difrerenr.ative  expression.... IM;veioid
jeukemcgenesi' i? a mudtistep process during
which a cions or cells acauites a succession of
abnormalities cha; ultimate!-.'" leads through
subcior.aJ evolution to oven leukemia.

PruLp ]. rlalkow, clonal revolution of Human
Myeloid leukemias, GENES .AND CANCER
115 1984 i W.ith this language. Fialkow seems
to recognize that AML has several forms and that
otuv one form is like CML in developing donaliv
ir stem celis. He also seems to suggest that
mveioid. in contrast to lymphoid, leukemia
undergoes a mulnstep process, thus recognizing
several distinctions among various types of
leukemia. We fail to read this passage as
providing sufficient supporc for Ttitelbaum’s
contention that all types of leukemia are so
closely related in terms of how and whs- thev
develop that thev can be treated interchangeably.
The Austins have not indicated whether
i lectbbaum's theory can be or has been tested
anc have not directed us to anv location in the
record where other scientists espouse this theorv.

’2CI The Austins cue the testimony of Kcrr-
McGee's toxicology expert. Dr. Gary Kneger.
who testified that benzene can affect the
piunpotenual stem cell. However. Knrger
testified rha: benzene can attack at a varietv of
places and that benzene-related leukemias have
been recognized at slightly more differentiated
cell levels. He testified that while benzene
affects the piunpotenual stem cell, it has never
been shown to cause the lesion called the
Philadelphia Chromosome, which he opined is
wha: causes CML. Furthermore, to refute Kerx-
McGte's theorv that benzene does not cause the
development of rht Philadelphia Chromosome,
the Austins tom: oniv to Fialkow-'s gaper. in
which Fialkow- merely suggests that the initial hit
or mutation occurs before the Phiiadeiphia
Chromosome develops. The Austins give no
further explanation regarding the -possibility that
the Philadelphia Chromosome may cause CML
independently of other possible causes.

The Austins also contend that the
epidemiological studies’ authors' grouping
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choices demonstrate that in: different leukemia
cell-types are so closely related m terms of f,cy-
and why they develop that thev car. be treated
interchangeably.  They rite D:. Ott: V.'cnhe -
epidemiological study. rFN9 jo which V.'cnr
stated that based on the conclusion that
transformation events occur at an eariv
rnulapotent stem cell level, it was appropriate to
combine lvmphoma and itukemi: in some of hi;
analyses- But Wong"; opinion ;s not sc one-
sided- Despite the similanty between ivmohorra
and leukemia that Wong recognized ;r. his study.
Wong testified at the Robinson/Havner hearing
that leukemia consists of different type; of
diseases that have different patterns and different
etiological agents.  Simply because the author;
group their findings under broad heading; like
"lymphatic and hemacoooieti: cancer;" doe; not
mean that the authors believe all leukemia; are
denved from the same source. In one studv. the
author, recognizing tha: verv few srudie; reviewed
medical records or histoiogi: data to ensure
correct categorization of diseases, expressed a
need for more accurate categorization. Trains,
supra, at 92.

FN9. O- "Wong. An Industry-Wide
Mortality Studv of Chemical Workers
Occupationally Exposed to Benzene. 44
BRITISH' iOURNAL o?

INDUSTRIAL MEDICINE 565
TO98T-

Addiuonallv. we find persuasive the ruimg; or. s
similar issue in two cases tried in the federal
courts. In the cases of Mitchell v. Gencorp int-
165 F.3d 778 10th Cir.1999";. and Chamber; v.
Exxon Corp- 81 ?.Supp.2d 661 fM.D-La-2000 .
the plaintiff, sough: to establish that the
exposure of the deceased worker tc benzene or
chemicals defined as benzene derivatives caused
him tc contracr CML. In both casts the court;
excluded the plaintiffs’ scientific evidence because
it was not shown tc be rehabit. Although the
scientific studies relied on in those casts are no:
the same a; those rebec on in out case, tnev au
suffer from the same defects, inadequacies, arm
inconclusiveness. In those casts the court- tount
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Abstract—I1 has besx suspected for many vears that amphiboie fivres m the tremolite series. u low
ieve! contaminant of chrysotile asbasios. may contribute disproportionately to the incidence of
- mesothziioma and perhaps other exposure-related cancers. A cohori of some 11000 Quepes
cnrysotile workers, 80% of whom have now diec. provided the oppormnity 10 examinz this
hypotnzsis funihes. An analysis was mads of deaths from mesothslioma (21), cancers of the wung
12625, larynx (15). stomach (99). and coion and rectum (76). in mea empioyed by the iarges:
company 1n Thetford Mines, with ciosely matched referents, Risks were esumated by logisus
regression for these five 2ancers in two groups of minss~~five rmunes located centrally and ten munes
iacated peripnerally; tremolite contamination had becn demonstrated 1o be some four tmes higher
in the former than i the atter. Odds ratios for work in the central mines were raised substanualiv
and significantiy for mesatheiiorna and jung cancer. but not jor the gastric. intestinal or jarvngea!
carcer sies. in the penpheral mines, thers was hitie or no evidence of increased risk for any of the
iive cancers. The hypoihests thal. pecause of the difference in distribution of fibrous tremolite.
canser NsKS in the central arca would bs greater than 1o the penphery was thus substannaied. That
the sxpianation may iie in the greaier biopersisience of amphivols fibres than chrwsotils 15
mporan: = framing poiicies for ths use and conwrol of asbestas and is directiy reievant 10 the

sticcuon of man-made minerai Gbrs substitutes. € 1997 Briusr Occupationai Hygiens Society.
Puoiished by Eisevier Sziznce Lid,

INTRODUCTION

Since the observation by Dr Chris Wagner 40 vears ago of malignant mesotheiial
tumours in crocidoiite miners and millers and their family contacts. but rarely m
miners of chrvsotile or amosite, the history of asbestos-related. research has been
dommated by efforts to assess the relative carcinogenicity of the main mineral fibre
types 1see VicDonaid and McDonalgd, 1996). While this airn was largelv achieved for
¢hrysozile in an extensive and continuing research program in the mines and mills of
Quebec. and by numerous cohort studies of factory workers exposed to chrysotiie
only. until quite recently there had been no comparable data for crocidolite or
amosite. Meanwhile, confusion was created by the inevitable difficulty of
interpreting findings in workers usually éxposed to amphibole—chrysotile mixturss
‘in manufactunng and product use: this in turn gave rise 10 much bitter contraversy.
Thers were those investigators (the ‘chrysophiles’) who believed the svidence to
show 2 major difierence batween the relatively low carcinogenicity of chrysotilz and
‘tne much higher nsk, particulariv of mesotheiioma. usuvally associated with
amphibols exposure: others (the ‘chrvsophobes’) concluded itom much the same
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evidencs that all wypss of asbestos were coually dangerous. These arguments seem
lixeiy to conunus {for exampie see Smith and Wnight, 19%96).

During the past 20 vears the suspicion has grown. at icast among tne
chrysothiles, that the frequent contaminauon of chrysotile deposits by amphibole
fibres ir the tremolite

series may contribute disproportionately to the carcinogsnic
effects of occupatonal exposure. Beginning in the 1970s. newly appiied techniques
for lung ourden analvsis revealed the unexpected finding that despite the
overwhelming exposurs of Quebec miners and millers to chrysotile, tremolite was
usually the predominating fibre presznt at death (Pooley. 1976; Rowlands e ai.,
1982). Wagner er al. (1982) reported that the carcinogsnicity of tremolite in
experimental animals was similar to that of the other fibrous amphiboles and ir a
study by Churg er ai. (1984) of six cases of mesothelioma in Quebec mine workers
tremolite was reported as the predominating fibre type. The fibrogenic ancd
carcinogenic potential of fibrous tremolite was confirmed 2z few vears later by
both mortality and radiographic studies of American vermiculite miners and millers
exposed 10 tremolite, but to no other type of asbestos. The risk of mesotheiioma
lung cancer and pulmonary fibrosis among these men was many times higher than
that sxperienced by Quebec chrysotile workers (Amandus er al., 1988; Armstrong 2:
al., 1988). Later, carefully controlled case-referent studies of deaths from
mesothelioma across Canada. with detailed lung burden analyses. showed that
whiie tremolite was indeed the dominant fibre in casss from the Quebec mining arsa
its aetiological contribution to cases eiscwhere was probabiy fairly similar to that of
amosite and of crocidohite (McDonald er al., 1989).

Given that chrysotile and tremolite end to accur together it has not been easy to
assess separately their effects on mortality, Even in our Quebec moriality cohort
untl recently the number of mesothelioma and lung cancer deaths was not large
enough jor 2 sufficiently detaiied study. However, the most recent update of deatns
in the cohor: to the snd of 1992 (ses Liddell e al., 1997} identified a much larger
number of such casss among the 8000 deaths from all causes. From this total. 38
deaths were considersd due to mesothelioma and it was estimated that some 65
dsaths from lung cancer were in excess. Also important was the growing evidence
that neither the risk of these two diseases nor the level of tremolite contamination
was equally distributed across the Quebec mining region, both being higher at

¢tford Mines than at Asbestos (McDonald er al., 1994).

Of the 38 deaths from mesothelioma in the cohort, 33 were in miners and
millers—25 from Thetford Mines and 8 from Asbestos, and the remaining 5 were
an associated asbestos products factory. Thetford Mines offered the best
opportunity for study. partly because of the higher levels of tremolite thought to
prevail there than at Asbestos but mainly because the industry at Tnetford originally
comprised 2] mining companics, some located centrally and the others at varying
distances peripherally. Six of the 2! companics were small- and independent: the
remaining 15 had besn amalgamated many vears ago into a large complex where
80% of the cohort in the Thetford ares had been emploved.

In a preliminary study, (se= McDonald and McDonaid, 1995), the work histones
of the 22 cases of mesothzlioma in men who had been cmployed -#y the largest
company at Thetford Mines were compared in Getail with similar data for a large
series of omparable referents. The total number of years worked by the case senss

A
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in the cleariy dzfinable group of five centrally located mines (area A} was six tmes
greater than in 10 mines jocated peripherally (area B), whersas the ratio for the
referent senes was LS. That this differencs might be related o the distrivution of
fibrous trzmolite in the ore body was supported by observations made by Sébastien
er al. (19891 of mineral fibres in lung tissue from 83 cohort members who had
worked in the same minss and died from causes other than mesothelioma. In that
investigation, the geometric mean concentration of mineral fibres 5 um or more in
length was for tremolite four times higher in area A than in area B, a difierence of

very high statistical significance (p = 0.0002), whereas for chrysotile 1t was lower in A
than in B.

Although this preliminary study thus provided evidencs of a strong geographical
correlation between the distribution of tremolite and the incidence of mesothelioma.,
the question of risk in relation to duration and intensity of exposure in the two areas
was not addressed. and in retrospect it was felt that the referent series had not been
matched suficiendy closely. The present paper describes a study designed 10 tes: the
qusstion of risk not oniv for mssothelioma but also for lung cancsr and other
maiignant dissases potentially associated with chrysotile exposure.

MATERIALS AND METHODS
Casges

The cohort of 10918 men born 1891-1920 who had worked for a month or more
i the chrysotils mines and mills of Quebec, included over 4700 emploved by the
iargest company in the region of Thetford Mines (Liddell er ai.. 1997} Of these more
nan 80% had died by the cnd of 1992, giving the following numbers of cancer
deaths for the current analysis: mesothelioma 22 (as before), lung 266, larynx 16.
stomach 29. colon and rectum 79.

Referent:z

For each death in the five categories of malignant dissase, referents were selected
irorr men who had survived the case, closely matched individualiy for vear of birth
and age at first recorded employment in the indusiry. Ten referents were soughi for
sach mesothelioma. four for sach larvngeal cancer and onz for zach cancer of hung.
stomach. colon or rectum. In three cases of mesothelioma only six. five and three
adequaisly matched refsrents could be found. A total of ninz cases {mesothelioma.
one; lung cancer, four; laryngeal cancer, one; colon and recturn cancer, three) had to
be eiiminated from the analysis, usually because gither the case himself or his only
referent had had frequent changss of employment betwesn areas A and B which had
not been recorded. The number of cases analysed is shown in Table 1.

Anaivsis

From ths d=tailed work histones for each subject. periods of empiovment in
central (area A) or peripberal (arez B) mines were salculated. Periods of service
within 10 vears of death of the case were excluded for all cases ané referents these
exclusions were made 10 reduce dilution by periods of exposur: generaliy believed to
be aztiologicaliv unimportant. For the mesothelioma cases and referents, the perods
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were adjustec jor the isngth of the working wesk. as fully described by Liddeli er al.
{1997). This was not done for the other cancers becauss the considerable amount of
werk reguired did not appsar 1 be justified. Cases and referents were compared for
vears of smployment in areas A and B by conditional logistic regression. ané odds
ratios were calculated with 90% confidence intervals.,

The results are summarised in Table 1. from which it cap be seen that the odds
rauos for mesothelioma and lung cancer were raised quite substantially in relation
10 work in the central mines (area A) but not for work in the peripheral minss (area
Bj. The differences in risks between the two areas are rzflected in likelihood ratios,
aiso in Table 1, which can be referred to the y° distribution with 1 degres of
fresdom, impiving p-vaiues of approximateiy 0.03 for mesothelioma and 0.004 for
iung cancer; that the jatter is much the lower is probably a reflection of the larger
number of sudjects. Table | also shows there was little relationship between the
other cancers {laryngzal, stomach or cole-rectal) and work in either arez.

Thasi the main findings do not arise from grzater intensity of exposure in area A
than in arsa B is demonstrated by the time-weighied average levels of exposure of

- the referents during the same period, namely for mesothelioma referents 17.4 miliion
particies per cubic foot (mpsf) in area A and 16.3 mpef in area B, and for jung

cancer referents 13,1 and 20.7 mpef. respectively. As each average bas a iarge

standéard error, all four can bz considersd quits similar.

D1SCUSSION

Our studies of Qusbec chrysotile miners and millers have consistently shown
fittie evidence of a cancer tisk except at very high levels of 2xposure and conclusively
only for Jung cancer and mesothelioma: it is important to note that the evidence
presented in this paper on the role of wemolite also appiied ounly 1o thase two
diseases. With the exception of a cohort of asbestos textile workers in Charisston.
South Carolina, where a high risk of lung cancer but not of mesothelioma was
observed (McDonaid er al., 1983a; Demsnt erf al.. 1994), this has been the experience
of the many other cohorts exposed to chrysotile only, in marked conirast to the far
_more serious efiects of work with amphiboles (crocidolite and amosite) or

chrysotile~amphibole mixtures (Hughes, 1991; McDonaid and McDonaid, 1996).
Tremolite is also an amphibole and, although its fibres are seldom wused
commercially, i1 has been shown in the several studies mentioned eariier in this
paper to share much the same carcinogenic potential for lung and pieura as
crocidolite. Our findings are thus plausible and consistemt with the view that
amphibole fibres are considerably more hazardous than chrysotile in man.

If the incidence of mesothelioma and of Jung cancer resulting from exposurs to
commerciai chrysotile is mainly attributable to low but varying levels of tremolite
fibres. sfiective steps are needed 10 minimise such contaminaton. In the meanume it
musi be accepted that for practical purposes chrysotilz asbestos, as used
‘commercially, may contain iow but varying concsntrations of fibrous tremolite.
The exent to whict this increases the potential carcinogenicity of the commgroial
produc: must be kept in proportion. As siated earlier our most recent findings
indicate that the excess mortality from malignant diszase in our cohort, some 80%
of whom had then died. amounted to 38 deaths from mesotheliorna and some 63

ty
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from lung zancs: (Liddell : al.. 1997). Thesz men, bon 1891-1920, had worksc
through vears of very high dust sxposure vet with no discernible effect on mortaliy
from jung cancer below an accumulated exposurs of about 1000 (fipres/ml) x vears
and no case of mesothelioma among over 4000 men employed for less than 2 vears.
Al present-day levels of sxposure tc commercial chrysotile, whether or not
contaminated with remolite, the risk must be vanishingly small. Full rcports on
mortality from mesothelioma and from lung cancsr in the cohort. with emphasis on

the sstimation of risk in relation to quamitativc and gualitative aspects of exposure.
will be published shortly.

The discrepant risks of lung cancer in textiie worksrs are not explained by our
findings but tend to suggest that the factors responsible were spcmﬁc to asbesios
textile processes. not only in Charleston, South Carolina, but alse in Mannheir,
Pennsvivania (McDonald er al., 1983b) and in Rochdale, England (Peto er al., 1985).
whers ymporiant amounts of crocidolite wers incorporated in the process. All thres
extile plants showed a similar high level of lung cancer risk. with few cases of
mesotheliomz in Charleston but many in both Mannheim and Rochdale.

The far greater durability in lung tissue of amphibole than chryvsoule fiores

underlines the importance of biopersistence in carsinogenicity and of avoiding this
quality when sziecuing man-made fibres for industrial use.

REFERENCES

Amandus. H. £.. Armsirong, B. G.. McDonald. A. D.. McDonald, i. C.. Sebastten. P. and Whesie:. R,
(1988) Mormutv of vermmuculite muiners exposed 10 tremoiite. Annais of Occupanonal Hygienc 3. 458~
465,

"Armstreng. B. G., McDonald, 1. C.. Sébastien, P, Althouss. R.. Amandus. H. £ and Wheeies. R. (1988)
Rodwiogcal changss in vermicuhte workers exposed 1o wrzmolite. Lnnais of Oceuparional Hyvgiena 3L
265473,

Thurg. A Wiggs. B, Depaol. L., Kamp:. B. and Stevens, B. (1984) Lung asbzstos contant in chrvsotiic
warkers with, mesathelloma. American Review of Respiratory Diseases 130, 10421045,

Dement. ). M. Brown, D. P. and Okun. A. (1994) Foliow-up study of chrvsotiie ashestos texule workers:
-onor: moerwahity and case-reierent analvses. Amertcan Jowrna! of Industriol Megdicne 26, 431347,
Hugnes. - M. (1991) Epidemioiogy of lung cancer in relaton 10 asbestos sxposure, In Minerai Fibers and

Healtk, eds D. Liddeli ané K. Miller, pp. 135-145, CRC Prass. Boca Raton. FL.

Lidasil. F. D. K.. McDonald, A. D. and McDonald. J. C. (1%97) The 1891-1920 birth cohornt of Quebdec
zhrysotiie muners and millers: deveiopment from 190< and moraiity to 1992, Annals of Occupationai
Hygiene 41, 1336, )

McDonald. A. D.. Fry.J. S. Woolley, A. J. and McDonalé.J C. ll9833)D\m exposure and morality in
an Amencan chrysotiie wxtile piant. British Jowrnal of industrial Medicine 40, 361-367.

M:Donald. A. D.. Fry. J.S.. Wooliey. A. J. and McDonald.J C. (1983b) Dust exposure and mortality in
ar Amefican faclory uwming chrysolils, amosite and crocidobite 1n mawnly 1exgic manufacturce. Brinsh
Journal of Industriol Medicine 40, 368-374.

M:cDonald. A. D.. Liddell, F. D. K. and McDonuid, 1. C. {1994) Malignant m'-soth-homa in Quebec
chrysotile miners and miliers: a preliminary report. DHHS (NIOSH) publicanon No 94112, pp. 223
Mg

MecDonald. ). C. and McDonald. A. D. (1995) Chrysoudle. tremolite and mesoihelioma. Science 367,
" “I6

MeDo=ald. 1. C. and McDonald, A D. (1996) The epidemioiogy of mesothelioma in historical context
Eurapeun Respiraiory Journal 9, 19321942,

M:zDonalé. ) C.. Anmsirong. B.. Case, B.. Doell. D., McCaughex, W. T. £, McDonslc, A D. anc
Séoasuen. P (1989) Mesothelioms and asbestos fibre type: evidence from hmg tisyue anatysis. Cancer
€3, 15421347, -
Peic, ). Doli. R.. Hermoz. C.. Binns. W.. Clayton, R. and Gofie, T. (1985} Relationship of mortality 1¢

measures of rovironmenta: asbestos po!lm:on i an asbestos l..:tiic factory. Annals of Oczupationa:
Hygreme 29, 305388



Charysoiie, tremoiite and caresnogenicity 703

Pooiey. F. D. {1976) An examination of ths fibrous mineral contenl of asbesios 1n Jung ussue jrom the
Canadian chrysotils muning industry. Environmenial Reseorch 12, 281-298.

Rowlands. N, Gibbs. G. W. and McDonald, A. D. (1982) Asbestos finres in the lunps of chrvsotile
mmers and millers. A prelicninaty report. Annals of Occupational Kygrene 26, 411415,

Sepasuern, P McDonald. §. €., McDonald. A. D.. Case, B. and Harley, R. (1989) Respiratory cancer in
chrysotiiz textile and mining industnes: exposure infereaces from lung asaiviis. Britisa Jownat of
Industrial Medicine 46, 180-187.

Smith. A. H. and Wright. C. C. (1996} Chrysotiie asbestos i the main cause of pleurai mesothehorna,
Americun Journal of Industrial Medicne 30, 252-266.

Wagner. J. C.. Cramberiain, M., Brown. R. C., Berry, G.. Pooiey, F. D.. Davies. G. and Griffiths. D. M
(19821 Biologcal effects of tremolite. Britisk Journa! of Cancer 45, 35:-360.

e -



Pathology
of Occupational
Lung Disease

% Second Edition

Andrew Churg, MD
Professor of Pothology

The University of Brmsn Columbic
Fathoiogist

Vancouver Hospital
Vancouver, British Columbia

Francis M. Y. Green, MD
Frofessor of Pothology

The University of Calgary
Colgory. Alberta

+

Wﬂhams & Wilkins

A WAVERLY COMPANY

BALTIMORE » wmnmm 1ORDON « PARIS + BANGXOK
B""NOS AIRES » HONG KONG » MUNIQ{ ¢ SYDNEY » TOXYQ « WROCLAW



Zouar: Caaries W. Mutzhels

Maraging Zaros: Graze Miile:

Mareenung Monager: Prier Darer

P-zeusion Losramaztor: Ravmond Z. Rater

Peorecs Timse: Ukra Lushnvacy

Tex: and Coves Designer: Srapmuz Worid. iac. St Lows, Missour:

diestranien Plannes; Lozraine Wraosek

Typesezes: Marviand Componition Ce.. inc.. Sien Durmiz, Marviand

Fetnzee o~ Binder: RR. Donnzliey & 3ons Co., Crawlordsciiis. ingiana
Diginzed flluserazons: Marviangd Compontson Co.. inz. Gien burniz, Marvane

Coprnelr © 1998 Witliams & Fiikins
331 West Camder Surest
Baitimore, Marviang 212012436 USA

Rose Trae Corporats Tonter

= ';
S - ; e
1490 Norzh Providence Road WS
I UrES - - - " « "~ -
Buiiding I, 3wtz 5025 S 2
Mecia. Pennsvivania 19063-2043 USA : foVn

All nghts reserved. This book 1s protectad by copvaghs. No paz of this ook max bs reoroducsz
2nv form or o¥ anv m2ans. nciuding photocopying, or utiiized by anv nformatior: sterage ang fe-
triaval Svstem Withour A7HIes permussion oM the COPYLight ownet.

Azzurate mndicanions. adverse resctions, and dosage scheduies for drugs at= provides in tus dook.
Su2 1t is possipie that they may change. The reader js urged to review the packags injarmanon data
o7 th2 manuracturess of the ;pedicagons menoenad.

Dotnted w the Umted Stares or Amenca
First Sdigon, 1988, by IGAKU.SHOIN Medical Publishers, Inc.
Library of Congress Catalogng-in-Publicauon Data

tathology of cecupational lung disease ! jedited byl Andrew Churg.
Fraacs H.Y. Gresn. — 2nd 2d.
p. an.
Intiudes bibliographical references and index,
13BN 068330386
1. Lunge—Diseases. 2. Oecupationai dissases. 3. Lungs—Dys:
diseases. §. Churg, Andrew. I Gres=n. Francs . Y. .
{DNLM: 1. Lung Diseases—pathology. 2. Octupanonal Diseasse—
chemically induced. WF 600 P29 1248]
RCT36.P37 1998
616,27 3—gcll
DNLMDLC
for Librarr of Congress $7-33344
cr

The pubiishets have made every effors 10 trace the copyright hoiders for borrowed materiai. If they
have madvertently overlookea army, thev will be pleased to make the necessary arrangernersts 3t 1he

To purchase addidonal copies of this book, call our customer service department at (8001 636-0672
or fax arders to (B00) 447-8438. For other book services, nciuding chapter repnunts and lacgs quan-
Bty sales, wsk for the Special Sales depurament.

Canadian customers should call (8001 665-1148, or fax (8007 665-0103. For all other calls otigi-
nating outnide of the United Seares, please call (410) S26-4223 or fax us at (410) 528-8350.

Visit Williems & Wilkins on the Iesernes: hrepy//orww. wwilkins.com or contact our fustoraer ser-
vice deparcnent g1 aumserv@wwilkins.com, Williams & Wilkins customer sereice reprasentatives ase
availabie from 8:30 am 10 §:00 pm, EST. Mondav through Frides, fer teiephone access.

2798950001
12345678210




et T

P

v tiaeee s

aope bR

9c

VTR LT T TIURATI NG, UG S

n
o

P

His
2t

inraperitonaal and Infrapieural Inoculation Studies. Some inv=stiearors
have agopted the techmague, onignally used o> Stanton 27 2l 2. c- ::‘.:(:zlfing
fibers mio the peritonzal or picural Zavines of sxperimental ammzis an? op.
serving wumor incidence. The most sxtensive studies were dons v Pors 22 28, 13,
141 using ntrapentonezi instiliatior: of fibers in rats.

The resuits of suck studies arz in a general sense stmilar to Those seen “wiTn in
vitro monolaver zujrures. Virtually all fivers rroduc: mesothehiomna. The efiect
depends on dose and 10 & certaln axtent fiber length. Oniv fibers that are sx-
tremely soluble f2il to produce tumors. Fibers that on the pasis of human zpi-
demiologic studies ars thought 1o produce quite different tumor incidences-—for
example, chrysotile and amosite or crocidolits asbestos—produce essentialiv the
same tumor incidence by intrapentonisal inoculation.

Although intrapleural and partculariv intraperitoneal inocuiaton tests form
the basis ror the ciassificauon of giass fibers as possibie human carcinogens 113,
16, they are extremely controversial and have been the subject of considerahie
crivaism (3-10, 171 The intraperitoneal test in particular appears 1o depead on
a marked and very nonspecific sensiivity of the rar peritoneum 1o foreign mate-
rials. Thus sensitivity is so extreme tha: even instliation of saline has been snown
to produce a 6% incidence of mesotheliomas :5}. compared with iarge control
seriss of untreated rars in which the incidence of peritoneal measothsiiorna 1s iess
than 1% (181 Other fibrous and nonfibrous parmculares that have never been
suggested (o be mesothelial carcinogens in man. for sxampie caicium—-sodium
me:aphosphate, gypsum, sepiolite, basalz. silicon cardide. and gvan iron oxide.
also produce increased incidences of mesotheiloma in this svstern 114

Use of inoculation tests alse bypasses normal fiber defenss mechanisms.
which prevent most fibers. particularly relativelv soluble fibers suck 2s glass.
from ever reaching the pieura. These tests aiso allow extremely’ long finers.
which mav be highly carcinogenic, ro reach the pleura by a toraliv nonpavsio-
logic route. wnereas such fibers could never reach the pleura or ever the lung
parenchyma by inhalation. Moreover, the doses used in inoculation tests ofren
are massive. Last. inoculation tests by definition produce only mesotbeliomas,
and aithough some claim that this indicates the potenrtial of the fibers to cause
carcinomas 12, 14, carcinoma of the lung has numerous other well defined en-
ologizs. anc probably is associated -at least in the rat: with parenchymal fibro-
sis. There is no rational mechanistic basis for using mesorneiioms incidance by
intrapenitoneal inocujation to predict the parench¥mai carcinogenicity o fibers.
For these reasons most reviewers {3-10. 17 have concluded that inoculation
tests are not suitable 1or predicting the carcinogemciry of fibers in man.

inhaiation and intratracheal Instillation Tests, Thers are numerous in vivo
studies on MMVF, most using long-term inhalanion and 2 few uvsing intrarra-
cheal inssdliadon. Much of this materal has been reviewed recently -~ 8. 19:.
The most extensive and carefullv designed studies are those summarized by Bunn
et al. 119: and described in more detail in Hesterberg et al. 120* and others
{21~231. In these experiments rats were exposed by inhalation to glass fipers.
slag wool, rock wool. and refractory csramic fibers at concentrations up te
about 250 fibers per cubic centimeter for periods up 1o 24 months. Of nots are
the facts thar the MMVF fiber sizes and exposurs levels in these studies were
roughly the same and that analysis of fung conrent revealed high burdens. indi-
cating piainiy that the fibers were respirable.

Tabie 11.1 summarizes fibrogenicity and carcinogenicity of the various
MMNV\F fiber rvpes as determined from these and other published exptriments.
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a1 iow a8 37 [y rcc [thit ievel produced
» 1% prevasence of crepitations| and s
conattent with the predicfions made
sbove. Dynng the hesnings. seversi
witnerses euessed the renge of physical
ungd menial diability/impasrment whicn
may oceu? iong belore sven rudiologic
evidence of disease appears. Typica! of
tihrese comments were those made by Dr.
leving Selika!f of the Moun! Sinst School
of Medicine. He states:

+ 5o whet yovre seetng on x-rey 18 siwuye
wery much st then 1 really present
pathoiopreaily. So that wien you eee s
poxitive x-tsy. trere b @ [air ameunt thers in
the fang . . . Fve peen peaple with
comparatively litde on xuy. who can't walx
acrosy o oom. But by and large. oll It means
i that there 1 been scarnng [TR. 7/2 p. 170,

While seversl psriicipants
commented in general on the riek of
agoestonis. there was littie direct
comment on OSHA's quaniitative
estimates of nak. Hence, for these
revised rules. DSHA hai relied on the
modeis deveioped for the propous) to
predict the itk of ssvestonis 1 the new
PEL of 0.2 Ticz. Using OSHA s Dest
esimate ¢f riek. that from the
Finueistern dats. DSHA predicted that
expIsure oves & warkang lifetime 1o tha
2 1122 levei will result {n approximeteiy
a $% incidence of nstertosie. Redusng
the exposure 10 0.2 {/¢s would resultin &
lifesime incidence of asbrytonin of 0.5%.
White OSHA did not make predictions
‘of risk at [evely beiow 0.5 fjcz 1n the
propoted fuies, testimony recetved
during lhe ruiemaking increases QSHA's
confidence thal the Agency’s extimates
of risk 41 6.2 {/cz are valid gnd
reagonavis. This is due primerily to the
comments notang the validity of the
model in the iow Sose region. Given \ne
difficulties in accurytely diagnosing
cases of asdesicais and the fact thet
OSHA's estienates only take the risk of
disebling esbestosis inlo megount,
OSHA befieves that the Agency’s
estimates may be underecimates of the
tue risk of =ebestosis to exposed
worker,

V1 Significasce of Risk:

A3 discoused adove in Section Ul
(Periinen! Legsl Authority], the Supreme
Court in the benzens case [/ngustrral
Union Deperiment AFL-CIO v.
Americon Fetrofeum Institute 448 LS.
&1 {1963 ruied thel prior to the
{esuance of & new or revized siendard
reguisling occupations! exposures to
toxiz matenais, OSHA musi make ¢
deiermination that a “significani™ hesith
risk exints and that the aew stangard
will reduce or ehiminate that risk.
OSHA s snaiviicai spprosch to making
& golermag tan tnat g significent risk of
metenal Imperment exists {rom

exposyre 16 hazardous wotkplace
chemicsie takes 1010 tontideration a
number of faziore that &re conagieni
with recent court interpretatians of the
OSH Act and rational. obiective policy
formulation. As preecribed by Secnan
8(b](5} of the Act. OSHA exathines the
body of "best availabie evidence” on
the lexic eflecis of hazerdous chemicais
to determine the nature and extent of
possible health consegquences resulting
{rem expofure to the hezardous agent in
question. Quantitative risk 1
&re conducted. where possibie, end the
reauits are considered along with gther
reievent information. euch a¢ the neture
and severity of the health

OSHA had foliowed these guideines
in making & determinanon that the rak

_ of materiel health impasrment resulung

[rom occvpeironai exposure to stoestoy
ts sugmificent. The emdemiclopicai and
roxicoiogicel evidence and 1esttmony
presented in the November notice and iz,
Seciion IV {Health Efiects) of thie
preembie clenriy show that exposyre 10
asbesion is carcinogenic to hgmans snd
additienslly causes dinsbling fibrou:
luny disesse. Lyng cancer constitnres 1ns
gresiest health nak (o asdesion workers:
in some occupslionai cohorts. this
disease bas been responeible for more
than hatf of the excess mortality irom

hl
to determine whether 4 hersrdous ggent
poars a significant risk t¢ workers at the
current permintible exposure level, The
Agency sito determines whether o
redutiion in the permissible exponyre
ievel for the hezardous sgent will
subsisntialty teduce that tisk.

The Court gave some general
guidance 1o the Agency {or srriving &1
{indings of the significance of on
occupationsi health riak. It recognized
that the Agency’'s determination that a
particular tevel ol risk is “significan!™
wiil be based largeiv on poiizy
considerstions (/UD v, AP 448 U.S. 855,
654. n 82). To {liuetrate how pne may
make ¢ delermination from quentitelive
informatian that v health tiex is
ngmificant. the Court siated oo foliows:

H in the Agency's resnanaibility 10
detetmune i the firet istence what it
coasiders (o be & “sgmificant” nsi. Some
rizke are plainty ageepiabie and nthers e
plainiy prabie. If, for pit. the
odde ate ene in g billion that & peryon wiil
die from cancer by taking & drns of
chionnated weter, the risk cleariy could not
be considered synificant. On the vther asnd.
f the edds sre one in & thousand that regular
rulation af gesoline vapory thet are 7%
benzene will be fotal. & reasonabie perren
snrght well conaider the risk significant and
1k spproprisie sieps 10 Gaevease or
elimtaate 1\ [(7UD v. AP/ 448 U.S. a1 853].

Although the Conrt's exampie bs bused
on 4 quantitative expression of the sk,
the Court indicsted that the significant
tigk determination required of DSHA i
no! "s msthematical straitiackel” snd
that “OSHA Iz not required (o support
the finding that & signllicent risk exists
with snything spproaching scientific
centainty.” "A reviewing eourt fis] tc

ive DSHA eome letway where its
gndim mue! be made on the frontien
of scientiliz knowledge jaad) . . - the
Agency is free (0 use conservative
assumplions in interpreting the dale
with respect 1o carcinogens, fisking
error on the side of overprolection
rather then gnderproteciion” (448 US. et
#ss. BSS).

bestas exposure. Maligneni
tmesotheliomas of the pieurs and
peritonecm. which are extremely rare

among non-exposed persons. have peen
conciunvely linked with azbestos
exposure. Some studies of agpesios-
expored workers have #isc shown
increases in morislity from
gasvvintesuns! and other types of
cancer. It haa been known for years that
exposure to arbestos is the oniy knowr
cnune of asbesiosis. & progreseive.
fivrotiz lung dizesse causing elisci:
ranging frors shorness of breath gunrs
exestion to complete disability.
respiraiory and cardiec Inltyre. and
death. OSHA s determinstion that the
heaith risks from aebestos exporure u
significant iz based. in part on the
itreverzible and witimasely falal nature
of these didtu«;. patticuistly of lung
an theli

The linding that a signilicent risk
exisis is primarily supported by OSHA™S
quenttative risk sssessment which s
based on studies of asbestos-exposed
worker populstions. OSHA s risk
asyessment {discusyed in Section V of
this preamble] estimetes thet 84 exces:
cance: desths finciuding those from lung
anud gesvointestingl cancer and

‘mesathelioma) will oczis ameng 1.000
workers exposed 2t the exisling
permisaible exposore hmit of 2 {ies ior
45 yesrs, 8 working lifetime. The
esumates of monality risk from
mesctheliioms, jung cancer, and gurire-
intestinal sences are 18. 44, snd ¢ excess
desthe, respecirvely. per 1.000 workers
exposed far €5 years at 2 {/ez.

OSHA aise estimated the tisk of iung
eancet, tesotheliome. snd
pesvointeatined cance? for 2A-yenr and
J-year durations of expovure to ashestos
at2ljce From this anslysiz, OSHA
estmates that the nsk from all espexios-
reisted coancers emong workers exposec
from 20 years to 2 {/g2 is 44 excest )
Geaths per 1.000 workers, The esumeiec
cancer risk from sli cancers smong
workers expesed (o 3§15 for one vesT

oy




1994 OSHA Standards. Preamble:

There are at Jeast three reasons for OSHA's decision not to separate fiber types. First.
OSHA believes that the evidence in the record suppors similar potency for chrysotile and
amphiboles with regard to Jung cancer and asbestosis. The evidence submitted in supporn of
the claim that chrysotile asbestos is less toxic than other asbestos fiber types is related
primarily to mesothelioma. This evidence is unpersuasive, and it provides an insufficient
basis upon which to regulate that fiber rype less siringently.

As OSHA explained in the preamble to the 1986 standards.

% * * 1o summarize the data on risk differential by asbestos fiber type. human
epidemiological studies have suggested that occupational exposure to arophiboles is
associated with a greater risk of mesothelioma than is exposure to chrysotile * * * No clear
risk differential for lung cancer or other asbestos-related disease has been demonstrated by
epidemiological studies. Animal experiments, however, have indicated that chrvsotile is a

more potent carcinogen than amphiboles when administered by inhalation or intrapleural
injection * * * (51 FR at 22628).

OSHA agreed with the testimony of Dr. Davis. who stated that "the evidence cannot answer

* = * with certainty * * * if "one fiber * = ¥ of amphibole (15) more danocrom than one
fiber * = * of chrysotile.” (Tbid).

Second. as stated in the 1986 asbestos standard, even if OSHA were to accept the premise
{which it does not), that chrysotile may present a lower cancer risk than other asbestos

fiber types. occupational exposure 10 chrysotile asbestos still presents a significant risk of
disease at the revised PEL (See 51 FR 22649, 22652). In particular. asbestosis. the disabling
and often fatal fibrosis of the deep portions of the lung, is caused by exposure 1o all rypes
of asbestos. The evidence on this is strong and no new information has been presented to
‘contradict ﬂns As suated above, OSHA estimated asbestosis risks at 0.2 f/ec exposures as

an uuacccptabh high 5 cases per 1000 workers. Thus. asbestosis risks alone justfy the
regulation for chrysotile.

Lung cancer risks associated with chrysotile exposurss are also high — 6.7 lung cancer
deaths per 1000 workers exposed 10 0.2 f/cc for a full working lifetime. OSHA notes that
SBA’s witness. Dr. K. Crump ack‘nowlcdced that "(Ohere’s not a clear difference. * * = even

in humans. for lung cancer * * * in 1erms of distinguishing the potency of amphiboles vs.
: chr}'soﬁle.“ (Tr. 4220).

Third. the record shows that employees are likely 1o be exposed to mixed fiber types at
"most construction and shipyard indusury worksites most of the time. Assigning a higher PEL

to chrvsotile would present the Agency and emplovers with analyvtical difficulues in

separatsly monitoring exposures 1o different fiber types. Thus. regulating diffeeent fiber

EXHIBIT
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types at differing levels. would reguire more monitoring all the time and would produce
limired benefits (31 FR 226871

Consequantly. OSHA belizves that itz conclusion to treat all asbestos fibers as having a
similar potency in the occupational seting remains valid. Most of the evidence submitied 1o
the remand rulemaking duplicated evidence submined to the 1986 standards’ recorgd. or was
curpulative to the carlier body of evidence. For example AIANA appended its 1988
subrnission to the EPA. consisting of numerous studies and reports, Some of these

documents were considered by OSHA in the prior rulemaking. There. OSHA had stated that
the 1983 Berry and Newhouse study of friction materials manufacturing workers which found
nonsignificant increases in lung cancer mortality, was inconsistent with other studies

showing that low level asbestos exposure resuited in excess Jung cancer mortality. because

of the relatively short follow up period used (51 FR 22618).

Other studies involved lung burden analyses of mesothelioma victims. apparently showing
that the pulmonary content of chrysotile was within the range of the general population.
whereas amphibole content was significantly elevated compared to the general population
(see ¢.g. Churg. Malignant Mesothelioma in British Columbia in 1982. Cancer, 2/83. 6721
OSHA noted in the preamble to the 1986 rule, that there is a difference in ussue retention
which would account for the autopsy results and cited a stady by Glvseth et al. (Doc.

32-C. Ex. 312) which supponed that explanation. OSHA also noted that “the differenual
lung retention of various fiber types bas been demonstrated in animals,” citing a study by
Wagner which found that animals exposed to chryvsotile fibers developed lung cancer even

though a smaller amount of chrysotile was retained in the lung compared to similar tests
with amphiboles.

- Dr. Weill believed that "these differences in tissue persistence may wholly or pardally explain
the observations {that exposure to amphiboles are associated with a higher prevalence of
mesothelioma] in human * * * population * * *. Non-confirmation of fiber type differences
in aniroal experiments may be related to the much shorter life span * * * (of expenmental
animals. which would not allow] the effects of varving tissue-persistence to be expressed”

(Doc. 33-C. Ex. 99, p.18: 51 FR 22628). Therefore OSHA had reviewed and evaluated in the
earlier ralemaking a portion of the evidence submined by proponents of differemiat

regulation of fiber tvpes. and had rejected the claim that chrysotile should be regulated less
stringendy.

Some new evidence on the issue of differential risks of asbestos fiber types was submitizd
by both supporters and detractors of that theory.

In support of the position that chrysotile asbestos exposure is equivalent in risk to

amphibole asbesios exposure. BCTD submitied studies which indicated excess mesothelioma
cases in workers exposed solely 1o chrysotile asbestos (see Ex. 119 C. 1-136. 123, An6.

143 Au C. 143 At D1. In suppon of the opposing claim that chrvsotile has reduced
carcinogenic potential. AIANA and SBA submirted additional evidence. For example. AIANA
submitted the World Health Organization’s 1989 working report which regppymended that the



exposure himit for chrvsotile should be reduced 10 1 fice or below (8 hour TWA ). where it
was recommended that exposurz 1o crocidolite and amosite asbestos be prohibited (Ex. 21
AL p. 91 In panticular, two papers by Mossman. et. al. are cated as the basis for the clam

thal a scienufic "consensus” believes that chrvsoule carries a reduced carcinogenic risk (Ex.
1-153. 1511 Thus AIANA states that "since OSHA issued its 1984 asbestos risk assessment.

the scientific consensus that chrvsotile asbestos poses lesser risks has solidified” (Ex. 142
at 31

However. OSHA notes that various participants in this ralemaking. including NIOSH and Dr.
Nicnolson. disputed the existence of such a consensus. Dr. Nicholson and others including
Dr. Landrigan, in a letter to Science, (Ex. 1-155). dispute various interpretations of data in
Mossman et al.’s paper. and challenge the conclusion that chrysotile asbestos carries little
cancer tisk. Nicholson et al, point out that human studies show excess lung cancer risk that

is proportionate 10 exposure across all fiber types. and that animal tests confirm these

relationships. OSHA believes that the scientific community has not achieved "consensus™ on
these issues. ' ’

Among the studies subminted in supporn of the lowered risk of chrvsotile asbestos. are thoss
of Churg. and others showing that the lung burden of mesothelioma victims is predominantly
amphibole. even though high chrvsotile exposure levels were reported. As noted above. this
line of argument was presented in the earlier asbestos rulemaking. and OSHA had concluded
that lung burden studies are inconclusive, Additonal response to this argument is provided
by Dement who notes that "(t)he biological significance of post-moriem lung fiber burden
data has vet 10 be established. These data are not useful as a predictor of disease for

several reasons. Chrysotile is known to split longitudinally and partially dissolve in the lung
wheresas amphiboles remain in the lungs for vears without significant dissolution * * =,
Measurements of tissue fiber burdsns many vears after first exposure may bear no
reladonship 1o the carcinogenic events which likely have taken place many vears befors ,
clinical manifestation of cancer.” (Ex. 1-273) BCTD pointed out in its post-hearing brief. that
"Dr. Landrigan testified. while the observation that chrysotile does not last as long in the
lungs as other forms of asbestos is not new knowledge (Tr. 1074,. there is recent evidence
that chrysotile is “the most effective of the three major fiber types at migrating to the

pleura. that it is present in substantial amounts in pleural plagues and mesotheliomas. even

in circumstances where it is not present or minimally present in the lungs themselves” (Tr.
10740 ‘

Tne Agency also notes that the HEI report. in summing up its discussion of its literature

earch of studies examining the issue of the rejative potency of chrvsotile in inducing
mesothelioma. stated: "(the evidence that chrvsotile rarely causes pleural mesothelioma is
not conclusive "* * * and concludad that the absence of mesothelioma in one of the “two
cohons of heavily exposed asbestos workers who worked only with chrvsotile * * * seems
likelv 1o be due at least in pant to chance” (Ex. 1-344 p. 6-23).

HEI concluded that “the mesothelioma risk for chrysotile was an issue of disagreement:
some members of the Literature Review Panel held the vizw that a lower estimate should be

et aad

e



recommended. as it would be more consistent with available data. The crucial issues.
neither of which can be resolved unequivocally. are (1) what proportion of the
mesotheliomas observed in groups such as the UK. textile workers and the U.S. insulation
workers were caused by their exposurs to crocidolite or amosite: and (2) whether the best
general estimate of the rauo of mesothelioma to excess lung cancer caused by chrysotile is
provided by the Quebec miners and millers (about 1:4 or 1:5}. or by the South Carolina
textile workers handling Quebec fiber (zero)” (Ex. 1-344 p. 6-32).

Thus. although there is some evidence linking chrysotile to a lower mesothelioma rate than
sorne amphibole fiber rypes. OSHA believes that there is insufficient evidence to show that
chrysotile does not present a significant mesothelioma risk to exposed employees.
Furthermore, the major disease linked to asbestos exposure, Jung cancer, occurs at the

same frequency among employees exposed to equivalent doses of chrysotle or to amphibole
asbestos fiber types. Indeed. evaluation of all of the evidence indicates that chrysotile
asbestos presents a similar significant risk of lung cancer and asbestosis as other forms of
asbes1os. Since these adverse health effects constitute the majority of diseases related o
asbesios exposure. OSHA is siill of the opinion that chrysotile exposure should be yeated
the same as other forms of asbestos.
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NONOCCUPATIONAL EXPOSURE TO CHRYSOTILE ASBESTOS AND THE RISK OF
LUNG CANCER

Wierkel Camus, PH.D., Jack SiEmiaTyeks. Pr.D.. anp BeTrs Meex, M.Sc.

ABSTRACT

Background Heavy industriat exposure 10 asbes-
105 causes lung cancer and mesothelioma. but it re-
mains unknown whether much iower environmental
exposure 1o asbestos also causes these cancers., hev-
eftheless, regulatory agencies, inciuding the Envi-
ronmental Protection Agency (EPA], have assessed
the risk of lung cancer by extrapolating known risks
from past industrial exposure t0 asbestos to today's
much lower environmental asbestos levels (roughlv
100.000 times lower;. We aiso tested the EPA's mode!
for predicting the risk of asbesivs-induced lung can-
cer in a popuiation of women with relatively high
deveis of nonoccupational exposure 10 asbestos.

Merhods Morality arnong women in 2 chrysotiie-
asbestos-mining arsas of the province of Quebec
was compared with mortality amo g women in 60
controi areas. and age-standardizeg mortality ratios
were derived. With the nelp of an expert panel, we
estimated past exposure 10 asDESIOS 8MONY wamen
irs the mining areas and used these data with the
EPA’'s mooel to predict the relative risk of tung can-
cer. Ve then compared this prediction with the ob-
served mortality ratios.

Resulrs On the basis of the estimated exposure in
the 3SDeSIos-Tining areas. a relative risk of death
due to lung cancer of 2.1 was predicted by tne EPA's
model. amounting 10 aboul 75 excess deaths from
lung sancer in this population. By contrast, we cak
culated & standardized morality ratio of 1.0 and
& standardized proportionate mortality ratio of 11
{(P>0.05), sugpesting that there were between § and
£.5 excess aeaths from lung cancer among the wom-
en with nonoccupational exposure 10 asbestos. Sev-

tive risk, 7.62; P<0.05).

Conclusions We found no measurable excess risk
of death due to lung cancer among women in two
‘enrvsotiie-ashestoz~mining regions. The EPA’s mod-
¢i pverestimated the risk of asbestos-induced {ung
cancer by at jeast a factor of 10. (N Engt J Med 1898;
23811563711
1995, Massscnusetts Medical Socren

SBESTOS is 3 commercial group of soong,

ductle. and fire-resistant muncral Doers.

These properues. which difier among

different ‘mineralogic tvpes of aspestos.

swrongly affect its in vivo persistzncs and oxian: -

Chrysotle asbestos, which consututes abous 99 per-

cent of airborne asbestos fibers in the general envi-

ronment. 15 cleared much more rapidiv from the
lung than amphibole asbestos i+

ir bas been recognized for several decades that ex-

_posure to asbestos at high leveis. as was ‘commorn

arnong asbestos workers in the ars: hali’ of this centu-

ry. can cause lung cancer and mesothelioma of the

pleura and peritoneum.® Among ashestos workers.

ncarly all mesotheliomas are induced by exposurs w©

ashestos, whereas most hung cancers are atwrinutable 1

. smoking. Yet because mesotieiioma is 50 rare, asbes-

- tos-induced cases of lung cancer greath outnumber
cases of mesothelioma among ashestos workers F32
In the 3980s. after labor-union campaigns and gov-
ernmental reguiations had greath redyced ocoupe-
tional exposure t¢ asbesios, public stendon turned
10 environmental exposure.s® Pressed to recommend
preventive regulations and remedial measures. pupiic
health authonges assessed the risks of aspestos
induced cancers in the general population on the
basis of occupauonal data.*+ The validiny of such s
umates of risk has.been questioned for several rea-
sons.# % Extrapolations were made to environmen:
1al exposure tc ashestos ar levels thar were 1.°100.00G

.. of those to which workers had been exposed in e
=n oesths from pieural cancer were observed treia- -

past. The amphibole content of airborne dust cor-
naining asbestos taerosols) is much lower in tac gen-
cral environment aow than in historicai occupauon:
al setrings. In addidon. past studies of occupational
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exposurs (¢ asnestoc were methodologicallv hmited.
dose - response esumates varied b a facior or 1000
among studics. and esumarces of the risk of asbestas-
induded ¢ancer have not been validated 1n nonoccu-
pauonaliy exposed populavuons.
We rested the Znvironmental Protcction Agency’s
EPAS  dose-responss mode! for asbestos-related
lung cancer in a popuiauon exposed to asbestos at
feveis intermediate berween thase encountered by
asbestos workers and those encountered by today’s
urban populations. A smali region of the province of
Quebec. Canada. produced most of the world’s as-
bestos unil 1954 and remains the world's largest ex-
porter of asbestos. Berween 1891 and 1980, asbes-
1os-dust emissions and fallout were usualiv visible,
Asbestos atrosels were sumilar muncralogically to
those found in cities today: more than 98 percent
were chrvsotile.* Our study was restricted 10 wom-
¢ in order 1o exclude most asbestos workers.
in contrast 1o previous studies of general popula-
tons, > we estimated jevels of exposure 10 ashestos
iz order 10 quantfy the relation between asbestoy
and lung cancer. We used data obuained from death
certificates. which are adequate to study the nisk of
iung zancer bur not that of mesotheiioma ¥ = Mes.
othecilomas are currentiv being invesugared in a sep-
arare study.

METHODS

Thz stod compnised three Sistingt cmpanents. 3 mortaim
HUOY e mEasurs thz actaal mivne nsk of geath dut to jung can-
¢e” and ather Qauses, 3 histoncal exponoTe 3ssessment. am 4 o risk
asscavmens 10 predict the reistnt nisk of iung canget on .o Baus
of thy sxposurs asessmens and thr EPAS nsi modci. We as
sumec, a¢ in U EPA’s nsk-assessment modicl. TAJT the risk of
SLath Oud 10 WD TINCET Wi Tty dentical 1o the sk of wng
Z2NCET —m 3 Jummoni sccepied apprommsuar o diszases
wnizh surmval is shom

Mortelity Study

Wz deterimned thz number of deaths that accurred perweer
1570 and 1989 ampng women at feas: 3G vears of agr whn ived
i 2 chnvsariiz- ashestos- minmg areas or 60 refzrence 2rzas i W
prvance.of Quehes. An ares was defined as 4 gmiup of contity:
ous mumopsfitzs with 3 1ow! populaton of a ieast 4500, The
arzas whese the pog “ was T werz Ther-
ford Mines cpopuianon. 29.093 w198 1: and Asbesios ¢ TRVPU
non. 14,225 . these twu areas compased eight wawns, of which
threr “Thetford Mines, Biachk Lakc, and Ashestos conraned

tariv al} ths 3sbestos mngs and mills. The residents of these ar-
£3s ved witior: 10 T of 3 mine or mill. and 80 mereont ined
wihin 4 kM. Amanz the other 63 areas in Quebes. 4 large urban
centzss and | siupbuilding area were excluded. The remamng 66
feferencs arsas were Spreac #Tuss the province and had popuis-
Tnns ranging from 5000 w $1.000 (iotal popukoor, 137337V
mn 19§51, .

Te comreuts the seiatne risi of death duz (o specific 2auses i
the asbeswas-mining areas. we compared the abserta numbers of

CTahs W 10T NUMDCTS QIPECIed un the basie of the rates In the
unexpased zai Sincs thore was mamanon i and out of (e as-
bests-mamng dreas Gunng the perkxd of dbservatkm, tne STud
population atuali: conmsied of different propte eack vear Tne
annuai pOoUton numbers, WhICh wr used as aEnomIAgtoss fn:
mortainy rates. werr based on Canadsn censas daw Over the

ennire ohservatunn pcrmd smaons wamer 3¢ v=ars nf e o tng-
Cthere werz 220 37F perseanVEDPS 3 1A 2SSt NG arcar

and 5.629.43{ persanevears in INT retons drtas

T numcraions 1or nur C2CUIATIONS 132 thomn Ltu!h(:", mnmoe
Ll regisiT | we nptanes the O3t cerniing of womes 30
vean ala ur alaer wno me2 srom 1970 w0 1989 in Queoe: s
nc: Toz myriapalio: s ners cach wnaman aced 3 the nmz o
fer deatn wag usea ne 1HEN the 6EatN 1O Ik IIDEsT0S- MmNy afed,
thoan uncrpased refERNG: angd. AT T 3 MUMGRAIT TICUGCE
from the anaivas

The convwentional sunaargdized mostahr mae 3nd standard-
zed Bropornnnate MORATY £ato Wers esmaicd for T twe as-
pestos-myrung arcas separaten and together, as comparce WU
th: referents arcas, Both measures are raous af tie numeert n*
anserved dedths n (2 popuiation undet mudy o the expesice
numbers. with adiustment for age ang caicndar wea? For thz
smndardizea mortality ratin. the expected number 18 basea tn s
atsointe rmaralme accordng to cause n the reierenc: papuiantne.
Fut the standardized ProMrnonate mortahts rno. the expeticd
number is based nn the proportian of sl aeaths 11 txe rererence
POPWaton Ha: arc due tn each Cause Thz confidence intcmais
1o e standardized MOTTIMY FATKRIS WeST CoOMPuted witn gse of
Bvar's approumanion: the confidentz mtemai wor ¢ach standars:
12ed PropOTHcNaTe MOMTZIITY FAtKY Was comPuted wWith use ' ar
approximaton of the STANdard eror oF 118 RAtUra jogarither. >

£stimates tf Exposure 10 Asbestos

T predict the nsk of Jung cancer according to 112 hsk oozt
wt gstimated the poPuUlation’s Verage cumuiatne sepasurs fi 33-
bestas, which 1 the Driduct of the mrenswy and iz guratian o
expodure. Thess two components el estmared senarmeiv s
cach of three passibic f\'[m of cxpn-sur- n-lghmvrnvod TIPS,
resulting from ¥ g or milinz 1n th:
towns” autanar ae B “( € 2 from dum
brought hume v asbestas workers, and aesupanongl exposurs
We present here 2 bniel’ summane of the rasner compies pm«st
of assciming exposurz, 0ekribed 18 dexdis elsewiners ¥

Neighborhood Exposure

Ouwnr nivectnT was to estimare hastoricat isvers nf asbastos m the
miung wewns and to GerTee nmc-sweighed average exposurs seveis
for the “average™ femais resient. Informanon on arearns asnes.
tes kevels 1 the ashgsing- muning trwne Was opuance from con.
finuous measurements of Just mads by 3 povermmen agensy be.
@nnng w1972 annusi mzasurements of aspesror finoes woTnz
Ak made M The aspesis dustry since J974 and twee regent sur
wevs #45° To derpve eSTmates 6F €IP0SUT 107 earier Penoads Ws
wok the fafikrwing steps w ubwin ewdencs.

Annual production volumer were computed for cagh asbstos.
maung wwn from 1900 w1984

Déniled mivrmation about devermnamts of asbresios pobunon
soing dack tu 1900 was abtamea - specifically, the dasses of i
bers produced. controls an emissions, Joeation of muming 7 mits-
ng stres and niling piies in risvon w0 mhated ancas, urbam..a-
wom, opogTaphie maps and the direenomal diributian of wnas

The relavion among Ieswh of urbome dust. annuai asteswos pre-
Guenor. and dust controis was eimated far each mMining o

for the pering from 1972 through 1984, and mﬂpnhtum‘ wers
made back to 1900,

The freguenc and intensin of past visibic aspestor derustoes
and the disuance of residences from manes ana milie were esumat-
ed on tz tasis of the rsansss of 3 represenzatn @ sampic o7 817
cideriv fernaie residents 1 a survey.

Thz vatums and characrzngudt oF 2shasios us; 2urrentiy retang
e tne gants” dust-smission BITA00R Svstems werz cazssd B

TR o
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437an337 2 azrosni-dispersin model o ginmar: NIPON: 230esto!

VTS I thz e i Asoestos, Quedes. boiors tha onset of gus:
contreus an tne 1930,

Wi anaivaed thr relation pevween the lung huraen nr asbestus
NS tisT MItOnes of ocCuDILON3; cxposure among 39 Quenc:
mness ANz mubers sTuice 3T Jutupsy by Sébastien et al ' We
ANTH IPMDIEY TN3T TEIATHIR 16 the jung Durdens of 22 deceascd res-
waents af tne minmg arcy wha haa ne wecupation:l exposures we
asoestol s teponed ov Case and Sébasuen. ™ to estnate past ex-
pasurs s,

"W mer asked 3n mtermational panei of mozxperts or tne
mzasurIment af expeosurs T ashestus To consider the evidencs
Anes evaivating the data cnucaly, the pancl estimarted average
2phdrnesns sxoasurz leveis 1 The Thitt Masm MIIRG WWwhs 5
four kev voars (1943, 1960, 1974 and 1984), which cenes The im-
partan: phases i the impicmentanon of dus-emissaon contrl.
The panci aiso prenvided ewmacitnes for estmanng vearly average
ieveis rom 1900 to 1989, based on the values for the kev vears
and o RwTeshectfic sbestus-producton reveds thig. 1. Average
annuai ambient ievels wers 2snmated o have peaked at ] fiber per
muhlllc’ ar morz jugns vaiue refieets thz aumber of finers ioneer

Cthar ¥ pre and visibiz on ozuocal meruscops per milliliver of art
berwzen 1940 and 1934 and s have been aptve 0.2 finer per
miliiiizer from abows 1903 Thz panel thoveht tha:

3 10 aboys 1963
he 11U Vajues werz unlikslv to e beiow 33 pereent or aborve 300
FRICENT OF (e Dest estimares, theneoy erovidsny subiestvs piaw-
nbiity ;angcs. Furthermors, 1 was estirnated that the three mam
wmns werz © 1o 20 nmes maore polivied tnan me fivs ather mo-
RICIDITS I 112 TR0 SDZSTOS-MUMING areas,

Houashold Exposure

Seveney pereznt of the women in the asbestos-miming arsas hac
2ach ined In thz sam: houschold as an asbestas worken? nu.
Iners were ver: fow data reganding urdoaor expesure. We

s ralivted watn aspestas =7 1y pRMEs 1N Nateral cananna:
€G areas o the world #9300 18 a0 EXPENMENT WD CIntngs con
wWmEnated with asiestos qust

Occupational Exposure

Trom vuT suney I the dres, we estmazd 1 abow 3 poren:
of kkal womer [ad workes o toc 2sBEOY MAUSIN or DAl
mended Dags wscd 107 snIpping asbostos. A args occupannsa.
study In the Kical J30esSTIs INGUSITY €NMATZS INAT AT Iow temans
wairkers had worked In less Jusn inns 1Han Mair wrkess and ez
accumuiated fess ther 30 fiber-vears per mulhivter thibesazars ar
caicuiated by multupivine dverags annual cxposure by vears o ¢
nposure, * We used this value tr esumate cumulams: expasurs 10
thz Pruporton of PErsun-wers IPent oy the population i wirk
i the 3sbesius mdustr

Duration of Exposure

' In 1989. wr mrrviewed 8i7 eidertv female residents of the as-

. bestos-mining sreas about therr lieume rosidennai and empios -

¢ ment histores and tixase of the persons they had m\:d LN

T mQuiry gave us MIEMAtIon apout the NUTDRrS N persoan-vearr
af readencs 1 the arce, fesidence wih an asnzstos worke:, ans
ashestos-reiated work for women of different btk conor: e
€ach 0F The asbestes-mIning areas

Cumulative Lifstime £

For zach woman m the 1989 syney. the liftume tumuain:
poghbarhond exposure was esomated DY MUDPIvNRE voars o 2
pasurs be the estmated asoestos levels 1or vach vzar ang
which thr had mved. Comulatne houschold and occupatss
TIDOIULL WIS CAMPUTRA 1% T farz wav but sdwsted for degeor.
TNBoOUs £XDOsUR. W eXTTAPOidee Vet For taz camblaov: <
aosure 07 T women we surveved to tnz entire 'XN!StO ™ -
uan and tnz stedy peaed (1970 through 1989 ov assuming

INGu0? TXpUSULE ON the basis of the results of autapsies of 16 res-

ents whe fad inec with astestos workers. Using data on the
relanion: between tne ung burden of athestos and lifeume expxr-
SuT I ashIstos among workers, we galealazed that the ashesios
1wng burder o tnoss 70 resigents nad resuhted from ingoor as-
2estos ieves tha: were roughiv 0.3 fiber per miliiiner nigher than

thr autdoos ieveis. This estmate was ennssten: with the meagz:

sarumentatior o g asbestos ieveis (0.1 10 6.0 Roers po
riffiter - 0 thr pumze of asbeswos mmen n Quzbes.™ M the
nes F CARCSAIz-Jshestos MINETS cisewhers. * i urban owlo-

. 144
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Tabie 3 sivews the ssumated cumulatve oxpxsurs 107 e por-
datkm N the BPTROS-MIMING areas aceordme to thr nyps of
exposurz. Noghbornood exposurs represented about 63 percens
of thz s7udy popuiation’s verage curnuiative exposurs., houszpois
exposur: apowt 3¢ PR and uceofational SxposuTc AnGOuT
§ pereen:. The i oaveraes L feve: ol sTpesur:
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RESULTS
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unr cancer of 203 (plausible rangs. 1.2) w023

1568 Nas 2

Yoi

v

Table 2 shows the standardized mortabte ragos
and standardized ProLoOTLODITC MOTLRLT U 16
dzath from sclected causes 1n the exposec poouis-
ton. The standardized mortalits ravo i the rwo as-
bestos-muning areas combmed was 0.91 for death
from all causes {2342 deaths observed: and 0.9 for
death duc ro 3l cancers (393 deaths obhserved
There were 71 deaths due 10 Jung - or bronciual  can-
cer among the exposed women. The standardized
morality rato for lung cancer was 0.99 193 percemt
contidence mterval. 0.78 to 1.25,, whergas th= stand-
ardized proporuonate morwlity o wag 1.1¢ (93
percent conidence interval, 0.88 w0 1.38 . The= con-
fidence intervals barely overlapped with the plausible
range of the relative risk predicted from the EPA'
model.

The difference berween the expecred number of
deaths. based on rates in the reference populstion.
and the observed number of deaths vields an zsu-
mate of the excess number of deaths in the exposed
population. Applying the redatve nisk predicied o
the EPA's nsk-assessment modei 10 the samz expect-
ed numbers. it is possible to derive the sumber of ex-
cess deaths thar would be predicted 1 the mode!
Table 3 shows these computavons. I')cbcndme on
whether one bases 1he compuduion of expected num:
bers on the standardized mortality rapo or the stand-
ardized proportionate mortlin rauc. the nsk-assess-
ment mode] predics berween 68 and TR eacsss
deaths mom lung cancer. wheseas we observed ¢ o
6.5. Th s. the EPA’s risk-assessment modc} overesn-
mated the moralin arriburable to asbestos by a fc-
tor of at ieast 10 (68 + 6.5

There were, however. two significant cievauons
risks associared with residence in the asbestos-min-
ing arzas. The sundardized mortaiity ratic for pieu-
nal ca.nccr was 7.68 (95 percemt confidence interval,
ol - and the standardized mortaiin sang
for a.shc*tosn was 2349 93 percent conndznee m-
erva. 2.0% e 8-:.S.~.~.

DISCUSSION

Regulston polides regarding asbestos are influ-
enced by esumatet of the msk of lung <ancer and
mesothelioma arribumble o environmenal exposurs
o ashestos. Such estirnates are conroversial hecause
theyv rely on unverified assumptions and imprecist da-
. In this study. the EPAs mode! everestimated ths
risk of ashestos-induced lung cancer among wonier
who lived in chrysotile-ashestoc-muning arsas b2-
tween 197¢ and 1989 by at Jeast 2 factor 0f 10. Such
risk assessments may also overesumare the nisk o7 as-
bestos-induced fung cancer in other populanon: with
nonGCCupatonal exposure.

Qurs unus of observation were clusters 0 10WRs.
not mdividual residents, since it was nor tzasibic 10
xdcnnf\ a large cohort of individual residents and as

sriam ther oxposure levels andeisa! states, The ap-

Py
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TAME 2. §TaNTARDIZED MQRIALTTY KATU ESMER: AND $TANDAMIZEN PROFORMONATE
MORTALITY RATIN (SPM R FOR DEATH FROM SELFCTEDY CAUSES AMONG WOMES
IN THE ASRESTON MINING AREA, A% COMPARED WiTH MORTALITY AMONG WOMEN
©OIN THE REFERENCE TOMULATION, FROM 1970 THROUGH 1989 *

No. of

Cause of Dyate Deatws
Ali canges 2242
Cronarors ducase 1057
Reaprratory diseases 104
Asbesoos z
All gancers 395
Dugzemr cancer 205
Orat cancer +
Breast ancer 120
Gentral cance: o4
Unnarv aance: 19
Lympnanc or hemaroootats cancer 42
Resptratory cange: =
aanme -
Lang o hronchut 7.

exrs

SMR 5% Ot EPIAR (95% CL

09} (D§T-093 100 -

089 (0.85-094 098 10Q4-) 02
4.5 «Qoc-095 - 08937341 08
2349 264-F4.83. 2410 16.00-95.8)
Q.92 10.632-1.00- 1.82 1096119
Q.96 t¢.87-1.10, 100 10931 2
0.68 10.15-1.74 . 0.75 10.38-3.00)
0.88 (0.73~1 0% 09" 10.82-1.05,
0.55 t0.65-1.08, 093 10.73~1 18.
0.84 (0.31-1.32:

.78 (0.56-1 05 -

1.05 /0 84-1,352: . 95

Q&4 00”232 0.7210.18-2 S.».
099 1) 78-1.23 1100881 38

FTHIBOE-1 TR SV RHIITNS

*There were no nowctabie differencs m mormim berween the ™o abesrosmming ateas ror
denzh mom anv causs. GRLT: For the Saer thay all soven deatns from pieural canee oecurted in the

Therord Mmes ans €l denotes conikiencs myrervai

proach we used was nevertheless adequate, because
exposures 1o asbestos differed much more berween
the exposed and reference populatons than within
cither one. Furthermore. risk estimates such as these
are applicable to group averages.

-The study populations were dvnamic: during the
study period. peopic migrated berween asbestos-
mining arcas and rererence or excluded areas. For
cultural apd linguistic reasons, the population of
Quebez was very sable unul quite recently. The pros-
perity of the asbestos-mining areas atmacted mi-
grants untl 1980, Those who left this area most of-
ten moved o large ciges that were excluded from
this studv. Migtation patterns would have been sim-
ilar in the reference areas. albeir with somewhat less
in-migragor. Migration from exposed to reference
arcas would not significantly have affecred moraiity
in the reference populadorn. since it greatly. oumum-
bered the exposed population (by 40 to 1). Migra-
ton from reference areas o asbestos-mining arcas
was not substantial. according 1o our survey of cld-
erly fernale residents of the asbestos-mining arcas.
Finally, exposed and reference areas had similar health
services. making it unlikeiy that out-migration from
ar ashestos-mining ares would have been more
songly related to lung cancer thap out-migration
from reference areas. For these reasons and because
of the resuitr of simulsgons with various plausibie
assumpuons. we concluded that in- and out-migra-
tion could not have distored the refagve risk sup-
stantially,

Subsunual bias due to confounding is uynlkeh in
this study. Both the exposed and the referencs pop-
ulations were small-town homemakers of Frencn.
Canadian ancestry (93 percent: who were born in
the early part o5 this century in a soqiery that was
culturaliy and sociocconomically homogencous un-
til the 1960s. According 10 the 198~ Quehec Heakh

- Survev® and our local survey in 1989, the women in

the exposcd and reference popuhnom were simitar
in ‘ethnic background. lifestyie. and sociveconomic
charactenstics. However, the populadon i the as-
bestos-mining arcas may have smoked slighty iess
128 percent were current smokers and 54 percent
had smoked at sdme time; than the women in the
referénce areas (3] percent and 35 percent. respec-
wvelv;. According to Axtlson’s method of correcung
risk ratios.® differences in smoking status should not
have distorted the relative risk of lung cabcer by
more than 7 pereent. In view of possibie confound-
ing and bias due 10 migradon. and given the low
mortatity from all causes and from cancer in the at-
bestos-mining areas. we belicve that the dest est-
mate of the reladve tisk of lung cancer falis berween

“the standardized mortality ratio of 1.0 and the

saandardized proportionate mormiity ratio of 1.1.
The resuhs of the eclectic and varied methods
used as the basis for the recrospective estimate of e)-
posure were sufficienty coherent thar five experts
agreed easily on past Jevels of ncighborhood expe-
sure. Ous assessment of exposure was similar to the
assessent 1o historical cohor.smdies of asbesios

Vitams: 33§ Numbe: 22 1569
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TABLE 3. EACES DEATHS FROM LING CANCEL AMONC WomEx

ASRFSTOS- MINING AREAs, AC CLOMPARI ™ Wrri

TOIEw PREDICTED o THE Hasiv OF THL EPAN
Reni-ASCESSMENT AMoor, *

Bams son B Tews e

Svmoy o6 ExreTen Dtaris meom

VaMARLY Fowsarns RaTes a Resasect Amgat
SMR ISP

Typerren cdeatm 3 T4 2]
Otserved aeaths (o] 7!
Qoserved reasmve nsks Ot 10 18]
Ouserved eacess dearhe O~z ~0 43 8%
Predicred roisrs sk ‘R al
Predicerd dearny PeR.E 1464
Trecicred excess deatis P~z e R X
Rane o preedicred 1o TN 0-E Undehned2 104

obsened £xLess Jearhs

*Z aenotes the expected number af cetns m ghat PoBulAtIon. based On
the death rares of proporion of Geatns i th: rerertneT poowanion, O the
omervea number and R the rekaine risk taar s prediered m e poputaton
i 3ppiving me EPAs modti ko the esumared expoture koved m shn poou
uror

*Tas sxamare of the Rimive of srcess deaths m the DopRiatOn acoeEnay
BN INS ANMPLS DATT WS EINCITEN OD T Qs Of EAS JITCS Of SAnCer 1h Tt
PIRAENCT PCDETION SINCT Wt Oetrved twp vTrmons of (e CXDEEIRS num-
7w ONT LISET ON TR HANdaTdized Mortans fe (SMR aae ons aases
on thT sTnaUTdzen TrOEOMHONRAtE Mormir: meo (SPAMR — i oo
THIMEE?s TOMZIPONCING 1O CaClt Of thess Lakuunans ars shown Owerver
St dno progicred reaene Tisk are iz onh veraluey o thas sabls that ac

no; acoend on the expected nember of Gearns: they art therekore neces
FANME 0N IN TS TWe COIBMTS

2Tn: negarns iz 100 O —EF was inrerpreted 3t an :bsme: ot efreay
€ ~T={ | mading 10 an underinet vatue jor e e "= 0-E,

workers. which also relied on incomplete data and
on subiccuive and unpr:asc retrospccu\'c estunartes.
Thoesz uncertainues and those resulting from the es-

umaton of cumuiauve exposure on the basis of &

survey conducted in 1989 were accommodated by
assigming a large plausible range to our best estimate
of exposurs levels.

There are sevesal possible reasons for the overes-
umation of the nisk of lung cancer by the EPA mod-
¢l. First. the risk in the low-dose range mav be less
than would be predicted by 2 linear model, Second.
cumulative exposure may be 2 poor measure of the
biologically effective dose of asbestos (the actual
dose that contributes to the risk of disease). Third,
exposure~risk gradients in occupational studies may
have been overestimated because exposure wids un-
deresurnared, because of confounding by smoking.
or because inappropriate reference populations were
used. Fourth. chrysodle fibers may be Jess carcino-
genuc than ampmboic asbestos, which was propor-
‘wonatele more prevalent in the eovironment of the
occupatonal cohorts used o esomate the dose~
response gradient than in the general emvironment
toda:. Fifth, the reladve nisk of Jung cancer duc

WBIC - Ma- oe, rees

10 ashestos may be lower smong nonsmokert than
among smoekers, contrary te, the moasl's assumenion
ot constant refatne risks 2 And dnalk. the ED:
statsucal anaivsis may have Overesumated thz dose-
responss gradien: .o recent mem-anaivsis found the
EZPA’S csumatz to br berween + and 24 wnes oo
hign: &

The results of thus stuoy ars rzassunng with re-
spear 1o lung cancern but tiers wers sienificant .-
cess numbers of deaths duce 1o pieural cancer 'seven
deaths: and asbestosis trwo deatns.. The wnstances of
pleural cancer suggest an excess nisk of mesothzine-
ma. However. since historical death certnicares v2-
fleer the incidence of mesothelioma pooriv. % we
have launched 3 separate study based on a provinge:
wide survev of hospital records.
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EDITORIAL

Asbestos -- Still a Carcinogen

Asbestos is an important cause of human illness. Clinical and epidemiologic studies have
established incontrovertbly that asbestos causes cancer of the lung. malignant mesothelioma
of the pleura and peritoneum, cancer of the Jarynx. and ceriain gastrointestinal cancers. (1)
Asbestos also causes asbestosis, a progressive fibrotic disease of the lungs. The risk of these
diseases increases with cumulative exposure and also with the length of time since the first
exposure. Asbestos has been declared a proven human carcinogen by the Environmental
Protection Agency (EPA) and by the International Agency for Research on Cancer of the

“World Health Organization. (2,3) The total number of deaths in the United States that will
evenwally be caused by exposure to asbestos is esumated 10 exceed 200.000. &

Asbestos is a generic term applied 10 a group of minerals. all of them fibrous. There are four
commercially imponant forms: chrysotile, crocidolite. amosite. and anthophvliite. Chrvsotile
1s the most important. It accounts for more than 95 percent of current world producton.

Nearly all asbestos used in North America has been chryvsotile from the province of Quebec.
Canada. (21

All forms of asbestos are carcinogenic. All have been shown in clinical. epidemiologic. and
laboratory studies 1o be fullv capable of causing lung cancer. mesothelioma. and the full range
of asbestos-related diseases. (3) Although crocidolite appears to be two to four times more
potent than chryvsotile or amosite in its capacity to induce mesothelioma. all forms appear to
be equally potent in their capacity 1o cause cancer of the lung. ()

New use of asbestos has almost completely ended in the United States and in most other
developed natons as the result of government bans and market pressures. Those forces were
sumulated by the landmark epidemiologic studies of Selikoff and colicagues (61 and by the
release of information on the carcinogenicity of asbestos that had previously been suppressed
by the indusuy. (7) By contrast. extensive and aggressive marketing of asbestos by Canada
and other exporting nations continues in the developing world. where sales remain song. (8

With the virmal cessation of high-dose occupational exposure to asbestos. medical and public
health atention has wrned to the risks of exposurs at lower doses in the general environment.
Partcular concern focuses on the asbestos that remains as a Jegacy of past construction
practices in many thousands of schools. homes. and commercial buildings. (2!

Mistakes were made initially in dealing with asbestos in buildings. Pagenis in a few
communities caused great harm by tearing out asbestos from schools with little regard for
proper safety procedurss. With the passage in 1986 of the federal Asbestos Hazard
Emergency Response Act (AHERA ). a rational set of legaliy enforceable conuols was putin




place. The guidit.  .nciple of AHERA ic that asbestos in

Alding 1z deemed to pose ne
hazard 1o health unless fibers becoms airborne and can be inhaled. (9: So long as asbestos
remains in place and is protected from disturbance. it can safely be left alone.

AHERA requires all school authorities 1o conduct visual mspections to identify
asbestos-contairung materials: air sampling is inaccurate and is not required. The results of
inspection and plans for dealing with any asbestos detected must be mads pubiic. Overall.
AHERA has been a success. In the great majority of schools. it has besn feasible 10 manage
asbestos in place. Removal (also referred to as abatement) is required only when
asbestos-containing materials are visibly deteriorating or when renovation is imminent. Yet
debate continues about the risks of low-dose exposure to asbestos.

In a study reported in this issue of the Journal, (10) Camus et al. used two epidemiologic
approaches 10 assess the risks of nonoccupatonal exposure to asbestos. Both analvses were
undentaken in a population of women in townships in the province of Quebec that bave long
been the major sites of asbestos mining in North America. Camus et al. first compared
mortality among women in these communities with that among women in 60 other areas of
Quebec (after excluding cities and shipbuilding areas). They then compared the number of

.deaths due to lung cancer among wornen in the mining areas with the number pradicied by 2

risk-assessment model developed by the EPA. (3)

Camus et al. found no excess mortality due to lung cancer among woren in the mining
communities. 1n addition. they found the number of excess deaths due to Jung cancer among

‘women in these areas 10 be smaller by at least a factor of 10 than the number predicted by the
. EPA model. Bevond lung cancer. Camus et al. observed that the rate of death due to "pleural

cancer.” presumably mesothelioma, was more than seven times the rate in the nonmining
areas. They also found substantial excess mortality due o asbesiosis.

How can these findings be explained? Why does there appear to be no excess mortality from
lung cancer among these women? One possibility. noted by Camus et al.. is that the
dose-response relauon between asbestos and lung cancer may be less steep at low doses than
is assumed in the EPA model. Indeed. it has been suggested that there may exist a threshold
level of exposure to asbesios below which no carcinogenicity is evident. (10+ While
interesting. this explanation is entirely speculative and not.based on data.

Another possibility is that the past exposure of the Quebec women may have been
overestimated: such overestimation would inflate their calculated risk. It seems most unlikely.
though, that this factor could account for more than a small fraction of the difference
observed in mortality due to lung cancer. A third possible explanation is based on the fact that
the populations of workers on which the EPA model was based are known to have been
exposed to the amphibole forms of asbestos: the women studied by Camus et al. were
exposed only to chrysotile asbestos, however, and the mode]l may therefore not apply 1o the
study group. Although it is true that exposures differed. there is no evidence that chrysotile is
less potent in causing lung cancer than other tvpes of asbestos. (11.12)

The most plausible explanation of the low mortaiity from lung cancer observed in this study
is that women in the mining areas were exposed to an asbestos aerosplip Which many
particles were 100 large to reach their lungs. Previous stwdies have established that the risk of
cancer in the mining and milling industy is much Jower than that in the industries that
process and use asbestos. such as textile manufacture and insulation. (131 In mining and
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milling. many , aggiomerates and long curly fibers a.  aspended in the air. These laree
particles are easily seen and counted under the light microscope. but they tend not o reach the
pulmonary alveoli as efficiently as small particies. Thus. air sampling based on light

mICTascopy in the mining environment produces a spuniously gh 2sumate of true alveolar
exposure.

By contrast. in the asbestos-processing industries. large mineral bundles are broken up into
shorter, thinner fibers. Many of those smaller fibers are invisible under the hight microscope
and can be seen only with an electron microscope. They are. however. readilv inhaled and
retained in the alveoli. It is this fundamental difference in actual pulmonary exposure -- at the
same level of exposure as measured with a light microscope -- that accounts for the profound
difference in the nisk of lung cancer observed berween asbestos-mining workers and those in
the industries that process and use asbestos; these risks differ by a factor of 10 10 50. (13) The
EPA was fully aware of this difference when its model was constructed, and accordingly. the
data from studies of workers in asbestos mining and milling were excluded. (2

Carnus et al. (J0) go bevond their data when thev assert, without qualification. that the EPA’s
model overestimates the risk of lung cancer among persons with nonoccupational exposure to
asbestos by at least a factor of 10. The EPA's current regulatory controls embody 2 level of
caution commensurate with the hazard. The data of Camus et al. from their studv of a
population in rural Quebec with highly atypical exposure to asbestos would be an

inappropriate basis for revamping regulatory standards {or asbestos in buildings thronghow
the United States.

A final. 1ake-home lesson from this report is that chrysotile asbestos is still indisputably a
human carcinogen. The observation by Camus et al. of a more than sevenfold mortaliny rate
(relative risk. 7.63) from pleural cancer in mining areas. as compared w 1th nonmining areas.
corroborates an enormous body of literature showing that Canadian chrysoule. like all forms
of asbestos. is a potent carcinogen. (1.6) This finding is sufficient by itself 10 argue against
any relaxation of public health controls on chrysotile asbestos. Moreover. it underscores the
inaccuracy of recent efforts 10 portray chrysotile asbestos as safe. 44 Assertons that
chrysotile can be used without risk in developing narions are contrary o fact and exuremely
dangerous. (15)

Philip J: Landrigan. M.D.
Mount Sinai School of Medicine
New York. NY 10029
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To the Editor:

N

Landrigan is wrong in concluding that “a more than sevenfold mortality rate... from pleural
cancer in mining areas, as compared with nonmining areas. corroborates an enormous body of
literarure showing that Canadian chrysotle... is a potent carcinogen.” This mortality rate
{seven cases) is entirely explained by the few cases among women in the area who had
occupational exposure 1o amphiboles in the manufacrure of gas masks. (1) the repair of burlap
bags that contained imported fibers. (2) and possibly, in one case, the oremolite brought home
on muners’ clothes. @) Seven such wormen received workers’ compensation in Quebec during
the period of the study by Camus et al. Indeed. there is now a sciendfic consensus that
chrysotile asbestos is not a cause of malignant mesothelioma, even among chrysotile-asbestos
miners and millers. (1) Reasonable caution should continue to be used in exposing workers or
bystanders 1o chrysotile, but if the levels of expgsure currently recommended by the
Occupauonal Safety and Health Administration and the National Institute for Occupational

Safery and Heaith can be maintained, public health workers can concentrate their work on
lung cancer where it belongs: on smoking.

With respect to women in the mining area, it has been established that the content of
chrysotile and tremolite in the lungs is directly proportonal to the number of vears lived in
the mining region and inversely proporuonal to the distance between the place of residence
and the mining region. (2) In fact. these women were exposed to levels of chrvsotile as high
as 1 fiber per milliliter of air as recently as one month in 1984. (2)

Editor’s note:

Dr. Case has served as an expert witness in asbestos litigation during the past five vears.

Bruce W. Case, M.D.
McGill University
Monweal, QC H3A 2B4. Canada
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To the Editor:

Landrigan misleads readers with the statement. "Clinical and spidemiologic studies have
eswablished incontrovertbly that asbestos causes cancer of the lung, malignatn mesothelioma
of the pleura and peritoneum. cancer of the larvnx. and cenain gastrointestinal cancers.” To
prove his point. he ciies only one report. The cobort cited by Landrigan is only ons of many
asbestos-exposed cohorts describad in the medical literarure. That cohort has an arvpical
patiern of lung cancer. as comparsd with other cohorts. Our review of monalin from
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-Chrysotile Asbestos is

the Main Cause of Pleural Mesothelioma

Allan H, Smith, M0, eho, and Catherine C. Wright, Men

¢

-

in conurast 1o ampitibole forms of asbesias. chrysotile asbestos is often claimed to be oniv o
minor cause of molignanr pleural mesothelioma. a higily fatal cancer of the lining of the
thuracic cavirv., [n thix article we examine the evidence from animal and Auman swudies shat
_relates ta this issue. Reported data do not support wideiy quoted views regarding the relative
‘inertness of chrysotile fibers in masothelioma causarion. In fact, exemination of all pervinent
siudies makes it clear that chrysotile asbestos is similar in porency to amphibole asbestos.
Since asbestos is the major couse of mesothelioma. and chrysorile constitutes 95% of ail
asbesiwos use world wide, it can be concluded that chrysotile asbestas is the main-cause of
pieural mesothelioma in humans.,  © 1996 WitexLiss, inc.

KEY WORDS: chrvsotile, ashestos, mesothelioma, epidemiological studies, animal srud- -
ies, amphibole hypoiliesis, Stanion hypothesis

INTRODUCTION .

Asbestos inkalation is an established cause of zancer in
humans. particulariy malignant mesothelioma and lung can-
cer. [t is the main cause of cancer resulting from workplace
£XPUSUTE 10 carcinogens.

~ Despite extensive canczr studies in humans, cenain
sontroversies r2main abovt asbestas exposure and human
cancer. The primary controversy is the question of fiber type
n causadon of mesothslioma. Commereial use of asbestos
mainly invoives the ‘two amphibale fiber types. crocidelite
and amosite, and one serpentine fiber type, chrysotile. How-
ever, chrysotile asbestos is often contaminated with srmall
. amounts of iremolite, an amphibole Mber. The key questions

concern whether Of oL and © what extent. exposure 1o
chrysotile asbestes (including its natural contaminant trem-
oiite) causes mesothelioma in humans. While there is evi-
dence that chrysolile asbestos is not a potent cause of ma-
tignant peritoneal mesothelioma [EPA. 1986: Doll and Pero.

1885]. the role of chrysaiile in the causation of pleural
mesothelioma is still disputed.

?caw ot Pubfic Nrasmh. University of Cafforna. Berketey, CA.
LTRSS (RPONL 1RQUESTS 10 AlIdA K. Seueh, M0, 0., Protesser of Epe-
fruolagy, Schvol of Pyblic Keaith, Unrversity of Califomd, Bercesey. CA 84720,

Aczented o0 publicaven Jancary 26, 1096,

& 1996 Wiiey-Liss, Ing.

Chrvsotile asbestos is esiablished to be a touse of 2s-
bestosis and lung cancer. In fact, one of the highest nsks of
asbestos-reiated lung cancer was observad in iextie meony-
facturing where 100% chrysotile was used {Dement 2t

=

ail,
1994]. However. the opinion is held by some that chrysotiis
asbestos is much less hazardous than crocidoiite. amosite.
and tremolite. particularty where malignani mesoineiioma s
conesrmed. McDonald et al. {1989] swte: “Ampnidoie 2s-
bestos fibers could explain most mesothelioma casss
Cansda and other inorganic fibers. including cnrysotile.
very few.”” Wagner [1991] swstes: *“Thers is overwneiming
evidence that crocidolite is the main fibre associated with
_mesotheliomas, There is no clear evidence that sxposurs
to uncontaminated chrysotile or anthophyllite is associated
-with these wmors.” Two recent anticies, however. have con-
cluded that chrysorile is. in fact, 3n important c2use of ma-
lignant mesothelioma [Huncharek, 1994 Nicholson and
Landrigan. 1994]. Nicholson and Landrigan conducied 2
thorough review of the evidence concerning the carcinogs-
nicity of chrysotile asbestos. In panicular, they utilized the
strong tirne dependence of mesothelioma risk to apponion
the contribution of the different exposure periods, and ihus
of different fiber types. 10 the observed risk. Huncharsx
addresses some current controversidl'ifsues surrounding 5.
bestos heaith effects and their refationship to csncer =isk
agsessinent snd fisk mansgement As these anicies pownt
out. the guestion of the carcinogenic potentiai of carvsotz




28522103 13 ATt SRty Of sZientific interzst but 2iso has lzgal,
Tus.t poilcy. 2@ pubiic hexln imponance.

Che purpese of s paper is 0 funther sxamine Hown
cumon ang amnzl ¢vidence concerming the imperiancs of
1amessnle 250esiCs n causing maiignant plewrsl mesothe-
icma Spexifizily. we aave idenufied the 25 epioemiofogic
zohert swaies Raving the highest matio of pieural mesothe-
liemas per [.000 desths. and have assessed the rype(s) of

—c

wsbestos fiber saposure in the highest risk cohorts. Ve have

2150 revicwserd those lines of evidencs often cited in suppon

of the theory that amphibole asbestos. not chrysotile, is the
smmary, if not sole., cause of malignant mesotheiioma. Such
sines of zvigence include: results of cerain epidemiological
stzdiss (such as the gas mask swdiss), and thc

znd “amphibois’ hypotheses.

A REVIEW OF THE
EFIDEMIQLOCICAL DATA

Samon’

A review of the literarure was underiaken to identify
Jvailable asbestos epidemiological studies. Cohort studies
“most rezent follow-up available as of October 1994) were
reviewed for the following data: industry. primary ashestwos
sxposurs (the fider rype to which the cohort or subeohont
=2 the greziest exposyre), secondary asbestos exposurs {fi-
1¥pes 10 which Wit conomn or subcohon had lesser =xpo-
aumber of workers in the cohor, number af deaths,
mber of lung cancer deatis, excess lung ssncer deaths,
::i aumdess of mesotheiiomas, Pleural mesothelioma inci-
dznce within e cohont was deiermined in ierms of the
number of pieural mesothelioma deaths per 1.000 deaths as
well 25 the ratio of pleural mesotheiiomas to excess lung
zsacer deaths. When possible. the morulity data for subco-
hofts with' greater than or equal to 20 years since stam of
empiovment were ysed in determining mesathetioma inci
szace. Coherts were enk ordered from the highest w0 Jowest
ratio of pleural mesotheliomnas per 1.000 deaths.
able 1 summarizes the data for the 25 wp-ranking
astestos cohorts. Qther’studies which were considered but
which ranked below the top 25 cohorts are listed in Tabie IL
Chrysotile was the primary exposure for at least two of the
10 top-ranking cohors [Mancuso. 1988; Pero er al.. 1985]
snd was the secondary exposure ot identified as part of 3
mixed exposure in six of the 10 wp-ranking cohorns. Cro-
c:dolite was the primary exposure for three of the wp 10
cohons {Jones 2t al.. 1980: Talcotr eg al.. 1989: McDonaid
:nd McDonaid. 1978] and was the secondary exposure of
identified as part of 2 mixed exposure in another five co-
horns. Amosite was identified as part of 3 mixed exposure in
three of ihe top 10 cohorts. but was not the pnmary expo-
sure in 3ny of them. These findings suggest that thrysotiie
5 3 major cause of pleurnl mesothelioma. They are incon-
sistent with the ciaim that amphibele fibers are much more
poient than chrysotile. If thar were the case. one would

expect aif the tog 10 nsk onCiz to 5¢ sracomonzn:
pRIboiE 2Iposure Tohons.

The mugnest rane of 880 nwural ~actiannomas
1.0C0 dexths was for rairag 13T3ses
cnrvsouie (Mancuso. {9881 This stuev iy Tzen i
for aUNbuling the mMesotheiioms inciaenss 0 Tnrvsoi:
posure atner than gossible smpiboie
1939' McDonaId and McDonald. ‘989

MILNInES

I3

exposers {Chisen,
Sesire Ama

-ulE 200

that xh: pnnmpal cxposurc of ihe m]rc;c machinisis was (o
lagging or removal of lagging. which was ¢hrvsotie. While
other joos may have used amphiboles. leaging w0 :he zes-
sibifity pf secondary exposure (0 the railroad workess. ==
magde T sirong fase that chrysotile was the overwnsiming
sxposure o the machinists {Mancusc. 1989a.5. 19901,

A number of other epiderniological studies nave heen
published but iack data that would allow caicuiztion of pisy.
ral mesothelioma incidence. Bégin et al. [1992) describes 2
series of mesathelioma cases in Canadian asbestos workes<.
All of these cases were seen and accepted

by he Guate:
Workman's Compensation Board for work-reiated compen-
sation of industriai disease. These were 49 tases in miness
and millers of the Quebes Eastern Township reglon. Twen:s
mesotheliomas occurred in miners and millers fram Agoas-
105. where trrmointe conwmination was sirmiler o back.
eround urban levels. Twenty-nine mesotneliomas .acsumed
in workers from Thedord Mines, wnere haner favels »f
tremolite occyr, The authors stated that. on the basis of e
numoer of workers exposed 2t each mine site, te ingi-
dences in Asbestos and Thetford Mines were similar sesoi;
the differing levels of wemolite conaminztion. MzDonal
e1 al. {1580, 993} conducted a.cohon study of the munsr
and mijlers t’rcm Tne'x‘ord Mines and Asbesioos, Oniy 33
in the period 1976~1983) mesotheiiomes have baen id
fied in the entire cchon of adout 11.000 men, 30% of whem
had died as of 1992, According o the authors. preiimiasey
anaiysis of mesotheliomas suggests that the risk of mesctae-
Tioma was higher in the mine and miils a1 Therford Mines
(higher tremolite exposufe) than in those a1 Asbesios (iower

y 17&1» fl n

-tremolite exposurel). Their daa however. do not cleariy

suppont this conclusion. especially in the high exposure
groups where the rates of mesothelioma were 0.97 per 1.000
person-years for Asbesios and 0.93 per 1.000 person-vzars
for Tnedford Mines.

A nurnber of other studies have demonstratzd risks of
mesotheiioma due 10 chrysoule exposure. Borow 23 zi
{1973} reported 72 cases of maiignant mesothetioma in pore
sons exposed primarnily to chrysctle in an asbestos mill.
Fifty-three accepuable cases of chrysotile-induced mesotne-
liomas were identified by Churg 2t al, {988 T
nant mesotheliomas were rzported in 2

1we "'13!4--

2 small group of
former chrysotile miners and millers in Timbabwe {Cullen

-t
and Baioyi. 1991]. A case series of 80 Tnesotheiiomas in
railroad rolling-stock machinists and others in the liziizn
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railroad industry, whers chrysotile was the primary expo-
sure. has also besn reporied [Maliemi et al.. 1991}, Fifty
maligrant mesothelioma cases have been identified in the
manufaciuring. insulation. and shiptuiiding tades. and 21
cases in e sonsuuciion and building maintenance trades
[Begin 2@ al.. (992" ffrall" of these  trades. chrysotile con-
stiwied the primary 2xposure snd amphiboles the secondary
2xposure. 3andsn et ol {1992] conducted 3 cancer incidencs
study of shipvard workers exposed primariiy to chrysotile.
with jzsser exposure 1o armosite and crocidolite. Eleven of
e 168 cancers wers pleural mesothelioma. inciuding signt
of the 70 caneers in persons with 20 or more years latency.
In cddition. sight cases of malignant mesothelioma were
reporid following household exposure to the dusty clothing
of asbestos workes {McDonald and MeDonaid, 1980).

Three of these eight cases were children of chrysotile mine
smpiovess. The cbove daw dernonsirate that chrysotle ex-
gosure. even i the relatively low levels expected in house-

hoid exposures. 2an cause malignant mesothelioma

Cas Mask Studies

Studies of workers who 2ssembled gas masks during
World War 1] have besen widely quoted as indicating that
zrocidelite is much more potnc 1han chrysotile asbestos in
:zusing mesothelioms [Doll and Pero, 1985: Harington.
1991}, Tzcle [l preseats data abstracted from the thres gas
mask stugiss where workers have been exposed to one fiber
type caly {Jones 21 al.. 1980; McDonald and McDonald.

it makes very httie differencs 10 the cxer
the studies.

e
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The fast row of Tabie Il gives tn2 summes daw f2zm
the thres gas mask studizs: There wers 19 pleurt mesetne.
ltoma cases in the. crocidoiits greup with 2 wng sancsr
cxczss of about 13.5. Thers was only one zase in =
chrysoule-only category, but the =xt23s lung 22acar cursper
was only 1.2. Since chrysotile is 2 potent zause ¢f ‘ung
cancer, this low excess makes it clear that the carvsouie ga;
mask workers had relatively low exposares. In fact, the i
{ength of exposure to chrysotile in the Jones &t al. study s
shorter than 5 months. In the Acheson study. the sxposurs
to chrysotile was probably much lower than the sxposurs o
crocidolite, since the crocidolite filters were made by hand
while the manufacture of chrysotile filters was machanizas.
Thus these three swdies provide no evidencs whatsoever
that erocidolite is more potent in causing mesotneiioma i
chirysotle asbestos.

an
=

Fiber Type Risk Comparisons

AR
lite is about 14 times more potent than chrysodie in sausing
combined pleural and peritonezl mesotneiiomas. This find-
ing i based on combined dat {rom selenied conons wink

Hughes and Weill {19861 have suggesiad that crocido.

chrysotile. amosite. crocidoiite. or mixed sxposures. Tre
results indicated that the number of mesotheilomas was
12% of the excsss lung caneers wnong shrysotiie-exposed
populations, dut 163% for srocidoiite sxpesure, 22.2% fer
amosite exposure. and $3.9% for mixed fiper exposurs.
Table [V presents our rearalysis of the above findings.
The same cohonts are inciuded. dut the most resent {ol-
low-up daw Tom these Cohons were used in the anaiysis.
Where possible. daw from subcohorts with 20+ vears sincs
first exposure were used. Furthermore, since it is generally
agresd that chrysotile asbestos is not a porent cause of pes-
toneai mesotheliomas. oniy pleurs] mesotheliomas are in-
cluded in the wbie. Qur anaiysis indicates very differant
results from Hughes and Weill [{9861. The numnber of pizu-
ral mesotheliomas is 20% of the excess lung cancsrs among

‘zhrysotile-exposed populations. T2% for crocidolite sxgo-

sure. 13% for amosite sxposure. and 27% for mixed expo-
sures. The longer foilow-up period makes 2 large differsnss
berween e Hughes and Weill {1936) onaivsis and that
presented here. Rather tnan 3ppearing (o de !¢ times less
potent than crocidolite. based on this seicction of swdies
chrysotile may be oniy three or four times less potent in
csusing malignant mesothelioma. This is in ciose agrezment
with the conciusions of Nichoisos [¥¥T wno looked at
comparative dosc-response relationships of asbestos fiber
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types and included more studies than Hughes and Weill
(1986]. His conclusion was: that “"There appears o be no
cifferznce in the potency of chrysotile and amesite in pro-
ducing mescthelioma. However. exposures 10 pure crocide-
fits, which has been and is rarsiv used in the U.5.. may carry
3 twoe 10 ihree-fold greater dsk™ [Nichoison. 1991].

To suramarize the epidemiological findings as they re-
late © chrysotile and pleural mesothelioma. the following
points can be made: (1) If crocidolite were much more
potent, the highest mesothelioma risk cohorts shouid in-
voive predominanty exposure 1 crecidolite. in fact, the

nighest risk cohorts do not show this differentisuon. (2)
-.rmt..c datd conceming exposure of household members
suggest chrysotile is 2 highly potent cause of mesotheiioma.
{3} The widely quoted gas mask workers studies ¢o not
provide svidence that crocidolite is more potent than chiv-
sotiie. {3) Considered overail. the evidence suggests chryso-
die may be less potent than crocidolite by a factor in the
range of 24, However, the epidemiological evidence does
not support chrvsotile being less potent than amosite.

A REVIEW OF AVAILABLE ANIMAL DATA

" Chrysotile, amosite, crocidolite. and " tremolite ¢an
cause pieural mesotheliomas in experimental animals =x-
sosed by inhalation, intrepleural injection. or surgical im-
piantstion. Table V summarizes data from long-term studies
of experimental animals exposed via inhalation. the most
relevant coute for humnan exposure.

[ order 1o get an overall incidencr of pleural mesothe-
A.mmas in i foﬂowmg inhalstion, incidence daza werz

Coed together for each of the three asbesios types {i.e.
:hrysome. amosite. and crocidolite), The overall incidence
of pleural mesothelioma in raws exposed via inhafation is
1.83% (137733 for chrysotile. 1.3% (5/377) for amosite. and
1.2% (4/328) for crocidolite. Thus. inhalation studies in rats
do not support the argument that chrysiotile is far less po-
tent than amphiboies in pleural mesothelioma causation.

13

Since only one inhalation experiment has sesn fope fo-
tremotite. it is not included in tis comparison.

Intrapleural injection studies have also demornsumts
that chrysotile 1 a potent cause of pieural mesotheiicmz
s [Resves et al.. 1971 Wagner 2t al., 1973]. in fzon
Wagner et al. found that finely milled chrysotie was more
potent than the crocidolite and amosite sampies tested.

Surgical pleural implantation of Tine chrvsoriie, croci-
dolite. amosite, or tremolite fibers al§o induced signifizare
numbers of pleural sarcomas in rats [Stanion 22 ol 1971,
1981]. The cumulative incidence of deaths with —ascine
lioma from chrysotile, amosite. and two types of zrocicdeiiie
was similar a1 the maximum dose level of 20 meg. Sl.mto" 22

al.. 1973).

in conclusion, thers is citar evidence in saimszi inn
tion and pleural injection/implanwtion stediss that shrvss-
tiic asbestos causes pleural mesothelioma. Indesd. iF one
considers the dose of asbestos in terms of mass. 5oiiis
asbestos is generally the more potent fiber whea compzres
to crocidolite and amosite. However, the data do not permit
estimation of potency per fiber. The daw for wemoiite s
quite limited. but do not support the conclusion hat wem-
olite i 3 more potent mesothelial carcinogen than shry-
sotiie,

THE STANTON AND AMPHIBOLE
HYPOTHESES REVISITED |

-
s
L

.'-.
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Twao lines of evidence have led some fesearchers
believe that shrysotile is not an important cause of pleur:

‘mesothelioma in asbestos workers. and that the risk is -

tibutable 1o amphibote exposure. The “‘Stanton Hypote-
sis”" suggests that mesothelioma incidence is sirongiy
carrelated with longer, thinner tibers. The ~Ampniboie =iy~
pothesis™ states that smphibote Rbers are respansidiz for
csusing mesothelioma, since these fibers are founa in :e
lungs of mesathelioma cases 3t autopsy. but snrysoule -
bers are not. The evidence leading o these aypoingsss 3
summanized below.

o
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TABLED V. Messthenoms 1 Promauors Sracsed tq Didersens Ser T " oest

Lung zanger Pieurat mesothatioma
Fiher e Gostrved qeaing Gbsereed i1z Observed A3 Y of s12esz ung Tarasr
oarrsgngt 10,345 725 186.3 26 P
Amosie* 1153 13 2.2 W2 23
Crotigoute* 1.042 10 66.8 48 71 g
Mixeg fiver' 9832 v PRIV m 72

‘S2zeg 3 Tabie T af Hughes ang ‘Aedf (1926,

Hasuges SuDCotons ik 20+ years since frst emoigymenn, wnerd sosnibie.

-

MeDere & . 11283, 1544, 1592). McDonua ang McOonud {1980], Aeowno et af. [1979], Pioado =1 & {3990]. Wers {1977, Acherae & @, 1942,

Thomas e a. {1982],
*Seraonan o1 a8 (1979, \9REL Aeneson o & 113,

mecoy et 31 {1380]. Amstrong of 3 (19421 McDonud and McDomud [1978]. Jores vt 2L {1980,

{19801

Stanton and his colleagues conducted a series of exper-
tmgnts in which a aumber of durable minerals in the form of
respirsbie partcies were implanted in the pieura of rats for
periods of more than 1 year [Stanion and Wrench, 1672:
Stanton, 1973: Stanten ecal.. 1977, 1981]. Significant nur-
bers of pieural sarcomas were induced in rats with 3 wide
variety of fine. dutabie fibers including chrysotile. crocido-
lite. amosite, and tremoiite. The two eariier studies showed
ro differense in potency between siandard UICC samples of
chrvsotile 2nd crocidoiite {Stanton and Wrench. 1972; Scan-
ion. 1973]. The primary conclusion of these studies was that
e abilicy of minerad pamicles o cause wmors is mostly 2
function of the dimeasional propermies of the parnicies,
sther tian pnysicochemical properties.

The iater swdies, which did not include chrysotile, at-
tzmpied o further enaracterize the importance of dimen-

sionat sspects of fibers (Swanton et al.. 1977, 1981]. Acvord-,

ing 10 the authors. the incidence of malignant mesenchymal
nzoplasms correinted well with the dimensional distribution
of the particies. The probability of pleural syrcoma corre.
izr2d bes: with the aumber of fibers that measured 0.25 um
or less in diameter and more than § pm in length, Relatively
high correlations were also observed with fibers in other
Sategenss naving a diameter up to 1.5 pm and 2 length of
grecter than 4 ym.

This evidence led to the "Smwn Hypothesis,”" which
siss thal gursble fibers (peovided they subscribe to well
aefined ranges of diameter and length). of which asbestos is
but one sampie. cause cancer irrespective of their physico-
cnetmical nawre simply because they 2re fibers. Stanton also

stated. however, that direst application of the results of his
- expeniments (o the problems in humans would be unwise
given the deficiencies in the method of application and the
massive amounts of fibers used (standard dose, 20 mg). Ia
fact. i one were 10 exclude all fiber types ather than asbes-

"McDonard et 2L {19871, Serty 1ng Newnoust {1983), Mewhousa ang Sufivan (19891, Seikatt = 3l 1STS), Seidman 2nd Selixoft {1290, Acheson o &
[1582], Newnauss 2nd Berry (19791, Newnouse & aL {1985], Finkeisten [138. 1584]. Simes ana Sineson {1577], Thomas ¢t 3l {19825, Aossiter ang Soies

s from Stanton’s dara there appezrs 1o de little or ac
relationship berween the probability of wmor zad the nyem-
ber of particies measuring £0.25 um dizmeter and 23
length (Fig. 1).

Cther researchers have studied the correiaticn Hetwaes
dimensional properties of ribers and mesothelioms. in 2x.
penments simnifar to Stanton's, Jaurand {1991] derermined
the percentage of mesotheliomas occurring after intrapien-
] inoculation of 20 mg asbestos sampies into rais. She
found a fairly good conrelation (r = 0,63, p < 0.01) betwesn
the risk of mesothelioma and the number of ““index’" Rrers
fie., $0.25 um diameter and 28 um iength) inocuisted -
cording to Stanton’s criteria. However, thers was oniv :
30% difference (20% vs. 30%) between the parczatage of
mesotheliomas produced by sampies with the smailest num-
ber of ingex particies compared to samples with a higner
number of index pamicles. Furthermors. when Jaurand
{1991} combined ail of her available dawa from previous
studies of amosite. crocidolite. and chrysotile {Monchaux et
al.. (981}, there was no correlation beswesn the pesteniage
of mesothetiomas and the numper of index panicles (r =
0.164). .

Despite Sunton’s warning and the ﬁndmzs descripes
above. many researchers have utilized the Stanton hvpoth-
sis 10 link mesothelioma cases (o particular asbestos Nger

2=
-l

types and sizes. Churg. for exampie. swated: “"Given the

very high exposures experienced by the Quebes workiores.
the shon size and low aspect ratio of the tremolite fibers
found in the ore may be 3 forunare accident which “pro-
tects’ ihese workers from mesothelioma™ {Churg. 19881,
Churg's staiement. however. al30 assumes that it is e
tremolite. not the chrysatile, that is rcsﬁonsuble for those
mesotheiiomas that did occur. This assumption is based on
the finding that, although tremolite comprises oniv 3 tiny
fraction of the asbestos dust in the Quebee mines and miis.

¢y
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TABLE Y. Long-Term Asbestos innaladon Stugies :n Ammals

Arference Soecies Figer type Josed? moir? Numoter ‘pated Ho. of dlesras mersingtemay
Spaves stal (1671 Rats amos ~48 €3 2
Croc —~48 51 a
Chrys ~48 49 3
[avtns Amos ~d8 20 3
Crze —4§ 18 3
Chrys ~48 % o)
G. pigs Amos ., =48 177 ]
Lroc ~48 3 ot
Chrys —ig a4 3
Hamsters Amos ~43 - ¢
Croc ~53 &3 ¢
] Chrys ~43 4 2
Wagner et 3l [1974) ) Rats Amos 1914 6 .
Croc 0=-13 141 kol
Cheys (Can)* 1012 137 4
. Chrys (AR H LI iy 2
Reeves et 3l {1874] fats Chrys ~50 3 :
Croc -5 43 3
Amos ~50 43 z
Gerdils Cheys ~50 49 3
Croc ~30 3 3
: Amos -~$0 45 2
Davis ot al. {1578] Rats * Chrys (R 2 T 2
Chrys (Rh.) 0 Liv] b}
Amos 10 43 ¢
Croe 4 43 :
Croc 10 4@ 2
Cawis w1 Al 1885) Rats Tramolite (Xor.)¥ ? 40 3
Savis vt al {18862} Rais Short amos 10 42 it
Leng amos W0 4@ :
Tawis o al. [108€D) Razs woC yarn® 4 41 ¢
© Factory WOC' 4 oM 3
) Cheys yam « . i
Exp WOC 4 Q 4
Exp WOCRY 4 k74 1
Savis and Jones {1988} Rats Short chrys 1t 40 ¢
{ong chrys 10 & 2
Temt Rars Chrys ™ 3{1ew
Amos n E(13%;
Cree v kri] £00.2%

*Ho piturl MEsOihEioMAS were OESEFYed W 4%y tonudl §rovo.
imdar goses 1t me/m? My D¢ very different in wems of fibers/m,
Chesctheiioml ocrumed with WSt | B2y exuosuIe (2 years tolowe).

'sm MESSINEOmME pctured with gest 1 62y expasure {>2 yeafs {otiowyo).
‘8K, Ahodesan,

G Lansan

*ar, Xotean.

*HOC™ s wat Gispersad cnrysotrie, .- -
Oust lrom facwcy 1.

‘ST chrysotie laxtie ym.
‘Sxoenenenat WOL grocess,
adenmantal WOT “reversed daviignt”
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FIGURE 1. Starion et at. (1881} Zaia for asoestas Sbers oy, Yaxis: Log number SauCies measuring €C.05 2/ wacm
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pigh wremetite lyng Surdens were associated with the pres-
ence of mesotheiioma in miners and millers from Thedford
Mines IChurg, 1994], After adjustment for the presence of
wemoiite. no correlations betwesn chrysotile concentration
and disease couid be found.

This ieads us to the “‘amphiboie Aypothesis.”” which
stinbutes the mesothziiomas observed in various groups of
workers 0 the 2508sios fivers present in their lungs 2t the
ime of ceath rather :n:m 10 the fiber exposure sariier in life
I.‘v!.uon.‘.c 2t al.. 1689 Mossman et al, 1990: Churg,

1988). The “amcmnot: ‘hypothesis™ is based on the find-
.wgs N3l workess exposéd to asbestos have more amphi-
Soles in their lungs than chrysotile at autopsy. This occurs
Secause chrysotile fiders (but not amphiboles) break down
and split apant tongitudinally in tssue. leading to a loss of
‘ibers in lung tissues that are visibie by electron microscopy

“[icholson znd Landrigan. {994]. Some suggest that some

*if not most) of the chrysotile fibers funther fragment into
shorier fiters and ars then cleared from the lungs (Churg,
19941

A nurnper of studies have sxamined fiber content in
lungs of mesotheijoma zases. Those of Churg et al. [1984]
and McDonaid =1 3i. {15897 are ofien referenced in support
of the "“zmphiboie Aypothesis.” Othet important studies
inciude Roggii et ai. {19931, Morinaga et al. {1989, Rogers
st 2l (1991], and Sakai et al. {1994). 1n fact, the results of

inese siudies are inconsistent as demonstraled in the fol-
owing reviews,

Lung tissues of six mescthelioma cases frem the Gue-
bec chrysotile mining regions werz 2xamined by Churg 2:
al. {1984). The five cases thar had only chrysotiie ore come
ponents in their fungs had targer amounts of tremciite 1ia..
remnolite/actinclite/anthopnyliiter  than  chrvsotiis. 7oz
mean levels of carvsoule and iremoiita in mesothelicma
cases were digher than their respectuive mean ievels in mns
chrysodle miners withoul mesotheiiorna or the mean ‘i:v~i<
in nonexpcsed controis. ASSLT‘I’\!I\_ what the -IDC"S DI"S"\. Py
lung tssue at autopsy are responsibie for masotneiioma, nis
study would support the conclusion that wemolits is respon-
sible for the mesotheliomas occuring in this cohort

McDonaid et al. [1989] examined lung tissue sampies
from 78 mesothelioma cases in Canada and from maiched
referents. Chrysotile fiber distributions in the two senes
were simnifar, Refative risk was related to the conceneration
of long amphibole fibers. The propestion of long amchiboie
and chrysodile fibers was higher in cases than refzrents.
According to the authors. amphiboie asbestos fibers zouid
explain most mesothelioma cases in C3nadad. and ather in-
organic fibers. including chrysotile. very few. McDonaid ¢
al. {1989] concluded that fibrous tremelite probadiy <x-
piained most cases in the Quebec miining region.

In 2 more recent study. Roggli et al {1993] analvzed
the minesal fiber content of the lungs in 24 patieats =t
malignant mesothelioma from the Unitegwbiates. A iarge
proportion of the cases were either insulators or shipyard
workers. Only fibers that weTe greater than of equai to S um

by
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zngen wers included in the analysis. Amosite was iden-
76 gases ($1%), the noncommesrcial ampnibeies
cprmaniy wemolite) were (dentified in 32 cases {S3%)
zarvsstis was detecred in 20 cases (21%). and crocidolite
in 15 zases (160, Another five tases {5%) could aot be
sisinguished betwesn amosile zna srocidolite. According
{0 the guthors, tremolite fivers are probably a marker for the
sruch gredter numbers of chrysotile fibers which wers de-
cosited Dul subseauventy cleared,

“The zuthors found that. assuming it is the fibers that
sczumuiate within the lung that are responsidle ior the de-
veiopment of mesothelioma. the order of imporance of -
bers is amosite > gemolite > chrysotile = crocidofite. How-
ever, they were unable 10 exclude a grester role for the long
chrysotile fibers found in their cases, especially since they
probably constitute only 3 small fraction of the long fibers
actually deposited. One issue raised was that the methods
used might have underestimated the numbers of chrysotile
fibers § pm or greater in length, because chrysodile tends to
uncergo longimdinal splitting with many of the resulting
{ibers having diametzrs less than 0.1 um, The techniques
used in Roggli ez sl primarily detected fibers that zare 0.2

um or graater in diamerer,

A siudy of asbestos fiber content of lungs with me-
sethelioma in Osaka. Japan was zonducted by Morinaga ¢t
2i. [1989]. Chrysotile was observed in 12 of the 23 mesothe-
iloma cases. amosite in |2, crecidolite in three. and actine
olite-tremoiite in tnrez-cases examined. Six of the mesothe-
licma cases had oniy chrysotile fivers. This study provides
evidence that. if indesd it is the fibers present in the lung at
death mat are responsivle for mesothelioma. then chrysotile
asdestos is a potent czuse of this cancer,

Rogers ¢ al [199!] examined lung tissues from 321
da2finite and probabie cases of malignant mesothelioma re-
ported to the Australian Mesothelioma Surveillance Pro-
gram. and from an age-sex frequency-matched contro! se-

res of 359 postmortem cases. A progressive increase in

reiative risk with incrsasing fiber coatent was ohserved for
all fiber contznt measures, The relative risks for chrysotile,
zrocidolite. and tetal amphibole fibers which were 10 pm or
longer were gradter than the corresponding risks for fibers
itss ihan 10 um in lenpth. When cases and controls were
compared in relation o exposure ta single-fiber types only
{ail Jengths). increased reiative risks were observed ror both
chrvsotile and crocidelite.

- Puimonary fiber content was analvzed by Sakai et al
[1994] in 16 patients with malignant mesothelioma and in
{6 case-matched controis. Amphibole. chrysotile. and nonas-
bestos Tiber conteats weee significantiy higher in patients

“than i the control subjects.

Summary of Lung Content Studies

The "amphibole hypothesis™ is based on (1) the as-
sumEion (Nt the ribers present in the fungs 3t desth caused

the mesothelioma. 3nd (13 the {reing thal workes sxzaza-
1o asbestos have rmore rrpmomc.. moar fu
chrysoule at sutepsy. Chrysoiiie 10ers brezk gown zng 32
apart longiudinaily in tissue 200 2In De ciagred from -::t:
tungs, while amphibole fivers arc lesy antagked av see
fluids and can be detected in the lungs of workzrs vass
after exposure {Nicholson and Landngan. 1594). ¢
complete fragmenwation of a single chrysotie fiber ma
produce 1 000 fiorils {Wagneretal., 1973}, and these fi=r!
may be 50 thin that they are 80 longer visibie by sisciia
microscopy in lung tissue.

Results of the lung content studies descriveg apove 2on
inconsisient. and do not resolve the question of the imper.
tance of fiber type in mesothelioma causation. Some swéiss
report significant arounis of chrysotile fibers in lung issue.
Furthermore, the results of Morinaga et al. {1989] demon.
strate that mesothelioma can occur in the absence of am.
‘phibole fibers. since six cases had only chrysctife
their lung tissues.

The limitations of using lung content swdies in detsr.
mining the role of ehrysotiie in mesotheiioma causation 2
as foliows: (1) The methods used often exciude Nibers 253
than § um in length. (2) The poteanal for corcinogsnic
effects induced by lorge numbers of short {ibers 2as not
been investigated. (3) The methods may have underssi-
mated the number of long thin chrysotiie fibers acieauy
present in the lungs due 10 an inability to deres:
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fiders in

IeCl vely fun
fibers. (4) The numbe' of chrysotile fipers counted sonsii-
tute only 3 minute proportion of e long {ibers acwtliv
deposited and subsequentiv cleared. {5) Finding 2 signifi-
cant number of remolice fibess wouid indicate 2 major 2x-
posure to chrvsotiie. sincs tremolite is only a minor zon-
waminant of chrysotile. )

Dement [1991] makes :fie obvious point that measure-
ments of lung fiber burdens made many years arter first
exposure may besr no relationship (o the sarcinogeznic
events that took placs long before ciinical manifesiation of
disease (lung zancer or mesothelioma). In addidon. the fi.
ber levels of wemolite measured in jung tissues of work-
ers exposed o chrysotile may be a surrogate mzasure of
cumulative dose of chrysotile. Case {1991]. on e othe
hand. states: “ie is presumadiv necessery for fipers io e
preseni i Ul'dtl' 'Of them (¢ exeft 8 CQFCIHOSH'I" e5ecy
This peint is often missed by those who regard wemoiite~
the moré potemt carcinogen——simpiy a8 3 “marker for
chrysotile.”

However. we cannot presurne that the fiders present :n
the lungs at death are responsibie for mesothelioma. in view
of the long laxet\cw between asbesios exposure and mesoine-
lioma diagnosis (average of :;bou_g“;ars in afl studies). 3t
is more likely thas the”effective target organ aose mvon:s
fibers in contact with the pleura many years tefore disgno-
sis. Data concerning fibers present in the pieurs] s;z:(:: zes
considered below.

bt



Fleural Content Studies

A number of swdies have addressed picurct fiber con-

ient which is iikely 1 be mors bivsogiczily reizvant (o the
* d=vzigpment of ashestos-relaisd picursi Mmesotheiioma than
lung ussue conizne

One study comparing the retention of ashestas fibers in
parenchymal and pleural tissues found wat lung parenchy-
mal retention is not 2 good indicator of pleural retention
{Sebastien et al., 1980]. Although amphibale-type fibers
longer than 8 um were present in lung parenchyma, in pa-
riezal pleural dissues shom chrysotile fibers greatly oumnum-
bered fong fibers of the amphibole type. The retention of
asbestos dusts in the panietal pleur was related 1 ype and
size: 84% of the chrysotile fibers in the parie! pleura were
from 0.4 1©0 4 ym in length and from 0.03 o Q.25 um
diameser. If the fiber content of the pleura is responsible for
pleural mesothelioma. then this smdy suggess thar
chrysoule fibers would be more imporant than amphiboles
in causation of this cancer,

Tissue samples from 13 North Amerizsn insulators
weres examined in order to invastigate ganslocation of as-
bestos fibers (Kohyama and Suzuki. 1991). These cases
included three of asbestosis. thres lung cancars. two malig-
nant pleyral mesothaliomas. and tive maiignant peritoazal
mesotheliomas. The authors concluded that (1) transioca-
zion of inhaled asbestos fibers from the lung o other organs.
such as the pleurs and the peritoneum. seemed (o occur
frequently among asbestos insulation werkers. although the
route of the wransiocation has not been completely nvest-
gared: (2) chrysotile seemed 10 be more actively clearsd
from the lung and ranslocatad into exoa pulmonary tssues,
compared with amesite: (3) chrysotile fibers clearsd from
the lung were not later eiiminzted from the host The au-
thors suggesied that biclogical effects of the translocated
asbesios fibers may be significant and tansiocated
chrysotile ibers may play an imporant tole in the induction
of zither malignant mesothelioms and/or hyaline plaques.
Asbestos fibers detected in both mesothelial dssue and hy-
aline plaques were mainly chrysatile.

Do from 2 swdy of lungs and pleurae of shipyard
warkers were reporied by Bignon et al. [1978). Larger {i-
bers. often amphibole. were found in the lung tissue. In the
pleurc. the fibers were genenmlly chrysotiie, but shorter and
thinner.

Le Bouffant [1980] observed a preferential migration of
chrysotile fibers to the pleura. with a significant increase
ind accumuiation in the pleura in comparison with the lung
saranchyma. The median percentage of chrysotite fipers
was 3% in the lung and 33% in the pleura Similar results
have peen demonstrated in rats [Viallat ef ai.. 1986} Fol-
lowing intratracheal injection of rats with small amounts of
UICC carysotile. the shortest fibrils (mean lengths Q.23
i.32 um. diameter 0.03 um) reached the pleura very rapidly

- ThrysClle AsgasiTs anc “ecsnine em
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in summary. pleural content swdies demonsiears ~-.
chrysoule fibers prelerennially reach the plewrs 2nd 200 one
precominans fiber found at this @zt sus :n aspesios-2--
posed humans. These findings are cizarly more nerinen:
than lung conteat findings. and support thevsotile ascesics

being a potent cause of pleural mesotheiioma,

CONTRIBUTION OF CHRYSOTILE
ASBESTOS TO PLEURAL
MESOTHELIOMA INCIDENCE

" In considering the contribution-ol shrysotile o sleyre!
mesothelioma incidence, three factors will be addressed: ¢
the relative potency of v three commercial asbesios Goer
types: (2) the proportion of pleural Mesotheliomas dus o

asbestos exposure; and (3) the extent of chrysotile produc-
tion and use.

Potency of Chrysotiie

To summarize the evidence prasenied conceming the
potency of chrysctile asbestos in causing pleural mesoths-
lioma. the following points can be made: (1)- Studizs cf
asbestos-exposed workers provide evidence that the earyso-
tile and crocidolite {orms of asbesios are major couces of
pieural mesothelioma in humans. Crocidolite asbestos max
be 2~ times more potent than chrysotile and amosite, 12"
In rodents. chrysodle, amosite. and crocidoiite aspesios
have similar potencies. both in inhalation swdies and n
pieural injection studies. (3) Resxamination of the caz oo
which the Stanton Hypothesis is based demonstates mat the
damw do not support the hypothesis chat long thin amphitel2
asbestos fibers are the most potent in causing mzsothelio-
mas. (4) Studies of lung tissue on which the Amphiboie

Hypothesis™ is based are inconsistent. In any case, findings

in lung tissue 2t the tme of diagnosis have no ralevance 0
causal events which take place decades earlier. {3) Pleural
content srudies demonstrate that chrysotile fibers prefersn.
tially reach the pleural space, which is mponant sincs the
pieura is the targer site.

Based on these points it can be concluded Ihat
chrysotile asbesios is 2 potent cause of pleural mesoihe-
lioma. In light of the evidence regarding their relative po-
tencies, it is reasonable 10 make the same regulatory poiicies
for each of the thrae primary asbestos fiber cypes.

Proportion of Mesotheliomas Due
to Asbestos :

There has been wide variation imwestinates of the cre-
portions of mesotheliomas attributable to asbesios exposurs.
For example. Peterson et al. [1984] reviewed ihe iiterarers

. -
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2nz =oted (not ihe proportions linked to asbestos exposurs
~anzaz rorn (2% 0 wwo studies [Rawer 21al, 1967: Sren-
2=y 2336, 1982] 0 100% in one study at the other sxireme
‘Czzarone and Webster, 1978). They concluded that there
were (zrge aumbers of Jpparently nonasbestos-related ma-
agnant mescinzliomas.

Closer examinauon of the svidence does not suppont
inis zonclusion, The stdies which find a low proportion of
zases Linked (o asbestos exposure tend ta use poor exposure
sscerainment methods, such as reviewing medical records
‘Ratzer 2tal. 1967: Brenner etal.. 1982). Assessment of the
sreporuon of dases dus o asbestos requires careful sxpo-
sure sscamainment methods. This point was made very
ciszriy by Cochrane and Webster {1978), who noted that “*a
Mstory of exposure o asbestos can be esmblished in a sig-
aifizant number of cases if hisiories are wkzn from the
,gu at ang resorded by a medical spesialist with experience
in the fizid of occupational medicine.” In their own study.
histories werz taken from patients by one or other of the
svinors. usuzliy By both, Where confinmatdon of exposure to
SET<3IDS WIS n2sessary, it was obtiined from executive and
2overnment scurtes. All intervizws were repeated ai leasi
onge. These auinors reported asbestos exposure in all but
ore of the 70 cases. and the one sxception was 3 carpenter

who ciaimed he had “worked with asbestos sheeting cnly -

very occasionally, and aithough he had aidvays kept asbestos
Giling for screw noies on his workbench. he did not feel that
this. or any other exposure. had been meaningful’™™ [Coch-
~ane and Websier, 19781, .

Anctasr 2arly study with carefully obrained work his-
tories jound it 35% of 246 cases couid be linked o as-
zes1cs exposure {Greenberg and Davies. 1974]. Living sub-
. jess were interviewed where possible. Qccupationat

nisicries wers 2lso sought from coroners and from formet
empiovers and workmates. Tne final ciassification was
made by two medical advisors in consultation. If one fo-
tuses alention solely on those epidemiological studies
which have obuined careful work histories, then it is clear
that the large majority’ of mesotheliomas in adult males are
curizutable 0. asbestos exposure. Since additional cases
may octur from unknown occupational exposures. it is
likelv thar at least 80% of pleural mesothelioma cases in
3cels males are auributable to asbestos sxposure. That a
iargs preportion is due to asbestos is alse consistént with the
svidence thac the rate of mesothelioma prior w the 1930s
was sxtremely low in the United States and in Europe
iMark and Yokio, 1991].

Producnon and Use of Asbestos in
the U.S.

Chrysotiie represents spproximately 95% of the todl
worid production of all forms of aspestos. with Canada its
argest producer {Mancuso. 1988]. Amosite and crocidolite

aczounted for only 5% of the asoesicy 25ige o
overire vears {Table V1) (Minerzis Yezreox.
For sxampie. the percent amphiboie
in 1935 o a peak of £5.9% (£25.17¢ ons amznide.e:,
445902 ons towd asbestos sonsumed) in 1023 iman sal
creased 1o less than 2% by (930, Duning s penod the 10 3
depended mainty on Canada for :ts supgiy =f -orscmn.-,
(short chrysoule) fiber and upon South Afncs, Tanzcdz. ane
Russia for neariy all of its spinning {long chrvyctis 1n
amphivole) asbestos. The U.S. preavcsd o
amounts of both chrysotile and amphiboiss.

Chrysotile had 3 wide variety of usss in the 'S dyurnz
the [935-1945 peried. The higher grade. long fiters wa-s
used in woven brake linings. textiles, and shest zacking
Lower grade. shor fibers were used in asbesios shingis
paper. moided brake linings. firegroofing. floor ujes, a1z,
Rhodesian chrysotile was used for siecinic insuizien. gas-
kets. and flameproof navy cable construcnon. Carvsotiis
was also used extensively in heat insulation {Minzr=is Yezr.
book. 1936~1950].

During the war years. amphiboles had speciziizes uses
in the U.S. Amosite was used for insulition arounc stecm
machinery on warships. spesial pips coverings. and slock
insuiation. Crocidolite was used for asbestos-cement pres-
syre pipes. chemical filters, acid-resisiant packings. and 235
masks [Minzrals Yearbook. 1936-1950).
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CONCLUSION CONCERNING THE
CONTRIBUTION OF CHRYSOTILE
ASBESTOS TO

MESOTHELIOMA INCIDENCE

The three points made above 220 de summanzed as

- =

follows: (1) chrysotiie asbestos is a potent cause of pieurzl

" mesothzlicma: (2) the large majonty of mesothelioma :s

auributable to asbestos exposure: and (3) chrysotiie 2sbesios
has been the major fiber type used. Based on this evidence.
we conciude that chirysotile asbestos is by far the mein
contributor 10 picural mesotheiioma causation ir the U.S.
and other sountries in which it has been the predominant
fiber type. Erocidolite may De2=I-lifMes More peisnt. cut

therevismomvatid-eVidenrg thakimasite is more boteni han
chrysotile~Even considering an extrerne that crocidolite 2nd

amosite were |0 times more potent than chrysotiie. he ex-
1ent of use of chrysotile means that it wouid still be the main
contributor to pieural mesothelioma causation.
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TABLE 1. Zsumater Quanuties of Astesios (Short Tans) Imoaned of Cangumed o Unnes Sizias”

Canagian u.s. Afican .S, Totat Parsent

nrysatile - ehrygifle amghidales amphihates onsumed BT A
Yesr imooneqd® aroduted imported! produced in .35 Larysotils
1825 154.200 NAf 945 NA 174 853 85
1838 226,080 10.520 2.080 404 280.922 99.0
1937 275.002 13,284 4 247 612 316,260 98.5
1939 223.340 14,686 6,359 450 255,547 973
1840 <25.653 17431 8.752 1.683 262.199 %L
1861 389391 04 21447 2252 3741 “i
1942 386.547 13109 20424 208 434124 i
1943 385.655 3.900 24,007 2114 445,902 94.1
1944 353228 §2% 15,182 any 497,148 95.2
1945 353,768 13340 13247 250 pred (4] 864
1948 442473 4433 6.324 437 459.752 985
1943 470783 KA prRy] NA £35.132 853
1850 578.158 NA 14,808 NA 728788 L1

“03G o yaary 19351950 ottuned from tw Minerais Yeur Book {1936-1950).

‘ingiudes Cryte And milied fder. A3 wed a5 “STCCY IS refuse”
M3y nouds I0ME S Aot of Alncas Chrysotie,

“tacrudes W wnoared as wet as ik
KA, €20 not Jvalabie.

from the Environmental Health Science Center Gramt
ESO189. and the University of California Center for Oczu-
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Asbestos and Cancer Risk: A Review
of the Amphibole Hypothesis
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Chrysotile is the predominant type of
asbestos produced and consumed in the
world 1oday. and it accounted for over
985% of US asbestos consumpron in
1992°% Although asbestos consumption
has declined in North America and
Europe, sales in other countries (e.g.
Southeast Asia. South America. and East-
em Europe) have increased primariiy dus
to the use of asbestos-based construction
materials *

Chrysoriie is 2 serpeptine {curly;
form of asbestos that is distingiished from
other amphibole forms of asbestos
(i.e., crocidolite, amosite. remolite). It
has been hypothesized that (1) the
mesothelioma risk observed among work-
ers exposed 1o chrysotile asbesios may
be explained by the relatively Jow con-
centrations (<1%)} of wemolite fibers
in commercial chrvsotile asbestos fioers
and {2} that chrvsotils asbestoc may
be less potent than amphiboizs in the
induction of asbestosis and lung cancer.
This has been dubbed the amphi-
bole hypothesis® It has even been
suggested that exposurz 1o chrysotle
asbesios in the absence of tremolite
may pressnt littde or ne carcinogenic
hazard*

The arguments advanced 10 suppor:
the amphibole hypothesis have been pri-
marily based on pathologic studizs of
burdens of asbesios fibers in human lungs
and on taxicotogic. mechanistic. and epide-
miologic studies. This article presents a
critical review of thess arguments and of
the literature on the carcinogenic hazards
associated with exposw: o chrysouls
asbestos and considers the implications of
these findings for the deveiopmen: of
occupational hzalth policiss.

Lung Burden Studies

Toe development of methods tha:
involve ciectron diffraction anc enerp
dispersive analysis of x-ravs TEDANXY has
made possibic the measuremen: of 1ns
amounts of different fiber typas in the
lung. "The results from iung burden
studies have provided the priman basis
for the advancement of th= amohivoiz
hypothesis.

Cass studies of individuais who have
works¢ in industnes using or producing
chrysotile asbestos revealed an unexpect-
edly.iigh proportion of amphibois,(pri-
marily temoiite) fibers. considering th
relatively low percentage of amphivois
fibers in commercial chrvsouie asbesoss
In one of the esarliest studies. Poolev
observed a greater number of amphibols
fibers than chrvsotile fioers in © of 22
patients with asbestosis who had worked
in the Canadian chrysotiie mining indus-
wy.” Rowlands et al. also reponed :
nearn equal concentragon of tremolite
fibers and chrysotile fibers in the bungs of
47 workers emploved as miners or miliers
in Quebec? Similariy. in population-
based studies the percentage of carvsotils
fibers found in the iungs has been surpris-
ingiy iow considering the fact that cnryse-
tile is the major source of exposurs for the
general popuiation.?

" Most case—control studies that evaiv-

ated the potential reizuonsiip parweer
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TABLE ~~-Summary of Enidemioiogical Cohort Stydies of Workers Exposed to

Predomimnantly Chrysctite Asbestos

Lung Cancer Deaths Mesotnelloma Cases

Sivoy Ingustry Observec Expected Qbserved Deatns % !
Acnesch el ar Gas masxs 3 4.80 1 0.& !
Cheng ans Kong®  Texties, fnction mate- 23 6.7 £ ¢ :
nals. ana cement i
Dement et a! 2 Textiies 128 84.0° 2 . 02 I
Finkeistew 3 Erectncar tonguit Dipe 2] 3.7 1 1.0 !
Finkeisters” " Aunprmotive iR 7.8 1-2° 1.0-189
© Rugnes er al 3= Cemem manutaciuning 70 53.2 1 -
_ Huifan ang Zriming & aspestos factones 85 15,6 2 0.4
. McDonalg etal™ Frcuon products 73 48.1* ] 0
McDonaa £t 8! 3536 Mnng anc mitng 518 388.7° 28 0.4
Pwjanoeta ¥ Mining 22 18.9 2 . Q3
© Shugu eral ¥ Mining € . 3 45
Weiss? Paper and millboard 4 a3 ) )
Tow:! L 618.8 41.0 0.3
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. mesothelioms risk and hung concentra-
uons of the different fiber types of
asbestos demonstrated 2 ciear reiation-
ship with amphibole Jung burdenms but
failed 10 find -2 relationship with lung
chrvsotiis concenmrations.)®* McDonald
et al. reported an associstor betwesn
mesotheiloma and Jung concentrations of
dong ( 2 8 um) chivsotite fibers in univar-
ate analvses but not in muldvariate anaiv-
sis. which controlled for ths other fiber
rypes. 3 Rogers et al. rzponied a significant
association berween mesotnelioma risk
and lung concenrations of short chrvse-
tiie fibers (<10 um) in muluvanaie
models and = significam trand for Jung
concentratons among mesothelioma case
and control subjects who had only chryso-
tile devected in their lungs. ¥

The interpretation of the rasuly
from the studiss of tung burden is compli-
cated by differences in the respiratory
clearancs ratss of the diffierent forms of
asbesios. Experimenta) srudiss demon-
strated that corvsotile fibers are cicared
far more rapidiy from the lungs than ars
amphibois fibers.™"* The rztzntion hali-
e of chrvsotiiz ip human lungs ic
unknown. bu: & hatf-liie of 9 davs has
besr reported in sxperimental studiss of
vaboony ¥ If the hali-life for chnsotile i
simia; jor pumans anc vaboons. thern
Sizarny tn: vas muwonn of tne dose

IB samenizan sournz, of Fusius Heatu

received in carly vears would not be
refiected in the lung burdens measured at
the time of autopsy. This is of particular
concern for mesothelioma, which “has
besn estirpated 10 have a latency period of
at least 20 vears X! For exampls. assuming
2 90-day half-lifz and fisi-order kinetics,
only approximately 1/(8 x 165} of the
dose received 20 vears sarlier would be
predicted 10 be present in the hungs st the
time of the autopsy. Hence. iung burdens
of chrysotile may be 2 poor measure of the
inizgrated exposures 10 Chrvsotils.

The nigh degree of correlation be-
rween the lung concentrations of the
difierent fiver typss. which has been
noted by several invesupators, further
complicates the interpretation of the lung
burden analyses 13345 Churg reponed
that the correlation coefficient betwezn
the sumbers of chrvsovie and crocidoiite
fibers in lungs of asbestosis patients was
.88 (P < .05)™ Rowlands e: al. reponed
3 stronger correiaon berween cumulz-
tive asbesios exposure and jung fiber
counts for tremolite thap berween cumula-
tve ashestos exposure and lung burdens
of chrysotiie in ther swudy of Cuebec
miners and miliers! The pigh degres of
corrslavon mighi sxpiain the nzgatve
findings in some of the case—control
studies if amphibole 2xposures are simph
acung 3¢ @ surrogae for imegraed iiie-

. were predominantly exposed 10 chrysotiie

* 1ion On 1obadeo consumption BBIIeAL

Lancer.

M CRTVSOtiiz exposure 1L these studies,
As Churg et at. sugpestec. It may be true
thal th: uUemolt: serves as 2 bener
mzasure of pasi corvsotiie than the chrvso.
e suself.

Finally. studies of fiber countt 1
SXTapuimonarn sites raise serious gues.
uons about the validiny of using lung
burden studies for assessing mesothe.
lioma risk. Several investigators reported
cases 1n which short chrvsotile fibers were
the predominant fier found in the pieura,
pleural plagues. or pieural fibrotic tissue
when amphiboles wers the predominant

fiber found in the lupp 2% These :
resuhs suggest that chrysotile may be 3§

preferentally transiocared to the pleura

and that the fiber counts found inthe lung 3

may not accurarely reflect the concentra.
nons found at the site for mesotheiioma
induction.

Epidemiologic Studies

There have been 12 uuoépec:&vc
cohort mortality studies of workers who

asbestos fiters. Resuls for mortality from
lung cancer (and mesothelioma) from the
most recent updates of these cobons are
summarized in Tabiz 1. .Mortality from
hung cancer was gresier.than expected in
neatly all of the. studies. Combining the
results from these studies, there were 928 73
observed and 618.9 expected hing canesr
deaths, resulting in a pooled standardized
maonality ratio for lung cancer of 150
(95% confidence interval [CI] = 1.40,
1.60). The ovuserved excesses of lung
cancer monality did not appsar 10 be
explained by difierencesin cigarens smok-
ing habits in the studizs that had informs-

B

Collectively. thess studies providz strong
evidence that exposurs 1o chrysotile asbes-
105 is associated with an excess risk of ung

Thbere is lietle. if any, evidencz 10
suggest that the excess in lung cancer
mortality observed m these cohorts may
be awsdoutabie to tremolite contamine-
‘tion, In fact, this hypothesis is soongly
contradicied bv the fact that the Jung
cancey response in the studiss of popula-
tions with relatigligpure chrvsotils expe-
sures is simiiar 10 that in studiss of cohorts
with amphibolz or mixed exposurss. Esu-
mates of the ntTease i sxcess Telative
1isk par unit of exposurs 2. potency ! for
fung cancer based on cohori studies o
industrv and fiber typs are presenied in
Tabiz 7. Vanatons ir. ns. actording 10
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fiver type The potencies for lung cancer
risk are simuiar amnong the cohorts with
pure chrysoule and mixed exposures
the texile industry and are generaliv
higher than the potencies observed among
workers in the mining or asbesios prod-
ucts industmizs. The studies of asbestos

E products industry workers all show very

‘low potencies, with the lowest unit risks
observed among iriction product workers.
One study of cement workers, which
provided separate analyses for workers
exposed to chrysotile asbestos and work-
ers exposed to a mix of chrvsotile and
crocidolite fibers. produced remarkably
similar potency estimates for these two
Sgroups.® Among the studies of miners.
Jung cancer potency was substantally
lower among workers in the Quebec
minmg industry who wers sxposed to
chrysotile ores than among crocidolite or
wremolite miners,

It has been suggested that the high
lung cancer morulm obscwed among

wexplained by exposure to mineral oils*”

iHowever. Dement et al. demonstrated in

-+ gaso-control analyses that the risk of fung

4cancer observed in this cohort is unrelzted
“do mineral oil exposure T4 1o additien,
studies of workers exposed to minera] oils
have generally not demonstrated an ex-
cess of Jung cancer.®® There is evidence
that asoestos fibers in the 1exile indusiry
were considerably longer than the fioers
measurad in chrysotile mining and miliing

. and other industries. ™ Thus. differences

in fiber dimensions would appear to be 2
mors likeiy expianation than mineral oil
exposures for the higher iung cancer rates
observed in textile workers.

Mesothelioma

A ro1al of 43 cases of mesothelioma
(primarily pleural} were reponied in the
epidemiologic studies of workers who
wers predominantly exposed 1o chrysotile
asbesios {Table 1). Althoughyit has gener-
alp not been possible to estimate ex-
pected numbers of mesothelioma deaths.
the pereeniage of deaths due 1o mesothe-
ilomz may be ssumated and compared
with ‘background percentages. This per-
ceniage is 0.2% for all studiss combined.
In contrasi. the percentage of deaths due
to pieural malignancizs (most of which
ars masotheiiomas) was oniy 0.02% in the
United States in 19885

Although th: evidence of excsss
morisiity of mesotheliome among work-

ASDELL 5 3N _anwt

TABLE

2—Estimanes of Asbastos Potency tor Lung Cancer from Studies with
individual Exposurs Estimates. by industry and Fiber Type

Excess Relative

§ Risk per
Study ngustry Fiver Type Tiverizs y ¥
Dement stal @ Textiles Chrysotite 0.03° ‘
McDonalg et a!.1? Mainty textiios Cnrysotile. amasne. 0.017:
crocidotite
Pato €12l 2 Textiles Chrysotile. crocidolite 0.015¢
McDonalg et al 42 Mining Tremolne 0.013
de Kierk g 3!« Mining and miling  Crocidolne 0.010
McDonaiy et al, > Mining and milling  Chrysotile 0.000¢62:
: b
. Henderson and Asbestos products  Chrysotie, amosite. 0.002
Enterine® crocidolite
Hugnes et al® Ceamernt prodiucts Cmywtﬂe.' cnrysotiie *  0.007° 3 0.0078°
and crocidoiite
: Bemyand Newnhouse Friction products  Chrysotile 0.00058 !
; etal® .
i McDonald et al. 3 Friction products  Chrysotile D.00053"
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ers exposed to commercial chrysotiis is
coropeiling, the critical issue is whether

.this exoess.quay bs anributable to-trace
contamination by tremolite. All. of -the

asbestos workers studied (Table 1) are
likely to have poteptial exposures 10
tremolite, although in minute concenira-
tions compared with their chrysotile expo-
sures.

In 2 few studies the percentage of
trernolite is known and varies. Contrasting
the rasulis from these studies provides
some information on the plausibility of
the amphibole hypothesis. Two cases of
mesotheliomz have been réported among
chrysotile asbestos miners and millers in
Zimbabwe, where the chrysotiie ores are
believed tobe free of memolite contamina-
tion.™ Begin et al. noted that although
EXpUSWIT 10 tremolite may be as much as
15 times higher in Thetford than in
Asbestos. the incidence of mesothelioma
in these rwo Quebec mining towns was
proportional 1o the size of their work
forcesS3 He suggested thar this fact may
indicats that tremolite contamination may
not be a detzrminant of mesothelioma
risk in Quebec. In the most recent updare
of the study of Quebes miners and miliers.
McDonaid et al.®¥ presented separats
exposure-responses analvses for workers
at the Thetford and Asbestos mines and
mills. There is no indication in their
findings that these two faciiities £xhibit a

different exposurz-~response reiationship
for mesotheliomz. On the other hand.
McDonald and McDonald* recently te-
ported that the average concsotration of
wemolits fibers in the lungs of miners was
higher in one area of the Thetjord minz.
which also demonstrated a sronge: assc-
ciation with mesothelioma risk thar: an-
er are2 of the mine.

Informativy comparisons may zlsobe
made between the proporvon of dsaths
from mesothelioma observed in the South
Carolina textiie workers study and that
observed in the Quebec miners and
millers study. Based on jung burder
studies, Sebastien et ai. sstmared that the
proportion of tremolite in dust was prop-
ably 2.5 times higher in the Thetord
mines of Quebec than in the Charleston
textile facility. The percentape of dsathe
diz 10 mesothelioma in the most recent
reports was one half as high in the Souih
Carolina textiie workers (0.2%) as it was
among Quebec miners and millers (0455
(Tabis 1), However. in maidng this com-
parison ope needs o consides the fact
that the incidence of mesothsiioma is
known. Jpwincrease exponenuialit witi:
follow-up tims $5-and T2% of the Quede
miners and miliers had died> wmpaf’c
with 42% of the workers ir. the South
Carolina stwdy.™ in the most recent
updates of these conors. Ik the pravious

amens1s journai o bubh: Heakn 18

LN
- BN -



e ———
1
106 _ o
. * Comrl
. % Amosite -
. % Antnhopnylite . .- 4
86 - . o Chrysotie . EE R R
"+ R Chrysofie ! P
¢ . Crotidotite P le .
. - T_%, -~
g - : N “e ;
é 60 - ]' * r [} ;:‘ i
Y | [ F ' !
3 ) o ! - v ' i
- . e . I DU
P E Pyl DI S
& P HaeE P P
. R ;- .
2- ot e |
' K 15 SR i
i T l . ;
. - . i pC e :
' 0 - : - {
U 3 Mortths & Months 12 Months 24 Montns

Duration of Sxposure

Note. Daia ars from Wagner o1 al."; approxmare 95% conticenca smervals far & Diamal Sulcome
nave peen acoec. C = Canadian; R = Rfogssien.

FIGURE 1-—Llung tumors in rats exposed 10 10 mg/nr? concentrations of i
asbestos for 3. €, 12, or 24 months,
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update of the Quebes miners and millers
study. the perceniage that had died was
41% and the percentags-of deaths due 10
mesotheiioma was 02%, which is nearly
identical 10 the percentage of deaths from
mesothelioma in the most recent update
.of the South Caroiina textile workers®
The fac: that thess percentages are so
sirnilar is 2ven more remarkable when it is
recognized that the fiber exposure jevels
were approximalely ten times higher in
the Quebec miners and millers than in the
Soutk: Carolina textile -workers” Thus.
comparison of the mesotheiioma results
from the smdy of Quebec miners and
miliers with thoss from the studv of South
Carolina textile workers doss not provide
suppart for the hvpothesis that tremolite
exposure expiains ths mesotheiioma ex-
cess observed in these studies.
~ In contrast 10 the evidence for lung
cancer. thers is epidemiologic evidence
indicating that exposure to chrysotile may
bs iess potent than sxposurs to some
amphiboies with regards to the induction
of mesotheiioma. Hughes and Weill asti-
“matzg that the risk of mesothelioma was
approximately five times iower among
workers sxposed to chrysotile fibers than
among workers with mixed fiber expe-
sure. ™ The pereeniage of dzaths dut 1o
mssotheiioma among South African asbes.
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105 miners was recently repored 10 be
4.7% among those exposed 1o crocidotite,

whith ¥ substafitially greater” than «the ‘

percentage of deaths. due to miesothe-
Homa observed ‘I either the 'Québec
minzrs (04%) or the South Carolina
textile workers (0.2%) sxposed to pre-

‘dorainantly chrysotile fibersS The per-

centage of deaths due to mesothelioma
was only slightly higher among South
African miners exposed 10 amoshe (0.6%)
than among the chrvsotiic-exposed co-
horts. 5 McDonald et al.*® reported that
the percentape of deaths dus 10 mesothe-
Tioma was 2.4% among vermiculite miners
who were predominanthy exposed to
wemolite fibers, which is approximately
six fimes higher thap the percentage
(0.4%) reporied in the study of Quebes

" miners and millers® It musi bs recog-

nized thal the usefulness of these compar-
sops is limited by our inability 10 control
for potential differences in exposure con-

- ceptrations, fiber size distributions, and

iength of observation and are tous dificult
1o inmerprer Nonestheless, the difierences
in mesothzhoma response observed among
chrysotile- and arphibole (primariky cro-
cidolne exposed workers ars so surilong
that alternaove explanatons for thes:
differences appear ynlikeh

“tration of fioers £ um or greater in jength.

Taxicoiogic Studies
Lung Cancer

Toxicologiz studies demonstrated tha:
all forms of asbestos can induce Jung
capcers n expenmental animals. For
exampiz. the Jung tumor response te 3- to
24-month exposures 0 Union Intema-
tional Contrs ie Cancer reference amos-
ite. antnophyllits. Canadian chrvsotile.
Rhodesian chrvsotils, and crocidolits 1
shown in Figure 1.” The overlappmg 93%
confidence intervals suggest that there is 8
no significant difference in potency among
the five 1ypes of asbestos {ie. the am-
phiboles are not svstematically more o7
Jess potent than the chryvsotiles). :

Davis and co-workers also compared
the carcinogenic potencies of chrvsotie 2
and amphibole ashestos by exposing rats
1o 10 mg of amosits, crocidolite. and 3
Zirgbabwe chrysodle per m® for 1 vea:. Y
Thess investigators found that chrysotie 3
actually produced more jung tumors than §
the other forms of asbesios.3 These
results obvioush diffier from those of
“Wagner et al.”” and may point 1o the need
to consider difierences in fiber Jength
when comparing the potencies of difizs-
ent types of asbesios. Davis e1 al. nowed
that 5% of the corysotle it their study

consisted of fibers greater than. 20 i in 8

length vs 05% of the “fibers: for 'the 3
amositz and crocidobite exposures.® Other

studies by Davis et al. showed that 3N

tong-fiver samples of amosite® and chryso- '}
1ile® are considerabiv more active than -3
snori-fiber samples in inducing Jung

Davis et al. also showed that remo-
lite.# ocidolits, and Jong-fiber chryso-
ule® produce simiiar numbers of lung
tumors. Figure 2 repressnis jung mumors
duz 1o amosite. crocidolite. chrysotile. or
uemnolitz from the J-vear inhaiation stuc-
ies of Davis e1 al. and Davis and Joges.
plotted against the exposure concsnire-
tion in units of fiber count. %" Inspection
of Figurt I suggests that the tumor
mcidence is strongly related to the coneen-

segardiess of which type of asbestos is
involved.

 More recenghy. Coffin ot &5 re-
poried the results from studies of raw
exposed Vi intrawacheal instliatop of
chrvsotle or crocidolite. Althougt. these
investgators focused primarik on mesc-
theiiomas, it is worth noting the’ «surnmed
across all dose groups) inwatacheal instii-
lador. of tnrvsotii asbestos produced
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G4 ung caranomas in 18.3% of .

.dmais
ested vs 4.6 for crocidolne &

Overall. the wnicologic data soggest
shat .chrysotile asbestos is .21 Jeast as

- ypotent, if not.tnore 50..as the amphibois

-§orms in the inducton of Jung rumors on a
;per-milligram basis. Tne datwa shown in

*Figure 2 further suggest thar the caraine-

sgenis potenaies of the various types arz
imilar when the dosage is measured in
aermms of the number of fibers greater than

: 5 um in length, as is customary in

epidemiologic studies.
‘Mesothelioma

Rats exposed.to asbestos by inhala-
rios also develop mesotheliomas, albeit at
.a low incidence, Wagner e1 al.¥* exposed
as 10 10 mgrm? of Union Internatonal
Contre ie Cancer reference asbestos® for
«periods of 1 day 10 2 years: the mesothe-
ioma viekds wers amosite. 0.7%; antho-
sphyilite. 1.4%: crocidolite, 2.8%: and
~Canadian chivsotile, 2.9%. No roesothelio-
as were observed in control animals or
pimals exposed 1o chrysotile from Zim-
bwe. 17 Similarly, Davis et al. and Davis

theliomas ..in -response t¢  i-vear
X halation cxposures 1o amosite crocidol-
it «Capadian chrysotile, :and.Zimbatwe
shrysotile 55 The highest mesothelioma
incidence in these studiss, 7.5%. was
- produced by exposure to long-fiber chrvso-
1lz.® Although the low incidence rates
and sroall numbers of animals maka

. cannoi be said that these studizs provide

% ~convincing support for the amphiboic

hypothesis.

. - The mesotheiioma-inducing poten-
Aial of asbesios fibers that reach pleural
surfaces has also’ been examined via
impiantation studies. Union International
Contre ic Cancer reference amesite,
sutbophyllite. crocidolite. Canadian
chrysotiis. and Zimbabwe chrysouile all
produced mesotheliomas in rats after
intrapisural inoculavion. ™ Extensive stud-
ies by Stanton and co-workers suggest that
all long. thin. durabie fibers have the
potentia; 10 induce mesotheiiomas after
surgical impiantation and that fiber dimen-
sions -have much mors influenc: on
mesotheiiomz yizld than any differences
that may exist berwesn types of asbesios &
Howsver. it i coriaimiy possibie that
difiercmt 1vpes of asbesios fibers may nave
difizring probabilities of reaching pisura
suriaces- wheo inhaled imo the lungs.
Overall the impianiator studiss suggest
that chrysotite asbestos does have the
potential 16 induce mesotheilome. bul
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FIGURE Z-dung tumors In rats exposed to 10 my/m® concentrations of
crocidothe, amosite, chrysotlie, or tremoine for 1 year.

these studies do not resolve the queston
of whether or not chrysotiie is less potent
in this regard than the amphuboie forms.
Coffin et al. recentiy reponed that
both chrysotile and crocidolite producs
mesotheliomas when administered intra-
wacheally & No consistent Gose-response
relationship was observed in these experi
ments, but (summing across all dose
groups) chrysotile asbestos produced me-
sotheliomas in 9.5% of the animals vs
£.1% for crocidolite. This suggests that
chrvsotile may have greates mesothelioma-
inducing potential than crocidolite on 2
per-milligram basis. However, the chryso-

tile preparation used in this experiment’

contained more fibers per milligram than
the crocidolite preparation. as well as 2
larger proportion of long fibers. I the
experimantai exposures are expressed on
the basis of the number of fibers greater
thar 5 pm in jength it appears that
crocidolitz produced nearhy 12 times morz
mesotheliomas per fiber than chrysotile.
11 should be poted that the fiber prepara-
vons in the Coffin et al. experiments

consisted primarily of shon fibers. with
median fiber lengths on the order of 1 um
for both chrysotiie and crocidolite. If short
fibers do in fact have some mesotneliome-
mduting potential. the atrivution of abl
mesotheliomas 10 the small fracuon of the
fivers that were graater thao § um
length may isad o an sxagperated sst-
mats of the difference in potsncy of
crocidolite vs chrysotile. in addivor. rel-
#nce on the guantitative responsss in this
studv shoul@ probably be limited dus 10
the lack of dose-responss. Nevertneless
these data do provids some supporn 1o
the hypothesis tha: chrysotilz may have
lower mesothelioma-inducing porennal
than the amphibole forms of asbsstlos.

Mechanistic Studies

li-hasebesr nvpothesized thal ine
£VIOtOXiZ, FZNOIOXT. and nroln-ram- afe
fects of asbestos are in part mediated v
the production of reactive OXVESE SPETIES
released b alveolar macrophagss ir. ¢
sponse to engulimen: of jong ficers and
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tnz: this process may be catahzed ov von
on the fiver surfacs, Funthermhorse. it has
been suggested that the needle-liks con-
fguraton. durabilin, and increased won
content of crocidolite render 1t more
pathogemz thap either amosits or chivse-
tie.™ Zypenimental suppor Jor ths h-
pothesis 13 pnmaniy derned from in vitre
studies. which suggest that iron could
potenuallv act as a souree of free radicals.
an mhionor of tumoricidal defense mecha-
nisms. and 2 nutient for unresmicied
wmo: cell replication.” However. com-
panson of the carcnogenic potencies of
fibers in the rat in vivo does not support
the hypothesis that carcinogenic potency
is related to iron comtent. As discussed
above, Wagner et al.”” observed similar
numbers of tumors in rats with crocidol-
- ite. amosite, and chrvsotile, even though
these fibers have an elernental jron con-
tent of 40%. 28%. and less than 1%,
respectively ® The nonasbesios mineral
erionite does nol include iron as &
constituznt® but is nonetheless a potent
roesotnelioma inducer in rats® Silicon
carbide “‘whiskess,” with an iron content
of essentially zero. induce pleural wmors
in rats after muapieural implantation.®
Thercfors. no obvious correlatiop be-
tween iron content and carcinogenicity is
appasent i1 the rat.

Summary

Our review of both the wwicologic
and zpidernioiogic literature soongly sup-
pors the view that occupational exposure
10 chrvsotile asbestos is associated with an
increased Tisk of both lung cancer and
mesotheiioma. The hypothesis thar these
observations may bt atmibutable 10 wace
amounts { < 15¢) of tremolite contamina-
tion ray seem 10 be privoarily of academic
- interest. because chrvsotile exposures in
workers and the poblic are aiso contami-
pated with tremolne. However, the per-
centage of remolite has been reported to
‘range from 0.5% 10 6.95 in one analysis
of eight commerdal chrysotile asbesios
sampies.t and it has bezn suggesied that
" chrysotile from Zirmbabwe™ and other
countriss raay be iree of contarination by
~ amphiboies, Henee. the amphibole hy-
" pothesis may be of some public heaith

Teisvance )
 In owr view, the currentiv availabie
stizntfic Inerature doss not provids per-
suasive evidence for the hypothesis that
wemolits coptamination explains the me-
sotheiiome eXcesses ObseTved in the stud-
ies of chrvsodis-exposed workers. The
priman svidenee for this hypothesis comes

-~ vies,
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from pathoiogs crudizs in which iung
burdens were measured. However. inter-
pretation of these studies is hampered by
the fact that chrvsouic Jung burdens ars a
poor tefiection of mtegrated exposures
and the fact tha: chrysotile sxposurs is
hughlv correiated with lung ourden of the
ampniooles (2.£.. iremolne . In addition.
the panern of asbestos fiber depositon i
the jung does not appear 10 be consistent
with the panern of deposition in the
tarpet tissue (i.e., pleura). The previousiy
reviewed empinical datz from toxicologic
studies and comparisons of mesothelioma
mortality and lung cancer mortality be-
tween epidemiologic srudies with differ-
ing Jevels of wremobte contamination do
not provide supporn for this hypothesis.
Mechanistic argumsenis that have becn
made 1o supporl the amphiboie hypoth-
esis. which are based on in vitro studies of
iron content, appear to be conmadicted by
the lack of correlation berween iron
content and carcinogenic potency ob-
served in experimental studiss.

Whether chrysotile asbestos is iess
potent than the amphibole forms of
asbestos i a question that has not vet
beén fully resolved. There is eurrently
very litile toxicologic evidence to support
this hypothesis. There is evidence from
epidemiclogic studies that chxysotile may

- be 1655 potetit {61 wesothebioma’ induction

*thacrotidolité; The proportion of deaths
due 1o mesothéboma are surikingly lower
‘io chrysotiic-cxposed miners znd millers
than in crocidolite miners. There is
absolutely no epidemiologic or toxicologic
cvidence 1© suppont the argument that
chrysotile asbestos is amy less potent than
other forms of asbestos for ipducing lung
cancer.

Jtshould be recognized that compan-
sons of the potency of the differen: forms
of asbestos are severely limited by uncon-
wolied difierences in the bivariate distriov-
tion of fiber length and diameter (i.e.
fiber dimeasions). Experimental studies
clearly demonstrated that fiber dumen-
sions are 2 critical component of the
carcinogenic potency of fibers€ This
concern applies to most of the taxdcologic
studies in which exposure i& Geiemmined
on an equal mass basis and #s particularly
pertinent o the epidemiologic tovestga-
tons. Historic exposures ic most of ths

- epidemiologic investgations wers based

on impinger samples that assessed the
number of fibers, and conversion faciors

were applied 10 estimats the number of

fibers longer than & pm. Concerne bave
peen raised abou: the accuracy of these

comversior: {actors ané the potential -

paci of assocxatcc 2170 O the asyese g
ment of risi.™ The currem Ocoupabonal §
Safery and Healh Admmistration
(OSHA} metnod counts asbesios fibers -
that are longer than 5 um and that have » -'
icngth-to-diameter rato of 3t beast 3101 3
This metnod implicitiy assumes that fibers
less thar 5 um m length ar Dot carcine- 3§
gcnic and tnat all fibers greater thap 5 um 4
in length are of equal carcinogeniz po-
tency. Thess assumpooms are clearly §
inconsistent with the experimental data §
and mosi likely tesul i substapval §

misclassificauon of exposure in the epide-
miclopc studies,

Policy Implications 4

The American Conferencs of Gov- ¢
emmental industrial Hypenists and sev- §
eral countries {e.g., the Unined ngdo:n) k-
have adopted iess restrictive standards fior 3
chrysotile asbestos thap for the other:
forms of asbestos.” In our wiew. the
curyently avaiiabis scientific evidence does 1
Boi provide sufficient support for develop- |
ing separats standards for the diffcrem
forms of asbesios. A¢ s article docu--§
ments, the scientific evidence for the
amphibole  hypothesis is :;m tenuous
Furthermore, the fact remains that i
practice workers in this coanty and txhcx
countries are not exposed 10 pore chryso-
tile, but rather to 2 mixtmes of chrysotile;
tremolite, -and: other forms of - xsbestos.
Thus, it is highly impractical 10 copsi
setting separate standards for the di:ﬁcr—"
ent forms of asbestos. Finally, even if onc
aw:ptsxhung\m*mmnchystﬂ:m )
108 does not induce mesothelioma (which 3
we do not). the 1isk of Jung capcer (and
asbesiosist can not bs diwmmssed, and &
chrvsotils appears 10 bz just as potent 3 ]
lung carcmogen as the other forms of
asbestos. It is noteworthy that the risk of !
ung cancey is of greater coocern than the
risk of mesothelioma becanse in most
studies there are at lzast two cxcess g §
cancers for everv mesotheboma observed
{see Table 1), There is also the additional
concem of asbestosis Tisk. winch was not
considered in this article bt clearly adds
10 the nsk assocated whh chrysotie
zxposure.

Therziore. given the dlear evidane:
of a jung;apcer risic the lack of compz*
fing evidence for the amphitole hypot:
esis. and the fact that workers ar gener-
ally exposed 1o mixture of fiber Types. ws
bebieve tha: it is prudenm poiicy 10 e
chrvsotile asbastos with virtually ths sams
1zvel of concern as the amphibois forms of
asbestos, T view is consisien! Witk 1h2 3
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