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NOTE

This report was prepared by Eastern Research Group, Inc. (ERG), an ATSDR contractor, as a
general record of discussion: for the-expert panel:meeting on “Health-Effectsof Asbestos and
Synthetic Vitreoits'Fibers: The Influence of Fiber.Length.” Fhisreport: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 pot embellish, interpret, or enfarge upon matters that were incomplete or
unclear. ATSDR will use the information presented during the expert pane! meeting to aid in
developing scientifically sound public health evaluations for exposures to short fibers. Except a8
specifically noted, no staterents in this report represent analyses by or positions of ATSDR or
ERG. . ‘ g :
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“Executive Suinisary

Seven expcrt panelists reviewed. and discussed the- state of the'science on'liow fiber length- relates
-l Lo 53000

; : isgue.re ;ant to the Agency for

w2

Toxic Substances and Dlsease Registry’s (’ATSDR’S) ongomg workfat sevclal sites where ﬁber

contamination is found in or near resndcnhal netghborhoods'

The panelists® main findings and recommendations a::: iste "“pqlo _The remamder of thxs report

summarizes the discussions and observations that led: to*tﬁcse ﬁndmgs, andfeviews the panehs&
Y gpe

comments on many topics not listed in this executive summary. 'l}h:sgepg pfovndes mﬂghts and
advice on how to interpret exposures to asbestos and SVFs less than $ pm in length based on

panelist discussions; however, the contents of this report should not be considered ATSDR

policy.

| Factors that influence toxicity. Health effects from asbestos and SVFs ultimately are
functions of fiber dose, fiber dimensioa (length and diameter), and fiber durability or

persistence in the lung (as determined by the mineral type, the amorphous or crystalline
structure, and the surface chemlsu'y) v

B Fibers or particles? Some panelists questloned why structures less than 5 pm long,

regardless of their aspect satio, were referved to as “fibers.” This report refers to structures - -

less than' § pm- ‘jong as “fibers,” while acknowledging that some expert panelists have
reéservations about this termiao!ogy :

= Deposition and retention of short fibers. The lung depositional patterns of fibers less

than 5 pm long have been well established and depend almost entirely on fiber width. For

short fibers with diameters between 0.1 and 1.6 pm, total lung deposmon in healthy
peoplc will be between 10% and 20% of what is inbaled, with most of that deposition
occurring in the deep lung; the fibers that do not deposit will be exhaled, For short fibers

-
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K F’nally; at feast twoin vitro studics (Ye et al. i999 2",

‘with diameters less than §.1 pm, a greater. proportion will deposit and there will bc a
somewhat greater proportlon of deposmon in the pmxnmal airways: .

Tbe sl;ozt ﬁbers cap be c(cared ﬁom thc lung by vanqus mechamsms dependmg on where
thc ﬁbcrs depos:L Flbels deposmng on the surface of conductwe - airways.(i.e., the
tracheobronchial region) are efficiently cleared by the mucocxhary escalator, generally

. within 24 hoyrs. . Many.of the short fibers that reach the gas exchange region of the lung

, are, cleared by alveolar macrophages, and the rate of clea:ancc by phagocytosrs has been
found 1o vary v w:th ﬁ‘bet lengthand to dxﬁ'cr across mammahan species, One pagelist, for
instance, cited studies of mice and rats suggestmg that phagocytoszs clears short fibers

.. from the alveolar regiops of the lung within a few weeks following exposure. On the other
- hand, another panchst noted | that researchers have esiabhshed that. atveoiar macropbage

. mediated cleaxancem human lungs takes considerably longer. (retentlon half-times of 400

i, 700 day;) Overall, panehsts noted that rodents clear short, ﬁbers from their lungs

- 3pp xxmately lp imes. faster than do humans .Deposmou apd retenhon patiems may

dtﬁ'er iﬁ peOpIe wnix ;mpaxred capacmes o, clear forc:gn matenal from theu' lunigs. The
e;;;ent,;o w!nch short ﬁ})ers prefercnually,translocate J'Iom the gas exchange region to the
p!ema is. not weIl known. C _ -

it
g}

Cancer effects of short fibers. Gwen ﬁndmgs &om epxdeunolog:c studlw laboratory
ammaLs{nd:es, and,ln vitro.genotoxicity studies, combined vg;g}h the. lung s ability to clear
short ﬁbers“ g, panelxsts agreed thatthe;e is.a strong. weightof: evxdencc that asbestos and
"SVFs shorter than 5 I are unhkely to. cause cancer in huma.ns

, Noncanger effects of, 5!10:1 fibers. The laboratory apimal studies,. epxdemologlc studies,

. andJn vttro stucheg genqr;al ly sqggest that asbcstos and SVF patl%ogemmty increases with

, imals, for example,
short asbestos and SVFs at sufﬁcnent!y hlgh doses have been shownto cause

) xnﬂanmatxon, pulmonary interstitial fibrosis, and pleuxal reactions; however, the doses

. burnans may not be relgvant to.enyironmental exposures.
99Q ‘ Nayebzadeh etal. 2001;

......

pxdeuglologxc studxcs (Chu:g eﬁ al. 1989 1

) 'Case’. .20026) involving highly exposed workéis found thanulmonaxy interstitiat fibrosisis .

correlated with the amount bf short fi bers in the lung at‘death some researchers have

- hjpothsxzeqwat@ls apparent, assoctauon is exp!amed by long fibers breaking down into
e

efe collected.

1) have found that short fibérs are
at least as active as, if not more active than, loog fibers on a surface area or mass basis for
multiple endpoints (e.g., tumor necrosis factor-alpba [TNF-a] production, activation of
TNF-x gene promoter activity); however, the relevance of these in vitro findings to health
effects in vivo is not known. Taken together, the findings from the laboratory animal,

epidemiologic, and in vitro studies suggest that short fibers may be pathogenic for
pulmonary fibrosis, and further research is needed to clarify this issue.

~i
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@ “Résearch meéds’ ‘and recommen&ahons. Throughout the: meehng, the pauehsts 1dentzﬁed
data gaps and iniade- tecomméndafions for filling them: Some reécommenditions addressed
ISSUS q;ec:ﬁc to sltes (e g L)bby, Montana Lower Manhattan) thh concerns about short

K Coﬁduct a labbratory amxml study 1o characterwe the extent fo wluch ﬁbers of all
el "-lengi_.!:s ﬂanslomte inito'the glem'a, and’ whether thé u'ans!omtton prefcnentxally

wg g 'al.’ q 996) e panéliSt 'iﬁd:cated that sotiiestudies (¢ g:' Gélzacp‘gqr &i.
w0 Riz O NECongel e af 1999y Have iready examined 1His § tssue, ‘to a ertatir ex'lcnt, for
refractory ceramic fibers; and a follow-up study has tecently Been completed, but

. not yet pubhshed, for amphibolc ﬁbers.

oo 11 Tiy b ti he e R s

= 'BeVelop imll adcb‘t s’tandardnied & v:mﬁmcntal and‘b,olog:csamplmg dbd

- dRAIyHEATroAoS

o < that satiiple es Cbllected &om &ﬁkregt sates ‘for
.> different purposes'can bé comparéd. N L gos Ty
)

amp or gm equ valent, o qpanu& whai exposu:es
u &5 are contamiinated With asbs“tds of SVF5; analyze
samp es ounting m?ﬂxq@s '

. 1By

long ihan 5 ;mi) but archxve a subset .Qf ﬁlter sampl'e?fot further an YSlS

- Furthef mmh’gatc tbdj:oss:ble
'mterstmaf ﬁbros in
g ! g .:' 3 um

vit
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s FOF, mstance, ATSDK is; cultenqy assessing;

1.0 - . Introduction
R O O T . oy .o

The Agency:for- Toxic Substances and Disease.Registry (ATSDR) invjted seven expert panelists
to & meefing to discuss the current understanding of health effects relate__d\.t_g asbestosand . |
:synthetic vitreous fibers (SVF) less than 5 micrometers (um)-in length-+an issue that is related to
the ageéncy’s ongoing work at many sites. The expert panel review took place in a meeting open
to the public on October 2930, 2002, in New York City. Discussions at the meeting focused on
three sﬁeciﬁc issues: the physiological fate of fibers less than.5 pm in length, health effects of
fibers less than 5 pm in length, and data gaps.

et e e T ew e e -
PREEN . [N .l 0 F C DS RTINS P L]
: R

2. This report summarizes the technical discussions. among the expert panelists and documents

comments provided by observers. The remainder of this introductory section reviews the, .. -
background on ATSDR’s concern about fibers less than 5 pum in length (Section 1.1), the scope
of this expert panel review (Sectjon 1.2), and the.prganization of this report (Section-1.3).

1.} ‘Background .. : S T e

R .. . RN :
eyt

-ATSDR ponducts pubhc hcalth asses,gncnts to evaluate the pubhc health lmpbcatzons _qf . .
exposure;to contaminants. from hazardous waste sites and other environmental releases, A crucnal
pa:t -of these evaluations is understanding the foxicologic unphcanons of environmental
. .expgsures; Recent events have highlighted a:need:for, ATSDR to explom the. potentxal of
- ex_posure_}o bmpersnstent fibers—spegifically. asbestos and some S\CF——to cause health ! A‘ ects

e

ihe im

ALies

eg:posurcs lo ﬁbers ﬁ'om past industrial operations, (e 8o chncuhte processmg plants ag! ?i.'hc

country); contamindnts at hazardous waste sites, and dust in Lower Manhattan generated ﬁ'om
the collapse of the World Trade Center (WTC) buildings. These sites are distinct in that "
.+ ¢ontaminants have beenfound,-or are.suspected of- being present; in residents’. homcs Moreover,
ATSDR has recewed coneems specnﬁcally about thc public health. lmphcam)ns of exposure to

: --;shgr.tex; fibgrs, particularly for ﬂ!_fil:s.la.f.,szfq‘!néfm..L!’-WGF;.M?,-B@’*“.%&- L

<11
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’:ﬁ:e pane’hsts of expcmsc- & '-‘J;a

ATSDR has therefore identified a need to understand the potential of fibers l&ss than § pm'.'-lin
fength to confribute to adverse health effects. As one part of addressing this need, ATSDR

+‘convéned an eXpeit patiel to discuss and review the current state'of thie science tegarding thé

influence of fibér lengzth oni bealth effects of asbéstos and SVF. ATSDR will use the panel’s

- fidings o he!p dcvelop scxenﬁﬁmlly sound pubhc ‘héalth evaliiitions-for Hirman exposums o
" small ﬁbcrs R PR s e play e e e

D oigar e ) n . ) e

EA SN

Wi
N

1.2 “Seopeof the Experf Panél Review <17 - -

R4 B RS A

‘The expert panel review involved many activities !iefore the meeting (see Section 1.2.1), at the

meelifg (3ée Secu'on 132, asF afterthe’ meetmg (sée Section 1:2; 3) Thé*follemn‘gsubseéuons
dmnéewhat each of thése tasks entailed A v P e e S s s

et R . .
© o ofeh - : Do ST S ENEPR - T TE A ) . v -
gl - <. Vi ot a ,,~.~.‘ MR AN R I g S L T MRS S AR I ATt ST LR

& _ii.z';i?’*f‘kéﬁﬁ'ﬁaiif'r‘isﬁ tothe ExpertPanel Meetnigs::™ - 0w oo ke

ATSDR selected seven experts in toxicology, epidemiology, pathology, pulnionélégy;ihygiene, )
and medicine to serve as panelists for the meeting. Every panelist is either a senjor scientist,
s defrionstrated .

physitidn; of resarthér with xiensivé eXperietibe i thie aforetncatiobed Hlds;

by péer~rev1ewed publidations, awards, And Seivice 1o Televant professional socxcqé&”i&‘?l’SBR

4

selected Panélists Mﬁﬁ’ii&f&&dfi-'aif‘ge~or-’a?m"iaiiob§:(é* amdem‘ia,consxﬂtxﬁgbthérfe‘dei'al ;
agencics) m'bope fhiat mbcxped panel Woull offera balanted petspectwe diie’ meetmgtoprcs

:'Fnrthbrﬁmﬁrc ﬂuﬁn it§ sean:h fot c‘xpert pﬁchsts ATSDR askbda’ll candi?ﬁ‘té’s“to’dfse

F S SR S 3 e ebeng.nnggeit;e
l' ErRAE S SU S “.-'w‘, LN {\:.;‘;:‘._:._‘,;::;{;':{.'A-,.«~

T ._.r ENAEL L ar . aewn 2N e Ui et YR 4

"“"‘l‘o f’ocus i dlscussmns 4t thE Hedtig ATSDR prepared wntten«guzdelmm (COmmonly called 2
o h&x’ge ') ‘foi dhie expe:t panéhsts The charge included several Guedtivis that thie ekpert banelxsts' »

discussed during the meeting;” s ueshons atldresséd ihe ‘physiological até of fibersiess/than -

12
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5. pm in length; the health effects associated with these fibers, and data gaps. A copy of the
charge is mcluded m Appendlx B Sevcral weeks pnor to the expert panel meeung, eVery panelist

- ~reteived a copy of the charge;: logxsuc;al mformatmn fo: the meetmg, a pnehmmary bﬂ)!logxaphy
of publications on asbestas and’ SVF ‘and copies of six publtcauons-relevant to the mééting
toplcs (Bourdw et al: 2000; Churg et al. 2000; Davis. 1994 Kinnula 1999; Morgan 1995;

expert padelfmnew‘;fhesp mmal comments arexmclude:_ m tlns rcpogr,t,,: ' :
ik B ould be notc& that the" premeetmg corhments dre prehmmary i nature Some

LA e Sorra f Taty MU, gy
panehsts'f technical ﬁndmgs may havc changed aftf:r the ptelgeetmg commen, were submmed.

TELT2E le oA LN k' Iz

Teegye \»..x\s Y R
1.2.2 Achvnhes at the Expert Panel Reﬂew Meetmg

rn&i:'# f\

followeﬁ thc agcnda, presented hem as’?ppe dxx D The remamder of tius sectitn destribes the

:‘;lg_lt; 3 if;nd Consultauon
Lam

contammam of concem, evaluann g approxnmately 5
R TR z‘exposure pathways were found forasbo:stos and i 1ssu1ng pubhc hwlfh ad._ vis soncs for sites

-3
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vﬁleré the public mxghf é‘i)mc iiilb‘ contactiwith’ ‘elevated: lci}els of asbestos-contaminéwd

......

prevnous evaluauons were typlcal!y the pement of asbestos in a waste matena‘l as’
¢ guantified by measurefnent méthods that count fibers longerthdn 5-uin. For most of these
sites, detailed information on fiber siz¢ distributions is nof available.

More récétit work on sités with'asbéstos contamination; RADM 'Williams. explained; has
led to a greater need to understand the role of fiber length on asbestos tox:c:ty He, ..
reviewed ATSDR's activities at two sites with public health concerns regardmg 2sbestos
exposure. First, RADM Williams presented findings from medical testing that ATSDR
-:conducted on gesidents.of; Lll}b)" Montana, where verm‘culstc mmmg and exfoliation |,
operations occurred for more than 50 years ATSDR found that 18% of the r«m&cnts tested

- ““(which included Wwotkers af the forrher-mifie-and exfoliationplant)hiad pleursl- -
~¢i;. abnormalities, which wmmost m'evalent amoug people who had lived in: tl;e area longest

S

a exampTe fibérs dré being found in Bomes; father han' st wiste Sites anddivhies

"theu' individual opinions and were'not ‘asked 0 reachi consensus on 407

h typically’ been based’ on‘opnca;l :rheasurements of fibers longerthaxf 'S juinzand one goal of

- and who had completed exposure. - pathways ‘for asbestos. RADM ”lehams descrt

* ATSDRYS Shigcing public healiti ictions 1o address asbebtos expbsure issues inLibby.:

= Secpnd; RADM Williams. dﬁcp’bcd ATSDR s recent activies cvaluanng asb@to s and
SVF'm dust generated dunng the W'fC colia e. Activities included reviewing ; resuilts of
“abEtds samplw, conductfip Tirited sampling'in reSidential pmpemes.ft‘.%luaung Gl
whether buildings could be entered for occupational purposes, and assessing the need for

maintaining the exclusmn zone in Lower Manhattan

] :‘f},-‘fﬂl oo g . gL E

RADM Williams md:cated that ATSDR’s expenences with thc Lzbby, WTC and other

. sites have saised unique challenges: regaxdmg asbestos and SVF. At these sites, for

« engironment; children are-being exposed;iand analytical methods are & w.auantify
ammmts of shorter ibers (st than 5 pm) than were typically ch aractcnzed prmous’ly As

“one step in belpiig the aEncy fespond 16 these' chiallenges, RADM: Williams'indicated,

ATSDR convened the expertpanel to:review the, surrent state of the Ne{n ge.on hsglth
effects of asbestos and SVF, focusmg on the role ‘of fiber ]eng&h. KADM Wit liams

o “explamed that ATSDR ften uss the experpanel formi toseek scientificiiputon:;

nty;ssues the. agencar, is; gva!uanng, He. 1}0&@4 that the lists were mvited fo present
' and

representauvcs from ATSDR wcre prcs&it s'tﬁ\:tly to bbserv ‘thé prt)ceedmgs

\,Iqtroductory remarks ﬁom the meermg chazr Dr Morton Llppmann, the chau' of the
it

el mcétxng. provrded Saditional’ mtroductory ‘Feinarks s’\iﬂtﬁcrt\*:*ufie\mng the
bg“agéﬁda. Dr L:ppmaxﬁi iﬂdicat : 'thsejthc goal of

it
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.. -the expert panel was 10.evaluate the toxicity of the shorter fibers. that are not coumcd by
tbe ophcal analyncal methods. Dr anpmann also emphaszzed tbal the expext pancl'

from the expert panel to sites where community members are conoemed about exposure to
asbestos and SVF.

To illustrate recent concerns.about asbestos and SVE, D Lgppmann described ongoing
research being conducted to evaluate contanimation’ b} WTC dust in Lower Manhattan.
He indicated, for example, that his research group and colleagues have collected and
- analyzed numerous settled dust samples and ambient air samples following the WTC
collapse and are evaluating health effects among appmxmately 300 firefighiers and -

“igeveral thousand fesidents of LoWer Mashattan: These. dust‘samples reportédly: were:i.:
... somposed almost entirely of pgmcles largerthan 10 pm in aerodynamxc diameter,
. only1% of ﬁne particles less thasi 2.5 pm in aarodynamlc diameter. Dr. Lsppm
“'foted that asbdstos fibers detécted inithe dustiatnples Wete primarily $toall (éssiban’5
<, jum), because:building matenals wgre crpshed. by the force of yhe WIC collapse He

 indicated that the purpose of the’ exper! pane! review was to help ATSDK iiitetpret the
publlc healthsignificance of short fibers, likethose:detected in the WEC dust=: - ;i--.

Y .
- g Bened ot wl L B e :!;::‘;-".' - TN e x NI it

b A RN F .
- e < CREPAT ST P . i A
t Ve SRR E N TS H N RETH A T T S L S

e

2 Followmg ihiess Opeting presentations, Df. Lippmannasked “he-panélistsio: mh-oduce themselves

by stating their names, affiliations, areas of expertise, and past research expcncnce. Forihe i

remainder of the meeting, the panelists gave individual presentations and engaged in fee-flowing

discussions when answering the charge questions and addressing additionaltopics.not specified

. neeti eal ,
*§ bt somie panelists qu:%('med e"’élé‘fra‘ﬁt hérmmology Ond’p:
for itistance, notéd: thist g

A L most appropnatr. termmology This fésiie is ridedhers 5 inforn edders that tius cnhre-

theff

panel sioé

-‘part:clts, tegardless of t;;,liz aspe :
 Appendix B): During | his zﬁtmductmy" narks, s ?
-poted that mmeralbgnsts? geo]og:sts, health scxentxsis and mdmdnals in othcr dxsmplmw may
use: dtﬁ‘emnt dgﬁmuonsofﬁhets and thm definitions
ctailed mforma on on tfxe hsts on-

é\ 21 M

mport uses the term “fibers less than S pim,” while acknowledging that some panehsts had -
reservations about suggesting that structures fess than 5 poy are fibers.
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in the charge. 0bservexs wefe ‘gwen‘the oppommty i prov:de. verbz}l commems thrbughout the

,».expertpanel meetmg chm:entahvw fromATSDR were obscrveré: at: the meetmg and did not
engage in ot direct the pénehsts' diskussions. S _

to ATSDR. Some pa’nelists submxtted wntten comments aﬁer the meeting; thtsc are m’cluded in
2.3% th\s‘report, mthont modification; m»;&p,pmdmli ATSDR was notinvolvedi g, th; p:gpa;atmu of

red

The structure of this repon follows the order of the panehsts discussions during the meeting, For

P R T AN T 2 EEnm .n.s.» o R s T e U O

mstance. Secnon 2 summanzes tbe d:scusseogs on the ﬁtst agenda tul){c,s oh 1olog1cal fate of

i "»i""m’ip Ve U
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- generated since the expert panel:megting (e.g., a final list of attendees). The appendices contain

the following information: N

- List:of the expert panelists (Appendlx A). .

® 7 The panehsts' pxemeetmg Eorum enls  the’ charge to the revxewcrs, and brief bios of the
:.-expert panelists (Appendix‘B).... PRy S SV S

-'m ™ List of reglstcred obsétvers B ihe' exper! panel\meetmg (Appendnx C)
- R iy : : .
LI Agenda for the expert panel meeung (Ap;)endlx D) . .

-Written comments that paneljsts:submitied; aﬁcr the. meetmg (Ap ,ndqt E)F ek
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20 Commentson Topic'1: Physiological Fite of ASbestos dnd SVF Fibers-LessThan 5
Micrometers im Length L eme e .

.

This section summarizes the panelists’ discussions ‘on'the physiblogical fate of asbestos and'SVF '

fibers less than 5 in length. Two panelists—Dr. Lippmann and Dr. Oberddpster—were

designated discussion. leaders for this pz;n of the meeting‘ﬁﬂ\ﬁﬁ@ﬁhiéhth@'ﬁéhéﬁﬁ responded
to the three specific charge questions regarding physiological fate of small fibers (Sections 2.1,
2.2, and 2.3) and addressed topics not 1denhﬁcd in the chargc (Sectxon 2. 4) Panehsts ‘also

'.*( Jpe s

in

commented on the toxicity of ashestos and SVF ﬁbers, these comments e
Section 3. This settion:dlso stinifiatizes Obseivercomments made'afier the panehsts eompleted

: th;uf discussions (Section 2.5). Overall, this section presents a record of discussion of toptcs
mentioned during the meeting, and it shonld oot be viewed as a comprebensive literature review
on the role of fiber length in the physiological fate of inhaled fibers. Dr. Lippmann’s post-

meeting comments (sec Appendix E) also summarize these discussions.

Although the panelists focused their initial discussions on fiber length, several panelists stressed
that length is not the only factor affecting fiber toxicity. These panelists noted that toxicity is
rather a compiex function of the fiber dose, dimensions, and durability, as has been widely

documented in the scientific literature.
21 Depqsitiongl.Pattem in the Lung

S ‘The ﬁrst chargc qu&shon asked the panehsvs “What is the expectcd physzologmal deposmona! .

‘ 'panem for 1ess—than-5~;1m ﬁbers in the lung?” When responding, the panchsts provided relevantv
bapkground information on lung physiology, reviewed what researchers have established for
dépoéiﬁonal paﬁemsof particles, and then addressed what is currently known about depositional
patierns for fibers:

o
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‘w - -Background on fung plz}vstology Before addressing the specific charge questiops on how
fibers depositin the lung, one panélist first reviewed fundamentals of lung physiology,
which largely dictate fiber dosimetry. He explained how air flows through the respiratory
systéem:’ inhaled air enters the body' at.the nose or mouth, passes.through-the larynx and

+ “trachea; and eventually enters the Jung in airways that branch numerous times before
¢ i reaching terininal bronchioles: These airways.are all conductive, meaning that they move
_ #L3 - dirto the'deeper portions:of the:lung where gas-exchange occurs. The air-flow velocity
et 'decreases as'au' moves: dinto.the more: dlstantbroncbn because the: cross-secnonal area of
termmal' bronchxots, mhaled aireuters mto;mpxratoxy bronchxo!w, then alvcolar ducts,
iy and eventaally alveolarsads; where. mostgas exchange; occurs: Moycmens of air in the
) respiratory bronchibles and-alveolar sacs:is. dommated by. dlﬁ'usmn, rather than by
convecuve forces
SO L e e en e - R
i =Th1s panehst noted that clarance processes i the conduguvc a:rways d1£fcn; ﬁom tbose in
the'dirways distakto the terminal:bronchioles. lnthg 59nduct:ve airways, mycus, is secreted-
=" onto the aifwayssurfaces,: and ciliated-cells on: ﬂge»bmngln and bronchioles. gra:iually
.. fiiove the:miucus:up to the throat, where the:mncus is swallowed: T!ns mucus clearance
- mechaniséh efficiently:rémoves particles thatdeposited on the conduttive.airways,
§4 tfpncaﬂymﬂ;m about ¥ day followiiig exposure-The.clearangemigchanisms; for particles Co-
.~ thatidepositim the:respiratory:bronchioles;: adlvealarducts, and»al\'eolaﬁsacsvopemtc ona
much longer time scale (see discussion on “phagocytosis™ m:Set:tlon 2.2 5 e

.) _ " - Depositionalpatterns for: particles: Ove panelistthen reviewed the state.of the science of

’ how inhaled particles tend:to:deposit:in;the respiratory tract. For-both fibrous and non-
fibrous particles; the deposition pattem is dictated largely by the particles® aerodynamic

2 dismeter. Theraetodynamic.diameter; another. pabelistinoted; is: -equivalent to the geometric
dlhmeter of a umt”denssiy sphere lhal has t.hc same termmal settlmg vcloc:ty in still air as

The'dlsdlmsxon:leader then noted that rescarcbm have long estabhshed that airbome

parbclcs with aerodynamic diameterlarger: thamio pm. Iyptcally do not;pass the larynx,.

. : and thé particles that eater the- lungs deposit by one of three mechanisms—impaction,

L ummmenwumrmrdxﬁiiswn «(Browniai hotion);The; relatxvc importance of these
R ‘ms méchamsmﬁ is a-finctibn.ofithe particle snze.;}%he,largcst ‘particlés:thatenter the lung, for
n e o"txample Have thiemost:morientum; whicki:catises therii to have. a.greater téndency to
depésxtfou ‘airways by impaction as air ﬂow changes dxrectmn at bronchxal airway

Fe seredl aal eriaee o a0 #
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" branches, Smaller particles,’ on the other hand, are.less-likely o deposit by impaction and
themforc are typxmlly camed by convccnve forccs further into the lung. .
.;;? T STt Lo, _' o
Any partxcle tlfal’ €nters the: respxratory bronchxole wilt likely deposnt cither by
*sedimentation orBrownias motion; impaction is relatively umimportant in.regiens where
" the air flow veloc:ty is low. Sedimentation-and diffusion:tendito be the more:dominant
mechamsms in the small: hinig-airways for particles, which.diffuse in.air much-slower than
: gases, Oné panelist notéd that sedimentation is the dominant deposition mechanism for
“patticles with/aérodynzmic diameters-greater than roughly 0.8 sum; while.smaller particles
2 gve iticreasingly subjected to diffusional deposition'in thie airways. Parti¢les deposmng in
= the respxratorylbronchwles alveolar ducts, and:alveolar sacs.will remain in. these regnons
“of the lung until cleared by other: mechamsms (seeiSéctions 2:2 and 2.3)

ey

Depasmonal patterns jbr - fibers. One panelist described deposmonal pattcms of ﬁbers
“iidting bow théir-elongared shapes caused fibers:to deposit differently in thedufig than -
“ipaiticles; ThE taiii differencebeiween fiber antparticle depositioi is that fitiers cani be
e i mtcrc%pted b‘y‘amway swfxces,. while particles generally cinnof. For instanice; as Tong

i '~'~"'ﬁbers MHOVE: ihmtxgh ‘stnall airways, the end.6f a fiber mlghrcon:ac! {and deposit on) an

an'way sifffate; ever in-caseswhen thé fiber's:center-of mgssis:oit'a flow:streamline in the

|1 e center:of thieaitways Intérception can-therg fore: cause énbianced deposition-of: fibers, when .-
£ &3 compared’ Wpaxkiélﬁ‘ andsmtemepnon becdmm An mcrmxnglwmppmnt eposmon

.3 mechadism:fordonger fibers:. o - I SR EOE LU

s T This paticlist indicited that miny'researchéishave evaluated the deposnonal pam:rns of
ﬁbers m 1he»lung He?mbd thb't‘ollowmgsmdxw aslexamples N

SR Studxes us:ng hollow:auway fast models ﬁ'om.human ‘lungs‘havedemonsn-ated
that the'éxtent of fiber intercéption varies-with fiberJength.: Specifically,
interception has been shown to be relatively unimportant for fibérs.less:than 10
pm in length (Sussman et al. 1991). This panelist indicated that these shorter
ﬁbers w:ll iikcly‘ act: hke pamelcs in the- lung, because the 0De deppsmon

i greaterihah*’!o?beha\ee*d’mndynammally 1iké unit:density sphctes'mthsdxametcrs
" sihsetimésithe fibef width:(Siober etal: 1970, Timbrelli1972)., Intemephon
v Lideeounts for the ficttbationger fibers have proportionally:greates: dcposmon in
the conductive airways thao shorter fibers.

! Two pasielists had different opinions on the panicle sizes that should be cited in this sentence. One
panclist indicated at the meeting that particles with acredynamic diameters less than roughly 2 pm would be
expected to be carried by convective forces further into the hung. Another panelist, when reviewing a draft of this

. report, recommended that the size cut-off for this sentence be 0.8 ym.

.23
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] 6p dcposmon pattems Henqted that. ﬁbers les§ than 5 pm i length will have
s . 'dlam,etexs,.lcss than 1.66 pm, assumms the aspef:t rat;os are at least 3:1. This panchst
T estimated that 10% o 20% of short fbcrs with dxamete:s between 0. l and 1.6 pm will
deposit in the lungs of healthy people '

Another panelist reviewed findings from multiple pubhcatxons to illustrate how the four
mechanisms—impaction, sedimentation, diffusion; and inferception--affect:fiber -+
deposition patterns. First, this panclist summarized results of 2 lung modeling study
(Asgbarian and Yu 1988}, which predicted the relative importance of the four deposition
. vmechanismis as a'function of fibéf diameter. For-all fiber dimensions considered; diffitsion
- -{Brownian motion) accounted. foran mcr@pscd amount of deposition as aif Atraveled, d fuirther
e " into the lung. Further, xmpacuon. xntemepnon, and sédimentation were relatwely i
aif --x;wummpoﬂanf ifor the'thinnest fibers (thbse With diameters of 0.01jum); yet accountsd foi
most of %predxctcd deposition pattern for the Jarger fibers (those with diameter of 10
p.m ). Second, he reviewed the extent to which fibers are filtered from inhaled air in the
noséversisithe snouthiy as predicted bymathdmatieal modéls. The inodel: prédncted that,
s, oan -Tor all fiber dimensions. _cons)dereq, nose breathing is coqsxdgmb}y more, effe,c;nze g -
T ﬁltenng airborne fib than is mouth breathing. In fact, appreciab ﬁltmtxon for mouth
»-... breathing!vias predicted only for fibérs-at léast: 1 i in diameter 7 Overall, these cotaiiehts
highlight that researchers have alrwdy predictéd how fiber dimension (both length and
diameter) affect depositional patterns in tbe ﬁmg (sec Pr. Oberdarster's premeeting
comments in Appendix B for references 10 relevant peer-reviewed pubhcatxons)

;qluqang deposmonal patterns in Itumans The )
Y smdles ve provnded @ddmonalmmghts
th

";antage of bcmgh ‘l ‘
g h;ghly controlled dosage oop; it
;t h A carl I

H ’%- : mo
t)xelp l'nté‘rﬁauérnal Cominission on Rad:o]oglcal Pmtzcuon “this panelxst illustrated

differences between rats and humans in estimated deposition fractions of fibers in alveolar
= regxons st ﬁgure md:cated that xhc predzcted de smon ﬁ-acnon in humans was greater
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] than that in rats for all fiber lengths considered, and this difference was most stnkmg for
ws longcr ﬁbers. Spec:ﬁcajly, the médel predxctcd that vntually no ﬁbexs wrth erodynaxmc

o ‘ ( eglon of
" itfnans. Such prednctmns. (i553 psi'nehst notéd, raiseé questions about wheth«_:r rilts are good
* fribdels fof humans in terms of fibér deposmon in the ]ung ' R

I "1

2 2 Lung C!earance and Biopersxstence

~.f.: R Hopo L SRR i s --»'i-'_'-':

T ot‘ f&'s—than-S-;gn ﬁbers in the lﬁng s 'i'he"f' . . "
ashestos sad SVF are, tcmoved from ’“ng tissue. AS Secbon explam$, f bexs dqposmng onthe

L2, 7‘

odndubnve au'Ways‘axe cfeared, typ‘icélly wnhm 1 day,' 5

Jha 'bcytdsm'and’aisso}u’ho
(7] S X

Jung-plea;ance ’AH of‘the panchsts gominents aze summanze(.ikbglow Sechonr 3-addresses

®

)

PR OO T ’-J"‘:’37 e

L] Phagocyto is. Reynewmg general lung clearance mechamsms one panehst mdlcated that A
crophiges digal and o eveiitually Tetiiove foreign tatitile (e g, bers, |

v EAiliated 4 amVays Which )
: into the’ plema,’lim Bitics b blier tiss
Mitactophages Ea@c'ﬂtmcnsiohs_bém )
iy aéropha;‘e‘s*gé‘ﬁ?ﬁi&éngmfﬁbe‘&’r
»smc;’r. bt ihey i hEapble d iy
ﬂi’e"'fofe c!j‘j“fx sehids o
Surfate éﬁ'mai«. Bm‘mhal'ed'r

's;‘,;: @ :,‘rﬂyd] TR

The panehsts noted that removal of asbestos sl SVF Fom the alvest by-phagocytosns
generally takes much longer thzlng,removal' of these mawnals from the conducuve airways
by mucoclhéif' oni th y Eadis flun i

kO alf Db efvat
ts (Coti ‘L_ 'S

AT 3388,

Ex ﬁoﬁng t}\a! ral alvcolar nmc;ophagcs have d:mcmmns roughly bctwocn 10 5 an_ l3 ;un. 2 panchsl
indicated that phagocytosis in rats is less effective than in humans at clearing fibers between 13 and 20 pm.

C2-5
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. clearance in rats varied with the length of chrysotile asbestos ﬁbcrs For fibers ..

appmxmately 20 pm !ong, the esumated balf- life for clearance (by all mechamsms
combined).was i00 days One paqehst also pt,ogc,e_nu;d data on. tune ﬁames for lung

clearance of ﬁbers in humans, notmg,ghax the esgmated half hfe for alveolar macrophage

clearance was estnmated to.be. between 400 and 700 days, the panelxst noted that these

. .. estimates agply to poorly soluble. sphencal pa:hcles of low 7 cytotoxicity and to short fibers

. whuqh can be ¢ngulf9d by alveolar macrophages. He added that klng ﬁbcrs that cannot be
phagocynzed and that,do not,dxssolve or break mll not be cleared om, the lung,

YRS c,('ﬂ" R TR i -._,A__((

% Dzssolunory Asbestos an_q SVF not only,gan }ﬁysxcally removed froni i'he fung via

g

L, aer pbagpgy(oms, Ql;t can be. chemxcally removed, or.at legst altcred, by dxésqlp ;A panelist

! -neaavwrscan
e mgprophagg:s, because pH vanes consxdc;ably twee,u e phago
: macrophages EH= 24.5-5. 0) and the extracel ,1ar ‘gxg (pu L =.].4)..Researchers:
.) bave documented the relative solubility of different fiber types (see Dr. Lockey
- 3 . --Premeeting comments jn, Appchxx\,ﬂ), which can be useful in chaxactenzmg the relative
;:b_sgpexsxstence,of dxfferent ﬁber typcs, . o -

RIS

e sers,

panehst noted that glass and ésbggt ' fggmem d:ﬁ'e ers, for
-;examplc, tend to fragment’ longuudmal!y into thinder fibers ot' 16 same lengt 'ﬂ:erefore
Ay 'bqest@ Siber that is too !ogg tg!bg engulfed by a macrophage tepds to fragment into
nnér fibers: _.al oo lo _g-!o be eegulfed pacrophage. las _ :,'prs, on the
- 0 htmd‘5 nd;o fragmgnt t@nsvexse!y into sboﬂ er, pieces that

earg}:by phagocytos:s . -

"‘-;.."' : -“'nrl._. "r\, as O

Y }(g e 9_[ ca»exposure to other, confammqnl.g A p:,mehst e wed résu

: e mc y tindefStates the clearhce batElife’ Tor amphibolc fibers: of thcsame length,
“ne ‘paiel 5t NG Bachisé ibreTrecent Shidies have-shown that chrysotile fibérs are cleared moit readily from the
lung. 1h_an are amosite fibers of the same dimension.

2-6

HWBUI0009575



contammants aﬁ'ccts fiber n:tanuon in the’ hmg. I the study, g;roups of rats- recenved
differenit combmatmns ‘of expowres chxysoule asbestos and ht‘anmm dioxidé/‘Chrysotile
o asbestos and quartz, amosite asbestos and titanivi’ dxoxxde, and ambsite a8bestss and
Tt quanz: Exposure concentmhon? for the chrysotﬂe asbesios, -amoite asbwtos, “anid titanjum
-~ diosksde v were 1l 10 mg/i’, wlnle the exposure conccntxauon for qiaz Was 2 mg/m’. The
" """‘ " anials were dosed for 1 year and’ l\mg tissues Wete inalyzed fordiber retenﬁon after 2
yeai's "'ﬁiié ﬁi&y found thal co—cxposure with tifaniuh diokide #5d giiartz had 1o effect on
fing rétention of amosite ‘fibets For thrysotile fibers, on'the 6théd hand, co-exposure with
. ,t:tamum dxoxxde increased lung retention of the fibers (as compared to exposure to
S i:]‘xrysoulc a]one) and co—expo§\ife With'quartz decreased ling rétention’of fibeis. This
' panglist ihdicated that this saidy suggests that noh:fibrbus paniicles icould:aifeclf iber

nhdn charactcﬁs it§ 3'ackn6€vledged that'{he eprsure conccnti'ahons used in

© ey

o

Inﬂuence of physzcaf strichire: amomhous Versis ctystaﬂme nhaferwl. Thé panelists
bneﬂ discussed how the physxcal structure of ﬁbexs (amoxphous or crystalhne) affects
" Biog iéiepcc anii‘t&dc:ty‘Onc panehst wotel thilt BlAboratéiy Animal study éxamined
‘tﬁis'iss!\'i & By mparing firdg shmpls Foi rats exposed-for3 moihﬁs 6 dinbiphous silica
' §'e pogéd ‘f -3 mouths to crystallui 'sxhca ({lbhhﬂbn“e’t-a! ‘2000) The
s 1 §m¢fyfound (hat sxgmﬁcant AORHIES he
" *’u?ériths o Exp "éﬁrl?%?a’sbd}’%?m i e‘ﬁmg‘”‘ Stained a‘m&ﬁb"ﬁg sihca' Was Hiear
" picKda ini diéated thglihi%'ﬁé’n’d sﬁgg 56 tiatthe amorphous silica
't iuﬂg, o

*i*

i Populaizbns that iy h‘&‘i;e pmréfi caf)déx‘ty 6 cléar ﬁberf it
identified populations that may be susceptiblélio fiber-setated héimr eﬁ‘ects diieto
lunpaxred upacxty to clear ﬁbcrs dcposned in the lung. Thwe populatxons mcluded pcople

e xf’:

' é’re kn;bwu 1o slo§h mucomlxary transport (% a’tropmc) wh:le othexs can

Py

3 he'pine
ty {6 chafdcterizé the’ d[smhuﬁon ‘ofretal
parelist éXpldmed that, i A Eat ohe-stifdy, todcentrations of 4dbEseN 1 spit
compared to cumulative exposure estimates, were more predictive of; mﬂio]‘ogxcal changes
of workers at vermiculite mines and mills (Sebastien et al 1988). Though
Sest Ay $puniiTi samﬁ]&s can'pn‘)'wd" fisefiil ifigighitinto
“hibiéstos expostres, the panelists indicated that itiplemeiting'a sputisin Sample study hasa
potential drawback. While' smokers can produce voluntary sputum-samples-relatively. .

. eas:ly, nonjsmokcxs oﬁen gannot, lnduced sputgm §amples can be cyllected from non-
' - ha glso been usqd for
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- this purpose. Both of these sampling techniques are inyasive and require; mfo;med
copsent, and bave a consistently better y:eld than sxmple Sputum collecnon. More than 50
such studies conducted in North America, Eitrope, and Japén hive already beer published.

. 23 ,l\ﬁg_raﬁol_l'_pl’ _Eibers_beppglled 'in;tbe Ltlng 4 . I
The tlnrd charge questxon asked the panellsts “What types of ml gratton are expected thlnn the
body for less—than-s um ﬁbers?” Bor.b in theu' premectmg comments and dunng tbe expcrt panel

. rev:cw meetmg, the panellsts otfered vanous perspecnves on how ﬁbers of dlffercnt lengtbs

-\--)

s mlgaﬁe wnhm the lung and ﬁ'om the lung to other organs Onc panclxst, for example, md _tcd

the discussion focused on the extent to wlnch small ﬁbers tr'anslocate into the plema. ce

reviewers’ perspectives on this matter follow:
Tt ;-,.—,s.-:(i O I SOr I LS L. se g s

TLnY o . e 3 > . N vy e ., ‘,-' -
SREI RN oD eBs BaLBE Tavar gt v Dol

T

BorravaliY ek o0 s Aoz PRI A
Fust, one panebst mdxcated tbat several resmrclxers have atiempted to charactenzc the
Lo '},‘ -

dlstn'bunon of asbestns ﬁbers in samples of human pleura. Although it has been reported that

R ltl‘ wos'd

onl¥ sbon chxysoule ﬁbers (average length ?l) 2 pm) t;_anslocale the pleura, tlus pan
these studxw to be ef questmnable qualxty becat:se the)'v 'lacked matched contmls or samp ed

t:ssue (such as tumors) othcr than the pleu.ra. 'Ilns panehst then rc\newed !wo prehmmary.smdnes

i BB IS

of ﬁber translocaﬂog one m humans (Boutm et al l 996) and tbe other i m goats (Dumomer et al.

TIr s e e e

. 2002) which were based on more ro!Slxs:l rrielhods usmg controls He noted that one study found

Gan el

hadfar g:\eater ammmts of am. lnbole abestos f' bers than chxysoul"‘ale&

2EE AN e M
Case’s ren,leeung mments in Appendlx B) The stu ic
oG Nal 3ains v = el

trﬁnslocatc fo the pleum, though the f’ ndmgs suggest that. lymphattc dramage pa ma_y play an
S St RN AL oY FHAER R 1."‘ gty A

. unpoxtant role

that 22, g% of ﬁbers detected in the pleura were longcr tban 5 pm and that_‘the pleura! samples

nhi e e T panchsi also noted lhat Tymphatic.transporn. b has been dcmonsmned o oocur in labomtoty studies’ of
stdojgs thatiwerédgsed with amosite asbestos by 3 intrabronchial instilfation (_Obcrdbxsta et al - Analyscsl of
.:+post-nodatilyruph collectsd fom the nght lymph ducl round rbcts only of shorter dimens
of f'berdctectcd was 9 pm, and the maximum diametcr was 0.5 pm. "

- 2-8
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nssue32 days aﬁuexmmehadagmmemc mmnlength ofl S;un and'“

. these OVcrIoad izbndxﬁons. the

Utb&se outcomcs lo occur ta hypothw; that Has. not been venﬁed). then understandmg Eber

.
N

The authors of tbcse stud:es hypothesnzed that thc translocated ﬁbcrs :mght contnbute to

Second, another panelist summarized the ﬁndmgs ﬁom a stndy of rats exposed via mhalatnon to
kaolin-based refractory ceramic fibers thh geometnc mean length of 4 5 pm (Ge!zclchter etal

R N

’ : r,vr. e g cient G - i st .
, os samplmg m _thods-—are capab f trans!oca g to ti'le pl éural fissue
o -R2ein AR ¥ ‘"‘4 RERESR e
I RN RT N R SREEE SRR

4\1\_

‘‘‘‘‘ '? L?S"‘ﬁl B ~' Y ,tD P ,14¢1 by 3ame®,
1991) Thc study found more afnosnc asbestos ﬁbm translocated to thc pleura in rats that were
RIS 2 ‘ r\ RIS '”’ ES } SHEL Yo s won g el A f0d
i ed to métﬁatwere
"o “ ol .:‘ ‘r”, ‘__’ oy
t}}eeXpomne doses of

utzmnm dxoxtde (10 mglm’) mlght h'avc Qverloaded Lhe rat lungs; :;nd u;l'palred al\j'eole‘lr
macm;hage clcarange processes. If thg: obsewe4 ﬁber uanslocanon to the p!emi was caused by

23 ¥ Dy L

lcvancc

el Sy SaAPTIL Y,
mstancc |f ﬁbers must actual

e .y -'n.__;-.._\
TH "{ LA ¥ J TR #\ 511,

(’) —‘T:: Fe -

y énter the pleura f‘or

a0 2Ty
Pog 2 \
LA 4

T

. oné panchss nolcd mal 32 daysclsfa n:hlive!y short: pcnod oftime
lcma. He‘md:catod :hat’ it Triny tike tonger'for long ¥ibess'to. reachutbe
i d l‘ ‘ihe |ong ﬂms to cnwr !bc ]ﬂt:um!(as compamd to Iymphanc

AP .
e ETECRALITIN by b

xamm w
plcura. apecxaﬂy if dirdet pcnctmuon is?
wansport for shorter fibers).
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translocation into the pleura is critical. If, on.the other hand, fibers localized toward the lung

pcnphery beneam the pleura can wuse dtsease perhaps through chemxcal medlators that cross

R
REr VI ILIYIN

the sxgmﬁcance of fiber translocation into the pleura is not fully known_ The panehsts revxsxted
ﬁber translocatxon 1ssues When dxscussmg ihe role of ﬁber lengtb, 1f any, in chtiing’ p!eural

P MR F T

oo

abnormalmes. :

Sl Ve e Ing . .-
] Tennmology ﬁbers or parnclas’ One’ panelist had r&scrvahqns%bo hgayl%n‘g :l u
with lengths less than 5 pum fibers. He explained that mineralogists, geologists, and health
enus:s genmuy do not copsidersuch; §tmcmr¢s tobe ﬁbers, pegardless of the aspect.
ructures-would instead be considered particles, ted fhat
g gmshmgbetw

e’

ess px : s
. heshoweda gmph deplctmg the fi ber size distribution (m terims of length and dxametcr) in
an ambient air sample collected at Libby. The graph showed that a clear majority of fibers
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situations.® 'I'he sample also included many, ﬁbcmappmxxmqtely 15 pmlong, though in
consxdetably smaller amounts than the short fibers. In such cases, the panelist cautioned
about focusing exclusively'on fibers smallér thaiy's i €ven if they dccount forthe .
overwhelming majority:of the dose, becausg the smaller amount of longer fibers contribute
) .more to ovetall foxi 'ty ,
‘e, . BRI R TR Ot R B .;@:‘ B L T TR IRT SRR 0 e L e '|,_ ar
To illustrate thls issue: further. the panehst presented data on.the, dxstnbuhon of ﬁber ,
lengths measured in surgical lung tissue samples from six miners ‘and four cement plant
workers who were exposed to asbestos fibers (primarily chrysotile) and non-asbesté§ )
fibers (Case et al. 2002a). The men were hospitalized with various luag diseases, which
were mostly not related to their asbestos exposures. In these individuals, the majority
(71%, by fiber count) of lung-retained chrysotile'asbestos fibérs:were shorterthan § fir,
with lesser amounts (25%) of chrysotile asbestos fibers between 5 and 20 pm, and even
: lesser amounts (4%) of chrysotile asbestos fibers' longer than 20 pm (Case etal. 2002a) A
s sum!ar pzlucm Lty obsen’?éd’for the 5ung-rdaiﬁé‘d‘noh-a§bestos ﬁbas, ‘with afieven 7

th&se results, thls panehst mterated that chamctermng how toxlclty varies v'wth fi
length is critical, because retaindd doses cah viry cOusiderably betueta diffeitiil Bber
length intervals. The panelists revisited this topic when discussing whether a critical fiber -
length exists below whmch adverse health eﬁ‘ects from envnronm tal exposu.res would be
un'i’iké’fy {Se8 Sekrion$). 7 5 D St g

evaluafin

| bers dét &Edml,xbbjr ‘When
piﬁelxsts:bneﬂyﬂxséﬁs"sedﬁ“ il F‘” cabce of ambtént g ‘meastitémernits in

+|

Fisked Dy Au : e'lev’éiﬁt Haia. Refemng to trends.
i) - "wou]d fiot: be counted by
ses. A pabeli$t added Wat: t’ﬁm‘as‘bm'i‘bs amplnbole
ed by the 0ccuﬁ"atxonat§a‘t‘ety and Heilih Admilfistration
(wmclﬂte ‘and nchtente) ine”mcldded drmong e fiber ifi these Sdniples? Dr. Miller noted
that some Libby resilSatsAilis Were niod Sectpaliohally exposed to-asbestos atid who' had
go bousehold conlacts with occupanonally exposed individuals have developed pleura]
it “?é’efqummﬁs BHSUES whnih fi beﬁfy”p 65 a;'b oén%nbu(mg to this?” ) -

S During this discussion; one panelist cautioned about distinguishing efivironmental exposures from
occupational exposures and instead encouraged scieatists to focus on the exposure dose, regardless of whether it
was experienced in an occupations] or environmental setting. To illustrate this concern, be noted that some

““eqvironmental exposures,” such as those experienced by Libby residents, might exceed “octupational” exposures
in well-regufated work places.

g
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.'m-  Désemetric issues; The-panelists briefly:discussed how-the available dose metrics—mass,
.~ . ‘number, and surface area of fibers—correlate with toxicity. A panelist noted.that one study
v .. ((Timbrell et'al. 1988) reported that'surface-area correlated best with pulmenary {ibrosis
+"'s¢brés-and therefore mightbe the best dosg metric for that endpaint. This paselist said this
SRS ﬁndmg is‘condistent with toXicologic smdxcs of non-fibrous.particles, which also indicate
- that suiface area correlates better with-pulmonary: fibrosis than do other.dese metrics.

“! -Another-panelist.questioned whether: smfdce area of retained fibers,is:an 2ppropriate dose
metric, noting that such a selection implies that short fibers.(Le., fbers less than 5 pm in
length), if inhaled in substantial quantities, can be equally toxic as very long fibers. This
Yissue was notresolved, but a panelist noted that surface area of fibers:might be more
- i-predictive of certain endpoints.(e.g., lung fibrosis); whlle other: dnse metrics may correlate

‘bemrmthcarcmogemcendpomis. R B LA
<l.3i’¢.;‘\’ o e RN r . . v;’ iy
L Research needf, Whlle dxscussmgdhe physlo!ogxqabfake of ﬁbers is: tbc lung, the panelists
identified several résearchmeeds: One panelist,:for.example, suggested that a laboratory
study comparing dosimetry of fibers less than § pm to that of non-fibrous particles less
# w: than® pm-couldprovide insights.inte lung depasition.and clearance of; shpner fibers.
' Another:panelist advécatediresearch sthat:characterizes dos:metmy for.a series.of fiber
Aebrdn length sintervals} mther than.focusing entirely an. ﬁbqrsshonenhan a ngen_threshold
¢ fexigth(i.e:, 5 pm);because. people-are.ultimately exposed to.airboreifibers. ¢ £xary
5 ’~Jengﬂxs One'panelistsuggested that studies consider therelevance of: Lsuscggq’hle
2K populations; -but-other panelists.indicated thaL:esean:h .on’‘susceptible populations should
.\) e R 'be'conducted -afterkey studies onhealttiy papufations have: beencompletnd. The. panelxsts
i+ po discussed additional research needs later inithe meeting (see Section 3.5). ...
e I R T T O T S I T2 1127 7 IS S TP A T e

Dr. Bernstein presented ﬁndmgs from a chromc mhalatlon stndy that mvesngal
:. iiflaencé-of fiberlength’and biopersistenceion:toxicity.in'rats. The,study was conducted,

e 2ot the Edropean Conifission, butfindings: from the study have not-been reported in the’

i v peer-reviewed literature.and a written summary of the ‘study-was not. provided to the cxpcrt
© . panelists: Dr.-Bemstein indicated that this.study, found that long fibers were more
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O ,_Bi'épersismm than shorf fibers. He further noted that exposure to fibers up to:20 pm long

17 Werefound to be uncoriclated iwith totic response, and only those: fibers longer than 20

'liun:were correlatéd-with toxicity. These findings were reportedly derived:by comparing 2
=2 " . fo%icendpointat 24 months following exposure to the:distribution-of fibelengths

el petainedlin the ratstlungs The toxie eddpoint-considered was collagen deposition at
R "'bmnchoalveolarjunctxons:—a precursor:to:pulmonary-fibfosis.: Dr. Bemstein claimed that

o panehsts catv'draw:from this study?s*ﬁndmgs to make deﬁmhva statements :on the
- "tox:cﬂ.y of ﬁbets shoner than 5 pm. S A

‘ -,}f} - H R _ , ,l “an
e Pane‘hsts’ Dlscussmn. When dlscussmg thxs study, one papehst asked 1f
T AT prefe:@n(:ai deposition of-long fibers is expected-to occur at the broichial-alveolar

Jjunctions, and Dr. Bernsicin said yes. This. panelist noted that:the: appm;ent
* correlation between fiber size and toxicity might simply result from studying an
- - ‘endpoint-where shoit: fibers do not preferentially deposit:Anothier. panehst
':l-éncdi.uagﬁdbr Bemstei‘n_ aﬁ’d»his: t_:oll’eagues:tdqmblish thes&mﬂts:i-- 5
N P SR 0} . RS ar it ccpecnnieh £ uinaian ’

-B‘e“‘m‘stem also: presented data from an. ammal stndy nn“bxopemsten‘ce' of cbi'ysonle

.

o iifbefs minéd-in Brazil He explained: that:chrysotile fibérshave a Somewhat unique
Hholecubit stricritie; bechuse tiiore aghiesium atorisiare inthe fiber surfadeyiamphibole
“E4fibirs, ‘on the- cilierliand:thigse afoins are'more congentrated'iriternal to.the'fibet, away T
frotii'thie Surfate Diéto: 1his dilique striiotire; Dr. Bernstein arguedshi olirysotile fibeis
e mhore: mdxly dissolvediin the Junig: He reported thatilong thrysotile fibers (20 pim)
.s) =000 e Bi‘opers:swnce Thalfdife of only 1¢3-days; whiléamphibole armgsité.fibers of similar .
. length have a'biilfdife-of 466 days:/He also showed a series of images depicting the fate of © )

different length fibers in the lung as a function of days followmg exposure. Dr. Bernstein o
did not provide a reference for the data be presented.

Panelists’ Discussion: One panchst ook excepbon io these studlcs notmg that

his colleagues have published a study (Finkelistein and Dufrense 1999) indicating
siv. . - thatchrysotile fibers logger than, 10, pm bave anlgsnmated half-life of 8 years. in
" the lungs of Canadian minérs, Further, he noted that 4  stidy of South Cardlinian
textilé "'Wurkefsrexp"osed xlmchrysoule fibers (Case.etal: 2000) lalsosupgonszﬁ-
it ?x\ ‘!g:}!fe-@uch 19 ;{ﬁ@ tpsn 1.3da :I};glt s;udy found that the lun L g

_ conte fl chrysotile fibers: onger thian 18 jm increased proporbonaﬁy VAth the

woxkers cumulanvécprwrc‘fsuggestmg that these longer:fibiers dre:more ...
perststent in the Jungs of occupanonally exposed mdmduals than Dr. Bernstein's

data imply.

j ‘ Soalaidn AR LS e B TS p e BRTIED 2

Comment 2' Jay Tunm. Sclences Internanonal. l nc.

i R

MrEs “10; consrd th ﬁndlngs nf two stud:es Fust, he
eferied hi pfanehs& wa pubhcanon (Bérman ¢t al: 1995)-that re-evaluated data from

! previous laboratmy anitial’ expenments in rats: This'study reported:that 99.7%of the

“potency for mesothehoma ‘was dife 1o ashestds fibers longer'than 40:im; 'with: only 0.3%

© o213
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- of the potency attributed to fibers shorter than 40 pm. Mr.. Turim suggested that the
panehsts cons:dcr these fi ndmgs when commentmg on the. carcmogemcxty_of short fibers.
Sccond, Ml" Cl'unm revxewed a recent study (Brown et aL 2000) in, wlnch two gxoups of
*' - yats inhaled formulations of different refractory ceramic fibers,(RCF1 and,RCF1a). The
: +fiber formulations were reported-as:having approximately the same.number of Jong fibers,
B -'bht-»ﬁtb’e‘RCF 1 formulation contains:inuch more non-fibrous-particles than does;the RCFla
formulation. In the study, the rats were exposed for 3 weeks (6 hours.per day;-5 days per
week), and were followed up for 1 year after exposure ceased. Mr. Turim noted that the
: ! lulig retention of long fibers did not différ between the twoexposure groups, even though
~thigstiady authors reported that macrophage clearance processes were severely impaired in
- the fats exposed to RCF1,-duedo lung overload conditions. Mr.Tugim also indicated that
- B0 thé ‘statly providesevidence thiat REF (and SVFs, in general) behave differently from
:rasbestos fibérs:ivthe Ring;hecause the:shert RCF fibers were largely removed despite the
‘impaired macrophage activity: Fmally;because the.study f found miore perststcnt
scinflamimatory fesponse;as gauged by broncboalveolar lavage @BAL) analysis, in the rats
x+-dosed withithe RCE1 mixture; Mr. Turim-arguedthat the study shows: that the presence of
C et nOn-ﬁbrousparhclos must be mmldemd whcn eva!uatmg the toxmty of SVFs

TN \‘-, he i =

>:‘;- Panehsts .DI.SGIISSIOII‘* One panehst addmssed thls po;mment, notmg that some T
. vicaspettsiof the RCF studywere:not entirely. clear to: ‘him.;Eor.instance, he did not
think the publication adequately explained how hing, clearance of short fibers
.} could be similarly effective in the two groups, when macrophage activity was
2 ) SR e :-:»-sevemlyxmpaxmdonlymthcmts dosedwanCFla. Eurther,-he notedthat the

5
i
Al

b

.....

"y baseﬁ on hxswnterpretahon of the BAL data and the hxstopathology results.

=2 Moreover, the: panehst*mdxcated thata follow-up study. by\the same group bas
found the non-fibrous FCF. particles-to.be of high toxicity: (Bellmann etal. 2002;
Brown et al. 2002).

R PR T 20 . e b2

Comment 3- Jenna Orkm 911 Envuronmental Actmn Cnncern

éthods:Ms: Crkin‘noted ithat; experts: ha&c rcportad tbat, for ASTM-chmVac samples,
1 000, Structiires per square centimeteris considered typical for rural homes and 10,000
strucmrcs per squa.re ccnt:meter typ:cal for urban homes. HOWevcr, she said that expens
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Ms. Orkin indicated that EMSL Analytical analyzed the carpet sample from her home and

" found “80,000 structures per square centimeter of asbestos:™ Seven chrysotile fibers were
in the sample, including five long fibers. She indicated that the ultrasonication
‘instrumentation eventually clogged, which she was told might'mean that the .
contarhination levels in the sample could not be measured because they were higher than
the measurement sensitivity. Ms. Orkin asked if the panelists would comment on the data
‘shie presentéd, suchias the exposure levels she-and ber i‘amﬂy members Imght ‘bave

o expenenced. P R

Panelists” I)lscussion' Three panehsts and an. EPA obsewer r&sponded to the
comment. One panclist noted that regulatory agencies have: not established “safe
limits” for measurements of asbestos fibers:on fabrics. This panelist -
- acknowledged that be was unfamiliar with the measurement method identified in
- the comment, but he did question why any sampling or-analytical instrument
- "would clog when analwmg a sample with only seven chrysofile fibers. ‘Another
~-panehst said the key issue for thi§ scenario is characterizing the inhalation
expostire, but he noted'that no'one has established how to estimaté airborne
‘exposure levels frori asbestos levels in-isolated carpet samples. Finally; noting
that amphibole minerals make up 7% of the Earth’s crust, a third reviewer
suggested comparing thie sampling results from: the Brooklyn residence 10 o o-
' meastiteriients using identical methods in o!her locat!ons that were nof impacted
byWTCdust. T R Sy

.§ - Dr Mxllet (EPA) mdxaued that FPA stmggi&s thh issues hke thosc raised in the ’ 2
© - Y- comment at many sites: What'levels can be considered safe in‘homes? What fibers
: - ‘should onc'count whex'establishing these levels? When should regulatory
o agencxes recornmend abatement? He acknowledged that these decisions are
beyond EPA’s current regulatory guidelines. -

Comment 4: Bertram Price, Price Associates, Inc.

Dr. Price’s comment addressed asbestosts in leby, Montana-——a topxc ihe panehsts had
. -:questions.about during their-¢arlier discussions. Dr. Price indicated that ATSPR’s recent
stidy of Ltbby ‘residents identified 12 cases of asbestosis: 11 among, formier mine workers,
hd 1 i a family member: ‘of a-former rhine worker. He:said. these. ﬁndmgs illustrate the
‘impactof dose on asbestosis, and he cautioned. against -attemptingto dlstmgmsh
. +" ¢nvitonumental €xposures from:occupational exposures.: Commenting on the influence of
" 'ﬁbér‘le‘n'gih, Dr: Price noted that researchers have established a dose-response gradient
‘between exposires to long asbestos fibers-and asbestosis; though he acknowledged that .
_the past studxes used measurement techmques that cbd not count ﬁbers shorter than 5 pm.

Panehsts' stcussmns‘ No panehs(s addressed thls comment

14

-15
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. Comment 5: Suresh Moolgavkar, Uniyersity of Washington

Dr. Moolgavkar's comments also addressed asbestos-related disease among residents in
Libby, Montana. Dr. Moolgavkar noted that ATSDR bas conducted two epidemiologic
studies on Libby residents—the second was necessary after the agency realized that some
death certificate data were inadvertently omitted from the initial report: He indicated that

- the second study reported that lung cancer mortality in Libby was higher than expected

when compared to the state of Montana and the United States, while the first study found
no excess. Regarding asbestosis, Dr. Moolgavkar suminarized the available data on
asbestosis cases (see Dr. Price’s comment, above), and notcd that asbestosis is linked to
the most highly exposed individuals, regardlcss of whether thelr exposures were

' environmental or occupational,

Dr. Moolgavkar then commented on results from mult:ple mortahty studies pubhshed on

- occupational cohorts of Libby mine workers (Amandus and Wheeler 1987: McDofidld et

al. 1986;:2002). He:found no indication that asbestos from the Libby mines is more toxic
than is predlcted from cancer risk calculations using asbestos unit risk data from EPA'
Inicgrated Risk Tnformation Sysiem. Dr. Moolgavkar mertioned this to question the -
suggestion among the panelists that Libby asbestos.is more toxic than asbestos from: other
sites (see Section 3) In fact, Dr. Moolgavkar noted, rad:ologxcal examinations
documented in the previous mortality studiés found no evidence (based on prevalénce of
lupg abnormalities) that Libby asbestos poses a greater health risk than asbestos from
other sites.

Panelists’ Discussions: One panehst indicated that he agteed with the commcnt,
in terms of lung cancer outcomes and lung parenchyma abnormalities, but he
noted that mesothelioma cancer risks may in fact be uniquiely higher at Libby:
Specifically, the risk of developing mesothelioma among asbestos miners in
Libby, as gauged by the proportional mortahty ratio (PMR), is greater than that
experienced by crocidolite asbestos miners in South Africa and Australia (see
Section 3.1.1 for a more detailed summary of this argument).

Dr Moolgavkar questioned this’ réspéhéc’, argiing that the PMR is dot a good miettic o

P USes: ‘He indicated:that:one would expect to seg.an elevated: PMR if the L’bby cobort had a
strong "hea!thy worker eﬁ‘ecl. . S

EECEA | s - w e . -
Panehsts’ Discussions: The panelist who addressed this issue agreed with tlns
response, but noted that there is no evidence of a “healthy worker effect” among
Libby miners, as demonstrated by the large number of accidental deaths io the
cohort. This panelist defended use of the PMR for mesothelioma because itisa
rare disease, and use of other cancer risk metrics {e.g., the standardized mortahty ‘

ratio) might not be appropriate.
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. 2

30 Comments on Topic 2: Health Effects of Asbestos and SVF Less Than $ Micrometers
. in Length ' R _ )
This section sunimarizes the pan"elisf:s’ discuissicihé on the role of fiber length in bealth effects

from ‘asbestos and SVF fibers: “The meetmg agenda (see Appenduc D) hsts thc specnﬁc topics that

'the panelists addressed and xdennﬁes the dlscusswn leaders for th&sc topxcs Thls sectxon

orgamzes the panehsm‘ comments as follows: cancer eﬁ'ects (Sectlon 3. l) noncancer effects

{Section 3. 2) mechanisms of toxxcnly (Sectxon 3. 3), general comments and mterpretahons

. (Sectxon 3.4), and recommended research (Sectlon 3. 5) Section 3. 6 summanzes observer
A ,commcnts made after the panehsts complcted theu' dnscuss:ons. Some panehsts submmed post-

”"meetmg comments. o summanze their’ ﬁndmgs. Thcse are mcluded in Appendtx E: for the

follomng top)cs review of epndemmloglc data (sce Dr Lockey s comments), rcvnew of

B !abbratoxy animal studies (see Dr. McConnell’s comments), and. revzew of mechamsnc studies

(seel Dr. Mossman sandDr Wallace,scomments) . ot o

3R wind

When evaluatiné health effects, panelists were asked to review findings from Eejr studnes that
exammed the: mle of fiber lengthon toxnc:ty, whelher in vive or &t vitro: Accordmgly. this
secuon sbould not be vxewed agla hterature rev:ew of all tmucxty stuches for asbestos and SVF;
rather, 1_t documents rcsults From key studies that examined impacts offber length.

Although the panelists focused their initial discussions on ﬁber'length; several panelists stressed

) that length is not the only factor aﬂ'ecqn g ﬁbcr xoxscnty These panchsts noted that toxncxty is
. ﬂfher a complex ﬁmctlon of the ﬁber‘dosc. dnmensnons and durabnhty, : :

“ documcnted in the scientific hterat\m:

-

3-1
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- 3.1 Cancer Effects

This .sccﬁpn sumrparizes tbé panelists’ ‘c.omm'cnts on the role of fber léngﬁh on cancer effects.
The section is organized into three different types of studies: human cancer mortality studies
(Section 3.1.1), studies of lung-retained fibers in bumans (Section 3.1.2), and labora!ory animal

. studies (Section 3.1.3). Within each section, ¢omments are organized by type of fiber (asbestos or

. SVF) and type of cancer {Jung cancer and mesotbehoma)

(%3

- 3.1.1 Datafrom Cincer,Mor_tgl&y Studies

The panelists”. comments on cancer mpnr_.gaﬁ;yiémdigé frt;xﬁ.:qgcupatioxia_l cohorts fpllow

ik

® . Asbestos.-Onepanelist indicated that no studies bave evaluated cancer outcomes
. -associated with fibers shorter than § | e, becausc no occupahonal cohort is exposed Co
 ~exclusively to such fibers. For ms:ghts into. carcmogemcnty of the short fibers, he reviewed
- findings reported for. two occupational coborts that were exposcd predommanﬂy (though
.) ) * ot excluswely) to short asbestiform minerals:

> The panellst first revxewgd a study of workcrs at reserve ming depqs;gs i
Minnesota (Higgins et al. 1983). The workers at this site were exposed to
_cummingtonite-grunerite, a mineral related to amosite, and the vast majority of
fibers were reportedly less. than 10.pm. in length. The study found no increase in
overall mortality or mortality from respiratory cancers, but the panelist indicated
that the average latency: for the cohort, was 14.7 years after initial exposure, with a

maximum of 24.6 years, or a relanvely short latency for development of cancer.

p :;Second. 'lhlS panehst ¢
.also.were exposed 10, cummxr

mdnes of gold mine workers in South Dakota who
s, toni €. asbesnform matenal. He indicated
" thatian initial.stidy of this Gillam ¢f al. 1976) found increased mortality
- from malignant respiratory dusease among rkérs wnh at least 5 years of - .
exposure..A follow:up stndy of this same cohon (McDonald et al. 1978), which
considered workers who had “orlced for 21 _years of longer, !‘ound no such
increase, but did report mcrcascd risks of silicosis and tubérculosis. Average
exposure concentrations for this site were 4.82 (+0.68) fibers per cubic centimeter,
with 94% of airborne fibers being less.than 5 pm in length.
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This panelist indicated that these two studies were the closest approximation he could find
to occupational cohorts exposed only to fibers shorter than 5 pm, and neither showed
evidence of increased cancer mortality. He advocated follow-up studies of these cohorts ia
view of the passage of moré than 20 years since the original publications to investigate.
carcinogenicity of short fibers more fully.

“ During this discussion, one paselist reviewed'cancer mortality data-published in two-

studies for an pccupational cohort of Libby miners (McDonald et al. 1986, 2002). These
studies considered 406 men who worked in the mine for at least I month prior to 1963; the
more recent study, terefore, considers an average latency of period of more than 30 years
from first exposure, This panelist noted that both studies reported elevated mortality rates
for lung cancer, mesothelioma, and non-malignant respiratory disease {(including
asbestosis”). Of particular note, the panelist indicated that'the more recent follow-up study
(McDonald et al. 2002) sugpests a PMR for mesothelioma of 6.7%—otherwise stated, |
out of every 15 deaths identified in the follow-up study was from mesothelioma. He found
this PMR significant becasé:it is higher than those observed among most othier cohorts
studied, including crocidolite miners in South Afiica and Australia.

SVE. One panehst reviewed cincer mortality studies of occupational cohorts exposed.to

" SVFs, mc!udmg glass fi bérs, mmerd wool, -and RCFs. The panehst first'noted that no
. stud:&c have been conduicted on occupanonal cohotts exposed &xclusively to fibers less

than 5 jifi fong; again because'no cohoits appéaf to be éxposed only to short fiblers.
However, he noted that cancer mofiality at fibér glass and mineral wool production
facilities has been extensively studied, both in the United Statw and Europe He

A_summanzad these smdws for différent’ mateﬁals

g ..l

- : AFor fiber glass, the panfehst nofed that the studles d:d not ﬁnd increases in

jrespuatory cancer to be related lo ﬁber g,lass exposures o

T For rock wool and: slag wool, the pagelist: mdncated that studxes of production

facilities in the United Statés found no evidence of increased risk for respiratory
_ cancer At producnon facilities in Europe, on the other hand, initiai studies have
) '{‘cspna!ory cancer, but o clear infoimation to indicate
Tisk wa‘s"éﬁécxﬁcally rélated to fiber exposure. A.
ntm}stixdy ifdicated 16 rélationship betwéen cumulative rock
ure and !ung cancér (Kgaerheun et-il. 2002). The Intemational
A 'h o Cancer (lARC) au‘thors did not conclide that the
o ‘mcreased cancer was. relatcd to the cxposures to rock or slag wool

A E R

BT T - R (U

7 One panclist, when reviewing a draft of this report, indicated that death certificate data typically use a

single code for all non-malignant respiratory disease. He added that asbestosis probably accounts for a minority of
these deaths when compared to chronic obstructive lung disease.

3-3
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» For RCF, which are more durable fibers than the other SVFs, the panelist
- indicated that no cancer mortality data have been published for occupational

cohorts exposed to RCF. This panelist noted that a recent study of a relatively
small cohort of plant production workers bas not demonstrated increased
respiratory cancer risk for RCF, nor any identified mesothelioma, but he
acknowledged that the study had limited statistical power for detecting an
increased risk. Results from this study bave been accepted for publication in a
peer—revxewed publication (Lemasters et.al. 2002) .

The panelist who summanzcd these resu!ts also speclﬁcally noted that there is no
indication of a relationship between exposure to. SVFs and mesothelioma. Though a small
owmber of mesotheliomas have been reported for workers at SVF manufacturing plants,
these cases have since been explained by other factors {e.g., probable prior exposure to
asbestos mconect dxagnoses) .

Additional insights on the influence of fiber length on cancer outcomes was presented for studies
thai analyzed the amounts and sizes of fibers.retained in the human hmg. In these studies, lung-
re!mned fiber i is used to charactenze exposure The panehsts ldentlﬁed lmntatlons associated
with such studles, most notably that the measurernents of lung—retamed fibers (typ:cally at
autopsy) are static and do not characterize when exposure occ\med or temporal variations in
exposure. Moreover, because lung-retamed fibers can break or pamally dissolve after exposure,
itis possiblc t.hat thc length dlslnbuuon of ﬁbers obscrved aﬁer death is dlffcrent from the length
dlstnbutxon of fibers in-the ongmal exposures. The panehsts pm‘nded the followmg comments
_on aval!ablc stud:m of lung—rctamcd f‘bcrs ' S '

,Genera.’ comments. One panelist provided general comments on ﬁber accumulation and
.. bumag disease. Fu;t, the panefist indicated that peOp!e ar xposed to“ﬁbers -of varying
length, wnth shoncr ﬁbers gcnerally accounlmg for the ma of exposure {by fiber

. count); 2 a snmlar pattem———a majority of shorter fi b: is cons:stently obserVed in the
.-lung-retenuon,studxes Second, because asbeslos fibers th wxdely vaxymg  lengths are

detected in lung tissue samples from all populauons, th' panehst concluded that the

human lung, under continuing exposure conditions, is ‘ot capabfe of completcly clearing

fibers of any length to background levels—a finding that is not replicated in inhalation
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studies conducted in rats.? He demonstrated lung accumulation by displaying data from S
multiple studies (e.g,, Sebastien et al. 1980; Case et at. 2000), which showed that all types

of asbestas fibers (including long chrysotile fibers) accumuldte in the lung with

cumulahve exposure '

= ‘Mesolheimma The panehsts then commented on three case-contro! stndlcs that examined
- the distribution of fiber. lengths in people who died from mesothelioma (and most with
matched controls). All three studies showed that risk of mesothelioma was considerably
hx gher for individuals with larger amounts of long fibers retained in their lungs

e The first study (McDonald etal.. 1989) exammed lung txssues ﬁom 78 Canad:an
" men and women who died of mesothelioma, as well as 78 Jung tissues from age-,

sex~, and hospital-matched controls. The lung samples were from pathologists
stock, without information on what parts of the lung the samples were collected
from. Relative risk for developing mesothelioma was reported for different fiber
types and lengths (<8 pm and >8 pm). The study found that the risk of
mwothehoma was significantly related to concentrations of amphibole fibers
Tonger thaid 8 pm and that fibers ‘shorfer than 8 fim accounted for none of the -
cancer risk.

»  “The second study (Rogers et al. 1991) eximined lung tissues’ &%ﬁi’Adsﬁﬁlians
. 7~ . 7 ihodied of mesothelioma: Based on “thic best fitting additive relative gisk . .
‘ . model,” the. study reported that mesothehoma risk was greatest for croc:dohtc
3 " asbestos fibers Ionger than' [0 pm, Filowed by amosite asbéstos fibers-losger
thin 10-pm, dnd then by chrysotile fibers less than 10 um, The authors suspected
 that the relative risk for chrysotile f ﬁbexs less than 10 pm resulted from longer
'ﬁbets breakmg mto shorter ﬁbers o

> Thethird study (Rédelsperger et al 1999) evaluated lung ussue samples from 66
German individuals who died from mesothelionia and 66 matched controfs. . The
- ¢tudy reported that “...a clear dose-response relationship up to an odds ratio of
99% bas been demonstrated for the lung tissue concentration of total amphlbole
" fibers longer than 5 pm.™ The study pmvxded fewrdeialls on the cancer nsk
' assocmtod wnth short fibers. :

¥ When reviewing a draft of this report, another panelist indicated that animal studies have found that
animals are also not capable of completely clearing fibers of ali lengths to background levels.
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4 to (1) conduct ]nghly contmlled experiments using well'-deﬁned npdsm'elevcls‘ and (73
- | evaluate health outcomes and hmg-retcnuon levels at mahydxﬁ‘etent tnne ﬁames followmg
. /Bxtensiv Y vasu;'q '

] .mtcrpreted m the prog ercontext regardmg theu relevancy to human&

3.1.3 Data froin Laboratory Animal Studies (Cancer)

The panelists identificd several laboratory animal studies that illustrate the influence of fiber

lenigth on arcinogenicity, and made general comments about the relevance of these studies to

“humans. Panélists specifically réferred to the following three studies when discussing how fiber

length has been shown to relate to luag cancer and mesothelioma in aboiatory animals:

"m  In‘the first study (Davis et al. 1986), no malignant cancers were observed in 42 rats

exposed via inhalation to a short-fiber.amosite mixture, while eight mahgnant camcers
were reported in the 40 rats exposed 1o the long-fiber amosite mixture (30% of ﬁbers
longer thin 5'jim and 5% of ﬁbers longer than 10-pm). - . L

B In the second smdy (Davns and Jones 1988), seven mallguant cancers were observed -
‘amoung rats £xposed via'intraperitoneal injection 1o d*'short” chrysotile fiber mixture,.
while 22 malignant cancers were observed among those exposed to the “long™ fiber
mixture. Cancers in the former group, howevér, have since been attiibuted to

' 'contammatxon of the “shor¢™ fiber samples with longer chrysotile fibers-(Lippmann 1994).

“ In the thu:d study (W agxer etal. 1985), rals exposed to n'nxnms ‘of erionite fibers that
were mostly shorter than 5 pm did not develop mesothelioma, while every rat exposed to
the longer erionite fiber mixtures developed the disease. One pagelist found certain
aspects of this study surprising, such as the fact that all of the rats exposed to long fibers
died withisi 15 nionths, éven though mesothelioma typically is not lethal in rats, and that

RN S ‘ 151&&.:
General sh‘eugzhs ami weaknas‘ses of labomtory anunaEsi

CiE

for understanding tonmt}bf asbestos and SVFs. Beneﬁts of annnalMés u'zc. i:'dc Jhe abxhty

life span, macropha?e—gs!me, ‘and au-way bmnchmg pattzms, relevancy of hngh dise and: .

admm:stranonmethods (e:.g:, peritoneal injection); and failumto addn’sa certain human— ;

|} exposuree condmons (e.g., smokmg) Overall, the pane,hsts generally agreed that laboratory
aninial studxes can pmvxdc useful insights into toxicity 1o y hiumaris; prov:ded thc studm are”
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the histopathological slides showed very intense pleural reactions. The panelists revisited
this study (see Section 3.4) when discussing how chemical composition and surface
properties might affect toxicity. ' T

One pahelist synthesized the findings from these and other. relevant laboratory animal studies.

This panelist first noted that the rat is an adequate model for cancers in humans, because the rat

has beeri shown to develop both mesothelioma and lung cancer, though he acknowledged | that
these canicers are not as aggressive in the rat as in bumans? He added that the laboratory animal
studles have allowod rcsearchcrs to observe the prOgessmn of drsease for both lung cancer and
mesothelioma. Regardmg the admmxstratlon method, thns panchst mdrcated that thg rnhalauon
studxes were more relevant o human exposures. He uoted that ﬁber admmxstmnon by
intrapleural 1mplantatxon and mttapcntonml m;ecuon does not represent human exposures for

several i'easons (e.g extremely large doscs are adrmmstered in Very short bme fmmes alveolar

- pacrophage:and. mucocnhaxy fransport:c c!earance m¢chamsms are bypassed, and the ’b;ers

inserted mto the pleura mxght not be capable of reachmg tbese tnssues followmg mha]auon

exposure) Co Co

Oveall, this parielist believed that laborator)r animal-data usmg all ad:mmsu'a’aon x“oiit'es have

.shown that short fibers of any. type are less potent than long fibers, both for mesothelioma and

cancer, but the relanve potency has not beeh quantified.

canccr inrats’ ‘terids‘16-be bronchioalveolar, ani dcvc!ops in lbc dlstal lu:ng. wlul; lung canccr in humans Iargcly
tends to oceur in pmxuml apezs.of the lung. He won i né
differing airway sizes and branching | pattems) mxght cxplam drffctcnccs ia whcre lun cers develbp inrits and
humans. Anothes panelist ¢autioned against expecting that hing cancér ‘would chclop i the Ssime parts of the lung
in rats and hamans, primarily because of the confounding factor of cigarctte sioking in humans.,
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3.2.1), studies of lung-retained fibers in humans (Section 3.2.2), and laboratory animal studies

~ (Section 3.2.3). Ea&h section is further organized by noncancer enldpdint;. A!t'hough many

different endpoints were discussed (e.g., irritation, nephrosis), the majority of discussions

focused on pu]monary'ixitiérstiﬁ;l fibrosis and plevral abuormalitics (e.g., pleural plagues, pleural

‘thickening, and calcification).
321 Daﬁ from Occupational Studies

“QOverall, the discussion leader for this topic area indicated, there is limited evidence of noneancer

o toxlcnty bemg asspcxated with ﬁbers less than S 13 311 length, thh two excepnons Fxrst, he

indicated that very high doses to short fibers, especnally thosc that are durable in mtracellular
fluids, may } have the propens:ty fo cause mtersunal fibrosis. Second, he noted that exposure to
short, thin durable ﬁbers may play a role mdevelopment of pleuxal plaques or diffuse pleural
ﬁbros)s 1f the dose is hxgh enOUgh The followmg paragmphs rcvxew the discussion thatled to
th&sesmmarystatements R EA

w . Asbestos. One panelist noted that no epidemiologic studies have examined populations
.exposed only.to short asbestos fibers, because actual exposures are inevitably to a broad
distribution of:fiber lengths. To addsess this issue, the panelists commented on data
reported among Libby residents, particularly the prevalence of intense bilateral pleural
fibrosis in community. members—some of whom reportedly did not- work in the local
vermiculite mine or processing plant, and:did not live with mine or mill workers. One
panelist was particularly concerned about the role of short fibers, noting that a very large
. .. portion:ef fibers:in the homes are too short-or:too thin to be.counted by conventional PCM
i+ +sampling méthods, He added, however;that sgfue researchers have speculated that short
(10 pmy thm (<0 4. um); digrable- fibess, particularly. b;emohtc asbestos, may

o ~préferentially deposm:n the pleural surface/and therefore be associated with pleusal

. plaques: This panelist emphasized that the relevance of short. thin fibers and the risk for

~ pleural abnormalities has only been spcculated. and needs to-be further investigated. The
panelists also wondered if the lnlensc pleural éffects’ observed in the Libby cohort might
be associated with the unique mineralogy of the leby asbestiform fibers. Pleural plaques

© -+ ...~ have been-gssociated with environmental exposures in.areas where tremolite fibers

“naturally-occur{e.g;, in.certain reg:ons of Greece, Cyprus Turkey, Canada, the Czech
Repubhc Romama) .

Some dxscussxon focused on the extenl to whlch pleural effecm are assocxated with
occupational versus environmental exposures. Two panelists cautioned against attemnpting
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to classify exposures in this manner, because some individual exposures were difficult to
assess. For instance, some resideats might not have worked at the mine or the mill or lived
with mine or mill workers, but could have been highly exposed through routine contacts

‘with thése individuals in other Settings. These panelists recommended that the discisssion

focus strictly on dose, regardless of the contributions from occupational and
environmental EXpOSUres.

SVF. One panelist indicated that the available epidemiologic studies provide no indication
of increased mortality from nonmalignant respiratory disease among occupational cohorts
exposed to SVF. He then sumnmarized morbidity data for several coborts. The summary
focused on SVF production workers. Althongh SVF “end users” (e.g., insulators, pipe
fitters, heating/venlilation workers) have also been evaluated, these studies are commonly

‘confoiinded by potential-asbestos exposures.. Qverall, this panelist concluded that the”

available occupational studies indicate limited overall. toxxcxty associated with SVF

’ exposure with the exception of RCF expostire bemg assaciated vnth pleural plaques “This
i conclusxon was based on the following observations: - .- :

v For exposures to SVFs (all types), one pahehst ‘nioted that multlple §iufdids;':iizivc

I

+i’ found that SVF exposure among current or former smokers i§-associated with
.. small additional decrements.in foroed vital capacnty (FVC) and forced. expxratory
" Solume in 1 secbnd (FEVI): Heé added that sicilar decrements in spuometnc
parameters are observed among other non-specific dust exposed-industyial. ..
working populations, suggesting that the effect is not specific to SVFs.

~7This panelist also reviewed studies, albeit limited ones, of skin-irritation. These
‘. have reported irritation being related:to mechanical-effectsof large diameter fibers
+:(~5'pm in diameter), with incieased iiritation observed iiic-hot, hutiid climates.
" Eye, upper respiratory, and Jower fespiratory irtitation has also’ ‘been reported in
- case studies among people accidentally; exposed o hxgh ﬁber concentratxons and
- J : these tmtanon eﬂ‘ects are generaﬂy tmnstent. et

~-For ﬁber glass and tmneral wool, tlus panehst notdd that the a\zaxlable studxes
B

*(e:g., Hughes'et al: 1993); *thoughlumwd in pumbeér, pro\nde BO mdxcatum of

xhéstradiographic, miersanal. OF plcural chianges: among ptoductlon workers. The

- pahelistadded-thiat studxcszhave suggesied an: ineréasedingrtality risk: from

g nonmal{gnant renal diseasé (e.g., néphritis, nephrosas)un occupat:onal coborts
iexposéd to-mineral wool; but'niot aimong those- exposed tofi bcr glaSs, hc

."qucsnoned thc b:olog:cal p!ausxbnluy ot‘ tlme outcoines:

X 'For the more: durablc RCFs. the panehst mdxcated ihat occupauonal exposures

5.+ Kive been assoctatéd with pletiral; changes;: primarily pleural plaques. The pleural
plaqucs were observed among approxlmatcly 3% of the pmductmn workers, but
were found to be correlated with duration of RCF exposure, time since initial
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exposure, and cumulative RCF exposure. The panelist added, however, that the
available studies have not found RCF exposure to be associated with a statistically
increased risk for pulmonary interstitial fibrosis. ) .

- Dunng this discussion, Dr Ralph Zumwalde (NIOSH) mformed the panel that, in
the late 1970s, NIOSH studied the health implications among ‘more thau 2,000
miners who were exposed to an attApulgnte clay that has fiber-like characteristics
(Waxweiler ct al. 1988). The clay “fibers™ were less than 5 pm long, with
diameters of approximately 0.1 pm. Dr. Zymwalde nofed that this study, which be

'recalled found excess lung cancer among whuw mxght be useﬁ:l id ATSDR’s
overall evalpahon of short ﬁbers The increase in lung cancer d&ths, however,

was not associated with latency, duration of cmployment, or attapulgite exposure, -
and there was no increase in mortality from nonmalignant resp:rgtqu_ disease.

Ovex;all the rélei;ancé of short és}bésids and SVFs to noitcaﬁi&er’&iséﬁée in humans Was not
entxrely lcnown. For the SVFs only the durable RCF was found fo be associated with pleural
plaqum, exposurw to RCFs Werc not assoclated wnh pulmonary ﬁbrosns, and exposures to fiber
glass_ ;md  mineral’ wools ‘had sio mdlcat:on of chest radxographxc mterstmal, or p!eural changes.
. For asbm? !,'Jﬁbers no studxes have exammed tbe eﬁ'ects of cxposures excluswery to ‘short fibers.
.> - Givén dﬁta collécted in Libby, Montana, however, some panelxsts questioned wbether short fibers
‘ might play a role in the observed cases of pleural plaques and diffuse pleural ﬁbrosns, but others

cautioned agalnst inferring that the risk results. from exposure to short ﬁbers given that the Libby

samples oontamed sxgmf cant numbers of iong fi bers as well
322 Datafrom Human StudlesofLung-RetamedFlbers _(Nqni;anéef) A

- Two panelxsts rewcwcd pubhcanons (casc*control studm, a smdy recently subnntted for

7 pﬁtha n_ 'and a casc rebort) that examine the mﬂuence of fi bcr Iength rclamed jthe lung on :

tﬁe grade of pulmonary mtcrstmal ﬁbrosns u-hwh is reported on a scale frorn 0 to 12 A summary
of tbese studles orgamzed by fiber type fo“o“s ) C

Y B . NAia

T 'F mdmgs ﬁ)r tremolue asbesros Onc panchst mdncated that a study of tissues ﬁ'om
- -chirysotilé'asbestos ihiners and millers repofted an'inverse rélationship between fibrosis
grade and length of tremolite fibers retained in the Jupg (Churg et al. 1989). In qg.lger'
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. words, the most severe fibrosis was observed among those with smaller (on average)

tremolite fibers in their lungs. Another study (Nayebzadeh et al. 2001)'and a study recently
submitted for publication (Case et al. 2002b) examined fibrosis grades for different length
intervals of tremolite fibers: 0-5 pm, 5-10 pm, and 10-20 pm- Both studies found the
highest average fibrosis grade occurred among those with the fowest tremolite fiber length
interval, or for thosé mth average trcmohte ﬁber length less than 5 pm.

Findings for amosite asbestos. One study (Churg etal. 1990) examiried lung tissue
samples from a small group (<20) of shxpya.rd workers and insulators selected from
lmganon cases. This study also'found an inverse relanonshap between fibrosis grade and
length’ of retained asbestos fbers (amosnte ﬁbers, in this case) N

F indings for total asbeéstos fibers. One panelist summarized a study (T imbrell et al. 1988)

that evaluated lung tissue samples at autopsy from workers exposed in different asbestos
mines. Data were collected both for retained asbestos fibers and fibrosis score. The

' fibrosis score$ were then‘corfélated with Tung-refiinéd asbesios characterized by thieé

different metrics: number of fibers, mass of fibers, and sucface area of fibexs. The..
correlation was bestwhen the surface area of retamed fibers wasusedas a dose metnc

“This panelist added that the: Surface aréa dose metric has correlated well With pulindnary
RN mﬂammatoxy responses iri.other animal inhalation toxicity studies that examined .

ion, including ﬁbrosxs. [foliowing exposure to partxculate contammanls that are

""poorly solible with low ¢hiemical reactivity. The panelists referred to this'stiidy; “which did
- not examine the role of fiber length, several times when discussing appropriate dose .

mctncs

. F mdmgs Jor aluminum axide. f bers. One panehst reviewed data-from acase. repoxt (Churg

et al. 1993) on an individual with diffuse interstitial fibrosis who was occupauonally
exposed to aluminum oxidé fibers. The lung—retamed fibers in this case were
predominantly 3—4 pm long and 0.01 pm in diameter. The panelist indicated that these
findings raise questions about the sngmﬁcance of short, thin, durable fibers in the lung,
though bc ack:nowledged that conclusuons should ot be drawn from a single case feport.

e aforemennoned studles Two panehsts for

'tance,:‘uoted that the trend of sboner ﬁbers poss:bl& bemg more toxnc at least m terms of L
: ,mtcrsmlal ﬁbrous, is countenntumve. Two o!her panelxsts on tbe other hand, noted that these
findings suggest that, for interstitial fibrosis, lhe surface area of rctamed t‘bcxs may bc more
’ '-xmportant than (he fi ber lcngth, because largcr amoums of short ﬂbcrs wou!d havc consnderably
' greater surfacc area than smaﬂer amoums of long ﬁbers F mally, some panehsls wondered if the

apparent inverse relatxonsbtp betiicen fiber length ard fibrosis scoré mxght be: explaiged by long
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fibers breaking down into shorter fibers between exposure and the time that lung:samples were
collected.

3.2.3 Data from Laboratory Animal Studies (Noncancer)

This section reviews the panehsts discussions on noncancer outcomes from asbestos and SVF

exposure. identified in laboratory animal studies. Before addressmg this topic, one panelist

" summarized how the mammalian lung responds to expostires to inert materials,; whether fibrous

. or particulate: once an inert material deposﬂs in the lung beyond the conductive airways, it will

_:elther dissolve or be engulfed and cleared by alveolar macrophageS' lf the dose exceeds the

A .lungs -capacity to clear the material, natuml defense mechamsms may act, lcadmg to ﬁbrosxs

Sectxon 3. 3 presents more detanls on’ thc mechamsms mvo!ved in these stcps Speclﬁc comments

on noncancer effects in laboratory a.mma!s orgamzed by endpomt, iollo‘w ‘

®  Inflammation, pulmonary interstitial fibrosis, and pleural reactions. The. panelists
presented several observations when summarizing findings from laboratory animal studies
-on noncancer effects in the Jung and pleura. First, two panehsts noted that many laboratory
. animal studies have found pulmonary interstitial fibrosis following, exposures to both
fibrous matérial and non-fibrous particles. The sequence of events leading to tbe fibrosis
was described (see Dr. McConnell’s premeeting comments in Appendix B). When doses
. reach high enough levels, pleural reactions (e.g., localized acellular fibrotic changes) were
_ observed, but one panelist quesuoned if the dose levels necded to ehcn the pleural
responses are relevant to environmental exposures in bumans Another panelist noted that
the apimal studies suggestithat the plewal effects do-not ogeur; unless fibers are presentin
<. . the pleura. When dlscussmg interstitial 6 brasis outcomes, ong. panelxst said the long ﬁbers
;. appear.1o be more fibrogenic than.the, short fibers, though:he stressed that short fibers
alone are capablapfgene(amg fi btqgemc responses if; the dose is sufﬁcxenﬂy high. The
Jpanpelists’ premeetmg comments include spccnﬁc references to smdles that reported
-relative toxicity. of short and long fibers for noncancer: oQuicomes (see Dr. Mossmau 'S
. premeetxng comments in Appendtx B).. ;

i,
Rcwcwmg specnﬁc studaes one panehst mdscated that thc mtensxty of nuncanccr
responses in laboratory animals varies from one fiber type to the next. He noted, for
- exainple, that hamsters exposed.to amosite asbestos had.an increased incidence of pleural
. -fibrosis, while-bamsters exposed to.comparable amounts:of chrysotile. asbestos did not;
- .- pulmonary fibrosis was evident, however, in both groups of hamisters. The panelist
suspected that the different outcomes resulted from either the amosite fibers being more
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durable (less soluble) in the lung or the amosite fibers being more likely to transiocate to
the pleura.

One issue that generated significant discussion was the extent to which interstitial fibrosis
progresses in laboratory animals and the relevance of disease progression to humans. One
panelist noted that, in every animal study he has condicted and reviewed to date,
interstitial fibrosis is progressive only when asbestos exposure is ongoing. After asbestos
exposure ceases, he noted, no overt signs of progressive fibrosis are apparent, aithough
this has not been quantified in a definitive way. The inflammatory responses,

* icrogranulomas, and bronchiclization also tend to decrease: This panelist added that
. fibrosis does not appear to progress and macrophage response tends to decrease when the

exposure ceases, even though long asbestos fibers remain in the animals® lungs. He

" interpreted this trend as suggéstifig that short asbestos fibers in the original dose'might:

play 2 role in stimulating an initial mﬂammatory response in the rats, Another paoelist.
suggested that the tack of fibrosis progression, even in the pmeuce of long fibers, might

- siiggest that the retained:fibers have been rendeted inert (in comparison to the freshly
.- inhaled fibers), possibly by being coated with biological fluids. In other words, he
wondered if the freshly inhaled fibers are more likely to “elicit celiular responses than

fibers that have been in the lung for an exténded period of time.

Though not questioning the comments on fibrosis progression in animals, two panelists

“emphasized that the trends discussed abové are not'observed in-humans. Citing:their -
expenencw eva!uatmg sh:pyard workers and chrysomc miners, theseé parielists poted that

ceased. Rcasons why ﬁbrosns mlght progress: d:ﬁ'erenﬂy in rats and humans were not

'd:scussed;

' "'Commcntmg further on disease progression, oné panchst indicated that cerfain foncancer

effects and hmg cancer appear to have consrstent patiems in all aniinal studies he has

o rev:ewcd, itichiding studiés of asbestas exposure arid studies of exposure to noii-fibrous
S ogrticula‘t’e‘. Specifieally, thiis panelist said ‘he bad not-found any study in which a rodent

ad hing'canteribirdid not hve: interstitial-fibiosispand he tiad never seén rodents with -
mterstitial ﬁbfoms i theabsénce-6finflammiation. These observations led the:panelist to
€r that lun‘g caticer wouldniot be éxpected t6'develop at doses that do‘not induce

© i fibrosisit or ‘ififlammation’ He streésséd'that this inferehce is based sdle!y oii obsérvations
# “¥ifvbind previois- animal studies and'doés not in'any way ‘suggest tha¢ fibrosis'is a precursor

to lung cancer—an issue that came up dunng thie observer comimments. (séé Section 3.6). He

- also added that this relatxve seusmuty of noncancer endpom!s may not necessanly be
oigserved it humans - S :

ot

2 S Teritation: Onefpa.nehst noted thal Iaboratory ammal studxes have ot studxed the extent to.
it asbestos and SVF irritate thie'skin and eye. He added that hlstopathologrca! studies
"‘of the nasal cavxty, pharynx 1arynx !rachea, and conducnve au-ways have not identified
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evidence of irritation, though he ackmowledged that the histopathological techniques might
not have detected certain responses (e.g., incréased mucus production). He cautioned that
~ these results do pot pecessarily suggest that humans will not experience fiber-induced
iritation in the nasal cavity, larynx; and upper respiratory tract, because the rat studies did
- riot consider populations with impaired mucocnhary clearance, as might be observed in
- smokers. Finally, this panelist indicated that ingestion studies in rats and hamsters have
‘shown'io evidence of isritation in.the gastrointestinal tract. .

33 Mechanisms.of Toxicity

: L

o Thxs sectxon reviews tlxe panelists’ comments on mechamsms of toxicity, pnmanly as.presented
: by the two de51gnated dlscusswn ]eadcrs Dr. Mossman and Dr. Wallace. After 1dentxfymg
;several general advantages and d:sadvantagcs of i m vztro studxes, the dxscussxon leaders reviewed

' " current theoncs on n:(echamsms of toxicity fora wnde rangc of ﬁbets and analogous non-fibrous

parhclcs This sacnon rev:ews key pomts from thosc presentat]ons Emphasxs is placed on what
has been estabhshed or hypothes:zed regardmg the relatlve tox:cmes of short and long fibers. For

more detaxled mfoxmahon on mecbamsms of toxlclty, refer 0 Dr Mossman sand Dr Wallace's
post-meeting’ commcnts in Append_xx E.
® - General comments oi the utility-of invitro studies. To initiate discussions, one paselist

listed several strengths and limitations associated with in vitro toxicity studies. First, she

1nd1cated that in vifro studies, when compared to laboratory animal studies, offer a far

- more contiolled sémng for examiding mechanisips of toxicity and dose-response behavior

for specxﬁc cell types She acknowledged, however, that interpreting trends among studies

_ ‘using’ wxdelyvﬁmng ‘dosés apd multiple.cell typescan be coniplicated. Moreover, the in

it stadies’ Sre sl timitediis duration; typically Tasting a few ddys, due to the limited life
;, * spdnb of isblated eblsin theirivitro enviforiment. Consequently; the in vitro. studies
St cannot chamcichie'dxsso!unon macropbage clearance; -and other processes that occur over
‘ ger timie sciles:’ Fmélly this pahelist noted that doses 10 in vitro samples cannot readily "<
e extmpolated'to human mhalauon cxposuns. AN

RO S

® Role of reactive oxygen species (ROS) One panehst re\newed a wxdely accepted theory of
- how générahon of ROS: mlgbt eéxplain asbestos-related toxicity. She indicated that alveolar
: macmphages,‘as thé§ afternpt to digest foreign fibers! and particles, produce an “oxidative
“burst” dnd'reledse ROS: (Othei-cell types that contact asbestos fibers also release ROS.)
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- deraonstrated activation oftranscription factors and cell prohfemt\on. Fl.rst, the panelist

These ROS can initiate sequences of events that have been shown in vitro to lead to
outcomes such as genotox:cnty cytotoxicity, and cell proleeratmn.

This panelist highlighted two key observahons regardmg ROS. Fust, in vitro smdxcs have
shown that alveolar macrophages generate more ROS when attempting to digest longer

* fibers, while shorter fibers can be engulfed completely by macrophages (and other cell

types) with no visible damage to the cells. Second; she noted that- ROS can form highly
reactive hydroxyl radicals via a reaction that is facilitated by the presence of iron.
Therefore, long, iron-containing fibers, like several amphibole asbestos fibers, are capable
of generating an intense “oxidative burst,” which might explain their greater potency,
when compared to fibers that do not contain iron. Finally, this parielist nofed that
researchers can prevent pulmonary fibrosis in animals by administering free radical

... scavengers or other substagces that interfere with ROS formation and reactions—a finding
that argues strongly for ROS havmg a causathe role ini mducmg ‘asbestos:related fibrosis.

. Ovetall tbls panehst noted that many aspects of the ROS theory help explam bow ﬁber

length and, 1o a lesser exient, mineral content relaté to toxicity and why shiortér: fibers are
substantially less toxic than longer ones. She presented results from several.in vitro studiés
(e.g., Ohyama et al. 2001) that confirm that longer fibers generate a greater oxndatwe
burst" when they are not mg&cted by alveolar macmphages. R , T
Eﬁ’ects on ceIl sxgnalmg events. The panehst then descn’bed current mwch lhat has”

characterized effects of asbestos- and fiber-related cell signdling events. 'Stie éxplained

that these events originate when fibers interact with cell surfaces, afier which the cells )
activate trapscription factors that mediate various outcomes which can be measured in ‘ -
vitro, such as cell proliferation, cell transformation, and cell death. She noted that cell

. proliferation is ap unponant step in developmcnt in both mahgnant and nonmahgnant.

dlsease

“The: panehst then descnbed studxes cxam:mng bow selected s:gnalmg pathways are

affected by asbestos and glass fibers of different lengths. Shc summanzcd studies that

reviewed a study (Ye et'al:1999).in which mouse macrophage:cell lines were cha!lcnged
with two, formulations of fiber glass mixtures; ope.with average, Iength of. 6_5.; o, the

- other 16.7 jum. Thesé challenges-caused. production of fumor.necrosis; facmr—a!j)ha (TNF-
' @&),-a cytokine involved in inflammatipn and fibrosis, which in turn caused actiyation of .

nuclear factor-xB. Gene promoter activation induced by the short fi bers was found to be -
between onc~thud and one-half what was observed for the long ﬁbels

Second, tbe panchst rev:ewed in vitro- smd:es that exammed specxﬁc aspectsof cell

- proliferation. Althdugh.cell:profiferation relates to cancer outcomes, she emphasized that

development of mesothelioma and fung cancer is a multi-stage process with a long latency
period, which cannot be captured in the short time frame of an in vitro study. The panelist
identified many studies (see Appendix E) demoupstrating that lopger fibers are more apt to
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cavse cell proliferation than are short fibers, whether.from tracheal explant studies (e.g,,
" Sesko and Mossman 1989) or intratracheal models in rats (Adamson and Bowden 1990).

Studies of asbestos genotoxicity. The panelist indicated that researchers have been
studying the genotoxicity of asbestos, both in vivo and in vitro, for more than 20 years.
These studies examined a wide range of endpoints (e.g., cell transformation, chromosomal
aberrations, gene mutation) in various matrices. The panelist focused, bowever, on a series
of'studies conducted to.examine the role of fiber length on cell ransformation and

. cytogenetic effects (Hesterberg and Barrett 1984, 1985; Hesterberg et al. 1986). These

- studjes demonstrated that long, thin fibers are most potent for both types of effects, and
- the shortest fibers examined: (less than 1.7 um long) had no indication of tumorigenic
potential: These findings, she noted, indicate that fonger fibers are again more toxic, with
'some suggestxon that ﬁbers below a certain length threshold may pot be carcinogenic at

“ially -

Observations regarding mechanisms of toxicity from non;ﬁbmx}s particulates. One

: pagelist addréessed mechanisms of action for-non-fibrous particulates having compositions

- similar to those-in asbestos and SVEs. First, he indicated that non-fibrous crystalline silica
isstrongly.pathogenicifor fibrotic lung disease, while two polymoxphs of. crystallme

. $ilica—quartz and cristobalite—have recently been classified:as carcinogenic (IARC

- 1997): In contrast, amorphous silica (more dkin to SVFs) has not'been shown to cause

- 1. juhg cancer.or mesothelioma in rodents (IARC 1987). Exposure to the crystalline silica

polymbrphscan directly damage cells, resulting in intracellular. generation of reactive

. oxygen specicsand a cascade of events(c.g., synthesis and release of cytolcmw cell
- -proliferation, secretion of collagen into the extracellular space) similar to the those evoked

-by-asbestos fibér. Jn vitro:studies have shown that silanols (hydroxyl groups on the
“crystalline surface) are-associated with the initial damage to cells: loss of suxface silanols’
caused the crystalline silica to exhibit less damaging activity, and subsequent formation of
sitanols restored the silica’s toxicity (Pandurangi et al. 1990). These and other studies (see

' Appendu( Ey: suggest that surface chemistry plays a role in silica’s tox:clty

. Thxswpanehst noted,;hat an- unponant but. ggnerally 1gnored component for pbysxologncal!y
representatﬁe invitro.bioassays is that particles and fibers:depositing in the lung initially

7 agomtdet: {hetaqueous “hypopbase lining.on the terminal airway and airsac surfaces. The

hypophase layer is sich with micellar dispersion of surfactant, composed targely of lipids

- ‘and lipoprotélns: Of particular note, the hypophase can be simulated in vitro with

d:palm:toyl phophatidyl choline (DPPC) dispersed in physxologxcal saline. Silica particles

-, and'cthermaiterials deposited in the lung have been.shown to adsorb the surfaciant, which
- . extiil guishes:short-term- cytotoxicity—another observation indicating that the toxicity of
. - ~particles-inithe lung is affected by surface chemistry. Tfns panelist noted that the alveolar
. . -.:i:hypophase-contains more than enough surfactant to coat and neutralize the eatire surfaces
N 1 ¢ resp:rable~pamcles, even in most high dust exposures (Wa!lace et al. 1975).

"
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"~ Although the volume of surfactants in the alveolar hypophase is sufficient to coat respired
particles completely (even in high dust exposures) and thus is theoretically capable of
extinguishing the particies’ toxicity, this panelist indicated that the toxicity can be restored
when other cellnlar mechanisms remove the protective surfactant cover. Specifically,
macrophages can engulf surfactant-coated particles, where they are subject to. -
phigolysosomal enzymatic digestion which can remove the surfactant film and thus
restore toxicity. Some studyhas shown that the surfactant film is more readily removed
from crystalline silica than' it is from kaolin, which suggests a mechanism by which quartz
may be more toxic than kaolin; however, experimental study has-not demonstrated that
.~ particle de:toxicification and re-toxicification explains thé relative toxicities of ihese
- materials. Thus, surfactant coating of foreign particles deposited in the alveolar space
‘again appears to play an important role in-toxicity. The influence.of surface chemistry has
--also been observed in quartz particles having alumino-silicate surface contamination; for
such particles the surface contamination can delay for months or perhaps years the
expness:on of ﬁbrogemc acthty

= Y )

“Fmany, this panehst poted that reseamhcrs mlghtglean greater understandmg of the main
. site of asbéstos: ﬁbrogemc activity from theories reported-for crystallipe silica. He
" explained that a'series of studies (¢.g:, Bowden et al. 1989) suggests that fibrosis results
© from'a sequence of events following interactions between crystalline stlwa and interstitial
© ¥ cglls; rather.thian interactions with alveolar macrophages. Specifically, it is' ‘Tigpothesized
* that’ intefactions with the interstitial cells control the stinjulation-of. exacerbated collagen

" synthesis by pulmonary fibroblasts; whereas; interactions with-macrophages:are.

‘hypothesized as being responsible only for‘an inflammatory response (not fibrosis)
. evbking neirophil influx to the alveolits. This panelist suggested that furthiér research on
“the méchanisms of fibrogenic toxicity for asbestos should consider'interactions with
"~ jnterstitial cells, rather than focusmg largely on msponses initiated by mteract:ons with
o -alveolar macmphages : . 4 i,
Compansons berween fibrous mmerals and crystallme sxhca pamcles Tlnspanehst poted
that the available in vitro studies do not explain comprebensively bow asbestos fibers and
- ‘crystalline silica particles differ in.inducing- fibrosis-Although they identify several
- ‘endpéints that asbestos-and erystalline:silicahave i cominon, the studies canpot predict

27 - ":why asbestosls appemas a dxffusc f bros:s. whlle s:hcosxs appears m locahzed nodules

; Howeve.r, some research provndcs m5|ghts on dnfferences betwecn how long ﬁ'bers, shornt
. fibers, and particles contribute to cytotoxicity. Specifically, anin vitro study.(Liu 1994)

o exammed ‘whetheér surfictant coating inhibits the cytotoxicity of asbestos:: (Asithe previous

. bulleted itenn indicates; similar studiés found that surfactant coating virtualty extinguished
" the short-term toxicity of erystalline silica particles.) In the study, Chinese bamstes lung
- cells were iested for micronucleus:induction-afier being challenged with surfactant-coated
chrysotile asbestos. The study considéred how induction differs between long fibers
(average fiber length of 101 pum) and shorter fibers (average fiber length of 11.6 pm). ht
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found a slight, but not significant, decrement in cytotoxic endpoints for the long fibers and
a considerable, statistically significant decrement for the shorter fibers. The findings

..suggest that surfactant coating is less effective at impairing toxicity for longer fibers.

Although the studies on crystalline silica undcx;scoreci the role of surface chemistry in

-eliciting toxic respopses, changes in the surface composition in chrysotile asbestos were

found to have no significant effect-on in vitro genotoxic activity (Keane et al. 1999).

. Specifically, fibers that bad been mildly leached to remove near-surface magnesium atoms

exhibited compamble: gcnotoxlcny to fibers that were not treated with the leachiog

solution.

Based on his; review of .these ana oiher étudies, oné ;;axieiist suggested: ti)sit xhore than one
imechanism.of foxicity may operate for asbestos and. SVF, and the roles of the individual

mechanisms might depend on fiber length. He explamed that “frustrated phagocytosx

and its ensuing events clearly appear more relevant to long fibers (ie. , long fibers are
much more likely to be only partially engulfed by alveolar macrophages), while a toxicity
mechanism mediated by surface properties of phagocyhzed material (e.g., restoration of
fiber toxicity in the intracellular matrix) would be‘iiiore relevant to short fibers. In other
words, past of the short fiber toxicity might be related o mechanisms involving surface
che:mxstry whlch were descnbed in the prevmus bul[eted item. This panehst added,

»: indicated that asbestos fibers penetrating the cell orcell nucleus may exercise modcs of

direct genetic or epigenetic damage. Whatever the mechamsms of direct ﬁber damage or
stimitlafion’of the cell surface, be noted, several cOmponents of the conséqient - -
intracellular response have been well defined. Appendix E provides additional detail on
the responses that have been characterized, and the influence of fiber iength on these

TESpOnSES.

Recent advances in fiber preparation methods. One panellst noted that researchers at
NIOSH have been developmg a fiber size classifier (scparator) ‘that permits in vifro or

'perhaps hmﬂed ini vivo experiments with' sets of fibers of fairly well—deﬁned length (Baron
etal. 1994 Thp dlelectrqphoreqc_clugcﬁey reportedly can separate: ﬁbe_zr; ﬁb‘
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"-m wtro studxes 'Ihns secuonsummanzes thcse geucral commen'f"and mtetp

This panelist noted that the preparation technique may now allow researchers to
investigate the influénces of fiber length miore rigorously. Some panelists noted that the
distribution of fiber lengths iii'the first “cut” is quite broad, but other panelists indicated
that the subsequent “cuts” were more narrowly dxsmbuted.

One panelist illustrated the-utility of the ﬁber preparation technique by reviewing findings
from a recent publication: In ifitial studies with these size-classified materials, NIOSH
fesearch compared fibers from “Cut 2" and “Cut 3" (see table above) for their induction of
thie cytokine cascadé éellular fesponses (Yeset al. 1999). The' Tonger fiber samiple was more
active when dose was measured as fibers per cell, but the shorter fiber samplé was equally
or more active when dose was characterized on a surface area or mass basis. One panel
" member noted that this was of interest in the context-of the previcusly presented “counter-
: intuitive” hxstopathology repons (see Sectnon 32 2) assoc:atmg ﬁbrosxs mth shon fiber
- expoxurcs :

3.4 General Commepts and Tuferpretations.

While discussing the influgnce of fiber length on asbesios and SVE foxicity, the panelists made

'Severa]“genera! comments’ tmd mterprcted obscrvauons from the Iaboxafbly ammal, hmnan, and

Secnon 4.1 remews the panehsts' mdmdua! summary statemenus pnmded at the cnd of the
meetmg )

" ; E valugmng laxxcxty based on lhe reasonable ceﬂam.ry o_f no hann. When dlscussm 4
L asbestos and SVF toxxcxty,,the panehstg d'xscussed the tenmnology they shou d use to

. ‘dose-response ‘data for humans or ani ,
fargely not available, mdst panelists agreed that the terminology proposed was appropnate
“for'their conclusions: They-also noted'that sepdrate conclisions shonldbe-drawn for:-y,  *
dlﬁfﬂ'ﬂl_ endpo s, using: awelght—of-cvxdence app'm cb i ,-draws from-allypes, of data,

i mc!udxng dosimetric toxxcologx& ep:dctmo!ognc and i vitro tmtmg

L Da f bers shorter than d certam lenglh have a reasonable ceﬂam(y of no.harm 2 The

panelists debated whether summary statements could be madeé’ regardmg wbethcr ﬁbers of
certain length mtervals have a“reasonable certainty of no harm.” Two' panehsts suggested
_ 'that envxronmental cxposures to fibers shortcr than 5 pm would hkely be free of “
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carcinogenic effects. Other panelists, however, felt uncomfortable making such judgments f
for noncancer effects (e.g., pleural abnormalities), especially considering the evidence
suminarized in Section 3.2. Refer to Section 4.1 for the panefists” individual summary -
statements regarding the influence of fiber length.

Why arbitrarily establish critical fiber lengths? Because humans are always exposed to
fibers with a wide distribution of fiber lengths, one panelist wondered if ATSDR or
environmerital agencies could develop a universal algonthm that quantifies health risks
associated with different types of fiber mixtures. For instance, an algorithm mxght include
different relative toxicity factors for different fiber Iength intervals (e.g., 0-5 pm, 5-10
pm, 10-20 pm, and so on). Such data could then. be appheti to the dasm'bunon of fiber
lengths measured in the environment to assess site-specific risks. This panehst
acknowledged that the relative toxicity data do not appear to be available fo support this

- approach, but he noted such a universal algorithin would be far less arbitrary than
. completely ruhng out fibers havmg dimensions below 2 cegtam Jevel. He added that sich

an algorithm can eventually account for other factors (c b prsnstence) that are also
known:to affect;toxicity. In short, this panelist { mdx thatitis theorencally possible to

. express heallh risk as a function of fiber. dosc, dxmens o, | anci durabxhty, though ke noted

that one would need additional research into dose-respénse and extenswe mputs from
blostausnmans to develop such an algorithm.

hOther mﬂuences on toxzctly Whllc recogmzmg that the focus of the mcctmg was on how

fiberlengths affect toxicity, the panehszs noted that't mi tlonal factors’ ‘determine the
toxicity of a fiber mixture. Examplcs of other factors mc!ude ‘dose, ﬁber composmon
(mineral type), physwal state (amorphous or crystalline), surface sirea, ‘and surface

-praperties. The panelists cited several examples of why fength alone might not adequately

..predict toxicity, Fn'st, the panelists.noted that the capcers obse:ved in the smdy of rats

- exposed to erionite (W agner et al. I985) could not be exp]amed by fiber length alone; they

suggested that the unique findings of this study mxght be best explamed by tinique surface
chemistry or the mineral’s relauvely large internal surface area (2.5 n/gram). Second, the

- . .pagelists; noted that fiber durability likely explains why asbestos fibers and SVFs of the

. ATSDR. mlght over!ook other mponant factors that in
5 excluswely on, fiber length . .

- same [ength are not equally foxic. Due to these and other observanons. a panchst noted,

'ﬂuenc lOXICIty :f it focuses

ERRd

' Reseaich Needs:

[L T . . , PO N L P PR
. TR Y

The panelists identified several research needs when discu’ssiné the i'nﬂhimq; of fiber lenpth on

-health effects. In gencx‘al,‘thc panelists encouraged thorough planning of any future study,

emphasized the need for having well characterized exposures, and advocated involving
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researchers from mulhple disciplines (e. g epldemxologxsts physiciaus, tox:cologxsts
mineralogists). All research needs mentioned du.rmg tlus session of the moetmg are documeanted

here:

m _Several panchsts indicated ihat further study should be conductcd among the mszdents of
' Libby, Moataua, to undetstand the effect of fiber length on toxkicity. One suggestion was,
through the coopemnon of the commumly and consent of residents, establishiag a protocol
0 analyze luing and pleuxal tissue from commumty members who die; regardless of the
cause of death. Another suggesuon was to track the progressxon of the observed plcura!
dnsease '

-8 vaen the hea[th outcomes observed in Ltbby, one’ panehst cncouraged focusmg future
. ‘nswch in laboramry animalson, undgrstandmg fiber dose-response behavibr for the
" yiscéral and ‘paristal p} i Snch ‘shidiés onld use fibers from Libby fo'éxanine how
, ‘dosesto tlie plema and progressxon of toxxc responses vary with fibér length -and between
ﬁbers a!nd non—ﬁbmus part:cles Another panehst added that a Well-conmted smdy can

" inVestigate multiple toxic endpomts s

.. For added insights on toxncnly of short fibers, possnb!y those fmm L:bby or Lower

'uan. the panelxsts sugg:oslcd cohdy.:hng an'in wtro stady using severdlcell types
€& i cells; trichieal epithelial cells) to exarmine mulfiple codpoints
: ‘hat can bé conﬁrmed in ammal models, sixch as cell prohfetatxon and cytotox:cxty !

m .{One panchst suggested that future’ smdy of env:ronmental exposures could focus on
, resndentxal development i in‘dreas wnh ificieased 16vels of naturhlly ovcirring tremolite
asbestos (e g., the Sierra’ footlnlls in Cahforma) but he added‘thiat lngh levelof
' "coopemtmn i'rom the loca! commumty would be essenual (o the succ&ss of any such study

L To assess human healtb effects assocxatcd mth exposurcs to short ﬁbets, one: panehst
o ’recommended follo", “up study of W i South Dakota’ dnd ope in
" “"Minnesota, who wefe exposed predomindntiyito shirt o g& Siites ' .
Further study would take into account a lénger Iatcucypenod ‘and* mlght ré‘i'cal msnghts on
the role of fiber length in toxicity.
B Several panelists encouraged NIOSH to contibue to re-analyze, pc;sonal ﬁxposure samples
collected on membrane filters in the 1960s and 1970s from textile workers in Charléston,
South Carolina. This suggestion followed an observer corament that informed the panel of
L 'NIOSH s: planncd work.onthis project. ., LV Y RS
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3.6 Observer Comments and Ensuing Discussions

Observers were given two opportuaities to provide comments on the second day of the meeting.
The panehsts were not reqmred to respond to the observer comments. However some comments
led to further dxscussnon among the papelists, as documented bere. The observcr comments are

summarizéd in the order they were presented:

' Cbmin_enf 1: John Ii%dl‘éy,‘ 'x"epreseliting' the North American Industrial Manu facturers

Mr. Hadley summanzed selected TARC pubhcanons regardmg the toxicity of SVFs. First,
he noted that IARC has accotinted for the influence of fiber length in one of its 1997
'-.monographs (IARC‘ 1997) Spemﬁcaﬂy, TARC classlﬁed palygorskne (attapulgite) fibers
“fonger'than § e xi"“Group 2B,” 6r “possibly carcinogenic to humans (limited human
cv:dence‘_'l_ thap sufﬁcuent evxdenoc in anunals) » On the other hand; IARC classified
.palygoxékxie : &pulgxte) fibers less than 5 pm in “Group 3,” or “not classifiable.” Mr.
Hadley ‘added that TARC researchers recently published an article on rock and slag wool
production workers (Kjaerheim et al. 2002) indicating “no evidence of carcinogenic effect
on the lung of rock and slag wool under exposure circumstances in the production industry

during the last four to five decades.”

Panelists® Discussions: No panelists addressed this comment.
Comment 2: David Bernstein, consultant in toxicology

Dr. Bemstem askéd the panehsts to provide more information on the lung—rctenhon
studxes (cg. h de muck of the lung was sampled; what parts of the Iung were sampled,
) _bow representauve are -the samples of ﬁbcr loadmg m the enure lung) .
Panelists’ Duscnsslons. One panelist summanzed details of the lung—retennon
samy lmg performed in studies he authored, and he suggested that observers refer -
a ! p}'g tion f‘or addmonal details: Tn'one stuay, this panclist
‘ samples' ‘m tbe pcnphcry and 1he central parenchyma were collectzd

":’preferen 8-
" the study addt&csed concems about samplmg btas by collecung larger amounts of:
o samples &om a gtVen lung

K‘d
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Comment 3: Aubrey Miller, EPA

Dr. Miller asked the panelists to comment on research opportunities to examine why
certain health outcomes (e.g., pleural abnormalities) are being observed in Libby, but have

. not been reported (and perhaps not examined) in other mining communities with generally
similar doses as gauged by conventional fiber sampling methods (PCM). He wondered if
research should be conducted in otber mining communities to search for pleural
abnormalities or if it should focus on understanding what makes the Libby expenence
unique.

-Panelists® Discussion: One panehst indicated that extensive research has already
been conducted to characterize mining communities in Quebec. He noted that the
- fibers have been well characterized and health effects thoroughly studied and
1dexmﬁed key dxﬂ'ercnccs betwaen these sites. For instance, there are far more
. @sb&stosxs cases in Quebec miners, but the panelist noted that this might result
. simply from. the larger size. of thé work force in Qucbec The proport:onal
_ numbers of, and SMR for, lung cancers among workers are irl fact twice as high
. among the vermxcuhte Jminers in Ltbby than among chrysohle miners and millers
in Quebec. Addmonally. there is more evidence of pleuml d|sease in the Libby
. cohoxt. . J o .

Comment 4: Mark Méddalolii; EPA "I'le'g:'i‘ovn 2 .

Mr. Maddaloni asked the panelists to discuss fesidential cléanup issues associated with
WTC dusts in Lower Manhattan, where fibers in dust samples are largely (80% to 90%)
shorter tha.n 5 pm and the asb&stos t' bers found are almost enurely chrysotﬂe He was
specifi cal!y interested in dose-rcsponse data for sbort asbestos fibers and whether the
panehsts could estabhsh a dose fevel for short fibers that constitite “a reasonable ccrtamty

‘s taatter. One panelist,
Han 5 pin is an arbitrary
. ! 1 ¢ : toac_omplex mixture of - .
L ﬁbers of ‘many lengths ‘unhcr. dns panehst dxcatcd, virtually all dust and
N i 4 sagpples contain large 2 amounts {perhaps, 80"{ 10 90%) of short fibers, and the
fact that WTC dust is- composed larg}c r of short ] ot!unusual He
indicated that, at most sites, concentrations' of long fibers and concentrations of
short fibers are correlated. Due to this correlation, this papelist argued, when
measurements suggest that low levels of long fibers are present, one can have a
“reasonable certainty of no harm™ not oaly from the long fibers but also from the
short fibers, because they are found in proportional amousnts. Some panelists
suggested that EPA cousrder usmg threshold limit values to evaluate the exposure
levels.

.
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Panelists expressed differing opinions on how to evaluate exposures. One panelist
suggested that exposures to WTC have decreased considerably from the large
amounts found immediately after September 11, 2001. _One panelist, however,
noted that the presence of fibers in household dusts presems ap opportunity for
ongoing exposure; be added that this exposure scenario differs from what has been
evaluated in the literature among occupational cohorts of adults.

Comment 5: David Bernstein, consultant in tdﬁcoldgy

Dr. Bemstem commented on laboratory animat studies conducted for the European
-Commission. In these studies, rats were adrmmstered ﬁbers both by inhalation and by
interperitoneal injection. Though be agreed with the panehsts comments that inhalation
-+, -administration is most relevant to human exposure, Dr. Bernstein cautioned agamst
. disregarding the data from interperitoneal injection studm: which bave addr&ssed the
issue of fiber length. For example, he said recent data from the interperitoneal injection
S studies has shown:that fiber length correlates.hetter with cancer risk in rats than does the
© - dose. Dr. Berustein added that these studies found that the dase for short fibers bad to be
‘increased ’oy ordcrs of magmtudc to ehcxt the same carcinogenic responses as obsérved for
..long 5bers : :

- :. Panehsts’ Dlscussmns No panelxsts addressed thxs comment.
.) = Comment 6: Joel Kupferman, New York Envu'onmental Law Project .

Mr. Xupferman urged the panelists, when discussing the WTC site, to not assume that
exposures have ceased because much of the dust has settled. He noted that asbesios still
remains throughout Lower Manbattan: in homes, in fire trucks, and in ventilation systems.
He mentioned that dusts from some fire trucks have contained as much as 5% (by wei ght)
.- asbestos. Mr. Kupferman asked the panchsts to consider the fact that asbestos exposure is
.. still eccurring. . S ;

tha! th gbﬁewer raised an important
te the exposure potential of these

e .Pnnelists’ Discussnons. One panchst n
.-~ point:He added:that researchers,can'iny X
i e . setfeddusts: through ‘mmprehenswe airsampling,” dunng which time surfaces
B oo are dnstm'bed to simulate actua] work. o ,xposixre situations: The panelists
revisited this-issue when making: then’ ﬁnalrecommendanons (see Section 4).

Comment 7: Ralph Zumwalde, NIOSH

Dr. Zumwalde suggested that, when recommending research needs, the panelists not only

_ consider long-term projects that would help characterize dose-response, but also projects .
that might help ATSDR make prudent public health decisions in the short term. Regarding
the short fibers, he asked the panelists to discuss research needs to characterize possible
links between short fibers and inflammation and fibrosis (e.g., how do fibrosis grades in
apimals compare to those in humans? are rats an appropriate model for these endpoint?).
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Panelists’ Discussions: One panelist noted that several busnan studies have
-examined relationships between asbestos exposure (as gauged by lung-retained
‘fibers) and fibrosis grade, but two panelists noted that comparable studies in

which the: !ength d:stnbutxon of fibers was known have not been performed in

apimals. ’

Comment 8: Suresh Moolgavikar, Umversuy of Washmgton

Regarding the panelists’ comments on progression of fibrosis, Dr. Moolgavkar cau!xoned
the panelists about assuming that fibrosis is an intermediate: ‘endpoint for lung cancer,
‘because these two endpoints result from very different pathogenic:processes: Noting that
" toxicologists have 161ig assumed linear dose-response relationships for cancer and
thireshold dose-rwponse behavior fornoncancer effects;, he argued that low exposufes
"tcveis mxght pose a nsk (albclt srnall) for- lung cancer and perhaps Do nsk for ﬂbros:s

A--Palehsts’ Dzscussions. One panelxst agreed that ﬁbrosxs and lung gancer develop
- fiom different pathogenic-processes. He explained that the-animal studies he has
- cofiducted and réviewed involving fibrous and particulate materials. all suggest
that Jung.cancers are not observed in the absence of fibrosis. He emphasized that
this does not mean that fibrosis is on a causal pathway for lung cancer, but rather -
detiionstrates differeiit-dose-respoise bebavior for the two outcomes, namely that
fibrosis ouicomes m ammals appear to ocour at Tower doses than do cancer

.‘;) outcomes. : - ' o
i

Comment 9' ¥ ay Turlm, Sclences Internatxonal, Inc. T i
Mr Tunm asked the panehsts to clanﬁy ‘comments made on dtsmse progressnon.

Panehs(s’ Discussions: One panelist responded, explaxmng tbat he bas not
observed overt progression of interstitial fibrosis in animals dfier-asbestos
exposures ceasc. He added that inflammatory response, microgranulomas, and
)Jbronchlolxzatzon terid to-decrease afler fiber exposures ceases; even fof amosite.
Te.said:this s béaprobservedbothiin rats and bainsters. Thisipanelist
2 a‘clmowktfged tHfai thiesé findingsifrom laboratory‘animal studies may not be -
reIeVant to hilhians: Addrcssmg ‘this final point; two‘panehstsmdxcated that
‘progression of fibrosis has #absolutely” been obscrved inhutiians after cessation

of exposure,

Lomestes T
W
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40 Conclusions and Recommendations

This section reviews the panelists’ individual conclusxons {Section 4. l) and summarizes remarks

from the final observer comment period (Secuon 4.2).
4.1 P;melists’ A_Fin‘;l S.fatemeh,ts‘

. After addressmg all agenda 1tems each panchst was asked to make a ﬁna! statement wnh his or
ber: mdmdual conc!usnons and recommendatnons These summary statements ‘were used to draft
the exccuuve summary of thls report. A revuew of the summary statements in the order in which
they were presented, follows: - ’

EI

L ‘Dr. Case 's'summary statement. Dr. Case said there is a strong ‘weight of evidence that
- asbestos and SVFs shoster than 5 pm do not cause cancer in humans and no further T
reséarch is needed'on this matter. For: lung fibrosis or-asbestosis, on the other hand, he
. noted thiat the role’'of fibers shorter-than 5.pm is not as clear and might require: further
. . .. .study. Pr: €ase suggested designing a laboratory animal study to characterize the extent to
) Y which fibers translocahe: into the pleura, and to determme whether translocation
preferenha!ly occurs for any fiber dimensions or typ&e. -

To prevent haelth eﬂ'ects ﬁom occumng in !he ﬁmn'e Dr. Cas¢ noted that scxenhsts need 2

better understandmg of exposure levels; be advacated characterizing the ﬁber -Jength

-distribution:in expbsure:samples at sites with residential exposures. For. the Libby site, Dr.

Case indicated that furthei.tésearch is needed 10 ‘understand the,unusual plcura} pathology
-amongresidents. He. suggested conducting:systematic further study of available data,

including more blinded reading of x<rays and. exammauon .of pleural hxstopathology data,

- if théyrexist:DroCase-also.recommended.cooperating. with‘cornmunitiés believed to have

elevmed asbestosi exposure: {eg. .oleby) 1o establish protocols to obtaln human dung

specmiens aﬁe?‘death these pmtocols fust, cnsure Lhat blmded analysxs of. samples occurs

and matched controls are selected. - T SO . -z

& D Lockey’s summary statement.:Dr. Lockey first said-he concusred with:the conclusaons
+ iof Dr. Case: Hethen identified several research opportunities for Lower Manhattan and
leby-—two sites whcre contammanon wnh sbort ﬁbers has becn obsexved in residential
commumtxes . . WL e
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Regarding the WTC site, Dr. Lockey recommended that health agencies characterize
exposure in residential settings using proper industrial hygiene measuring technigues, such
that the samples collected reflect personal exposures while individuals perform their
normsal activities of daily living. He suggested that samples be analyzed for asbestos fiber
content using conventional analytical methods (i.e., those that count fibers longer than 5
um) and that particulate samples be collécted to characterize the amount of matérial
shorter than § pm. Dr. Lockey indicated that bealth agencies could then compare the
measured level of fibers longer than 5 pm to occupational exposure | limits with,
appropriate adjustment factors to account for the fact that potential sensitive sub-
populations, such as children, are being potentially exposed. To evaluate particulate levels,
Dr. Lockey recommended, health agencies should compare the measured levels of
parnculates to current recommended occirpational and environmental exposiire levels and

- torsamipling results.from similar non-WTC urban areas to determine if elevated particulate

. exposures.are occurring. He added that the available human and animal data suggest that

“asbestos paticulate” (i.c., asbestos fibers shorter than 5 pm) déés not preséhita hazard for
cancer or, in the case of the relative short term exposure from WTC, pulmonary. . -
asbestosis.

- ~Regarding the Libby site; Dr: Lockey identified several data gaps and research needs..
+;' Fifst; he-dgaify sugg&:ted that future’ exposure assessment work involve collecting air

] sampls that:best reflect persontal exposure. levels during typical-activities-of daily living,
i .mcludmg pexsona! airsampling for-populations——such as children-—that have potentially

- “high exposm‘es becase of énvirommental activities. Dr. Lockey recommended that health

agentiésrefer to te existing literature to:determine the implications of éxposures to fibers i
longer than $ pm. Dr. Lockey was riot sure how:to-evaluate risks of pleural abnormalities 7
associated with exposures to short, thin, durable tremolite fibers, because these fibers

" typically have not been quantified in previously published:scientific articles. He did-

 recomirend, howevei, that- ATSDR studychest x-ray results from the' Libby population to

quanut‘ythe nuimber of residents with pleuraliplaques and diffuse pleural-fibrosis. This

“+ydistinttion, he notéd, is lmportant betause the medical literaturé reports that diffuse

picm'al fibrosis cad impair pulmonary function and can be a very progressive disease,

w2 whlle‘pleural plaques-have, in:thernselves; more dimited clinical significance..Dr: ‘Lockey
2+ {valso¥ecomttiended that A TSDR-investigate whether correlations exist between the

:piﬂmonary fxincuon tests (e.g:,’spirometric- resiilts)y.and the types-of: plcural abnormalities
observed.” Fmally,Dr ‘Loockéy suppored a‘recommendation made: prewously o, initiate a
_protocol to conduct lung tissue analysis among residents. LN

! wDr. McConhell’s summary statement. Dr. McConnell first said he supported most of the

- ¢onclusions.and recommendations identified by Dr. Case and Dr. Lockey. His.main

+ * finding for the meeting was:a review.of the:trends-among the labgratory animal studies.

Dr. McConnell indicated that these animal studies consistently demonstrate that fiber-
pathogenicity increases with fiber length. However, he noted that short fibers, if
administered in high enough doses, can also produce disease.
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Regarding future research directions in animal studies, Dr. McConnell encouraged bealth
- and environmental agencies to specify exactly what questions must be answered in order
- to address-health issues at sites of concern. Once agencies indicate the ﬁber type, dose,
~fiber length distribution, and health endpoint of concem (e.g., pleural qhax_xges) then
toxicologists can design and conduct animal studies to address these specific issues.

L] Dr. Lippmann's summary statement. Dr. Lippmann supported the other panelists’

- recommendations for characterizing personal exposures at sites where asbestos and SVF
contamination is in residents’ homes. Sampling of indoor envu'onments clunng simulated
" extreme activity was akso secommended. Dr. Lippmann suggested that sampling from
these sites continue to use the conventional fiber counting methods (i.e.; counting those
longer than'5 jum), but recominended that environmental and health agenc:és archive the
sampling filters for further analysis in the future, should the need for examining shorter

- fibers beconie necessary. He added that fiber sampling and analytical protoco'ls should be

- =+ standardized and adopted to ensure- that samples collected from different sites for different
pmpos&scanbeoompared. .

. Dr Llppmann encouragcd fusther msearch mm SIte-speaﬁc fssues,. such as pleural disease
-in Libby, but e also recommended that future laboratory animal studies quantify fiber
dose-response behavior as-a function of fiber composition and fiber. dimension. He
indicated that short-term reseaich needs should be identified and met with appropriate
screemng studies or intermediate studies.

@ Dr Mossman s summary statemenr. Dr Mossman apreed thh olher panehsts suggestlons
Libby, but she added that additional studies of laboratory animals are needed fo quantxfy
how dose-response varies with fiber dimension and durability. Dr. Mossman also
indicated that in vitro stidiés can (a) provide msnghts within a shiort time frame; into’

-. .- important questions about relative toxicity of various materials (e g., fibers of different
lengths, fibers with different mineral content), (b) further examine theones of mechanisms
of ¢ toxicity, and (c) direct future résearch in‘laboratory’ ‘animals., She re¢émmended that
such studies challenge target cells. with well-characterized fiber samples to study how. fiber
length relatés to cell proliferation, DNA damage ‘and cytotoxicity. Dr. Mossman

- . emphasized that such shori-term studies should use appropriate positive and negatxve
controls and should select egdpomts lhal can belater conﬁrmed in.animal studies. -

B Dr QOberdorster’s summary statement..Dr. Obcrdﬁrster concluded that most of the
~i i gvailable dita suggest that fibers:lessthan 5 prvin length behave hke non-ﬁbmus
: paruclw, ‘however, he noted that 4 few. recent publications (¢.g., Brown et al. 2000) have
- t'r o raised somié'questions: about this. To determine more conclusively whether- short fibers
=+ . truly behave like particles and fo assess how fiber dxmensnon relates to toxicity, Dr.
.. Oberdorstér recommended conductmg a simple mtertracheal instillation study in rats with
. different fiber leogth categories using lung lavage, pleural lavage, and hlstopathology 10

. 43

HWBUI0009613



42 Observer Comments and Ensuing Dnscussi"m .f

o summanted i tbe order they were' presented.

.....

characterize toxic endpoints. For each asbestos and SVF material tested, he suggested
evaluating dose-response for different size-selected fiber samples, as-well as for an
analogous non-fibrous material; if needed, this could be followed by a-more expensive
inhalation study with different well-defined fiber size categories. Second, Dr. Oberdorster

- recommended that futuse public health evaluations consider susceptible populations for
asbestos and SV’F exposure

‘® D Wallace" ssummw;v statement. Dr. Wallace recommended that futme research take

"advantage of the emetging capability of genérating samples of well-classified fibers,
particularly those in the range of small fiber lengths. He believed this new, capability can
‘suppért very meaningful invitro studies, such as those dcscn'bed in Dr.Mossman’s
summary statement, which can‘then lead into nasal-inhalation studies in rats.-Recalling the

" experience of conducting in vitro-studies for crystalline silica, Dr.- Wallace urged very

- thorough planning of future in vitro studies of short asbestos-and SVFs to ensure that the
assays selected model the stirface conditioning 'of deposited materials which occurs in
vivo, especially for short fiber studies, to avoid false positive results-Dr. Wallace
recommeénded that priority be placed on investigating the comrelation between shor?

** asbestos fibers in the lung and pulmonary interstitial-fibrosis (see Section 3.2.2), given the
tox1cologxc finidings of i vitro activities of short glass-fibers (Ye etal. 1999y and the
inverse:correlations betwegn fiber length- and fung fibrosis: score: m sorne stud:es of human

O lupg tissue (Churg ef al. 1989, 1990; Nayébzadzh‘eta!. 2001) P e

. !'3' T . (S L
Observers were gwen tbe opportumty to pmwde commems before tbe meetmg ad umed. The

panehsts were not required to respond to the' obsarver commments: However; somc eomments led

to funher dxscussxon among the panehsts as documcnted here 'I'he observer comments are

‘ Comi‘ﬁé".i’t*lswiﬁaﬁ—a Rossel, Lotil 829 of industrial theatrical stage eimployees.

* Ms.Rossel commented that the rolé of industrial hygiene for the residences in Lower.
: Maiihatian'is o get rid of the WFC dust. Shetirged removal of the dustbecanse scientists
' truly’d6 not know the health iniplications of the complex mixture of chemicals in the dust.
* {Ms-Rossel said officials shoiild take precautions when addressing: this site and remediate
‘and clean homes, father-thin continue to° ‘study the dust samples.:As an éxample of her
concem, “Ms. Rossel said, a local high'scliool that had ‘already beén abated had to be
cleaned furitier recently; when carpéts were found to contain WTC dusts. Shie-also
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recormmended that a: regnstxy be formed to track health effects amoung the commumty
members.

Panebsﬁ’ Dﬁcuséloﬁs. The panelrsts dAScussed the conceﬁs ew.(pressed' by community

- members after ali three commients in this section were. prescnted Refer to the summary

following “Comment 3" for the panelists’ remarks.

Comment 2: Katherine Ewu, l;&sident of Lower Manha;ttan -

. Ms. Ewcs, a rwidén,i of I_.o";ver Manhauan,.infotmed the. pénel that asbestos, ;;ulverized

glass, and iron have been detected in samples from ventilation systems in residential
buildings. Ms. Ewes said it would be helpful if the panelists would suggest research on
these materials, particularly interactions bctween asbestos and iron.

H

. Panehsts’ DISCUSSIOI.I.S: The panelxs's dtscussed the conccms exprwsed by community

members after all three comments in this section were presented. Refer to the summary
following “Comment 3" for the panelists” remarks.

Comment 3: Kimberly Fiyna, 911 Eavironmental Action

'Ms. Flynn indicated that she is 2 member of 911 Environmental Action, a coalition of

residents and commumity groups in Lower Manhattan. Ms. Flynn indicated that her
group’s priority is to stop all continuing exposures to WTC dusts. Ms. Flynn noted that the
people who were exposed to dusts on September 11 should definitely be followed up on
for health effects, but she emphasized that exposures in residential areas must stop. Ms.
Flynn challenged use of occupational exposure limits to evaluate exposures to WTC duss,

. because residents in the area are potentially exposed to WTC dusts 24 hours per day and

some populations (e.g., housekeepers) might be receiving unusually high exposures. Ms.
Flyon said she was pleased that the panelists advocated air sampling to characterize “real
world” residential exposure scenarios, like children playing on carpets.

Ms. Flynn acknowledged that there are many uncertainties regarding the health effects
associated with WTC dust, such as possible synergistic effects, but she was disappointed
with how some agencies. have responded to public concerns. She was particularly

. ﬁus!rated that agencies have acknowledged the complexities and uncertainties of the WTC

dust issue, without tak‘mg precautionary measures to cease exposure or provide risk
communication messages fo the public. Ms. Flynn asked the panelists, in all of their
thinking and research design, {0 be as protective as possible.

Panelists’ Discussions: The panelists acknowledged the public concern about WTC dusts,
and offered several insights in response. One panelist encouraged residents to participate
in research projects that have already been funded, such as one being conducted by faculty
ai New York University. Another panelist made two comments. First, this panelist noted
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that WTC dust has unique featires (e.g., extieme alkalinity) that need to be-considered in
future site evaluations. Second, agreeing with the observers, he noted that eliminating
exposures to WTC dusts is an unportant factor. Finally, a different panelist addressed a

" .comment regarding exposures to short: chxysoulc fibers. He noted that the medical and
« " - scientific literature offer ho evidence-of exposure to:short: chiysotile fibers being of

significant health concem, except in‘cases-of prolonged exposures at extremely high
doses; he added that the presence of long chrysotile fibers in residences would clearly be
of greater concern. This panelist also acknowledged that other components of WTC dust
(e.g., metals, polycyclic aromatic hydrocarbons) might be of health concemn, but be

~-indicated that the experts at t.hxs meetmg were cOnvened to dnscuss theu' Imowledge of
: .ﬁbcr toxlctty

Dunng t!us dxscusston, a representauve ﬁ'om ATSDR added that the agency: has initiated a
registry to track health effects that nnght be assocxated thh the collapse of the World
'Trade Center bm!dmgs o

:\ P B3
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Appendix B

Premeeting Comments, Alphabetized by Author
(includes bios of panelists and the charge to the reviewers)

.> A Note: This appendix is'a copy of the booklet of the premeeting comments that ERG distributed
Y at the expert panel review meeting, The references for Dr. Lippmann’s comments were
inadvertently omitted from the booklets available at the meeting. Full citations for the
references cited in Dr. Lipprmann’s premetting comments are included in Appendix E (see
pages E-4 through E-6).
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Noftice

This booklet includes the panelists’ pre-meeting responses to the charge questions. i should be noted
that the pre-meeting comments are preliminary in nature. The purpose of these comments is 1o stimulate
meeting discussions. Some panelists’ technicat findings might change based on discussions during the -
rieeling; therefore, pre-meeting comments should not necessarily be considered the panelists’ final

opinions.

Any mention of rade names or commercial products does not constitute endorsement or
recommendation for use.
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Health Effects of Asbestos and Synthetic Vitreous Fibers:
The Influence of Fiber Length

Charge to the Panel

The Agency for Toxic Substances and Disease Registry {(ATSDR] is holding a panet discussion to review
and discuss health effects assoclated with asbestos and synthetic {man-made) vitreous fibers (SVFs),
especially those of less than 5 microns in length. ATSDR has invited a cross-section of scientific experts
in the fields of toxicology, epidemiology, pulmonology/pathology, and medicine to participate in 12 days of
discussions on a variety of topics, including depositional pattems of fibers in the lung and mechanisms of
toxic action, the relationship of fiber size to toxicily, irritant effects of fibers, relationships between
measured fiber levels and observed adverse health outcomes, and recommendations for fulure research.
The mesting will have a public health focus, specifically related to evaluating environmental exposures
and drawing public health conclusions associated with sites at which fibers and fibrous materials may be
an issue. The agency will use input received during discussions to aid in developing scientifically
defensible public health evaluations for human exposures to smalier-than-5-micron fibers.

Background

ATSDR conducts public health assessments to evaluate possible public health impfications of
contaminants associated with hazardous waste sites and other environmental releases. A crugial part of
this evaluation is the understanding of loxicological implications of exposure to substances that may be
present. Recent events have highlighted a need to further explore the potential for health effects from
exposure to biopersistent fibers, specifically asbestos and soma SVFs. ATSDR is currently involved in
several site assessments that address the potential for residential and community exposures to persistent
fibers from past industrial operations (e.g.. vermiculite processing plants across the country), hazardous
waste sites, and dust generated from the World Trade Center (WTC) collapses in lower Manhattan.
These sites are unique in that contaminant matesials are/may be present in people’s homes and
communities. Additionally, there are potential concemns surrounding smaller length fibers which may have
been generated by each of these past activiies, especially In refation to the materials found in lower
Manhattan.

Smaller fibers and non-fibrous particles may be generated as fibrous materials are processed, disposed
of, or damaged, as in the case of the WTC collapses. In these situations, traditional fiber counting
techniques may not quantify all of the materials present. Standard assessment methodology addresses
fibers greater than 5 microns in length, based on the relative risk of longer fibers being greater than that
of shorter fibers. Significant toxicology and occupational health research has focused on asbestos fibers
and SVF greater than five microns in length, however, it seems that much less is known about the
potential heallh effects of smaller fibers. ATSDR has identified a need to understand the potential for
fibers less than 5 microns in length to contribute to adverse health effecls.

ATSOR is convening this panel to gain a greater understanding of asbestos and SVF !oxiciiy, especially
as it relates to fibers less then 5 microns in length. '

Charge to Panel Members . - .

The purpose of the panel is to discuss and summarize the best known science for each question.
Consensus or specific advice on each question is not requested.
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Specific Charge Questions

Discusslons on the first day of the meeting wili focus on answering questions that pertain to Tapic #1,
below. in asking these questions, ATSDR seeks a discermning review of the fate of inhaled asbestos and
vitreous fibers less than 5 microns in length. The second day of the meeting will be devoted to critical
assessment of the health effects that can bs justifiably attributed to asbestos and vitreous fibers and to
identifying critical data gaps and research needs that would further enfighten this subject (Topics #2 and
#3). .

Topic #1: Physiclogical Fate of Asbestos and Vitreous Fibers less than 5 Microns in Length.
Discussfreview current knowledge about the physiological fate of small ibers when they enter the body.

] What is the expected physiclogical depositional pattern for less-than-S-micron fibers in the lung?

B What is known about clearance/biopersistence of fess-than-5-micron fibers once deposited in the
lungs? :

@ What type(s) of migration are expected within the body for less-than-5-micron fibers?

Topic #2; Health Effects of Asbestos and Vitreous Fibers less than 5 Microns in Length.
Discusslreview health effects that may be due to less-than-5-micron asbestos and vilreous fibers present
in air or seitled dust.

& How robust are the animal and human cancer data for these fibersfparticles? Do the data
adequately address exposures where the majority of materials are less-than-5-microns in length?

L What is the stale of the art understanding of the potential for SVFs to induce cancer in humans?
® Is there any direct evidence that less-than-S-micron fibers contribute to adverse health effects?

a is there indirect evidence for less-than-5-micron fiber induced adverse heaith effects? Do the
mechanisms of action of other materials (e.g., longer asbestos fibers, sificates, mineral dusts,
amorphous silica) with potentially similar compositions aid in understanding smali-fiber
mechanisms of action?

= At what length does a material no longer exhibit fiber-like toxicily and can be consideled
particulate matler regardiess of aspect ratio?

L Can any thresholds be defined for the mechanisms of action that may influence the toxicity of
less-than-S-micron materials?

" Can an exposura threshold be developed for the irritant effects of SVFs for skin contact or eye .
: irritation, based on either fiber loading or fiber content of handled materials? (What are fiberglass

fevels seen in housing and office areas where SVF insulation has been used, expressed as either-

fiber loading or fiber content of settied dust? Have irritant effects been associated with these

levels?) . o ’
Topic #3: Data Gaps.
B What data gaps are evident when addressing the above questions?
L What research is needed to fill these data gaps? |
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Bruce Case

Associate Professor of Pathology
Director, Environmental Pathology
McGill University, Room 203

3775 University Street

Montreal, Quebec H3A 2B4
Canada

Phone: 514-398-7192 {ext. 00521}
Fax: 514-931-6417

Email: bruce.case@mcgill.ca

Dr. Case is a pathologist and epiderniologist at McGill University in Montreal, Canada. Following his
residency in pathology at McGill University he obtained the Diploma in Occupational Hygiene at McGill,
and worked as a post-doctoral fellow and instructor at the Mount Sinai School of Medicine, New Yorik,
from 19808 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 mineral fiber exposure using lung-retained fiber In exposure assessment. In
1886, he received the National Health Scholarship of NHRDP (Canada) for his work in the field. In 1988,
he moved to the University of Pitisburgh, where he succeeded Dr. Philip Enterline as Director of the U.S.
EPA Center for Environmental Epidemiology, through thelr cooperative agreement with the University of
Pitisburgh School of Public Health, where he was also associate professor of epidemiology. He returned
to McGill in 1992 and continues research, teaching, and clinical work there In pathology, epidemiology,
occupational health and in the McGill Schoo! of Environment. Dr. Case has participated in workshops,
given leclures, 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
{CPSC), the International Agency for Research on Cancer {IARC), the Intemational Commission on
Occupational Health (ICOH), the British Occupational Hygiene Society (BOHS), the American Thoracic
Society {ATS), the Geological Society of Amevica (GSA), and the Collegium Ramazzini, His research on
asbestos and other mineral 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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HEALTH EFFECTS OF ASBESTOS AND SYNTHETIC VITREQUS
FIBRES: The influence of fibre length.

Comments on the Charge to the Panel -
For the meeting scheduled for New York City October 29/30, 2002-10-17

Bruce W. Case, M.D., M.Sc,, Dipl. Occupational Hygiene, FR.C.P.(C. )
School of Environment
Department of Pathology
Combined Departments of Epidemiology, Biostatistics and Occupational Health
McGill University, Montreal, Canada. '

First of all, there are some inaccuracies in the charge to the panel as stated. Itisin
fact not true that “much less is known” about the potential effects of “smaller” (sic)
fibers. The effects of fiber length are well known for all of the asbestos-related diseases
{except as noted below) and there is a general consensus that “Fibre dose, dimension,
and durability are currently accepted as important parameters...relevant to potential
bioactivity” (1); emphasis added). This statement refers to both diameter (in the sensc of
respirability) and length {in the sense of pathogenicity). What is unknown is the means
by which these parameters, including fiber length, operate at a mechanistic level
although a great deal of work has in fact been done in animals.

In fact, although the choice of fibie length (usually 5 pm) by regulatory and other
agencies such as NIOSH, OSHA, and WHO was originally practical, being based in part
on the resolution of the light microscope, there has been for some time increasing
consensus that fibrogenicity and carcinogenicity are in fact not only related fo, but
proportional to, fiber length, and mauny scientists believe that the use of a length of 5 pm
as a lower-lirnit cut-off is rot overly liberal (that is, not “too long”) but overly
conservative (that is, 200 short; what is Jacking in research is not enough researchon -
short fibres but on Jong fibres (where long refers to fibres longer than 10 pm, 20 pm; or
even gréater lengths). As some will know, EPA. is currently considering a new nisk
assessment which will take this into consideration, at least for asbestos. Thereisa
considerable paucity of such work on long fibres; see for example our own paper on
intrapulmonary “long” (defined as > 18 pm) fibres in relation to asbestos textile and
mining work (2)), which is being used in current risk assessment revisjons by EPA.
contractors (Berman W., personal communication). To the best of my knowlédge this is
the only published paper in the so-called “lung burden” (lung-retained fibre) literature
which separately assesses long lung-retained fibres, whereas the majority of such papers
assess “short” (< 5 pm) fibres; sometimes by default by counting “all” fibres (which
overemphasizes the short fibres and virtually eliminates evaluation of longer fibres due
to the log-normal distribution of fiber lengths coupled with counting rules that “stop”
after a given number of fibers or transmission electron microscopic “fields” are counted)
and sometimes through categorizing this fibre interval (between the limits of resolution
for length — usually around 0.2 pm in most published work —and 5 pm).
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HEALTH EFFECTS OF ASBESTOS AND SYNTHETIC VITREOQUS FIBRES:
‘The influence of fibre length. (Bruce W. Case; McGill University; October 21, 2002) page 2 "§

Before a meaningful discussion of “short fibers” can in fact be held, 2 strict
definition of tenms must be performed. Most mineralogists and geologists and many
health scientists do not regard structures having length “less than 5 um™ as fibers at all,
regardless of their aspect ratio. Those who believe this would categorize such structures
as particles of length less than 5 pm and aspect ratio greater than a given ratio (usually
3:1 or 5:1, although here too, there is debate about what aspect ratio is acceptable in order

to “define a fiber”). This is not a mere academic distinction, because the bebaviour of
these short partncl&s in terms of deposition and lung retention is quite different than that
of “tiue fibers”, and the biological effects are likely to (mdeed have been demonstrated
to) vary from thosc of “true fibers™ as well.

In “short”... concentration on so-called “short” fibres (which are not fibres} is a
scientific sense worse than a waste of time, it is a diversion from truly pathogenic fibres:
fibres which are “long™. It remains of value fo look at the question of fibre length per se,
but not as defined in this Charge: The title is fine (“The. hzﬂuencc of Fibre Length™) as is
part one of the prmclpal charge (“ATSDR secks a dlscemmg review of the fate of inhaled
asbestos and vitreous fibres...”) but the end of the latter sentence (“...less than five
microns in length”) precludes useful discussion of the effects of fibre length on any of the

parameters presented. Length cannot be arbitrarily divided in ihis way, although fibres

“this short” are almost certainly not pathogenic except in their role as (not necessarily. S
“fibrous” partlcles see below) at sufficient bio-persistent dose. some of the underlying

questions (especially the main heading of Topics # 1 and # 2, which in fact makes up

most of the charge) appear to be limited to the influence of “short™ (< 5 pm) length; a

length range that is not in the range of fibres at all. The remainder of this discussion will

focus on fibre length, not on “short fibres”, the term m:elf being an oxymoron.

The sole exception, in my view — and one worth some dnscussxon— is the potential
role of asbestos structures having aspect ratio greater than 3:1 and length less than 5 pm
in the pathogenesis of interstitial lung fibrosis (“asbestosis™). The publication of four
articles (two from our laboratory and two from Dr. Churg’s) demonstrating an inverse
relatlonshxp between fibre length and fibrosis in human lung-retained fibre studies is
important in this regard (see below}, although it may represent an epiphenomenon 1 rather
than a true picture of decreasing length as a factor in increasing fibrogenesis.

In the remamder of tlns document I w1ll concentlate on studles ofhuman
cxposure often as demonstrated by tissue retamed—ﬁbre dose (so—called “fibre burden™)
studies, as other members of thé panel are likely to concentratc more on thé ammal and
mechamshc data.

Brief commeﬁ;ts‘ﬂéx.) the printed charge f‘qﬁcgfiqns":
Topic 1:

B What is the expected physiological deposmonal pattern for less—than-ﬁve
pm fibres once deposited in the lung? .
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HEALTH EFFECTS OF ASBESTOS AND SYNTHETIC VITREOUS FIBRES:
The influence of fibre length. (Bruce W. Case; McGill University; October 21,2002) page 3

This is well established in terms of the depositional mechanisms of impaction,
settling, sedimentation, Brownian motion and (for fibres) interception. Particles larger
than 2 mm. in diameter tend to be deposited directly on the respiratory mucosa
(particularly in the nose, nasopharynx and bifurcation of bronchi) by inertial impaction of
the particle on the wall as the air in which it is carried changes direction. Particles 0.5
ma. and less tend to remain suspended in gas and exhaled out of the lung (Brownian
motion). Particles between 0.5 mm. and 2 mm. in diameter tend to be deposited on the
mucosa of distal bronchi and membranous bronchioles through settling from the force of
gravity (sedimentation; this is the most important deposition mechanism in humans).
Fibre length is only important in the scnse of interception, which is dependent on length;
the longer the fibre the greater the degree of interception in a tube of fixed length.

B What is known about clearance/ biopersistence of less-thap-5.. .etc.

Essentially, outside of overdoad conditions (which Dr. Oberdorster will be most
familiar with), the particles tend o be removed from the lung by a variety of
physiological mechanisms the most important of which are macrophage ingestion,
dissolution (where chemically possible), and the muco-ciliary escalator. Absent
abnormalities in phagocyte function these particles should be rexnoved even if they are
chemically resistant if (a) the dose is not too great to overwhelm these normal
mechanisms and (b) the mechanisms themselves are intact. There are medical conditions
which affect these mechanisms, however, so there are likely to be valnerable populations
(such as those with primary ciliary disorders; these tend to be genetic and very rare such
as primary ciliary dyskinesia (incidence 1:20,000 to 1:60,000)). Of greater frequency is
the lesser effect on muco-ciliary clearance in asthma. In addition environmental
influences, including smoking and nitrogen dioxide (3), can affect these normal
mechanisms through direct ciliary damage or disrupted function. Some.common
pharmaceuticals slow muco-ciliary transport (for example some general anaesthetics and
atropine), while others accelerate it (for example theophyllines and sympathomimetics).
Bronchial secretion is also an important contributor to clearance or impaired clearance, as
can be seen most dramatically in cystic fibrosis. Overall, then, there are a number of
possible factors which may interfere with particle clearance, but none have been
associated with “fibre length™ parameters with the possible exception of smoking (4).

. ..M What type of migration are expected within the body for (“éhort fibres”)?. .
This may be an important subject, at least for the parictai pleura, ifitis necessary for

fibres to reach the pleura to cause lesions (plaques and mesothelioma). It remains
possible that fibres still within the peripheral lung may be capable of contributing to the

- mechanisms of these diseases. Mechanisms remain speculative, but long amphibole

fibres may tend to localize toward the lung periphery, and it remains possible (but
unproven and indeed untested) that chemical mediators may cross the visceral pleura into
the pleural space. Churg, among others, has observed that “accumulation of long fibers
immediately under the upper lobe pleura may be important in the genesis of
mesothelioma™ (5). The idea that it is biologically necessary that fibres “reach the
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HEALTH EFFECTS OF ASBESTOS AND SYNTHETIC VITREOUS FIBRES:
The influence of fibre lesgth. (Bruce W. Case; MeGill University; October 21,2002) page4

parictal pleura” to cause mesothelioma is not scientifically tenable, although
intellectually appealing.

Unfortunately, less is known about this than what has been published, due to the
exceptionally poor quality of what has been published, with two exceptions from a group
based in Brussels and Marseilles (6, 7). The few additional papers that have been
published (in relation to human disease) have been for the most part based on static “fiber
burdens™ that purport to be in “the pleura” but which on careful reading are in fact in
mesotheliomatous tissues and/ or pleural plaques; the false assumptions are then made
that “short fibres” — usually very short chrysotile fibres, averaging less than 0.2 pm in
length — have “transtocated” to the “pleura” from the lupg. In fact the “pleura” was not
studied, tumor and plaquew which by definition could not contain fibres except via
specimen contamination or incorporation, most likely from adjacent lung. Both Rogers et
al. 1994 (8) and Case et al. 1994 (9) have also reported contamination by short
crocidolite fibers of ' Nuclepore filter materials and in uncontrolled studies of this pature
any material from air, flvids, and paraffin in the pathology laboratory from which thie
specimens originally were referred to specimen preparation materials are suspect.

All of the studies lacked matched controls, and in the American cases all were
selected for litigation and subjected to a non-standard digestion technique. Examples of
this are provided by all papers having Y. Suzuki as co-author on this topic (10-12) and
some early papers by Sebastien (13, 14); the topic has been fully reviewed clsewhere

(13).

It remains possible to do good studies of translocation of fibres, but for lung-to-
pleura in humans at least only the two preliminary studies mentioned above have proved
useful, and their results have been quite different: Boutia et al. and Dumortier et al. (6, 7)
have found that “the distribution of asbestos fibers in the pleura was heterogeneous and
that they might concentrate in..."black spots” of the parietal pleura”. Using thoracoscopy
in living patients from “normal areas of the parietal pleura” rather than plaques and
tumor, and using controls, they showed that “amphiboles outnumbered chrysotile in all
samples” and that of all fibres 22.5% were in fact greater than or equal to 5 microgs in
fength; a proporuon at least as great as that usually seen in lung tissue. The means of-
translocation remains unknown, although these ﬁndmgs strongly suggest lymphatic
drainage paths.- The pathogenic significance also remains unknown, although the authors
emphasized their hypothesxs that these fibres tmght contribute to plaque and

mesothehoma gcnesns

Topic #2- Health effects....

B How robust are the animal and human cancer data...do the data adequately
address...less-than-S... .

As noted abovc, regrettably, this is the wrong question. The correct question would
be, either “Do the data adequately address the effects of dimension” (the answer to
which is a qualified yes) and “do the data adequately address MORE THAN 5
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HEALTH EFFECTS OF ASBESTOS AND SYNTHETIC VITREOUS FIBRES:
The influence of fibre leagth. (Bruce W. Case; McGill University; October 21, 2002) page S

(substitute more-than-10, more-than-20...etc.). Here the answer is that the data
clearly do not adequately access the effects of long fibres, the fibres of greatest
concern for disease, or more properly they do not address the Jongest fibres, asa
result of too much concentration on published studies on fibres woder 5 micrometres
in length. This has been essentially “by defauit” in the lung-retained fibre field, siuce
studies which take as their starting point “all fibres from 1 micrometre up”, or less,
will be definition inadequately address the most pathogenic fibres, known to be the
longest fibres.

B What is the state of the art understanding of the potential for SVFs to induce
cancer in humans? Thanks to the excellent studies of the European Group, of
Enterline, and most recently of Gary Marsh et al. at the University of Pittsburgh,
it has now been established that SVFs db not induce cancer in humazs.

Original concern arose when Saracci and the European group noted in a very
large cohort of 13 plants an SMR for lung cancer of 192 (17 observed, 8.9 expected; 95%
confidence-interval 117-307): Although an initial dose-response relationship was
believed present, subsequent study showed that the excess appeared in an anomalous
group of workers; first, those limited to the “carly technological phase™ of the industry,
but perhaps even more important workers having different lifestyles (and death-style; a
high suicide rate), and in many cases short-term workers. No such excess was ever seen
in the American workers except in some rock-wool plants, and lung-retained fibre studies
demonstrated no excess of MVF but an excess of amosite asbestos in the lungs of
workers compared with controls dying in the same hospital in one of the “higher lung
cancer” areas. Enterline and colleagues demonstrated “no consistent evidence of a
respiratory disease hazard related to exposure to man-made mineral fibers among the
workers who produce these fibers” in the largest study of these workers (16); although
lung cancer and non-malignant respiratory disease were increased in some rock- and slag-
wool plants there was no evidence of a dose-response relationship. Complete follow-up
of the study has recently been completed (17-24) and the lack of any relationship to
disease confirmed, including for mesothelioma; of ten cases originally reported mos?
were not mesothelioma and in any case almost all were asbestos-exposed. Overall,
Marsh and colleagues noted ““The excess in respiratory system cancer is largely a
reflection of elevated lung cancer risks that we attributed mainly to confounding by
smokmg, to exposures outside the MMVE. mdustry to agents such as asbestos, or to one

“or more of the several.co-exposures prcsem in many of the study plants (mcludmg

asbestos)” (23)

# [s there any direct evidence that (short) “fibres™ c,ohtn‘bﬁte to adverse
- health effects? :

No, with the poss:blc excepnon of asbestosis. For mesothehoma, at least three well-
conducted case-control studies have now established that lung-retained fibre “risk” is
entirely accounted for by Iong amphibole lung-retained fibre content and that any initial
apparent effect of shorter fibres was a statistical artefact (15, 25-27). An initial
observation by Rogers et al. of an increased risk associated with the intrapulmonary size
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category “shorter than 10 pm” (26) was later thought by the authors to lack biological
plausibility, and if anything the “short” (< 10, not < 5) fibres represented broken down
“longer” fibres (8). Lung cancer, due to its overwhelming relationship to smoking, as
proved difficult to investigate in this way. Animal studies and theoretical data are
consistent with the overwhelming importance of fibres loager than 5 {(indeed longer than
10, or longer than 20) micrometres (28-32). Recent observations that the half-life of
chrysotile fibres longer than 10 micrometres may be more than eight years, at least in
long-term chrysotile miners and millers (33), and that in mixed-exposure asbestos textile
workers lung content of fibres longer than 18 micrometres was proportional to
cumnulative exposure (2) has shown that even for chrysotile, any effect appears to be
related to long, not shorter, fibres.

= At what length does a material no longer exhibit fiber-like toxicity and can
be considered particulate matter. ..

This is one of the most important issues to be addressed; the most recent science from
the point of view of risk assessment would imply that this figure is much higher than
previous believed; certainly higher than 10 micrometres, much less 5. Modern risk
assessments will take fiber length into account, possibly by the application of algorithms
which assign increasing risk with increasing length. It is difficult to imagine setting one
number below which a structure is a “particle™ and not 2 “fibre”; it is much easier to say
that structures less than five micrometres do not - ever — bebave as fibres with respect to
lung cancer and mesothelioma.

As alluded to several times above, there are a series of human studies which
show an inverse relationship between fibre length and asbestosis severity. Studies by
Churg and colleagues first of long term chrysotile asbestos miners and millers, in
which “tremnolite mean fiber length, aspect ratio, and surface area were, surprisingly,
negatively correlated with fibrosis grade” (34). A similar study found a similar result
for amosite in unselected litigation cases, mainly in shipyard workers and insulators,
prompting the authors to conclude that “these observations again raise the possibility
that short fibers may be more important than is commonty believed in the genesis of
fibrosis in'man” (35). However, there were some serious problems with these papers
in that groups were small (no more than 21) and (as is always the case).fibre lengths
were very strongly inter-correlated. Contradictory data initially came from our own
laboratory (15), but more recent unpublished work with a much larger data base of
workers selected across a moré¢ homogeneous base and divided into fiber length
“strata” has once again demonstrated an apparent inverse association between
interstitital fibrosis grade and (in this experiment) fiber length inferval. Results,
which are about to be published, will be discussed, as they and the previous human
work contradict some animal work on fibrosis and fiber length. The latter however

- - appears somewhat speculative with respect to postulated mechariisms of fibrosis. Is it
reasonable to believe, for example, that “frustrated phagocytosis™ results in much
‘more chemical mediation than “simaple” phagocytosis of much:larger quantities of
shorter fibre? If “short” fibres do have an effect which has not been adequately
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explored — as fibres, rather than particles — then it surely the production of interstitial
fibrosis.
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RESPONSES TO ATSDR FIBERS PANEL CHARGE QUESTIONS
M. Lippmann

Specific Charge Questions

Topic # 1. Physiological Fate of Asbestos and Vitreous Fibers less than 5 Microns in
Length.
Discuss/review current knowledge about the physiological fate of small fibers when they enter

the body.

A, What is the expected physiological depositional pattemn for less-than-5-micron fibers in

the lung?

Fibers with aspect ratios >10 béhave aerodynamic.ally like unit density spheres witix
diameters one-third ﬁ;eir» fiber width (Staber et al., 1970; Timb;el!, 19')2)5 The only .excepti'on,
in terms of being influential in aepdsitioh in lung airways is for fibers longer than about 10'sm,
where the @echanism of iﬁ;erc'eption_ becomes influential (Sussman et al, ]991 ). Thus, for fibers
<5 wm in length, deposition patterns and efficiencies will be deterniined almost entirely
according to the fiber width, which for fibers <5 pm long will be less than about 1.6 pm. For
fiber widths between about 0.1 and 1.6 mm, total lung deposition in healthy people will be
between 10 and 20%, with almost all of it in the deep lung. For fibers thinner than 0.1 pm,
deposition will increase with decreasing width, and there will be a somewhat greater proportion

of the deposition in the more proximal airways.

B.  What is known about clearance/biopersistence of less-than-S-micron fibers once

deposited in the lungs?

For these short fibers, which can be fully engulfed by lung cells and do not dissolve in
airway fluids in less than a few weeks, their clearance will be similar to other mineral and
vitreous particles. Those depositing in lung conductive airways will be largely removed to the
G.I. tract by mucociliary clearance within about one day. Most of those depositing in the gas-

exchange region will be phagocytized by alveolar macrophages and cleared to and through the
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mucociliary escalator within a few weeks. Other particles may be éngulfed by epithelial cells,
primarily in the respiratory acinus, and retained for much longer periods, with gradual removal

to lymph nodes.

C. What type(s) of migration are expected within the body for less-than-5-micron fibers?

Fibers with diameters less than ~0.1 pm, which could be a significant fraction of fibers
<5 um in length, can pepetrate through the respiratory epithelia and be transported through
lymph channels to hilar and peripheral (mesothelial) lymph nodes and through blood to more

distant body organs. However, guantitative aspects of these pathways have not been described.

Topic # 2. Health Effects of Asbestos and Vitreous Fibers less than 5§ Microns in Length.
Discuss/review health effects that may be due to less-than-5-micron asbestos and vitreous fibers

present in air or settled dust.

A. How robust are the animal and buman cancer data for these fibers/pasticles? Do the data
adequately address exposures where the majority of materials are less-than-5-microns in

length?

Animal Toxicology Cancer Data:

The most definitive studies for short fibers (<5 pm in length) was carried out by Davis ef
al. (1986, 1987) in Edinburgh using inhalation’ exposurés and length classified amosite and
chrysotile asbestos fibers. The short-fiber amosite (L.7% <5 pm in"‘le‘n'gth) pfgi&uced no

malignant cancers in 42 raB,_-whcrw's the long-fiber amosite-(30% >5 pm in ién'gth, 10% >10

. pm), with the same diameter distribution, prodicced 8 cancers in 40 animals (Davis ef al., 1986).

In the comresponding study using éhiysotile (Davis ef al., 1987), the short-fiber material was less
successfully depleted in long fibers. There were 330 f/mL longer thap 10 pm in the "short”

chrysotile, versus 12 f/mL in the "short" amosite, and the “short” cheysotile produced seven
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cancers {(while the "long" chrysotile produced 22 cancers). These results suggest that the cancers
produced by the "short" chrysotile preparation were, in fact, due to its contamination by longer
chrysotile fibers. This conclusion is supported by the analysis of Lippmann (1994) using the
fiber length distribution data for rat inhalation studies of unclassified fibers of amosite, brucite,
chrysotile, crocidolite, erionite, and tremolite. He concluded that the tumor yield was better
predicted by the concentration of fibers lﬁnger than either 10 or 20 pm than by the concentration

of fibers longer than 5 pm.

The animal cancer data for injected fiber suspensions and the human epidemiologic data
where fiber length distributions are available are consistent with carcinogenicity being

attributable solely to fibers longér than 5 pm, but are not by themselves definitive.

B. ‘What is the state of the art understanding of the potential for SVFs to induce caocer in

bumans?

The state-of-the-art on this issue was summarized in a recent National Research Council

report (NRC, 2000), as follows:

"In a review of the published epidemiologic literature with respect to respiratory
system cancer, Lee er of. (1995) concluded that ‘available data indicate that
among those occupationally exposed, glass fibers do not appear to increase the
risk of respiratory system cancer. Exposure to rock or slag wool may increase the
‘risk of such cancers; however, the data do not convincingly’ prove that this
assocxatton xs causal !

Reccnt studies,’ mcludmg casc—control stud:cs make it clear that any lung-cancer

“SMRs based on national data must take into account the potential confounding
effect of smokmg. Evidence from the case-control studies demonstrates that there
is po significant " association between fiber exposure and lung cancer or
ponmalignant respiratory disease in the MVF manufacturing environment. It is
clear, for example, that of the Newark, Ohio, plant workers (who made up some
35% of the U.S. éohort) exposure to MVF, including respirable glass fibers, was
not responsible for any increase in lung cancer risk (Chiazze ef al., 1993).”

N
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C. Is there any direct evidence that less-than-5-micron fibers contribute to adverse health

effects?

In the absence of data that SVF fibers of all lengths cause respiratory disease, it is highly
unlikely that the SVF fibers <5 pm in length cause any.

D. Is there indirect evidence for less-than-5-micron fiber induced adverse health effects?
Do the mechanisms of action of other materials (e.g., longer asbestos fibers, silicates,
mineral dusts, amorphous silica) with potentially similar compositions aid in

understanding small-fiber mechanisms of action?

There is no such evidence, and the greater rate of SVF fiber dissolution than of other

materials cited in the question makes it very unlikely that short-fiber SVF causes heaith effects.

E. At what length does a material no longer exhibit fiber-like toxicity and can be considered

particulate matter regardless of aspect ratio?
The length limit is clearly not less than 5 pm and, for humans, probably closer to 10 pm.

F. Can any thresholds be defined for the mechanisins of action that may influence the

toxicity of less-than-5-micron materials?

Possibly, but if they exist, they would be much-higher than any reasonably anticipated

exposures in modem society. _
G. Can an exposure threshold be developed for the irritant effects of SVFs for skin contact
or eye iritation, based on either fiber loading or fiber content of handled materials?
(What are ﬁﬁerglass levels seen in housing and office areas where SVF insulation has

been used, expressed as either fiber loading or fiber content of settled dust? Have irritant

effects been associated with these levels?)
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Possibly, but not likely for airborne concentrations as measured in fibers/mL.
Topic # 3: Data Gaps.
A What data gaps are evident when addressing the above questions?

The rat inhalation studies with size-classified amosite and chrysotile show how a well
conceived study can help to resolve critical questions about lung cancer. More studies with
better classified chrysotile, and with other well-classified asbestos and vitreous fibers of varying

lengths and biopersistence properties, would be very informative.

A major data gap is the influence of fiber length on mesothelioma, which could be

addressed in the hamster model.
B. What research is needed to fill these data gaps?

. ) Inhalation studies in rats with size-classified fibers for lung cancer, and inhalation studies

in hamsters with size-classified fibers for mesothelioma.
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" James E. Lockey, MD, MS

Topic #1: Physiological Fate of Asbestos and Vitreous Fibers less than 5 Microns in Length.

What is lotown about clearance/biopersistence of less-than-5-micron fibers once deposited in the lungs?
Hazards associated with man-made vitreous fiber (MMVF) appears to be most strongly associated with
the ability to persist within lung tissue. This is in part dependent upon chemical composition of the
MMVF in that increased concentrations of stabilizers such as aluminum impact a greater degree of

chemical durability. In vitro tests to measure fiber solubility should be performed to reflect an acid pH of

" 4.5 to 5.0 such as found in phagolysomes within alveolar macrophages as well as pH of 7.4 reflecting

extra-cellular fluid. Short fibers that are ingested by macrophages will encounter the lower pH that
overall could affect their biopersistence. In general, solubility tests identified the following rank order
from lowest to greatest solubility of MMVF in comparison to asbestos fibers: crocidolite <amnosite <RCF
<special purpose glass fibers <rock wool <slag wool <conventional glass fibers. [1]}

In rodent exposure 10 mixed dust resulted in an increased transport of fibers across the visceral pleura and

increase production of fung tumors and mesothelioma. [2]

Fibers may act as carcinogens or carriers of chemicat carcinogens to the target organ. {2]

What type(s) of migration are expectad within the body for less-than-5-micron fibers?

Gelzleichter et al, in 1996 exposed rats to nose only inbalation ofkaolin-based r‘ef:ﬁétory ceramic fiber, It was’
identified that fibers rapidly translocate to the pleural tissue with a difference between those in the pleural
tissue and the parenchymal tissue. Within the pleural tissue the geometric mean length 1.5 p2m (GSD ~ 2.0
pm) an;i geometric mean diameter 0.09 pm{GSD~1.5 um). For comparison parenchymal tissue GML =35.0
pm (GSD ~2.3) and GMD 0.3 g (GSD ~1.9.) This would indicate the short thin fibers are capable of
translocating to the pleural tissue. [3]
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The efficiency of clearance by macrophages is greatest with fibers less than 5 microns in length and becomes
less efficient with increasing length of fibers. Certain fibers may stimulate macrophages to move to the pleura

rather than to be cleared from the lung which may be the case with crocidolite and erionite. [4}

Topic #2: Health Effects of Asbestos and Vitreous Fibers less than 5 Micreas in Length.

How robust are the animal and human cancer data for these fibers/particles? Do the data adequately
address exposures where the majority of materials are less-than-5-microns in length?

Conventional glass fiber has only a very small fraction that would be small enough from an aer_odynamic
diameter perspective (o be able to penetrate into the lungs. Those conventional glass ﬁbt_:rs that actually
do penctrate into the lungs would rapidly break into shorter segmments and rapidly disselve. Therefore, the
risk for lmg canwr and mesothelioma from exposure to conventional glass fiber is extremely small unless

there was an ongoing continuous exposure to high Ievels of long fibers. [5].

Probability of pleural sarcomas was best correlated with fibers 0.25 microns or less in diameter and >8
microns in length, but there was a high correlation with fibers up to 1.5 microas in diameter and length >4

microns. {6]

Further analysis of the Stanton hypothesis indicated that the type of mineral fiber was significant in
relationship 1o predicted tl._\-mt_)r,incidencc as was the sumber of index particles rather than log mean aspect

ratio. {7]

What is the state of the art understanding of the potential for SVFs to induce cancer in humans?
Mortality studies of MMVF have not demonstrated a cancer risk regarding glass fiber and mineral wool

production workers. There is no current publisbed human mortality data available regarding refractory

ceramic fibers.
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Is there any direct evidence that less-than-3-micron fibers contribute to adverse health effects?

There is some indication that fibers with diameters of <0.1 - 0.4 g in lengths <10 pm may have a greater

propensity for inducing pleural plaques as reviewed in an article by Lentz et al.[8]

In regard to pleural plagues, Churg et al, identified that fiber size is significantly related to plague formation
with a geometric length of 3.0 um and aspect ratio of 19.4 in patients with plaques versus 2.5 gon and aspect

ratio 14.5 with no plaques. [9]

Some studies have suggested that short asbestos fiber may be carcinogenic when injected, but these
results are difficult to interpret as the short fibers are only reported as a proportion of the total. With the
ability of the fibers to cleave longitudinally as well as transversely, it is quite possible that the mean fiber
length of the samplé is reduced while actually increasing the number of long fibers per unit mass. A
study of amosite fibers by an inhalational studies in rats with almost all fibers less than 5 microns in
length was compared to normal amosite dust and the short fibers produced neither fibrosis nor neoplasm

in comparison to the long fibers. [10,11]

Intrapleural inoculation studies and inhalation studies of short (<5u) and long crocidolite and erionite fibers
demonstrated fumors and fibrosis with long fiber exposure and tissue reaction only with the short fibers. 118]
Studies of asbestiform versus nonasbestiform tremolite by in vivo intrapleural injection demonstrated
production of niesqthéj!id"inas wn(h the asbestiform fiber eigdsuré aswell as market.ily increésetli cjzt?toz-&fcit?.

{12 ‘
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James E. Lockey, MD, MS

SUMMARY OF RECOMMENDATIONS ON ASBESTOS EXPOSURE INDICES

Disease Relevant exposure index
Asbestosis Surface area of fibers with:
Length >2 pm; diameter >0.15um
Mesothelioma Number of fibers with:

Length >5um; diameter <0.1 um
Lung cancer Number of fibers with:

Length >10zm7; diameter >0.15um
[Lippmann M. Asbestos exposure indices, Environ Res 46:86-106, 1988} [13]
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Tremolite asbestos is an amphibole that can cleave resulting in short squatty cleavage fragments depending
on crystalline plaiu or long thin asbestiform fibers with high aspect ratios. As tremolite can contaminate
chrysotile deposits, it has been postulated that mesothelioma cases identified in chrysotile workers may in
part be related to the tremolite amphibole content identified within the lungs. This has to be interpreted with
caution in that even though tremolite only constitutes 2 few percent of the parent ore source, chrysotile tends
to disappear from lung tissue over time and tremolite is much more durable and persist within lung tissve.
If all fibers are counted in the lungs of Quebec chrysotile workers, the tremolite fibers are relatively short with
fow aspect ratio (geometric mean fength 2 microns, geometric mean aspect ratio 8:1 to 10:1). Ifonewereto
count those fibers greater than 5 microns, the geometric mean aspect ratio of tremolite fibers is greater than

20:1.[14]

Tremolite is the most commonly encountered amphibole fiber in lungs of urban dwellers in North America,
and apparently they are short with low aspect ratios and actually shorter than those seen in the chrysotile
miners. Lung burdens have been associated with plevral plaques particularly in individuals who would
encounter dust from soil such as farmers. At these levels there is no evidence that chrysotile or tremolite

produce an excess of lung cancer or mesothelioma. [14]

.. The ATS statement indicates that long high aspect tremolite fibers behave like other amphiboles with a high

propensity for inducing mesothelioma, butthe loweraspect tremolite fibers are capable most likely of causing
iﬂéu’rﬂ plaques in low concentmtion; but oxily arc a risk factor for mesothelioma and asbestosis in high
cox;c;;nh'ations. This statement was ma,de;with éaution because of the confounding factor of chrysotile versus
tremolite and that the population had a high chrysotile exposure which was not reflected in lung tissue

analysis because of the propensity of chrysotile to dissolve over time. [14]
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Is there indirect evidence for less-than-S-micron fiber induced adverse health effects? Do the mechanisms

[actmn of o!izer materlals' (e & longer asbestos t:bers, silicates, mmeral dusts, amorLous silica) with

An interesting case report regardiog aluminum oxide fibers was reported by Gilks and Churg. Electron
optical techniques identified 1.3 billion fiber particles of aluminum oxide per gram of dried lung tissue
with a geometric mean aluminum fiber length of 1.0 micron and width 0.06 micron with an aspect mtio of
16. Ninety-eight percent of the fibers were shorter than 2.5 microns and no fibers were longer than 5
microns. There was also extremely high non-fibrous particulate content at 15 billion non-fibrous particles
per gram of dry lung tissue. The authors raised the possil_iility of an association of the presence of the
large number of fibers with diffuse interstitial fibrosis, and that a significant number of short fibers may

be as dangerous as a sraller number of long fibers.15]

Recent fesults of the ATSDR medical testing program of residents in Libby, Moatana indicated chest

.) - ,) radiographic changes consistent with pleural plaques or diffuse fibrosis in 17.8% of those screened (994 of
5590) using PA and bilateral oblique chest radiographs. On PA views alone 780 or 14% had pleural changes

and 49 or 0.9% had interstitial changes. Pleural changes were associated with increasing age at 5% for those

individual 18 to 44, 22.2% in those individuals 45 to 64, and 37.8% in thpse individuals 65 years or older.

There was 2lso a gradient seen with years of resideng:y in I.,ibby,‘ qut:a._n; asvv'/g.ll as in regard to exposure

pathway grédicnt_ [Year 2000 Medical Testing of Individuals Potentially Exposed to Asbestiform Minerals

.. Associated with Vermiculite inLibby, Montana. A Report to the Community, August 23, 2001. Ag?r}cy for

Toxic Substances and Disease Registry, US Department of Health and Human Services, Atlanta, Georgial.

There is adequate documentation within the medical literature that local deposits of tremolite in various
populations has been associated with the various types of asbestos related abnorrnalities and the threshold to

which these do not occur has not been established. Plaques can occur with minimal exposures to asbestos
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and can occur within a wide range of tissue burdens of asbestos fibers which overlap with control

populations.[16]

At what lepgth does a material no longer exhibit fiber-like toxicity and can be considered particulate

matter regardless of aspect ratio?
Within this particular reference by Schneider, Dr. Polts from an article in 1987 is quoted as suggesting

“All mineral fibers having an aspect ratio of > 5 can be classified as carcinogenic imrespective of their
mineralogical compeosition if: diameter of fiber <1 gm or can split into such lengths of fibers >3 gm and
durability in vivo longer than 3 years.} Schaeider reported that from a transitional electron microscopy
perspective only fibers longer than 3 g need to be counted. It is interesting to note that for short
tremolite fibers there was a relative low lung cancer risk and a higher relative mesothelioma risk, based
on a study by Deiment and Hauris in 1979 involving talc mining and milling. Size distribution of man-
made fibers and asbestos fibers is best described as bivariate log-normal size distribution. {17]

Can any thresholds be defined for the mechanisms of action that may influence the toxicity of less-than-3-

micron materials?

Available data from asbestos fiber exposure is inadequate to establish thresholds other than for pulmonary

asbes;osis.

Can an exposure threshold be developed for the irritant effects of SVF's for skm contact or eye frritation,
based on either fiber loading or fiber content of handled materials?

Glass fiber >5 um in diameter appear to be most irritating to the skin based on limited available data.

qufc 1_#3; '_Da,ta_ ,Caps.

What data gaps are gvia’enl whenlqddre.'ysing the above gz;éfstiom?
From evaluating amphiboles such as tremolite, anthophyllite, and actinolite, the difficulty is differentiating
the asbestiform from the non-asbestiform analogs that are chemically identical but have different crystalline
planes r&sulﬁug m cleavage fragments rather than long thin fibers. Presently the data in regard to these

roinerals both from an animal as well as a human epidemiology perspective is not sufficient to determine
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whether the nonasbestiform varicties are as hazardous as are the asbestiform counterparts. {Reference 11,

chapter 16: Bignon & Brochard]

What research is needed to fill these data gaps?

Animal studies on different types of tremotite indicate that the asbestos form of tremolite has a high
propensity to produce both mesothelioma and carcinomas in experimental animals. Data regarding tremolite
- cleavage fragments compared to asbestos form tremolite are really inconclusive in that the fibers are usually
-composed of 2 mix containing both relatively and broad fibers as well as long fibers. ATS indicated that
more definitive wérk is needed to tietcrminc whether cleavage fragments that are short and squatty are

biologically different than the asbestiform type fragments.[14}
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21 October 2002

To:  Kate Schalk
. Conference Management Group

Subj: Health Effects of Asbestos and Synthetic Vitreous Fibers (SVF): [nﬂuence"of Fiber

Length

Following are some comments regarding the subject “How do animal/experimental data augment
our understanding of human health effects?” 1 bave not included the reference citations at this
point, but can do this in the future. Let me know if you want me to include Dr. Case’s comments
after you receive them.

Backgreund: There have been numerous studies of the effects of various types of asbestos and
SVFs in animals. Both fibrous and nonfibrous particulates have been used. Most studies have
been conducted in rats and hamsters, but others, including nonhuman primates have been used.
Routes of exposure have included inhalation (whole-body and nose-only), intratracheal -
instillation, intrapleural implantation/injection, intraperitoneal injection and ingestion. All of the
routes of administration have their streagths and weaknesses (advantages and disadvantages) for
use for assessing potential health effects in bumans. However, the inhalation rovite appears to
produce the most relevant data because it is the only route that duplicates all aspects of human
fiber exposure and disease (inflammation, fibrosis, lung cancer and mesothelioma) resulting
from the exposure. Also, the neoplastic changes typically occur late in the rodents’ life, similar
to what occurs in humans exposed to asbestos. Other routes of exposure are also useful for
comparing the toxic poteatial of various types of fibers and understanding the mode of action
and many of the mechanisms of fiber toxicity and carcinogenicity. Additionally, the oral route
{ingestion) appears to be the most appropnate route of exposure for smdymg the potential bazard
of ingested asbestos.

Cancer Effééts: Rats and hamsters are the most frequently used species for assessing the
potential carcinogenic effects as asbestos and SVFs and bave been used with various routes of
exposure.. Of the two species, the rat appears to be the most appropriate one because it exhibits
both lung cancer and mesothelioma in response to inhalation of known humin carcinogenic
fibers, e.g. asbestos. The hamster can be a useful model if one is only interested in the
inflammatory, fibrogenic and mesotheliogenic effects of particulates. However, the hamster
does not develop lung cancer afier exposure to high levels of either chrysotile or.amosite
asbestos. Other species have been used but have significant limitations that preclude their
general use for carcinogenic bioassays. For example, the mouse is not as useful as the rator
hamster because its terminal airways are smaller and therefore, particulates of a mean mass
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aerodynamic diameter (MMAD) of greater than >0.5 um cannot reach the deep lung (alveolar
region) which is the site of primary disease. Non-human primates would be an ideal animal
model but are precluded because of their long life-span (would require at least 20-30 years to
demonstrate a noncarcinogenic effect), availability (a cancer biocassay requires >200

~ animals/sex), and expense (such a study would cost >$20 million.

Most chronic rodent inhalation bioassays of asbestos have been conducted in rats, have not
shown significant strain differences and males and females are equally sespsitive to its
carcinogenic effects. The only large series of studies of various types of asbestos showed that if
there is a gender difference, males might be slightly more responsive. Therefore, either sex is
appropriate with males slightly more preferable. Just as importastly, both sexes are probably not
necessary. However, these same studies have shown that while life-time exposure to asbestos
may. not be necessary, it is important to observe the animals for most of their life-span (see
below).

The types of cancer induced by asbestos and SVFs in rodents are comparable to those observed

in bumans, although the preponderance of a given type and its biologic behavior appears to be

species specific. In- inhalation studies in rats -the preponderant form of lung cancer s
bronchoalveolar in origin, arising from type II alveolar cells. They occur late in the animal’s
life, usually afier 21 months of age. This is why lifetime studies may be necessary to fully
exonerate a fiber from being considered carcinogenic. The tumors are slow growing and only
occasionally are the cause of death. The biological sequence of growth is typically from
bronchoalveolar hyperplasia to bronchoalveolar adenoma to bromchoalveolar carcinoma,
although all aspects of the sequence of progression may not be found in a given lesion.
Squamous cell metaplasia is not unusual and typically is found as part of the morphology of
larger tumors. Squamous cell carcinoma may predominate in a small percentage of rodent
tumors, but has rarely been observed to occur -de povo. Squamous cell types may be more
common with intratracheal instillation of the fibers. The malignant tumors are locally invasive
and can metastasize but it is an vnusual event for them to do so. When this occurs itis usually
within the lung, but distant metastases have been observed. The presence of mitotic figures is in
direct relation to the degree of malignant transformation. Tumors of the upper respiratory tract
and airways have not been observed in response to mhalatmn exposure of asbmtos or SVFs im
xodents : . :

Mesothehoma has alsc been found in mdent carcinogenic bnoassays of asbestos and SVFs. In
inhalation studies in rats they are usually found at a lower incidence than lung cancer. Again,
there does not appear to be a gender predisposition and the mesotheliomas in rodénts typically
occur late in life (after 21 months of age). . They rarely are the cause of ‘death. -They grow by
expansion, growing over the pleural surface. They: typically do not invade the Tung’ or ‘other
adjacent structures, although this has been observed. They usually present as multiple lesions on
both sides of.the lung and involve both- the visceral and parietal. pleura.: :Rarely; distant
metastases have been observed. . In inhalation studies, all of the major .morphological types
(tubulopapillary, sarcomatous and mixed) have been obscrved, although the -tubulopapillary
response is the. predominate form. There is one exception to this and that is found in the
inhalation study of erionite, where the saccomatous type predominated, was highly invasive and
the tumors were exceptionally lethal causing death in most of the rats by 15 months. In contrast
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to inhalation, direct instillation into the pleural or peritonreal cavities results in a preponderance
of sarcomatous neoplasms, and in fact, it may be difficult to find mesothelial cells in many of the
tumors, particularly after peritoneal injection. However, even in these studies, the mesotheliomas
seldom invade local tissues or metastasize to other areas of the body.

The biological sequence of events in the development of mesothelioma in rodents also appears to

- have a series of progressive steps. In inhalation studies, the first event that is observed is fibrosis
.in the plewra immediately subjacent to the mesothelial lining. This is multifocal in pature,

possibly occurring more frequently in the interlobular pleura. In the few studies where the
parietal pleura has been investigated, the initial change was found in the nonmuscular portion of
the diaphragm and over the ribs (as compared to intercostal). The first indication of mesothelial
change is found in these areas of pleural fibrosis. The mesothelial cells become cuboidal (as
;compared to a normal squamous morphology) and progress to focal hyperplasia of one to three
cell layers thickness. The next step is the formation of papillary forms of growth and overgrowth
-of adjacent pleum. It is at this stage that mesothelioma is diagnosed. Psendovacuolated tumor
cells may be noted at this stage. Finally, the tumor evolves into the classical forms noted above.
The course of events is somewhat different for instillation and injection studies. The initial
response in the latter studies is inflammation, followed by a fibrogranulomatous reaction
(assumed to be an attempt to wall off the fibers). A similar sequence of progression is assumed
but results in a higher proportion of sarcomatous types of mesothelioma.

Pulmonary interstitial fibrosis (see below for description) is invariably found in studies where
either asbestos or SVFs have caused either lung cancer or mesotheliomma. However, there have
been fiber studies where pulmonary fibrosis was observed without the development of fiber
related neoplasms.

In vitro studies may not be of value for predicting the carcinogenic potential of a given type of
fiber. There arg several reasons for this. First, the fiber used is not subjected to physiological
processes such as clearance and dissolution that are found in the lung. Also, the in_vitro test
systems use “fresh” fibers, so do not typically take into account patbology attepuating changes in
fibers that occur over time in the lung. Finally, the in vitro “dose™ may have no relevance to the
lung fiber burden. However, not withstanding this, in vitro methods are highly powerful tools
for understanding fiber/cell interactions and mechanisms of toxxcxty (see Mossman for detalls)

;Non-cancer Effects. Ammal models have also demonstrated many of thc same patbologncal
sresponses { that are found in humans exposed to particulates. The major noncancér endpoints that
‘have been described in animals in experimental studies are phagocytosis, inflammation and
pulmonary. fibrosis. In regard, to these endpoints, the rodent lung (and presumably other specnes)
reacts to asbestos and SVFs as it would to any inhaled nonorganic foreign body that is mot
chemically toxic, e.g. betyllium. The lung can only react to such materials in 2 limited pumber
of-ways. In animals, if the particulate were deposited in the upper respiratory tract, one would
.assume that it would .be possible for it to cause local imitation. However; this has not been
observed in inhalation studies, even at high exposure levels. It is assumed that the resident time
for such particles is brief, not allowing for a pathologic response. The mucous layer in these
tissues is relatively thick compared to the size of the particulate and the methods of removal are
quite efficient. The same is true for the major airways. In experimental animals the.airways are
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intact and have not been compromised by other toxicants as in humans, e.g. smoking. Therefore,
particulates deposited on these surfaces are again efficiently removed via the mucociliary
escalator and are either swallowed or expectorated. In either case, the resident time in the body
is relatively brief. '

For a particulate to cause pathology after inhalation, it must reach the alveolar region of the lung.
Particulate size dictates whether this happens'or not. If the particle reaches terminal bronchiole
it causes a foreign body reaction which is dictated by dose, particle (fiber) size and to soine
extent physical chemistry. The lungs’ initial response is an attempt to remove the offending
substance. This is accomplished by resident macrophages. If the particle is of a size that the
macrophage can engulf (phagocytize), it will be “captured) and removed from the lung either by
translocation to the airways or draining lymphatics. As the dose (number of particulates)
increases, more macrophages are recruited. However, if the dose is too large for the number of
available macrophages to remove, an “overload” situation develops which results in other
pathologic events. Such events have been documented in animals both by histopathology and
physiclogical tests (see Oberdorster for details). If the fiber is too large to be phagocytized and
removed, i.¢. longer than the size of the macrophage (~13 vm diameter in rats and hamsters; ~21
um diameter in humans), the fiber cannot be removed unless it is broken into shorter lengths or
dissolves. Both of the latter two phenomenons. have been observed with several SVFs (see
below). '

If the dose overwhelms the physmlog:cal pulmonary defenses or the fiber is too large to be
removed, the initial series of events in animals occur at the junction of the terminal bronchioles
and proximal alveolar duct (this is where most of the fibers are initially deposited. In addition to
a stimulating the local macrophages, an influx of additional macrophages is recruited to the area.
At this point, the local type I alveolar cells (in the proximal alveoli) undergo metaplasia to a
cuboidal- appearance and become hyperplastic. The resulting lesion has been termed
“bronchiolization™ because the change mimics the appearance of the terminal airways. Increased
amounts of mucous production and sometimes inspissation of the material often accompany this.
Coincident to the bronchiolization, microgranulomas are observed. These appear to form from a
coalition of macrophages and fibroblasts. At this time the microgranulomas are restricted to the

‘proximal portion of the alveolar duct, particularly along the alveolar duct ridge. With time and

continued insult the process proceeds petiphérally and becomes more apparent. If the offending
fiber persists, collagen is laid down in the adjacent interstitium @rmably by direct invasion of

-the: fiber into the epifhelium and interstitivm). ‘At this time the lesion is referred to as interstitial
~fibrosis. - In rodent studies; the fibrotic areas ‘are initially focal .and widely disseminated. But, if

the insult persists or the dose is high ¢€nough; fibrosis “Pecomes more widespread. Vatious
schemes have- been developed to describe these events and grade them as to their severity for
comparative purposes. There is one notable difference between the qualitative appearance of the
lesions produced by asbestos and SVFs inanimals. Neutiophils are often a prominent part of the
inflammatory reaction with asbestes, especially with amphiboles, while they are rarely found in
studies of SVFs, even at doses that produce fibrosis. The inflammatory reaction can also be
documented and quantlﬂed by conductmg pulmonary lavage studies {see¢ Oberdorster).

Stop studlcs {exposure is stopped and is followed by a nonexposed recovery period) have proved
useful for determining the reversibility of the above lesions. Such studies have clearly shown

j
s
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that the initial changes (macrophage response and bronchiolization) are totally reversible with
most SVFs and to some degree with asbestos. Early fibrosis also is to some degree resolvable, at
least with SVFs. Rodent studies bave demonstrated that fibrosis, even with asbestos, is not
progressive, once the exposure ceases.

While there is no exact correlate for pleural plaques in animals, localized acellular fibrotic
changes reminiscent of this lesion have been observed, albeit on a much smaller scale. The
qualitative changes in the pleura are somewhat different than in the lung.  Macrophages and
inflammatory cells are almost totally absent in the pleural response. Lavage studies have not
been conducted with instillation or injection studies so it is not known if the same events occur
with these routes of exposure. In addition, animal inhalation studies also suggest that fibers need
to be present in the pleura for pathologic events to occur:

In vitro studies of mesothelial cells have been conducted using both humen and animal cells.
These have been primarily designed to study the mechanisms of carcinogenicity (see Mossman).

Irritant Effects: While there is evidence of dermal and ocular irritation of humans as a response
to exposure fo asbestos and SVFs, no such evidence has been observed in animals.
Histopathological studies of the nasal cavity in rodents exposed via inhalation have pot shown
any evidence of pathology, although an increased mucous response could be missed with
standard histopathology techniques. Similarly, ingestion studies in rats and hamsters of asbestos
did not reveal any irritation of the alimentary tract. . .

We are unaware of in vitro studies on the ixritant effects of either asbestos or SVFs.

Association Between Fiber Length and Fiber-like Toxicity: There are numerous animal
studies that demonstrate the influence of fiber length and pathogenicity/carcinogenicity. The
early studies using intrapleural implantationfinstillation and -intraperitoneal injection in rats
clearly show a direct relationship between fiber size and carcinogenic activity. The longer the
fiber, the more carcinogenic it was in these studies. These same studies provided the basis for the
hypothesis that short fibers, i.e. shorter than 8 um in length may not represent a sigaificant
carcinogenic risk. However, the same investigations, particularly the intraperitoneal studies.also
demonstrated that if the dose was high enough even so-called “innocuous™ particulates,” e.g.
titanium dioxide, caused the induction of peritoneal mesotheliomas, albeit at a_lower incidence

than. long fibers. Addmonally, the latter studies also .demonstrated that-if even long fibers, e.g.

wollastonite and -some- SVFs, were not carcinogenic if -they were -not. biopersistent- in the

 peritoneal cavity: While few inhalation studies have been conducted to study the influence :of
. the fiber length on the pathology of asbestos, there is.one persuasive study of crocidolite asbestos

in rats. In that study, short crocidolite (<2.0 um length) did not cause either pulmonary cancer or

‘mesotheliomas in.rats, even at relatively high exposure levels, while longer crocidolite was

bighly carcinogenic:~ Other circumstantial evidence for considering fiber length as being critical
to the carcinogenic potential of fibers is provided by the observation that amorphous silica has
been shown to.be noncarcinogenic in several inhalation studies in rats, while some types of glass
fibers of similar chemistry have shown to have carcinogenic activity. In fact, amorphous silica
has been used as a “negative control” in rodent inhalation studies.
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A final piece of evidence for the importance of fiber length for the carcinogenic of asbestos and
SVFs is found in the hilar lymph nodes that drain the lungs of animals exposed via inhalation to
both asbestos and SVFs. These lymph nodes are literally filled with macrophages containing
short fibers and fiber fragments with no evidence of pathology or neoplastic change in either the
lymph nodes or adjacent tissues.

To summarize studies ia animals of short fibers and nonfibrous particulates have shown that both
are potentially carcinogenic if they are introduced into a confined cavity, e.g. pleural or
peritoneal, at sufficiently high doses. But the same studies clearly show that the carcinogenic
potential is definitely less than fibers of the same type that are longer. However, inhalation

‘studies (although limited in number) suggest that short fibers have not caused cancer in animals.

The other part of the equation that needs to be considered is the influence of pulmonary
clearance and biopersistcnce on the carcinogenic potential of particulates. As noted above, even
loog fibers are not cammogemc in ammals unless they are blopers:stent in the animal.

There are only a few in _viro studies that address this subject. In a study of Chmese hamster
ovary cells (CHO) short amosite failed did not cause chromosomal aberrations while long fiber
amosite did.

Thresholds of Toxic Action: There have been very few inhalation studies in animals of either
asbestos or SVFs to assess a carcinogenic dose response. It needs to be remembered that to
assess a carcinogenic dose response, one must have a multidose study that shows a carcinogenic
response. Most asbestos and SVF studies were designed to address the carcinogenic potential of
the fiber, not dose response. The only multi-dose inhalation study of asbestos used amosite in
bamsters. In that study, there was a definite dose-related response with regard to both
nonneoplastic (macrophage response, -pulmonary fibrosis, etc.) and carcinogenic activity
(mesotheliomas). Unfortunately, the potential lung cancer response could not be assessed
because hamsters do not develop pulmonary tumors with particulates. There are a few inhalation
studies of SVFs that address dose response. The only one that was positive for cancer involved
refractory ceramic. fibers in rats. In that study there was a clear dose response for both cancer
and noncancer endpoints and a no-effect level. There are a few other multidose studies in rais
-using various types of SVFs, but since none showed carcinogenic activity, one can only evaluate
the dose response for noncancer endpoints. Again, there was evidence in these studies of a dose-
related ‘change in the endpoints-showing recognizable change. The “stop-studies™ in mariy of
these-inhialation studies ‘(both’ asbestos and SVFs) provide evidence for a dose response for

‘ndncancer. endpomts However, the number of animals evaluated in the “stop studies” is too’

small to-address-a cancer dose response. The only study in primates that addresses a potential
threshold of ‘action. was' with chrysotile asbestos. Inm this study, mionkeys were exposed to
chrysotile asbestos at an exposure level of 1 Fce for two years. Ten months following the last
exposure, lung biopsies were taken and evaluated for fiber burden.and histopathology. There
was no evidence. of pathology although a few asbestos bodies were: -observed in the lung. The
monkeys were then held unexposed for an additional 10 years at which time they were subjected
to necropsy examipation and the lusgs for histopathology examination. Again, there was no
evidence of pulmonary pathology and the number of asbestos bodies had decreased.
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In summary, the totality of available data suggests that there is a dose-response for both

neoplastic and nonneoplastic endpoinis in animals and there is a po effect level for both asbestos
and SVFs. Ope attempt at deciding if a given exposure in animals is potentially carcinogenic
involves the use of noncancer endpoints. In this scheme it was assumed that a dose that caused
pulmonary fibrosis could also represent an exposure that was potentially carcinogenic in
animals. This was because no animal study has ever produced cancer in the absence of fibrosis.
The next assumption was that since no inhalation study had ever shown fibrosis in the absence of
inflammation, one could assume that an exposure that didat result in inflammation would not
reasonably be expected to be carcinogenic. The endpoint chosen for assessing inflammation was
the presence of inflarnmatory cells over background in bronchoalveolar lavage (BAL) fluid afier
a 90-day inbalation exposure. Therefore, if one did not find an increase in inflammatory cells in
BAL fluid, ore could chose this exposure as a no-effect threshold.

It is reasonable to expect that in vitro studies could shed light on the dose response of both
asbestos and SVFs. While these types of studies are primarily designed to capture and elucidate
specific mechanisms of toxicity and carcinogenicity, there may be insights into dose response
that could help in establishing thresholds of effect. One such study showed that short fiber
amosite did not cause inflammation, while long amosite did. The only draw backs to and in vitro
approach is that these techniques do no take lung clearance phenomena into consideration and
fibers that are not biopersistent in the lung might not be differentiated from biopersistent ones
because of the short time frame of the in vitro studies.

Emest E. McConnell
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Topic#1: Physiological Fate of Asbestos and Vitreous Fibers less than 5§ Microns in Length:

.Short fibers (<5 microns in length) may be less pathogenic because of their decreased deposition or
penetration into the airways, and increased clearance by macrophages and other cell types (reviewed in
Health Effects Institute-Asbestos Research, 1991}). For example, fiber length governs fiber penetration
into.and along the airways, and as the length increases, there is more interception which can enhance
dep(:)sition {Sussman et al., 1991} This alse accounts for the fact that longer fibers have proportionately
more deposition in the airways as opposed to peripheral alveoli. The fact that fung retention also increases
more markedly with fibers greater than 10 microns is supported by theoretical calculations (Yu et sl., ’
1990), analysis of lung dust content in humans (T mbrell 1982; Churg and W'ggs, 1987, Pooley and’
Wagner, 1998) and studies usmg expenmental animals (Motgan 1979, 1995). Aetodynarmc diameter
also is a feature of fibess govemmg thieir initial deposition, and it is untikely that fibers with 2 dtagmeter
exceeding 3 microns reach the alveolar regions of the deep lung (Morgan, 1995). Since most commercial
fibrous glass preparatibns exhibit fiber diareters of approximately 7.5 microns (equivalent to mean
aerodynamic diameters of 22 microns), airborne fibers for the most part may not penctrate into the hung
(Lippman, 1990). The increased clearance of short fibers from the lung has been demoustrated in 2
number of studies (reviewed in Health Effects Institute-Asbestos Research, 1991; Davis, 1994;
Oberdorster et al., 1988; Morgan, 1995). These can be: 1) readily transporied through tracheobronchial
and other lymph nodes to more distal lymphatics, the pleura, or other organs, 2) cleared via the
mucociliary escalator and alveolar macrophages, and 3) effectively phagocytized by a number of cell
types in the lung including epithelial cells (Churg et al., 2000). Oace within a phagolysosome or in
general in lung fluids, shorter fibers of chrysotile asbestos (Hume and Rimstidt, 1992) or glass (reviewed
in Lippnran, 1990) are more prone to dissolution and fragmentation than longer fibers and amphibole
types of asbestos.

Topic #2: Health Effects of Ashestos and Vitreous Fibers less than 5 Microns in Length:

Human Studies: Epidemiologic data indicate that there is no increased evideace of chronic neoplastic or
nonneoplastic lung or pleural disease with occupational exposures to Man-Made Mineral Fibers (MMIMF)
{reviewed in Lippraan, 1990; Health Effects Institute-Asbestos Research, 1991). Limited evidence
suggests an increase of fung carcinomas among workers using rock or slag wool, but whether or not trace

metals or other contaminants in the workplace setting play a contributing role is unclear. A difficolty in
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assessing the role of fiber size in disease causation in man is that historical measurements of size
diraensions of fibers in past workplace settings do not exist. Moreover, size dimensions of fibers in
human lungs at autopsy may not reflect the actual sizes that individuals were exposed to in the 20 or 40
year petiods prior to death.

Animal Studies: Data from a number of experiments overwhelmingly support the concept that the risks
of lung cancer, mesothelioma, and fibrosis increase with increasing fiber length (reviewed in Churg et al,,
2000; Lippmann, 1990; Mossman and Churg, 1998; Health Effects Institute-Asbestos Research, 1991).
Short fibers in these studies have much less carcinogenic activity than long fibers. Chronic inbalation of
short chrysotile fibers (less than 5 microns in length) for lifetime exposures (2 years) in rats or 28 months
in baboons yielded no fibrosis mor pulmonary tumors despite the presence of asbestos bodies (Platek et
al., 1985). Moreover, a lifetime inhalation study in Fischer 344 rats exposed to Jeffrey mine chrysotile
fibers, UICC/B chrysotile fibers or short (< 5 microns) Coalinga mine fibers showed no fibrosis nor lung
tumors with the short fiber preparation, although significant tumor induction and fibrosis were noted with
both long fiber preparations (ligren and Chatficld, 1997, 1998a) The lack of pathogenesis of the Coalinga
fibers was attributed to their increased lung clearance (Ilgren and Chatfield, 1998b).. '

Several experiments show that asbestos and erionite fibers less than 5 microns in length have less
toxicity, inflammatory potential, and disease potential after inhalation or intratracheal/intrapleritoneal/
intrapleural injections (Davis et al,, 1986; Donaldson et al., 1989; Wagner et al., 1985; Wagner etal.,
1990). Injection studies using MMMEF also reveal that they are carcinogenic or fibrogenic {Wright and
Kuschner, 1977) if they contain large nurabers of long thin fibers, but carcinogenicity and pulmonary
fibrosis in rodents is only achieved after inhalation of ceramic fibers (Davis et al., 1984; ) and Aramid
fibers {Lee et al., 1988) as opposed-to vitreous fibers (reviewed in Health Effects-Asbestos Research,
1991).

The importance of fiber length in pulmonary fibrosis has been shown in studies using asbestos.by - -
Vorwald et al. (1951), King et al. (1946), Scymezykiewicz and Wiecek (1960), and Klosterkotter “(1968).
Classical studies by the Stanton (Stanton and Wrench, 1972; Staaton et al., 1977; Stanton and Layard,
{978) and Pott laboratories (Pott and Fn'.edn'chs 1972; Pott, 1978} have indicated that the induction of

mesothelioma by any asbestos or nonasbestos fiber is directly related to the presence of fibers > 8 microns
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in length and diameters less than .25 microns. Although some studies have suggested that short fiber
asbestos preparations may be carcinogenic after injection (Kolev, 1982; Le Bouffant et al., 1983), these
preparations also contained a small percentage of long fibers, making results difficult to interpret.

Inhalation studies have more convincingly demonstrated the importance of fiber length in
mesothelioma, lung cancers, and pulmonary fibresis. In studies by Wagner using enionite (Wagner et al,
1985; Wagner 1990), an almost 100% rate of mesotheliomas was induced with long fiber material, which
was reduced to zero when short fiber preparations were used. This is evidence of a threshold for short
fibers in tumorigencity. Studies by Davis et al., (1986) also show that short fiber (< § microns)
preparations of amosite produced neither fibrosis nor lung tumors, and osly a single mesothelioma after
injection info rats as opposed to highly pathogenic long fibers. Results with chrysotile asbestos were
similar (Davis and Jones, 1988), but the short-fiber chrysotile was contaminated with some longer fibers.

" An intratracheal modél in rats using long (> 2.5 microns) and short crocidolite asbestos has yielded
some mechanistic information on the differential effects of long vs. short fibers (Adamson and Bowden,
1987a,b; 1990). These studies suggest that the increased fibrogenic response to long fibers may be due to
selective increases in celf proliferation . In addition, both Iong and short asbestos fibers cause alveolar
macrophages to secrete fibrogenic cytokines, but interstitial fibroblasts exposed to short asbestos fibers
do not respond to these cytokines.

Mechanistic studies ob cells in culture or tracheal explants have also supported the increased toxicity, |
mutagenicity, and proliferative potential of long vs. short fibers (Brown et al.,-1986; Wright et al., [986;
Donsldson etal., 1986; Marsh'and Mossman, 1988; Woodworth et al., 1983; Sesko and Mossman, 1989).
'Ifh:ese' studies also show th‘at_'ﬁ‘i"}‘nﬁbmlis, chemically similar analogs of both chrysotile and ciocidolite
asbestos are without effects on cell proliferation or cell survival. . R

Studies on cell transformation and cytogenetic effects in - Syrian hamster embryo (SHE) fibroblasts also
dentonstrate that long thin fibers are most potent, regardless of composition (Hesterberg and Barrett,
1984, 1985; Hesterberg et al., 1986). After milling of fibers to reduce the length from 10 to 16 microns to
less than 1.7 microns, morphologic transformation, an indication of tumorigenic potential, is completely -
inhibited (Hesterberg and Barrett, 1984). Thus, a threshold for fiber length in carcinogenesis may exist.
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One theery advanced by these studies is that loog fibers can penetrate the nuclear membrane ducing

division of cells and interfere with the genetic apparatus.

The increased poteatial of long fibers in elicilation of toxicity (broadly defined as injury {o cells),
proliferation, inflarnmation, transformation, fibrosis and carcinogenesis may be related to their ability to
generate reactive oxygen or nitrogen species (ROS/RNS) after frustrated or incomplete phagocytosis by
cells (Hansen and Mossman, 1987; Goedglick and Kane, 1990; Kinnula, 1999; Ohyama et al., 2001).
Studies show that even short fibers at massive concentrations may elicit ROS from elicited macrophégcs
when clearance is impaired {Goodglick and Kane, 1990). Recent studies suggest that the release of
oxidant;fmm macrophages depends on fiber length as opposed to composition — there is a strong

comrelation between geometric mean léngth and the abilify to induce an oxidative response in fiber

samples > 6 microns in length (Ohyama et al., 2001).

Topic #3: Data Ga

The major data gap in demonstrating whether thresholds exist for the cffegts of short (or for that matter,
long fibers) of any composition is the fact that standardized preparations of sized fibers are unavailable .
for experimental studies, especially inhalation studies which are expensive and require vast quantities of
material. This has severely hampered experimental research. The information on airbome fiberglass levels
and size dimensions in environmental settings in the US is another limitation in attempting to define

nisks.
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extrapolation to man for risk assessment; pulmonary effects of air contaminants during space flights;
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ATSDR Panel Meeting

The term “fiber” should be defined first (WHO definition is different from the NIOSH
definition). The selection of a 5 um cut for a sho& fiber as a limit should also be discussed. I assume
that both cancer and non-cancer endpoints are to be included in the discussion and it might be useful
to list the different endpoints such as:

Cancer: :

Lung tumor (bronchogenic); mesothelioma (pleura; abdominal)

Non-cancer: o '

Chronic inflammation (bronchial, alveolar), cell proliferation, interstitial fibrosis, pleural
fibrosis, others. . :

Topic 1: Physiological fate of ashestos and vitveous fibers <5 pm in length
Physiological deposition pattern for short fibers:
.7 ’ At present the references do not include publications b’yv Yu et al., on the deposition
\) and clearance of fibrous and non-fibrous particles in humans and rodents. (A list of those
publications is attached.) The nose is an efficient filter for long fibers, and less for shorter ones,
depending on their aerodynamic properties as will be discussed at the meeting. The aspect ratio of
the fibers is an important factor for their deposition, and several figures from Dr. Yu’s work are

attached.

There are significant differences between humans and rats with respect to deposition
efficiencies of long as well as short fibers; respimbi!ity is very different and the deposition fmctioné.
are significantly different as well between the two species (see attached figures). For very shortA
fibers, their aerodynamic properties approach those of spixexical particles. Material density also has

to be considered.
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Clearance/Biopersistence of Short Fibers:

Biopersistence is the sum of physiological clearance processes and physicochemical processes

. which together account for the retention halftime of the fibrous or non-fibrous material in the Jung.

Physicochemical processes include dissolution, leaching, breaking and splitting, depending on the
fibrous material, that can occur intra- as well as extra-cellularly, and differences in pH in both
locations are of importance here. Clearance rates of fibers of different length categories have been
determined from short and long term inhalation studies ( refs. to be provided). Generally, short fibers
are cleared rapidly if biosoluble (pH differs intracellularly vs extracellularly), or at rates similar to
non fibrous particles. Breakage of loﬁg fibers will give input into short fiber category.

Most important physiological clearance mechanism in alveolar region is clearance by alveolar
macrophages (AM). Of importance is fiber length with respect to phagocytosis and removal by
alveolar macrophages. Shost fibers are easily phagocytized, fibers longer than 20 pm are nol
Species differences in AM size. Thus, clearance for long fibers is prolonged, as is that for short fibers
when high lung burdens are reached (particle overload). Also, intrinsic toxicity of short fibers has to
be considered which influences clearance. Inflammatory conditions in the lung (for example,
smokers) also contribute to impairment of alveolar macrophage-mediated mechanical clearance and
need to be considered.

Types of migration: - ' 7

.Among physiological clearance processes are translocation along the mucociliary €scalator

& - -

_ from the conducting airways; translocation to interstitial sites, depending on fiber length and fiber

.load. Especially at higher lung burdens, short fibers are more likely to penetrate into the nterstitium

and translocate to pleural sites, lymph nodes, and short fibers can even enter the blood circulation.
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Animal studies found preferentially translocation of short fibers to the 'pleuml space in rodents
when high lung burdens afier inhalation eprsuxé were achieved (Gelzieichter ef-al. 1996). They
found a geometric median length of 1.5 um for fibers recovered at the pleural site after RCF
exposure, whereas the inhaled RCF fibers had a geometric median length of 4.5 um with the longest
fibers being longer than 100 pm. Very few fibers longer than 5 pm were found at the pleural site,
whereas longer fibers were found in the pulmonary tissues but did not appear to migrate to the pleura.

Migration of the short fibers in the animat studies resuited in a pleural inflammatory response

which was lower than in the lung and was also delayed compared to the response in pulmonary tissue.

In general, many studies with fibers have used fiber preparations with so-called “non-fibrous
particles” which contain signiﬁcant numbers of short fibers (if the WHO deﬁniﬁoﬁ is followed).
Such short fibers are of importance since they contribute to the overall lung burden and may actuvally
amplify the effecis of long fibers as has been shown in animal studies with mixed fibrous/non-fibrous
particle exposures (both cancer and non-cancer endpoints).

In this context, inhalation studies by Bellmann et al (2001; 2002) using RCF with and without
non fibrous particles are of interest: Reduction of the non fibrous particles restored impaired
clearance of test particles, although other endpoints of toxicity (lung lavage data, histopathology) did

not seem to be significantly different, and fiber clearance per se was not différent between the 2

.groups. (Bellmann, 2001). (Need to consider also total lung burden differences between the 2

groups!) Non ,ﬁbrous-f particles of the same chemical composition induced high inflamimatory

. responses in a subchronic inhalation study ( Bellmann et al, 2002,a,b: Ann. Occup. Hyg. 46, Suppl.1,

102-104; and 166-169, 2002)

-
S
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Topic 2: Health effects of ashestos and vitreous fibers <S5 microuns in length,

Robustness of animal and human cancer data for short fibers:

Animal inhalation and i.p. injection studies consistently show that short fibers are clearly less

tumorigenic than long fibers (e.g., Davis et al. studies, example attached). An important factor in
many studies is the existence of *a non-fibrous fraction” in fiber samples which contribute to both
cancer and non-cancer effects of the fibers. Contaminpation of a fiber sample with other fibrous
materials (for example, tremolite [moe toxic] in chrysotile [less toxic]) is also important. With
respect to cancer induction, the intrinsic toxicity of short fibers — like that of non-fibrous particles —
is of high importance, both are readily phagocytized by alveolar macrophages and subjected to AM-
mediated clearance unless they have significant cytotoxicity {e.g., crystalline silica vs. TiO, for non-
fibrous particles). Biopersistence is 2 most important factor as pointed out and discussed under Topic
1.

Potential for SVF to induce cancer:

Biopersistence is a2 most important factor (see emphasis in new European regulations for
testing of SVFs for biopersistence, in order for SVF's to be exonerated from a carcinogen label).
Other important factors are exposure concentration (dose to the lung), length (long fibers most

carcinogenic) and surface properties (crystalline vs. amorphous).

Evidence of short fibers causing health effects:

Contribution of short fibers to effects caused by long fibers is probably similar to non-fibrous

patticles (mixed dust exposure studies). .For rats a pathogenic mechanism due to lung overload from

short fibers/non-fibrous particles becomes important for high doses, overload conditions in humans

are not likely to be achieved (relevance of discussion on patticle overload?). However, low doses

HWBUI0009685



°

L :
‘"M/

also result in AM activation. To be conmsidered as well: compromised hosts (respiratory;

cardiovascular); and pre-exposuze history (e.g., development of tolerance).

Indirect evidence for short fibers to induce health effects:

Evidence exists from combination studies, e.g., asbestos fibers + TiO, or Si0O,; need to discuss
effects of non-fibrous particles of different compositions, animal studies (usually very high doses) vs.

human exposures.

Length of material to no longer induce fiber-like toxicity:

There is an no systematic study which would allow to define a specific fiber length to answer
this question. There are a number of studies showing that short‘ fibers (<5 pm) are less biologically
active than long fibers. The discussion here needs to focus also on what is “fiber-like toxicity™: A
clear difference obviously exists when fibers are phagocytizable vs. non-phagocytizable, as well as
their propensity to be translocated into and across epithelium. There are data for tangential ws.
perpendicular uptake of fibers by AM, resulting in different responses (Okyama et al., 2001), but not
conclusive. There is also the issue of nanofibers (e.g., nanotubes). These fibers are so small that they
very likely behave very differently with respect to interactions with cells, e.g., translocation tn(

interstitial and extrapulmonary tissues.

Thresholds for mechanisms of toxicity for short ﬁbers:

Existence for threshold for pulmonary kinetics '(éccumulaﬁon and retention, can we
extrapolate from non-fibrous studies? General threshold when éxceeding physiological defense
mechanisms ‘(e.g., clearance mechanism, - antioxidant — anti-inflammatory defenses). LN

accumulation as indicators of toxicity?
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Topic3: Data gaps.

Data on toxic effects of fibers of one specific length only, without contamination with longet
fibers (in vitro, i.t. instillation; inhalation) of materials of different compositions. Side by side
comparison of different effects of different length fibers with non fibrous particles of the same

material.

Research needed to fill paps:

Short-term studies, i.t. combination studies, long fibers alone; long combined with short
fibers, different fiber length and non fibrous particles, dosed by different dosemetrics, e.g., mass,

number, surface area. Toxicokinetic studies (accumulation, retention)
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1095 Willowdale Road
Morgantown, WV 26505-2888
Phone: 304-258-6096

fFax: 304-285-6041

Email: wwallace@cdc.gov

Dr. Wallace holds a Ph.D., M.S., and B.S. in physics from West Virginia University. He is currenily serving
as a molecular biophysics team leader and research physlcal scientist in the Exposure Assessment
Branch, Health Effects Laboratory Division of NIOSH, in addition to acling as a National Research
Council Postdoctoral Research Advisor, Dr. Wallace has been an adjunct professor in the Depariment of
Chesmical Engineering, Genelics and Developmental Biology Program, and a member of the graduale
faculty, College of Engineering and Mineral Resources at West Virginia University since 1985. His cuvent
research at NIOSH centers around respirable parlicle surface properties and toxicity, sxplored through
directing projects examining elemental surface composition of respirable dusts, surface chemistry
characterization of particulate exposures, computational studies of biomolecular adsorption on mineral
surfaces, and toxic respirable particle biological surface interactions. He has contributed articles to many
books and joumals including, papers related to the effect of chrysotile fiber surface composilion on
genotoxicity in vitro, particulate surface-phospholipid surfactant interactions affecting expressions of
{oxicity, in vitro genotoxic activities of diesef exhaust particulate soot and of quartz dust, intraceliular
surfactant removal from phagocytized minerals, the structure of silica surfaces in relation to cytotoxicity,
and modulation of silica pathogenicity by surface processes.

J
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ATSDR FIBERS PANEL William E Wallace 1
Health Effects of Asbestos and Synthetic Vitreous Fibers: The influence of Fiber Length
Topic #2: Health Effects of Asbestos and Vitreous Fibers less than 5 micrometers in length

Question: Is there indirect evidence for less-than-5 micron fiber induced adverse health effects?
Do the mechanisms of action of other materials {e.g., farger asbestos fibers, silicates, mineral
dusts, amorphous silica) with potentially similar compositions aid in understanding small-fiber
mechanisms of action?

Discussion:

There appears o be a significant difference in the pathogenic activity of respirable fibers with
fiber tength, with fibers below approximately 5 um (micrometers) in length being significantly
less hazardous for cancer or pulmonary fibrosis.

This prompts the questions: What are the mechanisms of observed long fiber toxicity? Are
compositionally similar non-fibrous dusts pathogenic? If so, what are the mechanisms of their
toxicity? Do short fibers express either or both or combinations of those toxic mechanisms.

There is a profound literature on the topic of long fiber mechanisms of toxicity and fibrogenesis.
The report by V Kinnuta “Oxidant and antioxidant mechanisms of lung disease caused by
asbestos fibers” European Respiratory Joumnal 14(3):706-716, 1999, reviews the possible roles
of reactive oxygen species (ROS) and reactive nitrogen species (RNS) generated by asbestos
fiber in celi-free and cellular and tissue systems. A primary step in response to asbestos fiber
challenge of cells is agréed to be superoxide anion release is cells which have altempted to
phagocytize fiber.. Thfs superoxide can further be disrﬁutated to hydrogen peroxide, which can
generate hydroxyl radical, catalyzed by iron via the Fenton reaction. That hydroxyl radical is
extremely toxic and reactive, but therefore short-lived. There is some contention that fibers
stimulate the release of ROS from inflamimatory cells and not target cells. However, asbestos

fiber can generate ROS spontaneously in cell-free systems.
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ATSDR FIBERS PANEL " William E Wallace 2

Another pertinent review is by C Manning, V Vallyathan, and B Mossman: “Diseases caused by
asbestos: mechanisms of injury and disease development” International Immunopharmacology
2:191-200, 2002. This explicates the central dogma that asbestos fibers aclivate transcription
factors and early response genes involved in cell proliferation by generating ROS on iron-
containing fiber surfaces, and that “frustrated” phagocytosis may be involved.

The paper by M Ohyama, T Otake, and K Morinaga presenta a difficult argument against
frustrated phagocytosis: “Effect of size of man-made and natural mineral fibers on
chemiluminescent response in human monocyte-derived macrophages.” Environ Hith Perspec
109:10331039,2001. This study of luciginen-dependent chemiluminescence (CL) induced in
vitro over a 2 h period found a strong comrelation of response indicative of superoxide release
with fiber iength 6 10.20 um. All samples except wollastonite induced CL response in a dose~
dependent manner. Superoxide release was non-specific for. compositional fype of fiber. The
four fibers with lengths below 7 um :KT whisker, at 6 um, microglass at 3 um, TO whiskerat 2
um, and SiC whisker at 6.4 um were only weakly active. Longer fiber activity correlated with
length. This is consistent with the extensive literature indicating long, thin, durable fibers are
tumorogenic.

Some other studies suggest and support a “frustrated” phaghocylosis mechanism. This
includes some recent NIOSH research results: T-Blake, et al. "Effect of fiber length on glass
microfiber cytotoxicity” J Toxicol Environm Hith 54:243-259, 1898. CL induction afler zymosan
stimulation and LDH release were measured for Manville Code 100 (JM-100) fiber challenged
rat AM.in vitro.in EMEM for 18h. : A novel feature of this study was the use of fibers carefully’
sized to average lengths of 33, 17, 7, 4,-and.3 um. The greatést toxicity was seen with the .
longer fibers. And multiple macrophages were seen attached along the tength of the long
fibers., suggesting “frustrated” ar incomplete phagocytosis as a factorin increaset;-tOXicity‘Mth
length.

This was also seen.in J Ye et al. “Critical role of glass fiber length in TNF-alpha production anid
transcription factor activation in macrophages.” Am J Physiol276 (Lung Cell Mol Physiol
20):L426-1434, 1999. Glass fibers with lengths of 6.5 +/- 2.7 um and 16.7 +/- 10.6 um were

- used to challenge a mouse macrophage cell line in fetat calf serum (FCS)-containing culture

HWBUI0009698



0.

medium., for 3, 6, and 16 h. Glass fibers stimulated TNF-alpha production and caused NF-kB
activation. Reactive oxygen species (ROS) were involved in the activation and production. Long
fibers were more potent than short fibers. Short fibers but not long fibers were effectively
enguifed by macrophages. However, short fiber induced TNF-a and TNF-a gene promoter
aclivation was on the order of one-third to one-half that of the long fiber.

in a subsequent study by Ye et al. “Activation of mitogen-activated protein kinase p38 and
extracellular signal-regulated kinase is involved in glass fiber-induced tumor necrosis factor-
alpha production in macrophages” J Biological Chem 276:5360-5367,2001., it was found that
the fong fibers were more potent than short fibers in activating MAP kinases which aclivates
transcriplion factor c-Jun which acts on the TNF-a gene promoter through the cyclic AMP
response element and the AP-1 binding site.

in a study by Cheng et al. *Role of transcription factro NF-kB in asbestos-induced TNF-aipha
response from Macrophages® Expt. And Mol Pathology £6:201-210, 1999, Crocidolite with a
median fiber length of 11.5 um challenged lavaged rat AM in F8S-containing medium for 1 to 24
h.. Crocidolite caused parallel increases in TNF-a production and NF-kB activation.in a dose-
dependent manner. Interestingly, at the optimun stimulating condition the asbestos did not
cause a significant cytotoxic effect. A fitanium oxide control dust had no stimulatory effect on

TNF-a secretion.

One aspect of fiber production of toxic hydroxyl radical is that fibers long enocugh {o be not fully
phagocytized by a cell are involved in “frustrated” phagocytosis. One possible consequence is
that the partially invaginated fiber stimulates the cell to release superoxide in a manner related
to the respiratory burst upon normal phagocytosis, or that superoxide is produced by-the cell in
response 1o an autolytic effect of enzymes or other lysosomal or cytosolic agents released into
the annulai;invagination of the fiber. The superoxide is then in close approximation with
reactive iron species on the fiber su:fac;e in or extending beyond the pa:"ljally invaginated fiber to
create hydroxyl radical for strangly toxic effects at the cell or neighboring cells.

Mechanisms of toxicity for fibrous and non-fibrous malerials are discussed by A Churg etal. In
“Pathogenesis of fibrosis produced by asbestos and man-made mineral fibers: what makes a
fiber fibrogenic?”, inhalation Toxicology 12(S3):15-26, 2000. The review highlights caveats to
the general models of asbestos activity. Some fibers can evoke the responses from ROS
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generation through the cascade lo and including expression of TNF-alpha, but have not been
shown to induce fibrosis. And asbestos produces fibrosis in some systems without increasing
TNF-alpha expression. Chrysotile contains little iron but is fibrogenic, albeit not a-polent as
amphibole.

Churg et al. Suggest a comparison of asbestos and silica-induced fibrosis data. Table 3 of the
paper compares the generation of ROS, RNS, and activation of NF-kB and AP-1 , and
increased production of TNF-alpha and other factors and find the dusts fo be indistinguishable.
In the face of this, asbestosis and silicosis differ in histopathological appearance: asbestosis is
a diffuse fibrosis and silicosis is in localized nodules.. The conclusion is that the tabulated
responses fail to explain comprehensively how asbeslosis or silicosis develop.

Crystalline silica dust is a well established etiologic agent for pulmonary fibrosis, i.e., silicosis.

However (a) the mechanism of the disease is still not fully known, and (2) the effect of silica in

mixed dust exposures frequently is not proportional to the ‘silica content of the dust, and (3) - R
short-term in vitro investigations of toxicity faill to distinguish crystallme silica from some non-

fibrogenic dusts.

Crystalline silica can directly cause membranolysis and induce the release of cytosolic and
lysosomal enzymes from lavaged lung macrophages or other cell lines in vitro. Experiments:
with thermally treated crystalline quartz and cristobalite have shown the the membranclytic
aclivity is associated with silica surface silanol hydroxy! (not hydroxyl radical) groups.

From a-compositional standpoint, crystalhne quariz is not a gbod non—ﬁbrous analog of
asbestos. Riebeckite'is one such cho:ce and-is not fibrogenic. A partrally analogotis'set of
non-fibrous minerals are layered alumino-sllicate minerals, clays. "Our researchhas been -
comparmg in vitro cytotoxicities and physico-chemical surface properues of resp»rable quartz in
comparison with the structuraﬂy—snmplest clay; kaoflmte Those comparisons may povrde some
limited guidance in assessing the potential toxicities of short fiber asbestos which are distinct
from fiber size and “frustrated” phagocytosis-associated mechanisms.
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Respirable quartz is strongly fibrogenic, while respirable kaolin is not. Nevertheless, in vitro
short term tests do not distinguish between then. On a surface area basis they are comparably
active for membranolysis, lactate dehydrogenase (LDH) release, beta-glucuronidase releasé,_
beta-n-acetyl glucosaminidase release, and cytotoxicity as measured by trypan blue dye
excilusion. It is important to note that these are short-term {one to a few hour) in vitro challenées
in the absence of serum in the medium, or with the challenge managed such that serum is
excluded from contact with the dusts during the challenge period. it appears that sifica and
silicate surfaces are comparably innately active for direct promipt cell membranolytic damage.

When a raspired particle deposits in the terminal lung airways or the pulmonary alveoli, its first
contact is not with the epithelium surface or with free macrophages on the lung surface, but with
a thin hypophase environmental interface which is coated by and salurated with a dispersion of .
lung surfactants. This surfactant coating is know to function to reduce the surface tension of the
air - aqueous layer interface. However, it appears to also funclion to suppress the otherwise
prompt cytotoxicity of many non-fibrous mineral dusts, e.g., silica and silicates. Brief incubation
of sifica or clay dust in a dispersion of diacyl phosphatidyi choline {DPPC), the primary
constituent of lung surfactant, in physiologic saline results in the immediate atlenuation of dust
cytotoxicity. That passivation is total if adequate surfactani-to-dust surface area is available.
That is always the case for a normal lung under other than suffocating dust exposure

conditions. That surfactant adsorption and passivation occurs for quartz dust as well as kaolin
dust. So the question becomes not why both dusts are not strongly fibrogenic, but rather why
either is active. Research indicates that multi-layers of DPPC surfactant will loosely adsorb to
the particles, but a residual bilayer which cannot is not water rinsed from the particle surface is

fully prophylactic.

Surfactant coated dust$ are phagocytized by tavaged rat macrophages in vitro and do not - -
express otherwise prompt cytoloxicity, e.g., damage measurable in a one or two hour time after
challenge. However, overa several day period there is a restoration of toxicity seen in the
lavaged macrophage system or in.vitro systems using several different cell lines. Radio-tracer
studies show that the surfactant coating on the dusts is digested in parallel-with the restoration -
of toxicity. Cell-free system studies show that phospholipase A2 hydrolyzes the particle bound
DPPC surfactant. The lysolecithin produbt is partially water soluble. The restoration of
membranolytic activity maps with the digestive removal of the adsorbed surfactant.
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That is, adsorption of components of pulmonary surfactant promptly adsorb and passivate silica
and silicate surfaces by prophylactically masking the membranolylic dust surface silanol
hydroxyt groups. But foliowing phagocytosis the particies are stripped of the protective coating
by phagolysosomal enzymalic digestion. Research has indicated that the kinetics of the first
half of the digestion process are rapid compared to the second half, and that toxicity restoration
follows with removal of that second half of the surfactant. That is, the outer side of the adsorbed
bitayer is readily digested and the surface-contacted layer more slowly. Using extracellular pH-
neulral PLA2 in a cell-free system, the rate of digestive removal of DPPC is significantly greater
for quartz-adsorbed in comparison to kaclin-adsorbed DPPC. However, for phagocytic cell in
vitro systems, quartz and kaolin rates of sutfactant loss and toxicity restoration are comparable.

Churg et al. Briefly discuss the principal site of asbestos activity, noting the alveolar
macrophage is commonly regarded as the crucial effector cell. This is the background
assumption also for most experiments on the cytotoxic and fibrosis-associated activity of

' crystaliine silica dusts. Hdwever, Adamson, referenced by Churg et al in a different context, has

published a suife of studies which make a case that it is interactions of silica particles with
interstitial cells which confrol the stimulation of exacerbated collagen synthesis by pulmonary
fibroblasis, and that the macrophage is responsible for only an inflammatory response svoking
neutrophil influx to the alveolus but not tied to explicit fibrosis. Thus that model suggests that it
may be the removal of surfactant under conditions of inferstitial celi phagolysosomal or
extraceliufar digestion which initiates cell response leading to fibroblast stimulation and fibrosis.
While the mechanism of initial cell damage or stimulation may differ between silica or silicates
and fibers; e:9., ROS from a “frustrated” phagocytosis mechanism for asbestos and surface
sifanol hydroxyl membranolysis by quartz or clay, a parallel analysis to Adamson’s silica study
and findings should be considered for localization of the effective site of asbestos action for

fibrosis. .- - . oo

We have briefly researched the question of the effect of surfactant adsorption on chrysotile’in
vitro genotoxicity, using an-assay for micronucleus induction in cultured Chinese hamster lung
cells (V79 cells). J Lu et al.*In vitro genotoxicity studies of chrysotile asbestos fibers dispersed
in simulated pulmonary surfactant” Mutation Res 320: 253-258, 1994.Two lengths of chrysotile
asbestos were used: NIEHS intermediate length (101 um mean with 65% > 10um} , and short
tength {11.6 um with 98% of fibers < 10 um) chrysatile fibers. Fibers were pre-treated with
DPPC and used to challenge V79 cells in FBS-supplemented medium for a total of 72 h. Four
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types of fiber preparetions : imtermediate length +/- DPPC treatment, short length +/- DPPC,
gave dose dependent micronucleus induction aclivity. The longer fiber samples were most
active and DPPC treatment diminished the activity approximately 15%, the maximum activity of
the short fiber sample was 70% of the activity of the non-treated intermediate; and the DPPC
treated short fibers expressed about 45% of the activity of the unireated. Thatis, DPPC did not
fully suppress the activity of the fibers, but had a much more pronounced partial passivation
effect on the short fibers.. One possibility is that the partial suppression of the activity may
reflect surfactant suppression of a component of toxicity due to mineral sutrface rather than
“frustrated” phagocytosis mechanism.

We also attempted lo see if a significant surface modification of chrysotile without a significant
modification of fiber size would affect in vitro genotoxic activity. M Keane et al. A study of the
effect of chrysotile fiber surface composition on genotoxicity in vitro”. J Tox & Environm
Hith:57:529-541, 1993. NIEHS intermediate length chrysotile again was used in the V79
system, with paral|él samples of the fiber \&hich had been subjected to mild acid leaching to
remove near-surface magnesium. Fiber modification was demonstréted and measured by X-ray
ph'otogl.ectmn speciroscopy, scanning eleclron microscopy - X-ray spectroscopy, and zeta-
potential measurement. No signiﬁcant differences in genotoxic activity were found between the
treated and untreated fibers.

Small fiber toxicity may be a combination of mineral surface functional group direct
membranolytic activity as modulated by interactions with components of the pulmonary
surfactant system, and some limited “frustrated” phagoctyosis-associated ROS induced
damage, the latter dependent on the possible spread of fiber length values which permit or
hinder phagocylosis with variations in cell siza.

in assaying for the first mechanism, the non-fiber mechanism, there is one additional caveat to
be considered in experirhental design. While the use of components of puimonary surfactant or
of surragate surfactant, e.g., Survanta, may partially model a physiological prophylaxis in the
lung, cell test systems may inadvertently introduce a non-representative prophylacic effect
through the use of serum in the in vitro system media. Dr. Oberdorster and colleagues
pubfiéhed an observation of such partial passivation of silica by lipoproteins in a serum medium
seen in an in vitro test; and we have seen apparent similar phenomena in the pasivation of

kaolin in such a system.
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This is a peripheral matter to the questiori posed, but of possible interest with regard to the
overall question of health protection for anomalously high environmental or occupationat
exposures to respirable and polentially fibrogenic particles or fibers. Some of the provided
literature and the body of medical experience indicate that pulmonary fibrosis resulting from

- asbestos or non-extreme silica dust exposures may be slow to progress, but detection can be
subject to even greater delay: Early pulmonary fibrosis seen in tissue section histopathology
frequently is not discemable on chest X-ray. Some of the new imaging modalities may provide
an alternative to conventional radiological detection of grading of pulmonary fibrosis. Tiitiated
proline amino acid has been used for decades for autoradiographic analysis of colfagen
formation in lung necropsy sections of animal models of sflicosis. Positron emission
tomography using d positron-emitter labeled analog of the amino acid proline, which is used in
great fractional quantity in collagen synthesis, may permit a relatively non-invasive method to
detect and localize heightened collagen synihesis activity, i.e., localized fibrosis; in the lungs
after exposure to asbestos or crystélﬁhe silica respirable dusts. Initial testing with a rabbit o
model of silicosis suggests the approach has the efficacy for detéction of fibrosis as an early -
active metabolic event. Wallace et al. “Cis-4-{F-1 B]ﬂuérdL-brbliné PET imaging of pulmonary
fibrosis in a rabbit model”. J Nuic Med 43:413-420,2002. Specificify of the method, e.g., for
response to fibroblast collagen synthesis versus to a generally heightened metabolism
associated with non-specific and transient inflammatory response by macrophages or
neutrophils. The latter is seen with conventional flucro-deoxy-glucose PET imaging. A non-
invasive method for active fibrosis might also aid in surveillance of special populations for early
indications of lung fibrosis or in evaluating medical management of advancing disease.
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Appendix E

Panelists’ Cosaments Submitted After the Meeting

Note: The expert panelists were asked to provide premeeting comments and to participate in the
discussions at the expert panel review meeting. In addition, several panelists chose to
submit additional written comments after the expert panel review meeting. Some panelists
submitted updated versions of their premeeting comments'(see Appendix B), while others
wrote summaries of the discussions they led at the expert panel review meeting. All post-
meeting comments are presented here, regardless of their content. Panelists were not

.> required to submit post-meeting comments.

This section presents the post-meeting comments exactly as they were submitted to ERG,
with only minor changes to format and references. The expert panel was not asked to
comment on the content of these post-meeting comments.

Contents:
Dr. Lippmann’s Post-Meeting Comments .. ......c..oiiieiiiiniienennn.. E-1
Dr. Lockey’s Post-Meeting Commenis . ............ e e E-7
Dr. McConnell's Post-Meeting Comments . .. .....ccevveenan.. e . E-17
A‘ Dr. Mossman's Post-Meeting C;;mmcnts e eeaeeieanone . cheee e E-27
Dr. Oberddsster’s Post-Meeting Comments ... .... S FUTR } E-33
Dr. Wallace’s Post-Meeting Comments ......... R CEPCEETTEFRE TS E—S?

Note: Dr. Case submitted post-meeting comments as a list of suggested revisions to an easlier
draft of this report. Dr. Case’s comments have been incorporated directly into the text of
this report and are not replicated here.
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‘Dr. Lippmann’s Post—Meetiﬁg Comments

ATSDR Fiber Panel Review

Topic # 1. Physiological Fate of Asbestos and Vitreous Fibers less than § Microns in
Length. Discuss/review current knowledge about the physiological fate of small fibers when they
enter the body.

A What is the expected physiological depositional partem for less-than-5-micron fibers in
the lung?

This is well established in terms of the depositional mechanisms of impaction, sedimentation,
Brownian motion and (for fibers) interception. Fibers with aspect ratios >10 behdve
aerodynamically like unit density spheres with diameters three times their fiber width (Stober et
al., 1970; Timbrell, 1972). The only exception, in terms of being influential in deposition in lung
airways is for fibers longer than about 10 pm, where the mechanism of interception becomes
influential (Sussman et al, 1991). This also accounts for the fact that longer fibers have
proportionately more deposition in the airways as opposed (o peripheral alveoli. The fact that
lung retention also increases more markedly with fibers greater than 10 microns is supported by
theoretical calculations (Yu et al., 1990), analysis of lung dust content in humans {Timbrell,
1982; Churg and Wiggs, 1987; Pooley and Wagner, 1998) and studies using experimental
animals (Morgau 1979, 1995). Thus, for fibers <5 pm in length, deposition patterns and
efficiencies will be determined almost entirely according to the fiber width, which for fibers <5
pm long will be less than about 1.6 pm. For fiber widths between about 0.1 and 1.6 mm, total
lung deposition in healthy people will be between 10 and 20%, with almost all of it in the deep
lung. - For fibers thinner than 0.1 pm, deposition will increase with decreasing width, and there
will be a somewhat greater proportion of the deposition in the more proximal airways. Particles
that are not deposited remain suspended in the tidal air and are exhaled.

There are significant differences between humans and rats with respect to deposifion efficiencies
of long as well as short fibers; respirability is very different and the deposition fractions are
significantly different as well between the two spccies~ .

B. What is known aboul clearance/bmpermlence of Iess—lhan-5-m:cron fibers once. deposued
in the lungs? ‘ .

For these short fibers, which can be fully engulfed by Jung cells and do not dissolve in airway
fluids in less than a few weeks, their clearance will be similar to other mineral and vitreous. . -
particles. Those depositing in lung conductive airways will bc largely removed to the G.L tract
by mucocxlxary clearance within about onc day. Most of those depositing in the gas-exchange
region will be phagocyt)zed by alveolar macrophages and cleared to and through the mucociliary
escalator within a few weeks. Other particles may be engulfed by epithelial cells, primarily in thc
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vicinity of the brenchial-alveolar duct junctions, and retained for much longer periods, with
gradual removal to lymph nodes.

The relatively rapid clearance of short fibers and compact particles from the lung has been
demonstrated in a number of studies {reviewed in Health Effects Institute-Asbestos Research,
1991; Davis, 1994; Oberddrster et al., 1990; Morgan, 1995). Such particles can be: 1) readily
transported through tracheobronchial and other lymph nodes to more distal lymphatics, the
pleura, or other orgass; 2) clcared via the mucociliary escalator and alveolar macrophages; and 3)
effectively phagocytized by a number of cell types in the lung including epithelial cells (Churg et
al., 2000). Once within a phagolysosome or in general in lung fluids, shorter fibers of chrysotile
asbestos (Hume and Rimstidt, 1992) or glass (reviewed in Lippmann, 1990) are more prone to
dissolution and fragmentation than longer fibers and amphibole types of asbestos.

Absent abnormalities in phagocyte function of these particles should be removed even if they are
chemically resistant if: (a) the dose is not too great to overwhelm these normal mechanisms; and
{b) the mechanisms themselves are intact. There are medical conditions which affect these
mechanisms, however, so there are likely to be vulnerable populations (such as those with
primary citiary disorders; these tend to be gepetic and very rare such as primary ciliary
dyskinesia (incidence 1:20,000 to 1:60,000)). Of greater frequency is the lesser effect on - -
mucociliary clearance in asthma. In addition environmental influences, including sitiokirig and
nitrogen dioxide (Case et al., 1982), can affect these normal mechanisms through direct ciliary
darnage or disrupted function. Some cominon pharmaceuticals slow mucociliary transport {for
example, some general anaesthetics and atropine), while others accelerate it (for example,
theophyllines and sympathomimetics). Bronchial secretion is also an important contributor to
clearance or impaired clearance, as can be seen most dramatically in cystic fibrosis. Overall,
then, there are a number of possible factors that may interfere with particle clearance, but none
have been associated with “fiber length™ parameters with the possible exception of smokmg
(Takahashl et al, 1994).

The most important physiological clearance mechanism in alveolar region is clearance by
alvéolar macrophages (AM). Of importance is fiber length with respect to phagocytosis and
removal by alveolar macrophages. Short libérs are casxly phagocytized, fibers longer than 20 pin
are not. There are species differences in AM size.” Thus, ‘¢cléarance for long fibers is prolonged,
as is that for short fibers when high lung burdens arc reached (particle overload). Also, intrinsic
toxicity, which influentes clearance, has to be considered. Inflammatory conditions in the )
lung (for example, smokers) also contribute 10 impairment of alveolar macrophage-mediated
mechamcai clearance and need to be consnd'.rcd

Bnopersnstence is the sum of phys&ologu_nl clearance processes and physicocherical processes
which together account for the retention halftime of the fibrous ‘or non-fibrous material inthe
lung. Physicochemical. pracesses include dissolution, leaching; breaking and splitting, ‘depending
on the fibrous material, that can occur intra- as well as cxtra-ceflularly, and differences inpH in
both locatiofis are of i importancé here. Clearance rates of fibers of different length categories
have been determined from short- and long-term inhafation studies (Davis et al., 1986, 1987
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Wagner, 1990). Generally, short fibers are cleared rapidly if biosoluble (pH differs
intracellularly vs. extracellulacly), or at rates similar 1o nonfibrous particles. Breakage of long
fibers will give input into short fiber category.

" The hazards associated with man-made vitreous fiber (MMVF) appear to be most strongly
- associated with the ability to persist within lung tissue. This is, in part, dependent upon chemicat

composition of the MMVF, in that increased concentrations of stabilizers such as aluminum
impact a greater degree of chemical durability. In vitro tests to measure fiber solubility should be
performed to reflect an acid pH of 4.5 to 5.0 such as found in phagolysomes within alveolar
macrophages as well as pH of 7.4 reflecting extra-cellular fluid. Short fibers that are ingested by
macrophages will encounter the lower pH that overall could affect their biopersistence. In
general, solubility tests identified the following rank order from lowest to greatest solubility of
MMVF in comparison to asbestos fibers: crocidolite <amosite <RCF <special purpose glass
fibers <rock wool <slag wool <conventional glass fibers (NRC, 2000).

In rodent exposure to mixed dust resulted in an increased transport of fibers across the visceral
pleura and increase production of fung tumors and mesothelioma (IARC# 140, 1996).

C. . What type(s) of migration are expected within the body for less-than-5-micron fibers?

Fibers with diameters less than ~0.1 pm, which could be a significant fraction of fibers <5 um in
length, can penetrate through the respiratory epithelia and be transported through lymph channels
to hilar and peripheral (mesothelial) lymph nodes and through blood to more distant body organs.
Gelzleichter et al. (1996) exposed rats 1o nose only inhalation of kaolin-based refractory ceramic
fiber. Xt was identified that fibers rapidly translocate to the pleural tissue with a difference
between those in the pleural tissue and the parenchymal tissue. Within the pleural tissue the
geometric mean length 1.5 pm (GSD ~ 2.0) and geometric mean diameter 0.09 pm (GSD ~1.5).
For comparison parenchymal tissue GML = 5.0 pm (GSD ~2.3) and GMD 0.3 pym (GSD ~1.9.)
This would indicate the short thin fibers are capable of translocating to the pleuml ttssue

This may be an important subject, at least for the parietal pleura, ifit is necessary for fibers to
reach the pleura to cause lesions (plaques and mesothelioma). It remains possible that fibers sult
within the pcnpheral lung may be capable of contributing to the mechamSms of thesé diseascs.

-Mechanisms remain speculative, bul long amphibole fibers may tend to localize toward the lung

penphery, and it remains poss:ble (but unproven and indeed untested) that chemxcal mcdlators
may cross the visceral pleura into the plcural space. Churg and Wiggs {1987), amopg ¢ ‘othérs,

- have observed that “accumulation of long fibers immediately under the upper, lobe pleura may be

important in the genesis of mesothelioma.™

Two recent stidies are informative (Boutin ct al., 1996; Dumortier et al., 2002).” They found that
“the distribution of asbestos fibers in the pleura was heterogeneous and that they m:ght

. concentrate in.. -"black spots’ of the parictal pleura.” Using thoracoscopy in hvmg patients from
" “normal areas of the parietal pleura” rather thar plaques and fumor, and using controls, they

showed that “amphiboles outnumbered chr) sotile in all samplés™ aiid that of all fibers 22.5%

- were in fact greater than or equal to S um in length; a proportion at least as great as that usually

seen in lung tissue. The means of transtocation remains unknown, afthough these findings
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strongly suggest lymphatic drainage paths. The pathogenic significance also remains unknown,
although the authors emphasized their hypothesis that these fibers might contribute to plaque and
mesothelioma genesis.

Other papers that have been published (in relation to human disease) have been for the most part
based on static “fiber burdens” that purport to be in “the pleura” but which on careful reading are
in fact in mesotheliomatous tissues and/or pleural plaques; the false assumptions are then made
that “short fibers” - usually very short chrysotile fibers, averaging less than 0.2 um inz length -
have “translocated” to the “pleura” from the lung. In fact the “pleura” was nof studied, tumor
and plaque, which by definition could not contain fibers except via specimen contamination or
incorporation, most likely from adjacent lung. Both Rogers et al. (1994) and Case et al. (1994)
have also reported contamination by short crocidolite fibers of Nuclepore filter materials and in
uncontrolled studies of this nature any material from air, fluids, and paraffin in the pathology
laboratory from which the specimens originally were referved to specimen preparation materials
are suspect.
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Dr. Lockey’s Post-Meeting Comments

What do human/epidemiological data tell us about small fibers?
Discussion Leaders: Dr. Lockey and Dr., Case

Cancer Effects

Short natural occumring fibers. A study by Higgins, et al. {1] in 1983 reviewed the mortality of
workers employed at the Reserve Mining Cormpany at Babbit, Minnesota. These workers were
involved with miniag taconite; which is a dense hard rock composed of silica, silicates and iron.
Taconite mined in the eastemn tip of the Mesabi range contained amphiboles in the
cummingtonite-grunerite series. These fibers are short in length with reportedly the vast majority
being <10 pm and are related to amosite asbestos. Of the 9,065 men employed by the company
as of July 1, 1976, 5,751 had worked one year or more. The investigators established the vital
status of 96% of those who worked for five years or longer and 75% of former workers who
worked one to four years The total respirable dust ranged from 0.02 mg/m’ to 2.52 mg/m’ and
as high as 2.75 mg/m® with the modal range from 0.2 mg/m’ to 0.6 mg/m’. There were relatively
few measurements of fibers and those that were available demonstrated concentrations usually
low with a few at or above 0.5 fibers/ml in the crushing department. Reportedly none
approached the OSHA threshold limit vaiue which at that time was 2 fibers/ml. Results of the
study indicated that there was no excess death in this population including those men with
cumulative exposure of £,000 to 3,000 total dust years or 500 to 1,000 silica dust years. The
conclusions of the study indicated the death rates for all causes were significantly below
expectations including selected respiratory disease and death from malignant disease was
marginally below that expected for the State of Minnesota. There was no relationship between
lifetime dust exposure and increased mortality, nor was there any indication that malignant
neoplasm was increased after 15 to 20 years latency. The authors identified a weakness of the
study in that the average latency of the cohort was 14.7 years with a maximum of 24.6 years, or a
relatively short latency for development of cancer.

A study by McDonald; et al. {2] regarding the mortality from long-term exposure to
cummingtonite-grunerite from a gold cxtraction process at the Homestake Mine, Lead, South
Dakota was reviewed. Those workers who had worked 21 years or longer were traced and of 660
men who had died; the cause of death was ascertained for 657. Results of the study mdncatcd
preumoéoniosis, which was mainly silicosis.along with tuberculosis, and heart disease we;e
causes of eéxcess death. There was a dust:exposure relattonshlp for both pneumoconiosis and
resplratory tuberculosis, but reportedly no convincing increase in respiratory cancer. It was noted
that moré than 75% of the.660 men who had dicd started to work before 1925. The interval
between first employment and death and the 76 fatalities from tuberculosis or pneumocomosus
ranged from 2210.6¥ years with a median of 35 years. Average silica dust concentrations ranged
from*11.0 to 24.6 mppcfbefore 1952. A study by Dement, et al. [3] reponed that 80% to 90% of
fibers in the mine had an amphibole diffraction patiern by transmission/scanning electron
microscope equipped with an energy-dispersive X-ray spectrometer. The mean total fi ber
concentration was 4.82 + 0.68 Fcc (range 0.66~11.79) with 0.36 + 0.08 f/ce (range 0.07-1.29)
greater than 5 pm in length There was one potential mediastinal | mesothelioma which could not
be confirmed in the 17 réspiratory malignancics (16.5 expected based on South Dakota rates).

E-7

HWBUI0009724



The results of the study were in conflict with an earlier study by Gillam, et al of the same mine of
440 males who worked at least five years underground by 1960. Reportedly there were 10 deaths
from neoplasm of the respiratory system between 1960 and 1973 where as 2.7 were expected
based on the male population of South Dakota [4].

Conclusions

There is no data regarding human exposure to asbestos fiber uniformity less than 5 pm in
length.

Studies of workers exposed to cummingtonite-grunerite, a type of amphibole related to
amosite, demonstrated no consistent increase in overall mortality, mortality related o
selected respiratory disease, or resplm:ory cancer. The vast majority of airborne fibers
were reported to be less than 10 pm in length. .

Studies of workers of 2 gold mine in Lead, South Dakota exposed to cummingtonite-
grunerite initially demonstrated an increased mortality from malignant respiratory disease.
A subsequent study did not confirm the initial finding but demonstrated an increase in
silicosis and tuberculosis. Mean total fiber concemranon was 4.82 fcc with 0.36 flcc
greater than § pm in length :

Consideration should be given for performing a feasnbuhty study regarding an updated
monahty analysis of these two cohorts.

MMVF Mortality Studies. Mortality studies of glass fiber and mineral wool production workers
have been ongoing in the U.S. most recently under the direction of Marsh, et al at the University
of Pittsburgh, and within the European Union under the direction of the International Agency for
Research on Cancer (IARC). The most recent follow up study by Marsh, et al. {5,6,7] of 10 U.S.
glass fiber manufacturing plants demonstrate no excess mortality from all causes, alt cancers
combined, or non-malignant respiratory disease. For respiratory system cancer, there was an
observed 6% excess that was statistically significant for the total cohort but aot found in workers
who had five or more years of employment. An assoctation'was seen with calendar time and
time since first employment, but no rclationship was found with duration of employment, or
increase in exposure to respirable glass tiber. A case-control study of respiratory system cancer
did not identify increased sisk with duration of exposure, cumulative exposure, or time since first
employment An association with non-bascline levels of average. mtensnty ofexposure to.

4resp|ratory fibers was not present when adjustcd for smoking. -

A prevnous case—control study of a glass fiber manufacturing facility included in !he U S glass
fiber study demonstmled that differences in local versus national smoking rates may have been 3
contributing factor in the‘excess resplmlory cancer scen'in that manufacturing facility. {8] The
potential confounding impact of cigarctte smoking in the U.S. glass fiber and rock/slag wool
studies was furthier explored by Buchanich. ¢t al. {9] and Marsh, et al. {10] and identified as-the
potential unaccounted for factor regarding the small excess rcsplratory system cancer not refated
to exposure indices.

Previous analysis of five rock and slag wool plants in the U.S. demonstrated increased lung
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Conclusions

cancer mortality using U.S, but not local rates, and this was confined to short-term workers or
those workers with less than five years duration of employment. There was no association with
measures of respirable fiber exposure. {{ 1] Within the U.S. a case-control study of 9 slag wool
plants demonstrated an association with smoking but not MMVF exposure. {12]

Most recent analysis of the U.S. rock and sfag wool workers as welt as glass fiber production
workers identified ten death certificates that mentioned the term mesothelioma. {13] Of the ten
cases of mesothelioma, two on pathology review were definitely not felt to be mesotheliomas,
one had a 50% chance of mesothelioma, and two others had less than 50% chance of
mesothelioma. Medical records or pathology specimens were not available on the remaining
five. Using a timeframe when specific malignant mesothelioma coding rubrics were available,
the expected mesothelioma rate (local county comparison) was 2.19 versus 1 observed. Overall
the authors felt there was no increased risk from the malignant mesothelioma in the U.S. MMVF
cohort. '

The JIARC bave followed the mortality of workers among 13 MMVF maixufacturing facilities in
Eumpe [14] The most recent update demonstrated a sngmficant increase in lung cancer mortality
in rock and slag wool workers as well as glass wool workers, using national mortality rates which
disappeared for the glass wool workers when using local adjustment factors to the nattonal
mortality rates. In addition, there was no association in the glass wool workers with. time since
initial employment or duration of employment, and with removal of glass wool workers with less
than one-year employment no excess lung cancer was noted.

Within the rock and slag wool cohort there was an increase in lung cancer risk but the' authors
felt there was no clear information to indicate that the increased cancer risk was specificaily
related to fiber exposure. (14] A subsequent cohort study demonstrated similar results. {15] A
case-control study nested in this latter cohort indicated no relationship between cumutative rock
or slag wool exposure and lung cancer. {16,17]

Within the IARC study there were five cases of mesothelioma, two which occurred in workers
with less than one-year employment and two in workers with most likely prior asbestos exposure.

[14]

Prchmmary results of a mortality study of U.S. RCF manufacturing workers demonstrate no
significant increase in malignant or non-malignant respiratory mortality and no malignant
imesothelioma. The power of the study was limited as the cohort was relatively young and small in

pumber. [{8]

-

" There are no data regarding'”human exposure to MMVF uniformity less thanSumln
length.' A

. There is no persuasive evidence that uposure to glass fiber, rock wool, slag wool, or
refractory ceramic fiber has been-associated with increased lung cancer risks based on
ongoing U.S. and European morlalny studics.

There is no indication of an mcrcascd risk tor mesothelioma.
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Neou-Cancer Effects

MMVF Morbidity and Mortality Studies. Non-malignant respiratory effects: - Studies of five
fiberglass and two mineral wool manufacturing facilities identified small opacities in 1.6 % of
the population studied that were predominantly irregular in shape. [19] These workers were
involved with working in facility manufacturing fibers over 3 pm in diameter and fibers
averaging | pm to 3 pm in diameter. The overall rate of chest X-ray changes was no different in
comparison to 2 non-MMVF exposed comparison group, and any relationship between exposure
indices was seen at profusion level 1/0 but not I/1. There was no increase in upper or lower
respiratory tract symptoms. Similar results were seen in a study in Australia of glass and rock
wool production workers with no findings of asthma, pulmenary fibrosis or pleural disease. [20]
A similar study of rock wool workers also did not demonstrate increased respiratory symptoms or
abnormalities with DLCO or DL/Va. A potential additive or synergistic effect, however, was
seen regarding the FEVI/FVC ratio, fiber exposure, and those with greater than 40-pack year
history of cigarette smokmg {24}

The. IARC [22] study demonstrated no increased mortality from asthma, bronchitis or
emphysema, which is similar to the most recent analysis of the glass fiber workers in the Umted
States which did niot identify increased mortality from non-malignant respiratory disease. {5] Of
interést in the IARC study was the suggestion of an increased risk from non-malignant renal -
disease (SMR 0.97, 95% CI0.36 to 2:11) in regard to duration of employment or employment at
an eatly phase within the rock and slag wool industry. Within the U.S. mineral wool studya -
similar trend was noted (p < .05) with a SMR of 204 (observed 12) in regard to nephritis and
nephrosis.-{ 11] Similar type pattemns have not been demonstrated in relationship to nephritis and
nephrosis deaths in U.S. glass wool manufacturing facilities. {23]

There are very limited studies on end users of man-made vitreous fibers. One study identified
increased prevalence of chest radiograph evidence of irreguiar opacities in workers using rotary
spun fiberglass, but there was a question of aitbomne asbestos fibers within the plant site. {24,25]
In insulators a decrease in FEV1 was identified in comparison to a non-exposed control group
after adjusting for smoking habits and self-assessed former asbestos exposure. [26]

On-going morbidity studies of workers involved with refractory ceramic fiber (RCF)
manufacturing have identified a relationship between pleural plaques and time from initial
employment, duration of employment, and cumulative refractory ceramic fiber exposure. Pleural
changes were seen 2.7% or 27 workers out of 1,008 of which 22 were pleural plaques. -Of thaose
with greater than 20 years latency from initial production job or 20 years duration im a production
job, 16 workers or 8.0% and 5 workers or 8.1% had pleural changes, respectively. Interstitial

. changes were noted in 1.0% at profusion category >1/0, similar to other non-specified dust
exposed worker populations and showed a non-significant elevated OR in regard to cumulative *

fiber exposure of 4.7 (95% CI, 0.97 to 23.5). In regard to cumulative fiber exposure, 5.4% (8 of
148) with greater than 45 to 135 fiber-month/cc cxposure had pleural changes (OR 5.6, 95% CI,
1.5 - 28.1). For those with >135 fiber-montlis/ce exposure, 9.8% (6 of 61) had p!eural changes
(OR 6.0, CI 1.4 <31.0). [27) Europeari studies concurred that there was some evidence of a
relationship between RCF latency and pleural changes including pleural plaques but not duration
or intensity of RCF exposure, but it was difficult to scparate the effects asbestos and RCF
exposure and any relationship between RCF cxposure and small opacities was at best ambiguous.
(28]
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Previous studies of the RCF workers demonstrated a relationship between 10 years of
employment in production job tasks prior to 1987 and small decrements in FVC for curmrent
{165.4 ml) and past (155.5 ml) male smokers, but not uever-smokers, and small decrerments in
FEV1 for current male smokers only (134.9 ml). For never-smoker wornen there was also a
decrement in FVC (350.3 ml) per [0-years employment in production job tasks. [29] A
longitudinal analysis in those male workers able to provide five tests or more did not demonstrate
any further decrement of the FEV1 or FVC between initial and final tests. [30] .

Conclusions Regading Non-Cancer Effects of MMVEF

There are no available morbidity studies of workers exposed to MM VF uniformly less
than 5 pm in length.

No increased mottality from nor-malignant respiratory disease.

No indication of chest radiograph interstitial or pleural changes in regard to glassand .
mineral wool production workers but data is limited.

Refractory ceramic fiber (RCF) exposure appears to be associated with the occurrence of -
pleural plaques that most likely are related to increased exposure levels in the RCF
manufacturing facilities prior to 1985.

Potential additive of synergistic effect with MMVF exposure and small decrement in FVC
and/or FEV involving current or former smokers.

Within mineral wool cohort, question of potential increased mortality from non-malignant
renal disease such as pephritis and nephrosis.

* End user studies of MMVF users are limited and are confounded by potential previous
asbestos exposure.

Irritant Effects

MMVF can cause skin irritation particularly in an area where clothing comes in close contact to
the skin such as around the neck or forcarms. Essentially this occurs in $% of new workers
involved with MMVF production. [31] Residential contamination of man-made vitreous fibers in
‘high ¢oncentration cdn also causé irritation to the upper as-well as lower respiratory tract. (32]
«Glass fibers with diameters greater than 5.3 um have been reported to be more llkely to cause
skin irritation than the smaller diameter fibers, mainly due to mechanical irritation. {33,34] There
has been documentation of eye iritation associated with MMVF as well as nasal and pharyngeat
irritation with unusual MMVF dust exposure situations. {35,36}

*Conclusions

Skin irritation appears to be related to the mechanical effects of fiber ~5 um in diameter
and appears to be worse in hot, humid weather.
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Accidental exposure to increased concentrations of MMVTF can result in upper and lower
respiratory tract iritation as well as eye irritation.

Association Between Fiber Length and Fiber-like Toxicity

There have been no published studies that address whether asbestos fibers uniformly

<5 um in length have been associated with pleural or parenchymal disease in human. Any
potential risk associated with fiber exposure <5 pm in length most likely would be related to an
increased risk for pulmonary asbestosis, and most likely would occur at a substantially higher
dose in comparison to exposures to asbestifonm fibers (long fibers with high aspect ratios). [37]

There is some indication that fibers with diameters with <0.1 pm to 0.4 pm and lengths <10 pm
may have a propensity for inducing pleural plagues. [38] Methodologies used to analyze pleurat
and/or parenchymal tissue for the presence of fibers and association of pleuraf changes differ
markedly between investigators, however. Human studies of individual exposed to.asbestos
fibers are difficult to interpret in regard 1o toxicity solely related to fibers <5 um in length
because exposure siteations almost umformly contain a broad distribution of fiber diameters and

" length.

Preliminary results of residents of Libby, Montana that. were exposed to ashestiform tremolite
indicate a high propensity for pleural changes in comparison to interstitial changes. [39] There is
some indication that exposure to tremolite fibers with relatively low aspect ratios in comparison
1o the asbestiform type wremolite may be capable of causing pleural plaques. {40] Pleural plaques

can occur with minimal exposure to asbestos and can occur within a wide range of tissue burdens

of asbestos fibers which overlap with control populations. [41]
Conclusions

Even though there are no human studies solely of MMVTF <5 pm in length, the available
morbidity and mortality studies of MMVF production workerss indicate limited overall
toxicity from MMVF exposure.

There are no human studies regarding exposures solely to asbestos fiber <5-pm in length
but there has been some speculation that durable fibers <10 pm in length and <0.1 to 0.4
pm in diameter may be associated with pleural plaques in relatwely low concentration, in
fpamcular the amphlbole trcmome A o .

- “For asbcstos ﬁbers <5 pm in lcngth it would appear that very hngh doses may have the

propensity to cause interstitial fibrosis. pamcularly lf the fibers are. durab[e within
intracellular fluids. . . .

Thresho!ds for Toxic Actmn

For asbestos and MMVF less than 5 pm in length, thresholds for toxic action in humans have not
been established but most likely is substantially higher than. thc thresholds for long durable fibers

with incrcased aspect ratios of vespirable size.
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Asbestos Versus MMVF

Based on animal and human studies, natural oceurring asbestos fibers that are of tespiratory size,
long and thin with high aspect ratios, and durable within physiologic fluids represent the highest
risk for malignant (lung cancer and mesothelioma) and non-malignant (interstitial fibers)
respiratory disease. These abnormalities have not been demonstrated in MMVF manufacturing
workers.
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Dr. McConnell’s Post-Meeting Comments

How Do AnimalVExperimental Data Augment
Our Understanding of Human Health Effects

Background: There have been numerous studies of the effects of various types of asbestos
{ATSDR, in press) and SVFs (ATSDR, in press) in animals. Both fibrous and nonfibrous
particulatés have been used. Most studies have been conducted in rats and hamsters, but others,
including nonhuman primates have been used. Routes of exposure have included inhalation
{whole-body and nose-only), intratracheal instillation, intrapleural implantation/injection,
intraperitoneal injection and ingestion. All of the routes of administration have their strengths
and weaknesses (advantages, disadvantages and limitations) for use for assessing potential bealth
effects in humans (McConnell, 1995). However, the inhalation route appearss to produce the
most relevant data because it is the only route that duplicates all aspects of human fiber exposure
and disease (inflarnmation, fibrosis, lung cancer and mesothelioma) resulting from the exposure
{McClellan et al., 1992). -Also, the neoplastic changes typically occur fate in the rodents”® life,
similar to what occurs in humans exposed to asbestos. Other routes of exposure are also useful
for comparing the toxic potential of various types of fibers and understanding the mode of action
and many of the mechanisms of fiber toxicity and carcinogenicity. Additionally, the oral route
(ingestion) appears to be the most appropriate route of exposure for studying the potential hazard
of ingested asbestos.

Cancer effects: Rats and hamsters are the most frequently used species for assessing the
potential carcinogenic effects as asbestos (IARC, 1987) and SVFs (IARC, 2002) and have beea
useéd with various routes of exposure. Of the two species, the rat appears to be the most
appropriate one because it exhibits both lung cancer and mesothelioma in response to inhalation
of known human-carcinogenic fibers, e.g. asbestos. The hamster can be a useful model ifone is
only interested in the inflammatory, fibrogenic and mesotheliogenic effects of particulates.
However, the hamster does not develop lung cancer afler exposure to high levels of either
chrysotilé (McConnell et al:, 1995) or amosite asbestos (McConnell et al., 1999). Other specics
have beén used but have sagnlﬁcant limitations that preclude their. general use for carcinggenic
bioassaysiFor example, the mouse is not as uscful as the rat or hamster because its terminal
auways are smaller and therefore, particulates of 2 mean mass aerodynamic diameter (MMAD)
of greatés than >0.5 um cainot reach the decp lung (alveolar region) which is the site of primary
disease. Non-human pnmates would be an idcal animal model but are preciuded because of their
{ong life-span (would fequire at'least 20-30 vears 1o demonsirate a noncarcinogenic effect),”
availability (a cancer bioassay i requnrcs >200 amimals/sex), and expense (such a study would cost
>$20 mxlhon .

Most chromc rodent inhalation bioassays ot asbestos have been conducted in rats, have not
shown significant strain differences and males and females are equally sensitive to its

carcinogenic effccts (ATSDR, in press). The only large series of studies of various types of

E-17

HWBUI0009734



asbestos showed that if there is a gender difference, males might be slightly more responsive
{(Wagner, etal., 1974). Therefore, either sex is appropriate with males slightly more preferable.
Just as importantly, both sexes ate probably not necessary. However, these same studies have
shown that while life-time exposure to asbestos may not be neccssaty, it is important to cbserve
the animals for most of theirfife-span (see below).

The types of cancer induced by asbestos and SVFs in rodents are comparable to those observed
in humans, although the preponderance of a given type and its biologic behavior appears to be
species specific. In inhalation studies in rats the preponderant form of lung cancer is
bronchoalveolar in origin, arising from type Il alveolar cells. They occur late in the animal’s life,
usually after 21 months of age. This is why lifetime studies may be necessary to fully exoncrate
a fiber from being considered carcinogenic. ‘The tumors are slow growing and only occasionally
are the cause of death. The biological sequence of growth is typically from bronchoalveolar
hyperplasia to bronchoalveolar adenoma to bronchealveolar carcinoma, although all aspects of
the seguence of progression may not be found in a given lesion (Boorman and Eustis, 1990).
Squamious cell metaplasia is not unusual and typically is found as part of the morphology of
larger tumors. Squamous cell carcinoma may predominate in a small percentage of rodent
tumors, but has rarely been observed to occur de novo. Squamious cell types may be more
common with intratracheal instillation of the fibers (Pott et al., 1994). The malignant tumors are
locally invasive and can metastasize but it is an unusual event for them to do so. When this
occurs it is usually within the lung, but distant metastases have been observed. The presence of
mitotic figures is in direct relation to the dégree of malignant transformation. Tumors of the
upper respiratory tract and airways have not been observed in response to inhalation exposure of
asbestos or SVFs in rodents (IARC, 1987; 2002).

Mesothelioma has also been found in rodent carcinogenic bioassays of asbestos and SVFs
(IARC, 1987; 2002. In inhalation studies in rats they are usually found at a lower incidence than
!ung cances. Again, there does not appear to be a gender predisposition and the mesotheliomas
in rodents typically occur late in life (after 21 months of age). They rarely are- the cause of death.
They grow by expansion, growing over the plcural surface. They typically do not invade the lung
or other adjacent structures, although this has been observed. They usually present as multiple
lesions onboth sides of the lurntg and involve both the visceral and parietal pleura. Rarely, distant
metastises have been observed. : Iri inhalation studies, all of the major morphological types.
(mbulopépnliary, sarcomatous arid mixcd) have been observed, although the tubulopapillary
responise is the predominate form. :There is onc-cxception to this and that is found inthe..
inhalation study of erionite, where the sarcomatous type predominated, was highly i invasive and "=
the tumors were exceptionally lethial causing death in most of the rats by 15 months (Wagger ct
al., 1988). - In contrast to inhalation, dircct: msnllanon into the pleural (Stanton et al., 1981) or. .
peritongal cavities (Pott et al., 1987) results in a preponderance of sarcomatous, neoplasms and in
fact, it may be difficult to find mesothclial cells in many of the tumors, particularly after -
peritoneal injection. However, even in these studics, the mesotheltomas seldom mvade local
tissues or. metastasuze to other areas of the body
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