are very mﬁmnauve Higher
measured concentrations in Quebec do not translate to higher hung cancer potency; in fact
-the epidemiology studies confim higher lung cancer risks in the textile workers. The
Berman/Crump analyses show that airbome concentration ratios betiveen the iwo work
settings are not predictors of lung burden (relative ratios of fiber types [chrysotile or
'tremolxte]) More: unportantly, size distribution comparisons mdmte that texule dust in
SC may have been hxghlymnched with long tremelite fibers (>20 um). 'Ihe pubhshed

. size distributions in these environments (Gibbs and Hwang, 1975, 1980) and lcnowledge
of the raw fiber purchased .by the textile plant further support these findings.

The absence of a clear increase in lung cancer in epidemiology studies of auto and brake:-
mechanics, after adjustment for smoking, may be explained in part by the potential
exposure to short fiber chrysotilé, in contrast with the long fiber types in textile settings
needed to facilitate weaving of the fibers.

Table 6-15 shows a clear correlation between fiber length and lung cancer potency
coefficients. Wittenoom, however, seerns to be an exception, witha predormnance of
shorter fibers and one of the higher potencies. Potencies adjusted for fiber size (by using
the new exposure metric) are presented in Table 6-15. All coefficients increase by factors
of 2 to 7, with the exception of Wittenoom, whose increase is less than 2, dropping it
down to 9 most potent (of 20 cohorts). The Wittenoorm results merit some discussion

and clanficatton.
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The Berman/Crump approach to adjusting the lung cancer potencies for fiber size (length
and width) is very effective in reconciling the variability in the unadjusted estimates.
This body of epidemiological data is adequate for supporting these dose-response
analyses. The approach of using relevant TEM size distcibutions from the published
literature to implement the size adjustment is both rational and innovative. The
uncertainfy values assigned, however, need to be moreé clearly éxplained and justified.
The range of uticertainty values should be dmcnbed for each considetation and the
criteria used clanﬁed.

C] To what extent do animal stidies {e:g., studies by Davis and other reséarchers) suggest that
carcinogenic potency varies wilh fiber type and fiber length?

Asan epldetmologlst, ITwill defet to the toxxcologtsls on. this issue.
D} Piease comment on the. extent to which carcinogenic potency is a function of fiber properties (e.g..
dsameter aspect ratio, surfaoe properties) ofher than fber type and fiber lenglh How adequate is

information in theepldemro!ogy or toxicology literature for supporting these other properties into dose-
response analyses')

Fiber dlamctcr is a more important characteristic thh respect to mpuabmty '(6.02-2um) than
fiber length. In addition, experimental studies cleady show that long, thin fibers have the
greatest potency. Few fibers thicker than 0.7 um appear to réach the deep lung. Berman and
Crump miake a persuasive case that maximum diameter is more important than aspect ratio as a
criteria for an exposure metric. I do not think epidemiology informs this issue.
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2) For mesothefioma:

A] influence of fiber type: Please comment on the extent 0 which the epidemiofogy literature and
mechanistic studies suggest that carcinogenic potency varies from ane fiber {ype to the next {e.g..
chrysolile versus amphibole fibers). How adequate is the information in the ‘epidémiology literature
for supporting dose-response analyses for different fiber fypes? Specifically, lo what extent do you
think the proposed risk coefficients in Table 6-29 are suppdrted by the epidemiology’ iiteratire? -

The evidence from epidemiologic and mechanistic studies that carcinogenic potency varies by
fiber type with chrysoule bemg less potent than the amplu’bol&c is even more dramatlc for
mesothelioma than for fung cancer. The fomlal analys:s of the cohort studxes mcluded in the
Berman/Crump report xﬂustxat&s this fact, even after ad_}ustment for ﬁber SIze There are 12 .
cohort studxcs with quanhtaﬂve data upon whlch to base these analyses and pubhshed studxcs
with averagc TEM fiber size dlstnbutlons relevant to all but one of them. This is adecpxatc
mformanon. (See IA for comments reganimg the mechamstxc ewdeuoe) While uncertainties
remain related to some of the assumpnons and adjustmtmts included in this methodology, the end”
~ result is much greater homogenexty among tlxc studies within each ﬁber typc and a clear '
. distinction in mesothelioma risk between chrysotile and the amphiboles (about 600 times more V

potent).

The percentages of deaths from mesotheliofia in amphilaéle—exposéd cohorts greatly exceed what °
is seen among workers primarily expdsed to chirysotile. Paraoccupational and bystander '
mesothelioma excesses exarninéd in formal epidemiology Sludles have been associated with
amphibole exposum In a recent publication, Case ef al. 1dcnuﬁed SiX ‘mitsothelioma cases
among womeén it the Quebec chirysotile numng region. All resided in Thetford, where the mm&s
have a higher tremolite concenitration and none in Asbestos. The ubxqmtous uses of crocidolite ifi
Australia have led to the highest rates of mesothelioma i the world. The clear increased rite of
lung cancer in the SC texulc cohort contrasts wath the few obscrved suspect deaths from
mesothelioma. The cases of rxmothehoma 1dent1ﬁcd in the Quebec mmers and nullezs study L
track with the crocidolite exposure at locahon 2 and the hlgher tremolite content at Thctford In A
a mostly chrysotlle ﬁlcuon products plant, the l i cases of mesoﬁlehom were atmbumblc to uses.
of crocidolite at the plant or other employment (e g., Bemy and Newhouse 1983). The conlIaSt m
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lung cancer risk among female gas mask workers follows a similar clear pattern of lower risk
among those exposed to chrysotile than crocidolite.

I addiﬁog,' the current EPA modcl, which applies potency derived from cohorts heavily exposed
to amphiboles, has been, shown to overpredict mesothefioma in a chrysotile-exposed population
(Camus et al., 2002).

The CT fiiction product p!ant studied by McDonald etal (1984) with no reported deaths due to
mesothelioma based on d&th certificates is worthy of comruent, since it has had special o
treatment in this report. There were 3 deaths due to nmoﬂtehoma that were employed at this
location, identified from the CT Tumor Registry as patt of a case/control stady (T eta et aL 1983
Letters to the edxtor JOM 1986 28: 808—809) One man worked at an asbestos textile plant,
1921-32, which was the parent company to the friction products plant studied by McDonald. His
hire date proceeded the start of her cohort, 1938, and involved amphibole exposure. There were
two women whose cause of death on their death cestificates did not list mesothelioma. One was
classified as probably pleural mesothelioma and the other as a confirmed case of peritoneal
mesothelioma during a pathological review. There were issues related to possible domestic
exposuies and possiblc involvement of other jobs, so it is not known whether these cases are
attributable to exposure at the fiction products plant. Peritoneal mesothelioma is vuuxally

unheard of due to chrysotxle exposure. The Be:man/Cnnnp report mcluded in their analyses
suspected m&sothehoma cases ﬁ:om thc SC textile cohort and cases in other studies for which
there was possble mvolvement of other employment Tlns seems reasonable, given the under:
reporting of cases in the past on death certificates. In this same spirit, perhaps the two women
might b included in the analysi of the McDonald cohort '

The treatment, in gener.al, of uncertain mesothelioma cases should be évaluated for consistency
in computing Km valuw For example in Hughes 1987, Kms were derived for chrysotile and
amphibole cohorts separately However no Kms were calculated for Ber[y and Newhouse

(1983), although the study had O cases exposed to chrysotile and 8-11 for crocidolite. Neither
study permitted Cls to be computed directly.
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The optimized coefficients for pure fiber types with a ratio of 600:1 (amphiboles to chrysotile) in
Table 6-29 successfully reduce study potency variability, a remarkable mconcilidﬁog from a
factor of. 1000 to about 26. Since the coefficients have been adjusted for fiber size,a -
straightforward quantitative assessment of consistency with epidemiology studies may not be
feasible. Furthermore, since the most informative epidemiology studies bave been used to detive
these values, they cannot be used as an independent test of consistency. This might have been.
possible, had some studies been excluded from the derivation of the coefficients. In this case,
predictions based on the cocfficients.could have been-compared to what was observed in the
study cohiotts. The disadvantage, of caurse, would be the redhuction in the number of studies and
the associated increased uncertainty in the optimization procedure, Would it be possible, -
however, to examine the number of observed mesothelioma cases in each study against
predicted, using the optimized coefficients to evaluate the goodness of fit? .

B] Influence of fiber length: Please comment.on the extent to which the epidemiology literature and

' mechanistic studies suggest that carcinogenic potency varies with fiber fength, How adequale is
information in the epidemiology literature for supporting dose—response analyses for different fiber
fengths? In general, is it appropriate to assess cancer risks using an exposure index (see Equation
7.13) that is weighed heavily by fibers longerthan 10 micrometers (um)? (Nofe: Topic area 2 includes
more detailed questions on the proposed exposure index.) ’

Epidemiology and mechanistic studies provide convmcmg evidence that fiber size and shape
(length and diameter) are meo:tant predxctors of carcmogcmc risk Mechamsncally, fiber
dimension is refated to respirability, deposition, degradation, clearance and translocation and,
therefore, is a major détemlinant of cumulative dose to'the lang: Attempts to relate potency to
asbestos air concentrations or worse, measures-of dust contmmng asbwtos, results in extremc

vanabxhty in potencies, both among different fiber types and thhm ‘the same ﬁber type

As with lung cancer, itis evident from Table 6-15 that the unadjusted mesothelioma potencies
for the 12 cohost studies correlate with fiber'size, with the exception of Wittenoom, which ranks
#2 in potency but #10 in total fibers > 10um - The most dramatic.changes after adjustment are in
the insulating manufacturing-and insulator cohorts, whose potencies dramatically increased, due
to the highest proportion-of long fibers. The smallest change occurred for Wittenoom, consistent
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with a distibution favoring short fibers (crocidolite). (Note: the KL values for Wittenoom and
SC in Table 6-16 don’t seem to agree to the values in Tables 6-1 and 6-2)

The Berman/Crump approach to éc!ju‘sting— the mesothelioma potencies for fiber size {length and
width) is very effective in reconciling the variability ir: thie unadjusted estimates. This body of -
epidemiological data is adequate for supporting these dose-response anai;ses. “The approach of
using relevant TEM size distiibutions from the pubhshed literatire: to implement the size
adjustment is both rational and inpovative. Theuncertainty values amgned, bowever, need to be
more clearly explained and justified. The range of uno;ﬂamty values should be described for

" each consideration and the criteria used clarified. The authors might consider a’section

describing each decision in the process that was made to account for uncertainty, in both the use
of TEM values. from other studies and thie F1-F4 factors related to exposure and othér -
uncerainties.

C] To what extent do‘animial studies (e.g., studies by Davis and other researchers) suggest
that carcinogenic potency varies with fiber type and fiber length?

As an epidc'miologiSt, Iwill defer to the toxioologists‘on this issue.

Dj Please comment on {he extent to which carcinegenic potency is a function of fiber properties (e.g.,
diameter, aspect ratio, surface properties) other than fiber type and fiber length. How adequate is
information in the epidemiology or toxicology fiterature for supporting these other properties into dose-
response analyses? .

Ihavenotiungtoaddbeyondmybnefcommtm 1 D

3) To: what extent are the exposure estimates documented ‘in the asbestos
epidemiology literature reliable? 4
Obviously, some studies have more complete and more accurate exposure estimates and the
amount of error and imprecision is a function of time, with estimates of historical exposures
being the most difficult to reconstruct.. In'the past they are more likely, however, to be worst:
case, with representative sampling becoming routine-around the:mid to late 1970s, if the.
chemical industry pattern in the U.S. holds. The authors used uncertainty factors (F1-F3) o
account for uncertainties in exposure estimates for each of the studies: Fl for uncertain recreation
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of past exposures, F2. for conversion and F3 for use of a crude estimate of average exposure. F4
was used for other types of uncestainties.

While these issues mp(ure the key exposure factors, the chou:e of F values ( at Ieast L 5 andisat
least 2 or more in most cases ") is madequately explamed and appears arbmmy Furthermme, the
formula for the ovelall unceﬂamty factor (A.6) the square root of the exponent of the sum of the
logs squared of the factors, needs more jusuﬁcauon than the reasonable one that it accounts for
errors in different dxrect:ons. In addition, the factors are only apphed to the conﬁdence mtcrva!s

{C1), as if the only influence on the coefficients would be related to random vanabﬂlty or . '
precision. It is unclear how the ClIs impact the final coefficients in Tables 6-29 and 6-30.

[ would dlsagree with the use of F3 asan uncertainty factor and argue that use of an 6vemll'
cobort average exposure Is too uncertiin and stuies with this Severe a limitation should not be
used for e@omQ@ponse. It appears this occurs for only one study, Selikoff and Seidmarn;
. 1991. The limitation of this study is even greater because the average exposure concentration did
not even come directly. from the study itself (A case study by Nicholson, 1976, is cited in the
1986 EPA Health Assessment). Furthermore, there were no data on duration of exposure,
requiring another outside average to be used. This was a very important study with respect to
identification of asbestos hazards, but the available information is not adequate for use in
exposure-response analyses.. Another study I would reconsider including in the exposure-
response is Lacquet et al,, 1980. The follow up is much to short and the exposure information

inadequate.

Topic Area 2: The proposed exposure index.
4) The proposed exposure index does not include contnbutlons from ﬁbers shorter than 5 ym.
Please comrient on whether the epidemiology and toxicology literature support the
- conclusion that.asbestos fibers shorter than 5 ym-present little or no carcinogenic risk.
There is adequate evidence that fibers shorter than Sum present little or no risk. Experimental -
data confirm that clearance of fibers is dependent on fiber length and that short fibers de not
produce fibrosis. Mechanistic and other experimental studies show fibers < 5 um clear readily -
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and the small proportion that do not cléar sre sequestered in alveolar macrophages. Fibers
shorter than 10-20 um are almost completely handled by macrophages. The strongest evidence
comes from Bemman’s re-analysis of the toxicological studies of Davis et al. using TEM based
fiber length distribution data. None of the epidemiology studies have TEM dati and thére s no
way to identify workers in the studies that are exposed only to fibers <5 um. Théiéfore
cpldennology cannot specifically addréss this issue. There is corroborative epxdemxology,
however, in studles of vehicle and brake mechanics, who have potznt:al exposu:e to short fiber”
asbestos (chxysohle) and have not been found to be at mcrmsed nsk of mmothehoma in '
numerous studies exammmg this issue.

5) The proposed exposure index is weighed heavily by fibers longer than 10 pm. Specifically,
Equation 7.13 suggests that the ‘carcinogenic ‘potency of fibers longer-than 10 pm is more
than 300 times greater than that of fibers with lengths between 5 and 10 pm. How
consistent is this difference in carcmogemc potency with the epldemnology and lox:cology
literature? . . .

This difference is based on the re-analysis of the Davis et al. studies, using TEM based fiber -
distributions. Other experimental evidence is corroborative indicating that fiber lengths shorter
than 10 to 20 um are readily handled by macrophages. In addition, the optimum exposure index
indicates little impact of exposures as high as 40 um in length.-

As indicated in #4 above, epidemiology cannot offer specific: guidance on this issue.-

.6)  Please explain whether the proposed exposure index will allow meaningful comparisons
between current environmental exposures to asbestos and historical exposures fo asbestos
that occurred in the work place.

Current environmental exposures to asbestos can be fully characterized by fiber typc and size using

TEM. Beiman and Crump have chmactenzed the exposum of workers in the cohort studns used

for exposure-response by these same charactenstlcs Factors have been. introduced, ‘however, to
address uncertainty in the exposure.data from the studies and in the derivation of Aﬁbﬂer size
distibutions from these studies for. purposes of potency calculations and. theic Cls. Thercfore, if I
understand the question correctly, direct comparisons of exposure would not be a meaningful
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exercise. However, use of the models with the new potency estimates can be effectively employed
to estimate lifetime risk associated with the particular environmental circumstance.

Topic Area 3: General questions.

1} The proposed risk assessment approach assigns carcinogenic polency to mdmdual fibers and to
cleavage fragments (or Abundles that are components of more ‘complex struclures@). Please
comment on whether deavage fragments of asbestos are as toxicologically significant as fibers of
the same size range.

This issue is beyond my area of expertise.

2) Please comment ¢n whiether the proposed cancer assessmient approach is fefévant to all amiphibole
fibers or only to the five types of amphibole fibérs (actinolite,” amasite, anthopliyllife, crocidolite,
tremolite} deagnated in federal regulauons

I am not familiar with any other amphlbole fibers and doubt that there is any epndenuology to

3) The review document recommends that asbestos samples be analyzed by transmission electron
microscopy (TEM) and count only those fibers (or bundles)longer than 5 pm. Such counting praclices
will provide no information on the amount of asbestos fibers shorter than 5 ym. To what exient would.
data on shorter fibers in samples be useful for future evaluations {e.g., validation of the cancer risk
assessment methodology, assessment of non-cancer endpoints)?

Since fibers shorter than 5 um do not contribute to fibrosis, there would be no value in collecting
these data for rion-cancer endpoints. To validate the risk assessment methodology, more research
would be needed: The only circumstance I could think of that would be of interest is where there
is an exposure scenario (¢.g., work environment, environmental source) where exposures are
limited to'<'S um and there is an ability to identify increased risk; if it existed for lung cancer and” -
mesothetiorna. It would be extremely difficult, however, to design a valid study with reasonable:
precision. ‘Power issues and confounding exposures would likely be insurmountable.

4) The proposed risk assessment methodology suggests that exposure estimates should be based only
on fibers longer than 5 pm and thinner than 0.5 pm. 1s this cut-off for fiber dizmeler appropnate'?

With the exception.of mouth breathing, few fibers > 0.7 um in diameter reach the deep hang.

And not all those that do will adhere to the lung surface. Experimental data also indicate that itis
the fibers dunncrthan()? um and Iongerthana minimum of 10 um that hkely contribute to
disease. Timbrell (1982) reported complete clearance of short (< 4 um) fibers with diameter less
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than 0.6um. (Berman and Crump make another arpument supporting 0.5 um as the cut-off related
to diffusional diameter. This discussion is outside the scope of my expertise.) Reliance on there-
analysw of the Davis et al. toxicology studies using TEM based exposure results inan adequaté
fit of the data with a cut-off of 03 um diameter for structures betweeén 1 and 40 um in lengﬂL
Adequate fit was also seen with a04umcut—off In light of this evidence 0.5 um seems ..

appropriate.

5) Discuss whether the proposed cancer assessment approach, as a whole, is a reasbhéb!.é‘evatuauon
of the available health effects data. What aspects of the proposed cancer assessment approach, if
_ any, are |nconsustent wnh the epxdemxo!ogy or. toxncology literature far ashestos?

This is'a very impressive piece of work that considers ali the evidence and integ,xatm it
effectively. The methodological approach is supportéd by a solid foundation ;)f scientific
evidence and data. Uncertainties in the human data are considered and factored into the method.
The experimental data is cg.teﬁxlly scrutinized and }E_:asonab[y evaluated in a balanced fasl'ﬁ.on.

The variability in the resulis of the epidemiology stidies are well described, but no standards are
provided to judge the acceptability of the studies for risk assessment.

I found the epidemiology data to be accepted at face value as evidenced by the placement of study
summaries in the Appendix. The information from these studies is fundamental to the methodology.
Justification: for the: uncertainty factors needs to- be clearer (see response to question #3).-4 W‘nat
criteria were used for acceptability of the. studies. for inclusion (see. prior discussion of Selikoff and
Seidmanand. Lacquetet al)? [ su;iport_,thq,.use.oﬁ human data and the methodplogy,pmposed but
question whether study quality and the suitability of each study. for exposure-response was measured
against ar’ly‘standard. I am not convinced that introducing the uncertainty factor, F4, for example,
solves all the limitations unrelited to éxposute, such as a sizeable proportion’ of sulzjects lost to

follow up. Would it be more appropﬁate to exclude the study? . !

I see no substantlve mconsnstencm wnh the existing epxdermology and toxxoology hterature The
extreme vanabxhty in mmatm of risk from the epxdermology studies has troubled scxentlsts for
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some time. It is well accepted in the scientific community that asbestos fiber size and €ype are key !
detennmamsofnsk More spemﬁwlly, tlswellrecogmzed lhatthc lcmg, thmﬁbers ate the most
potent and ﬁlat amphiboles have greater potency than chzysoule 'Ihxs scxmtlﬁc undezstandmg and
a practlcal approach to applymg it bas beén captured i the Bexmzm/Cmmp proposed methodology
The result is a vast improvement in wconcnhng the dlffczenws in the epxdmuo!ogy studies..

This is an mmvanve pzece of work that vastly mxproves the risk assessment methodology for
asbestos and makes excellent use of all lhc ou:mntly avmlab[e scxeunﬁc mfonnatlon.
" §) -Section 8.2 of the review doctimeit presents three options fof assessing cancer risks From asbestas

exposure. Please comment on the technical merit of the proposed risk assessmenit options. ™
) .. . B Y . . ‘

Isupport options #1 and #2 as a;;[;mpriate appr;)ach&s to assessing cancér risks for asbestos. -
exposure. 'I'hey are both techmmlly comect with optton #1 bemg more ﬂexible (e g, can handlc
time-varying exposure) being the more general case; but option #2 bemg easier o :mplcment 2

(. (only need estimates of long-term exposure). Choosmg between these options depends on, the
circumstances of the population of interest. To make a judgment about lifetime risk to an urban
uUs. populatlon thh a telatwely constant exposure option #2 would be the easiest to use and
would provide the same result, had option- #1 been employed. If a.demolition project is: under
consideration in which exposure concéntrations might vary by task and workers would have
various fixed durations of employment; then option #2 would not be suitable, but the more
general case, option #1 would be. - '

{ would not recommend option #3, some Sort of combinedunit sk bécawse it deféats the purpose
of taking inte account how-potencies vary by fiber size and type and introduces an additional
wexghnng procedu:e Wtule smgle unit nsk estlmatm have the advantage of s;mphcxty, he
dxsadvamages in this case outwelgh the advantage, partlcularly with the ease of use-of the nsk table.

Topic Area 4: Development of Conclusions and Recommendations

At the end of the workshop, the peer consultants will be asked to draft conclusion statements
identifying their most notable findings on the proposed methodology. As a prelude to developing
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these stateiments, the peer consuliants are invited to provide any additional comments or concerns,
both strengths and weaknesses, on topics not specifically addressed in the previous charge questions.
After completing the discussions the peer consultants will prepare their conclusions, and they will
also be asked to develop recommendations for how EPA can improve the methodology. Please note
that, altbwgh recommendations for future research projects are welcomed, the focus of this
workshop is ‘on the proposed risk assessment mcthodo!ogy and how it may be used to support
decisions at asbestos-contaminated sites.

Additiopal comments:

It is noted in 6.65 that background cases of mesothelioma are rare in the general population.
Is 2 per million, the estimate for the U'S. small énough to notimpact the model? :

- Why are 90% CI preferred in this document?

- . Discussion of two-stage model may be better placed in the Appendix, since it dndn‘t tum out
to beuseful . .
Very long section on factors goveming celiular and tissue mponse (i_e mechanism of
carcinogenicity) should be substantially shortened (with more detail:in Appendix), since it

resulted mostly in hypotheses that were not integral to methodology.
Clarify how Cls ate incorporated into final coefficients; if in fact they are. If not, liow do the

uncertamtyﬁctorsmakead:ﬁ‘erenoe"

Would mcorporauon of a maximum latency penod into the EPA model improve its
performanoe?

There is. little -discussion of peritoneal mesothelioma — .would pofency estimates ‘be any
different for this eadpoint?

P. 5.6 notes one needs incidence of meso. by “age at first exposure éo implement EPA
model. Is this correct or should it be “time since first exposure™? -
P. 6.65, descnptlon of equation 6-12. “assuming that exposure remains constant” may be

incorrect. )
-P. 8.7 notes consistency with Stayner yet he concludes that with respect to lung cancer,
epidemiology doesn’t support lower potency for chrysotile?

-~ Is there any mechanistic data to understand why chrysotile is closer in potency to amphiboles
or lung cancer but so much less potent than amphiboles fqr mesoﬂgeliomg? o

References.

Berman DW and Crump K. 2001. Technical Sup’poxt Document for a Protocol to Assess Asbmtos-
Related Risk. Final Draft. Prepared for U:S. Department of Transportation’ and -U.S. Environmental
Protection Agency. September 4, 2001.

_ EPA 1986. Aitbome Asbéstos Health ‘Assessment Update. U.S. Environmental Protection Agency.
EPA 600/8-84-003F. 1986.

B-161

HWBUI0011234



Appendix C

List of Registered Observers of the Peer Consultation Workshop

../

N

HWBUI0011235



CRE TR CRCRCIPPLIS

£ United States
. N A Environmental Protection Agency
\’ Office of Solid Waste and Emergency Response

Workshop to Discuss a Proposed Protocol to Assess
Asbestos-Related Risk

Westin St. Francis
San Francisco, CA
February 25-27,2003

Final Observer List

'Bruce Bishop

Chris Anaya

2056 Portsmouth Drive Attorney

Ef Dorado Hills, CA 95762 Wilcox & Savage
916-839-7000 1600 Bank of America Center
Fax: 916-933-1019 Norfolk, VA 23510

Email: anaya@prodigy.net

Email: bbishop@wilsav.com

Elizabeth Anderson Charles Blake

Sciences International, Inc. Vice President, Director Technical Services
1800 Diagonal Road Atlanta Region

Alexandria, VA 22314 OHS

703-684-0123
Fax: 703-684-2223

Email: elanderson@sciences.com

Jenny Bard
Redwood Empire Branch

American Lung Association of Calfornia

Clayton Group Services, Inc.

3380 Chastain Meadows Parkway - Suite 300
Kennesaw, GA 30144

770-499-7500

Fax: 770-499-7511

Email: cblake@claytongrp.com

115 Talbot Avenue David Bowen

Santa Rosa, CA 95404 Attorney

707-527-5864 Wilcox & Savage

Fax: 707-542-6111 1800 Bank of America Center

Email: jbard@alac.org Norfolk, VA 23510
757-628-5507

D. Wayne Berman
President

Fax: 757-628-5566
Email: dbowen@wilsav.com

Aeolus, inc.

751 Taft Street John Budroe

Albany, CA 94706 Staff Toxicologist

510-524-7855 Air Toxicology & Epidemiology Section

Fax: 510-524-7854
Email: bermanw@aol.com

T,

ST 1,076, 00 L AERTAT LTSN
T

Cffice of Environmental Health Hazard Assessment
California Environmental Profection Agency

1515 Clay Street - 16th Floor

Qaidand, CA 94612

510-622-3145

Fax: 510-622-3210

Email: jbudroe@oehha.ca.gov

VERG

HWBUI0011236


mailto:anaya@prodigy.net
mailto:bbishop@wilsav.com
mailto:elanderson@sdences.com
mailto:cblake@claytongrp.com
mailto:jbard@alac.org
mailto:dbowen@wilsav.com
mailto:bermanw@aoi.com
mailto:jbudroe@oehha.ca.gov

Leonard Buerelli
Environmental Profifes, Inc.

813 Fredrick Road ™ °
Baltimore, MD 21228
410-744-0700

Fax: 410-744-2003

Email: burrelli@episervices.com

Doug Cameron

Reed Smith

435 Sixth Avenue
Pittsburgh, PA 15219
412-288-4104

Fax: 412-288-3063

Email: dcameron@reedsmith.com™

Alex Catalona

Altomey

Morgenstein & Jubeliner, LLP
One Market .
Spear Tower - 32nd Floor
San Francisco, CA 94105 -
415-801-8700

Fax: 415-901-8701

Eric Chatfield
President

Chatfield Technical Consulting Lid.

2071 Dickson Road
Mississauga, ON LsB 1Y8
Canada

905-896-7611

Fax: 905-896-1930

Email: echaffield@ejchatfield.com

Deborah Cote

McKenna Long & Aldridge, LLP
One Market

Spear Tower - Suite 3500

Sain Francisco; CA’ 94105
415-267-4138

© Fax: 415-267-4198 L
Email: dcote@mckennalong.com

Kenny Crump

Principal

ENVIRON .
602 East Georgia Averue
Ruston, LA71270

318-251-6985

Fax: 318-255-2040

Email: kcrump@environcorp.com

C-2

Stan Dawson

Staff Toxicologist

Air Toxicology and Epidemiology

Office of Environmental Health Hazard Assessment
1001 § Street

P.O. Box 4010

Sacramento, CA 95812

916-323-2522

Fax: 916-327-7320

Email: sdawson@oehha.ca.gov

Sandra Dittmar

Professional Toxicologist ~

MWH ’

777 Campus Commons - Suite 175
Sacramento, CA 95825

916569-3249 -

Fax: 816-569-3258

Email: sandra.dittmar@us.mwhglobal.com

Morton Dubin

' Orrick, Hemifigton & Sutdrffe LLP

6686 Fifth Avenue
New York, NY 10103
Email: tau@wilsav.com

Jacgques Dunnigan

380 chemin de Narth-Hatley
Katevale, QC JOB 1WO0
Canada

819-847-3177

Fax: 819-847-1931

Email: dunnigan@abacom.com

Gwen Eng

Regional Répresentative )
Agency for Toxic Substances and Disease Reglstry
{ATSDR)

75 Hawthomne Street (HHS 1)
San Francisco, CA 94105
415-947-4317

Email: eng.gwen@epa.gov

Richard Finke

Senior Litigation Counsel

WR Grace & Co.

5400 Broken Sound Boulevard NW Suute 300
Boca Raton, FL 33487 - ’

561-362-1533

Fax: 561-362-1582

Email: richard finke@grace.com

N

HWBUI0011237


mailto:burrefli@epfeervices.com
mailto:echaffield@ejchatfield.com
mailto:dcote@mdtennalong.com
mailto:kcmmp@enwoncorp.com
mailto:sdawson@oehha.ca.gov
mailto:tlau@wSsav.com
mailto:dunnigan@abacom.com
mailto:eng.gwen@epa.gov
mailto:richard.finke@grace.com

Sean Fitzgerald

Branch Manager

RJtee Group, Inc.

530 McConmack Street T
San Leandro, CA 94577
510-544-8411

Fax: 510-567-0488

Email: sfitzgerald@rjlg.com

Stefanie Fogel -~ - . -
Attommey

Fiper Rudnick, LLT

3400 Two Logan Square .

Philadelphia, PA 19103
215656-3364 e

Fax: 215-606-3364 ' :
Email: stefanie fogel@pfperrudmckcom

Steve Foley-

Attomey

Foley & Mansfield

1333 North California Boulevard - Surte 580
Walnut Creek, CA 94506 R
925-930-2866 ) .
Fax: 925-930-7335 .
Email: foleys@fo’(eymansf' eld com

Jack Foley

Attomey

Foley & Mansfield

1108 Nicollet Mall
Minneapolis, MN 55403

Camitle Fong

McKenna, Long & Aldridge

One Market, Spear Street Tower - 35th, Floor
San Francisco, CA 94105 ;
Faic 415-267-4198°

Email: cfong@mekennalong.com -

Clifford Franklin
. .Field Investigator
Liberty Mutual

P.O. Box 667 IR
Grove City, PA 16127

800-344-0213 ,

Fax: 603-334-8088 . .
Email: clifford ﬁ'ankl‘n@l'bertymutua! com;_ ;

b

C-3

Mary Goldade

Chemist

Ecosystems Protection & Remediation
U.S. Environmental Protection Agency
999 18th Street - Suite 300 (BEPR-PS)
Denver, CO 80202

303-312-7024

Fax: 303-312-6065

Email: goldade.mary@epa.gov

Jessica Greene

Senior Scientist

Exponent

1970 Broadway - Suite 250
Oakland, CA 94612
510-208-2000

Fax: 510-208-2039

Email: jgreene@exponent.com

Kimberly Heuer

Attorney

Morgan Lewis & Bockius, LLP
1701 Market Street

Philadelphia, PA 19103
2159634756

Email: kheuer@morganlewis.com

Gerald Hiatt

Senior Regional Toxicologist
Superfund

U.S. Environmental Protection Agency
75 Hawthome Street (SFD-8B)

San Francisco, CA 94105
415-972-3064

Fax: 415-947-3518

Email: hiatt. gerald@epa.gov

Lee Hofmann

Senior Science Advisor

Office of Solid Waste and Emergency ReSponse
Office of Program Management

U.8. Environmental Proteclion Agency
Aslel Rios Building {(5103T) o
1200 Pennsylvania Avenue, NW
Washington, DC 20460

202-566-1928

Fax: 202-566-1934

Email: hofmann.lee@epa.gov

HWBUI0011238


mailto:zgerald@glg.com
mailto:foleys@foteymansfield.com
mailto:goldade.mary@epa.gov
mailto:kheuer@morganlewis.com
mailto:hiatt.gerald@epa.gov
mailto:hofmann.lee@epa.gov

Jennifer Jinot

Quanditative Risk Methods Group

Office of Research and Development

U.S. Environmentaf Protection Agency
1200 Pennsylvania Avenue, NW (8623—0)

_ Washington, DC 20460

202-564-3281
Fax: 202-565-0079
Email: jinot jennifer@epa. gov

Shea Jones

Remedial Project Manager
Superfund Division C
U.S. Environmental Protechon Agency -
75 Hawthome Street (SFD-7-2)

San Francisco, CA 94105
415-972-3148 c

Fax: 415-847-3526

Email: jones.shea@epa.gov -

William Kiniry

Attomey =

Piper Rudnick, LLT

3400 Two Logan Square

Philadelphia, PA 19103

215-656-3340

Fax: 215-606-3340 -

Email: william kiniry@piperrudnick.com

Aparna Koppikar

Medical Officer

Quantitative Risk Methods Group

National Center for Environmenital Assessment
U.S. Environmental Protactiofi Agency

1200 Pennsylvania Avenue, NW (8623 D)
Washington, OC 20004 -

202-561-3242

Fax: 202-565-0076

Email: koppikar. apama@epa gov

Eileen Kuempel '

Senior Hoalth Resarch Scientist

Risk Evaluation

National Institute for Occupational Safety and Health
4676 Columbia Parkway (C-15)

Cincinnali, OH 45226

513-5633-8363 :

Fax: 513-533-8224

Email; ekuempel@cdc.gov

Chris Laszcz-Davis

The Environmental Quality Orgamzahon 1Lc
3685 Mt. Diablo Boulevard - Suite 210 -
Lafayette, CA 94549

925-330-1774

Fax: 925-599-1185 )

Email: chrisld@eqg-organization.com

Richard Lee

RJ Lee Group, Inc.

350 Hochberg Road
Monroeville, PA 15146
724-325-1776

Fax: 724-733-1799
Email: ppolka@irilg.com

Libby Levy

Regional Representative.

Agency for Toxic Substances’ and Discase Reglstry
(ATSDR)

75 Hawthome Street, (HHS 1)

San Francisco, CA 94105

415-947-4319

Fax: 415-947-4323

Email: levy.libby@epa.gov

James Luey

Chief, Superfund Technical Asslstance Unit’
Program Support’

Office of Ecosystams Protection & Remednanon
U.S. Environmental Protection Agency

999 18th Street - Suite 300 (8EPR- PS)
Denver, CO 80202

303-312-6791

Fax: 303-312-6897

Email: luey jim@epa.gov

Michael Lumpkin

Toxicologist o .‘ .
Clayton Group Services, inc.

3380 Chastane Meadows Parkway Sus(e 300
Kennesaw, GA 30144 o )
770-499-7500 o

Fax: 770-493-7511 ;

Email: mlumpkin@claylongrp. com

M

HWBUI0011239


mailto:jinot.jennifer@epa.gov
mailto:wiHiam.kiniry@pipemidnick.com
mailto:koppikar.apama@epa.gov
mailto:ekuempel@cdc.gov
mailto:chrisld@eq-organi2ation.com
mailto:ppolka@rjIg.com
mailto:levy.libby@epa.gov
mailto:luey.pm@epa.gov
mailto:mlumpkin@daytongrp.com

Patricia Maravilla

Regional Asbestos Coordinator

Toxics Office

Cross-Media Division

U.S. Environmental Prolection Agency
75 Hawthome Street (CMD-4)

San Francisco, CA 94105
415-947-4177

Fax: 415-947-3583

Email: maravilla.pat@epa.gov

Laura Mcinfosh

Scientist

Exponent, Inc.

149 Commonwealth Drive

Menlo Park, CA 64025
650-688-6734

Fax: 650-688-1799

Email: z-Imcmtosh@exponentcom

{.ance McMahan .

9450 Oak Avenue

Orangevale, CA 95662
916-989-0559

Fax: 916-983-0559 .
Email: lancem@directcon.net

Aubrey. Miller-

Senior Medical Oifiéer & Reg(onal Tox:cologlst ‘

U.S. Environmenta! Protection Agency -
999 18th Street - Suite 500 (EPR—PS)
Denver, CO 80202

303-312-7023

Fax: 303-312-6065

Email; miller.aubrey@epa.gov

Eric Mocller

President

Vermiculite Association

£.0. Box 687

Inveress, CA 94937

415-669-1489

Fax: 415-669-1489 .
Email: emoeller@horizoncable.com

Lawrence Molton
5191 Abbeywood Drive
Castro Valley, CA 94552
510-538-7113

Fax: 510-538-3699
Email: Imolton@aol.com

C-5

AT

Suresh Moolgavkar

Professor

Fred Hutchinson Cancer Research Center
8005 NorthEast 21st Place

Bellevue, WA

206-667-4273

Fax: 425-637-1978

Email: moolgavkar@earthlink.net -

Fiona Mowat

Scientist

Exponent, Inc.

149 Commonweatth Drive
Menlo Park, CA 94025
650-688-1782 )

Fax: 650-688-1799

Email: fmowat@exponent.com

Deirdre Murphy

Risk & Exposure Assessment

Office of Air Quality Planring and Standards
U.S. Environmental Protection Agency )
{C404-01) .
Research Triangle Park, NC 27711 |
919-541-0729 S

Fax: 919-541-0840 .

Email: murphy.deirdre@epa.gov

William Nelfson

Senior Regional Representative:

Agency for Toxic Substances and Dlsease Registry
{ATSDR)

75 Hawthome Street (HHS 1)

San Francisco, CA 94105

415-947-4316 .

Email: nelson. bill@epa.gov

Lisa Oberg

McKenna, Long & Aldridge

One Market, Spear Street Tower - 35th Floor
San Francisco, CA 94105 . .
415-267-4175 L . -
Fax: 415-267-4198 ‘ o
Email. loberg@rnckennalong.com .

Howard Ory

Adjunct Professor of Eprdewdogy
Emory School of Public Health
882 Barton Woods Road

Atlanta, GA 30307

989-636-1934

Email: hwo@bellsouth.net
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Denanis Paustenbach

Corporate Vice President”

Exponent, inc.

149 Commonweslth Drive

#Menlo Park, CA 94025

650-688-1756

Fax: 650-688-1799

Email: dpaustenbach@exponent.com

Karen Prena

Altomey

190 South LaSalle Strest
Chicago, iL. 60610
312-701-7008

David Rizzolo ]
Asbestos Program Manager ™

San Francisco Department of Public Hea!th o

1390 Market Sireet - Suite 910
San Francisco, CA 94102
415.252-3951 ' :
Fax: 415-252-3959 o
Email: david rizzolo@sfdph.otg

David Shaw

Williams, Kastner & Gibbs, pLLC
Two Union Square

601 Union Street - Suite 4100

. Sealtle, WA 98111
' 206-628-6621
Fax: 206-628-6611

Email: dshaw@wkg.com

Catherine Simmons

Senior Industrial Hygenist

Bolter & Yates

1300 Higgins Road - Suite 301

Park Ridge, IL. 60068

847-685-9226

Fax: 847-692-3127 .
Email: csimmons@boller-yadtes.com

John Smith "~

Chemist

Fibérs and Organlcs ‘Branch .

Nationat Program Chemicals Division
U.S. Enwironmental Prolection Agency’
1200 Pennsylvania Avenue, NW (7404.T)
Washington, DC 20460 .
202-566-0512

Fax: 202-566-0473

Email: smith_ john@epa.gov

Terry Smith

Program Manager

Analylical Operation Center

Office of Emergency and Remedial Responsé

U1.S. Environmental Protection Agency

1200 Pennsulvania ‘Avenue, NW (5204 G)

Washington, DC 20460

703-603-8849

Fax: 703-603-9112 . )
Email: smith.lemy@epa.gov

John Spencer

Environmental Profiles, Inc.

813 Fredrick Road

Baltimore, MD 21228
410-744-0700

Fax: 410-744-2003

Email: jspencer@episervices.com

Robert Thackston - 5
Partner’ - . o !
Hawkins, Pamen & Thackston [ AN =
4514 Cole Avenue - Suite: 550
Dallas, TX 75205 :
214-780-5100

Fax: 214-780-5200

Email: rthackston@hplegal.com

Dan Thomton

Environmental Scientist

Accelerated Resgionse Center

Office of Emergency and Remedial Response
U.S. Environmental Protection Agency

1200 Pennslyvania Avenue, NW (5204G)
Washington, DC 20460

703-603-8811

Fax: 703-603-9100

Email: thomton.dan@epa.gov

Lang Tran

Toxicology -

Research :

Institute of Oocupatlonaf Medlcme
8 Roxburg Place

Edinburgh, EHB 98V

United Kingdom g

0131 667 5131

Email: lang.tran@iomhg.org.uk

M
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Anna Treinies

Toxicologist

Science Team

Office of Solid Waste and Emergency.Response
U._S. Environmental Protection Agency

1200 Pennsylvania Avenue, NW (5103T)
Washington, DC 20460

202-566-1039

Fax 202-566-1034

Emall: treinies.anna@epa.gov-.

Terry Trent

6185 Barbara Lane
Aubum, CA 95602
916-745-2073

Fax: 916-745-1050
Email: trentt @juno.com

Richard Troast

Senior Environmental Scientist - - |

Office of Emergency and Remedial Response
U.8. Environmental Protection Agency

1200 Pennsylvania Avenye, NW (5204G)
Washington, DC 20460 .
703-603-8805

Email: troast.richard@epa.gov

Pam Tsai

Toxicologist

Office of Radiation and Compliance Assurance
U.S. Environmental Protection Agency

75 Hawthomne Street (Air-6}.

San Francisco, CA 94105

415-947-4196

Fax: 415-947.3583

Email: {sai.pam@epa.gov

Ron Tsuchiya

Toxics Program Officer

Cross Media

U.S. Environmental Protection Agency
75 Hawthorme Street (CMD-4)

San Francisco, CA 94105
415-947-4168

Fax: 415-947-3583

Email: tsuchiya.ron@epa.gov
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Jay Turim

Executive Vice President
Sciences International, Inc.
1800 Diagonal Road - Suite 500
Alexandria, VA 22314
7036840123

Fax: 703-684-2223

Email: jturim@sciences.com

Drew Van Orden
Senior Scientist

RJ Lee Group, Inc.
350 Hochberg Road
Monroeville, PA 15146
7243251776

Fax: 724-733-1799
Email: drew@ijlg.com

Francis Weir

President

Francis W. Weir, Ph.D., Inc.
14334 Schroeder Road
Houston, TX 77070
832-237-7502

Fax: 832-237-7504

Email: toxic1@houston.rr.com

Chiris Weis

Toxicologist

National Enforcement Investigation Center -
Office of Criminal Enforcement, Forensics,
and Training

U.S. Environmental Protection Agency
Building 53 - Denver Federal Center

P.O. Box 25227

Denver, CO 80225

303-236-6393

Fax: 303-236-5199

Email: weis.chris@epa.gov

John Wheeler

Senior Toxicologist

Exposure Investigation and Consultatxon Branch,
Health Assessment and Consuitation )
Agency for Toxic Substances and Uisease Reglstry
1600 Clifton Road, NE (MS E—29)

Atlanta, GA 30333

404-498-0504

Fax: 404-498-0420

Email: jrawi@cde.gov
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United States
: Environmental Protection Agency
Office of Solid Waste and Emergency Response

Workshop to Discuss a Proposed Protocol to Assess
Asbestos-Related Risk

Westin St. Francis
San Francisco, CA
February 25-27, 2003

Agenda

Workshop Co-Chairs:  Roger McClellan, Toxicology & Human Health Risk Analysis
Leslie Stayner, National institute for Occupattonal Safely and Heaith

Facilitator: Jan Connery, Eastern Research Group, Inc.

TUESDAY, FEBRUARY 25, 2003

8:00AM Registration/Check-in

8:30AM Welcome and Announicements. ................ e ee e Jan Connery

8:35AM OpeningRemarks . ..... .. ... ... ... it

Richard Troast

u.s. Enwronmental Protection Agency (U.S. EPA)
Office of Solid Waste and Emergency Response (OSWER}
Office of Emergency and Remedial Response (OERR)

8:45AM Peer Consultant introductions and

Conflict-of-lnferestDisclosure . ... ......... P DR - Facilitated by Jan Connery
9:00AM Goals, Purpose, and Ground Rules ............... Ceeecaeraee ety -.-Jan.Connery

9:10AM Background on the Proposed Protocol to
Assess Asbestos-Related Risk . ..... ... ... M emeieaciataieean Wayne:Berman,
Aeolus, Inc.
and Kenny Crump,
ENVIRON

10:10AM BREAK

10:30AM Charge to the Peer Consulfants

;E:—:: ARG O LRI, L2 D-1 “‘m
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10:40AM

12:00 Noon
1:00PM
2:00PM

3:30PM

3:45PM

- 5:30PM

R - e & S SN PES OP L

TUESDAY, FEBRUARY 25, 2003 (continued)

Topic Area 1: Interpretations of the Epidemiology and Toxicology Literature
Discussions facilitated by Roger McClellan (Animal Toxicology and Mechanistic studies)
and Lestie Stayner {Epidemiology)

LUNG CANCER
(1) Fiber Type

a. Epidemiology

{b) Animal Toxicology and Mechanistic Studies
LUNCH (onown)

Observer CommentPeriod ........................... Facilitated by Jan Connery

Topic Area 1: Interpretations of the Epidemioclogy and Toxicology Literature

LUNG CANCER (continued).

ll. Fiber Dimensions and Surface Propemes {fength and other oons:demtlons)
a. Epidemiology

b. Animal Toxicology and Mechanistic Studies
BREAK
Topic Area 1: Interpretations of the Epidemiology and Toxicology Literature
MESOTHELIOMA
fi.  Fiber Type
-a. -Epidemiology
b. Animat Toxicology and Mechanistic Studies
/. Fiber Dimensions and Surface Properties (length and other consrderaaons)

a. Epidemiofogy
b. Animal Toxicology and Mechamstrc Studies

ADJOURN

WEDNESDAY, FEBRUARY 26,‘2003

8:00AM

9:00AM

Observer Comment Period

Review of Day One Discussioas and Day Two Charge to Peer Consuitants
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WEDNESDAY,FEBRUARY 26, 200 3 (conlinued)

9:10AM Topic Area 1: Interpretations of the Epidemiology and Toxicology Literature

EXPOSUREESTIMATES . ... .. ... e Facilitated by Lesfie Stayner

9:40AM Topic Area 2: The Proposed Exposure Index

QuUeston B .. .. .ttt et Facifitated by Roger McCleflan

10:10AM BREAK

10:30AM Topic Area 2: The Proposed Exposure Index

Question #5 . ... ... ciutintnauroanecnnanocas oraoncnns Facilitated by Leslie Stayner

11:15AM Topic Area 2: The Proposed Exposure Index

12:00Noon LUNCH
1:00PM Topic Area 3: General Questions

UESHON 7 . . i i i ocasneeecransannaasscecaastsneoraaocnossnsens
OUESHON B . .. . it ettt iee i csnaacaneenanatonannasnars s sone
QUESHONS B .. Lo it et ittt et a e e A

Queston 10 .. ...ttt it i e e ae e a e
(o T T0eu11e ) 1 T - R
CUESEONS 11t v i it e it i e e ae et e st

3:15PM BREAK

3:30PM Discussion of OtherKeylIssues ........ ... iiiiniiainarnns

Roger McClellan

. . Leslle Stayner

Roger McCleflan

. . Lesfie Stayner
. . Lestie Staynsr

Facilitated by

Roger McCleffan and Lesfie Stayner

4:50PM Wrap Up of Day Two Discussions and Review of Goals for Thursday

5:00PM ADJOURN

THURSDAY, FEBRUARY 27,2003
8:00AM Topic Area 4: Development of Conclusions and Recommendations
10:15AM BREAK
10:30AM  Topic Area 4: Development of Conclusions and Recommendations
11:35AM Closing Remarks

1145AM ADJOURN

N
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