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Review of the literature.

States that chrysotile is as carcinogenic as the
amphiboles and causes pleural meso and lung
cancer. Cites TARC Monograph of 1976 and 1987 to
confirm this finding. States that animal
experiments and limited epidemiological studies
of human exposure prove the carcinogenic quality
of chrysotile. Reviews major studies indicting
chrysotile. Berry & Newhouse (1983) found one
meso in exposure for only two weeks. Cites
Rochdale factory study which showed the
greatest proportion of mesos out of all
chrysotile studies. Found 1 chrysotile meso among
the women working in the‘Eﬁii]gas mask factories,
But states that that study had methodological
difficulties in comparing the two factories,
States that all fibers carry an equal risk of
causing cancerof the lung. States that tremolite
exposure leads to meso. But believes that the
conceptual separation of tremolite from
chrysotile is merely academic. States that
Morinaga (1989) may have provided proof that pure
chrysotile can cause meso since only chrysotile
was found in the lungs of 5 patients. States that
the human population studies do not refute the
firdings of the animal studies that conclude that
all fiber types cause lung cancer and meso.
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THE CARCINOGENICITY OF CHRYSOTILZ ASBESTOS ""‘*- 7 (94

As chrysocilc accounts for some 96% of the world's asbestos production,
it becoaws wmost important to define the carcinogenic effects of exposure

to the dust produced by this material. To some extent, especially with

regard to the induction of Pnsoth.lioaa, the carcincgenic activity of this

material has engendered quite flerce controversy and as a resule, sciancific
objectivity has often been somewhat badly affected.
Apart from this, there {s a publiec health policy concarning the management
of the million of tons of chrysotile-containing materials currantly
installed, for exsmple, in public, commercial and indugtrial buildings,.
To what extent does this application constitute a hazard to heslth? Is
this great enough to justify the putative health hazard and economic [mpact
of removal during the life of the building? Clearly, these are fssues of
great concern, s1d the asveveration that serpentine asbestos does not constituce
the hazard prezented by the amphibolss is a furdamencal considaration in

the formulation of this sspect of public haslth policy on zabestos.

Aith regard to the caveinogimicity of chrysotile, and gtarting with
the fnferzation devived fuca exparisents on anizsls by wany luvestigstors,
t&&ra is corsfersnt evidence thet chrysotile f3 at least as active as crocidelite
snd saselte in {uducing both lung ¢hncer sad scsothelicme. It is sleo substape
tislly elesr from the best availedle evidence of studies of buman experfence
#esocicted with exposure to chrysotile, that this form of asbestes 1g carcincgenice
to kursus. Severzl studies of cccupatioral groups for which data on dust
sxgeeure (end from this, dogé-reepoate velaticashipe) &ra gvsileble, coufimm
the capacity ef chryvotile o cause lung cancer, ezd to & lecser extant,

s2fathelicus of thae plsura.
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This opinion L{s shared dy the experts advising the IARC in their Monograph
on the Evaluation of Carcinogenic Risk of Chemicals to Man, of 19735 and
the update of this {n 1987.
There are three main classes of data from which this critfcal {isue of
the carcinogenicicy of chrysotile can be evaluated:
1. and tigsue studies;
2. Animal experimental dats, and

3. Hunman epidemiological fovestigations.

l. call and cissue studies, that {s, in vitro studies, test the biological

potency dut not the biological hazards of asbedtos. In test systems of
hemolysis and cytotoxicity and using cells of different origin, chrysotile
has deen shown to be highly active in contrast to other fibers tes-ed.

No fcerm of mutageniciﬁy for ssbestos in general has been demonstrated
by the usual gene mutation assays although chromosomal aberrations have
been caused by chrysotile in rat pleural cells {n culture.

Chrysotile and crocidolite induce linear dosa-dependent morphelogical
and zecplastie transformaticn of Syrien kenster eubyro cells {n culture,
vhich is {adistingulshable fyom the cell transfoveseion fnduced by other

cavelrogens such as the highly-sctiva folyeyelic hydrocarbon, benzofalpyrene.

2. JFbe anfeal excerfrantsl deta conceining tha cerefncgenicity of chrysorile
fe couviasing, Frsanrially, they cenfira the huvsn spideniolegical resuleg,
el' suior sebeetos verletias, including chrysotile, produce lung cancer
atd satcthelfons, with limited diffcrences in careinegenie potency.

In exparimants Involving ineculgtion into vats, chrysotile 1s 2¢ carcine-
gsule 68 ceecidolite or amosite. In sthep experimants, chrysorila has hcen
foond to be sive fibrogeule and cavelnegenie then erocidolite or sauveite.

$iuch focsvlation expevivents, netebly thora of Waguer, Stantom and Pott
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and their colleagues, not only confirm the marked carcinogenicizy of chrysoctile
fn {nducing megotheliomas 1a rats, but alse of such significance, they poine

to the inmportance of durability and dimension of fibers in telation to
carcinogenic activity.

In the experiments of Wagner and his colleagues of 1977,
designed to consider such important festures as clearanca, ratention and
dissolution of fibers, it was found that all the UICC samples of asbestos,
including Canadian chrysotile, produced mesotheliomes god lung cancer, in

some cases [rom exposures (to crocidolite and amosite) as skhort 48 one day.

3. All the human epidemiological investigations regarding exposure to

chrysotile share cotmon constraints. Foremost &mong many variables {s the
precise nature of the dust to which populations have beeuleﬂyosqd. Although
the term “chrysotile” is commonly usad, the possidle contridution of other
associated minerals requires to be consi{dared. Tremelite has been {nvoked
as the confounding factor to vhich most of the masotheliomas {n parsons
e¢xposed To chrysotile have bsen attributed dy certala suthors. While of
woch sclantific {nfereset, frem a praceical joint of view this matter {3
of asadsmic futerest snd 1s daelt with laver fn greeter detail.,

Anscher sajor verishle in the huesen studics {8 the vesatious quustion
of crorlatfve dust erposuse end rerponcs (dorertesicnse), for which soua
retler fnconedatent fufsrvarloa 13 %vailaézg. Thera L8 unffeorm sgrearant
that the e¢videsce, even (£ it 1s tés best svailable, s weak, Quantirative
sud qualitative definitfons of dust euporure bova coly bdoen detarninad hephaz-
sxdly. Fibers found fn lumg bturdenm studies can ta savieusly questiconsd
fn tlaly ruftability fo veflsct poaet paltsims of exyosure. Thera hive Lcen

vefor diffiiences teo, In ssvpling and counting tectalques sud {a fodices
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of exposure. Other significant variables are the nature of the da:a base,
the relisbility of diagnoses, the history of smoking habits, type and

dimension of fiber, and the nature of specific processes {n each occupation.

From the above considerations, it is clear that any conclusions about
the capacity of exposure to commercisl grade ¢hrysotile to fnduce lung cancer
and mesothellomas in humans are limited by the fev occupational studies
vhere exposure hss been ostensibly to chrysotile and to no other commercial
form of zsbestos, and also by the availadility of reasonably-adequate dose
response datas.

Such dose-response evidence exists in viarisble form for some 3ix occupa-
ticnal categories of mining aad milling in Quebec and Italy, textile produc-
tion in South Carolina and in the Rochdale plant in Eagland, and iz frictiem
product manufacture at the Perodo breke plant, also in England. For all
of these, the bast available data on cumulative dust exposure and on Standarzdized
Hortality Ratios (S¥Rs) for lung cancer (&nd for adrolute nuwmbers >f wasothe-
liciaa), were used in each zpudy., Thus, dosa-rseponse relatlcashizs could
te approximataly deternizad for each gopuletion,

Of these six pojulations, however, only the chryectile minavse and millers
in Quabee and the chrysotile teynile vorkers fm South Ceroliua have data
on esteusive eaxly zaupling 2nd en particle 2nd fider countse.

Threg etker etndled wore &lzo ;ﬁ?ﬁirﬁd, gltbovgh thay bave llultaticns.
To cue of then, of asheeron maintenance workars, there ere fala on dose-responza
islerfonehipe, but the populetiocn 18 cas of reliced ean over sze 65, The
other studies of Britdeh gra -osk evennblevs in Horld Yar FI reflict specifie
sugeenre £o chyyiorile, and gsparetely, & sfzed axpgeura 10 chvyrottle

srd croofidolice,



(S

1. The Quebec mining end eilling sctudies of McDonald and associatas

studied the mortality of a large birth cohorc from 1926 to 1975. Clear
trends ware found for SMRs for lung cancer to be hRigher, the hesviar the
estimated exposure to chrysotile. 1a genersl, linear relationships were
shown betveen {ndices of exposure and the SMRs.

Ten mesotheliomas vere found in the 4463 male desths recorded although

since there was no pathological review, the exact nuskar {s uncertsin,

¢, The Northern Italy mining and milling study of Rubine et al., (1979)

reported a SMR for lung cancer of only 106 for the total cohore, {ncluding

cases vith all durations from onset of exposure. However, as lateacy {ncreased
during the last 5 years of observation, the SMR rose to 206.
One unconfirmed mesothelioma was reported. Again, pathology verifi-

cation vas not undertaken.

3. Two sepsrata confirmatory studies were msde of the South Carolina

textile plant at Charleston, where chrysotile wvas exclusively used. Dement

fn 1983 found & merked evcess of lung carcer (MR = 3iS) and etrong exposure
~respouse relaricazhipe. Ta the zecond eiuéy‘ef Lhe seis pleat Ly HeDorald
2ud others, slro in 1583, a4 OB of 199.9% for lung caucer va; found in men
20 or more yesrs after {{rst exposure. A steep livesr exposure-respouse
reieti@@&hip vag found, sove 50-fold grester at similse gccusmlaced dust
cepecsres than thet for the Quebee miners ead willeve. Thesa data yelint
to & rusarkably high level of lung cancer in the %outh Carolina textile
verkers.

Caly one mesothelicwe vas reported, Lut thefe reperts fuffer the

some couelraints £8 are found {n the Quebec mimers aud willeze investigation.
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4, In the Rochdale textile factory study im England, studied by Peto
et al., in 1983, the principsl cohort vas exposed to chrysotile. A SMR

of 131 for lung cancer vas obtained. Studies of mortality jccurring 20
or more years after first exposure show a consistent linear relationship
with fncreasing cumulative dose and latency.

Fourteen oan died of mesothelioma, of which ) were excluded for
record purposes. This repressots the greatest proportion of mesotheliomas
in all the chrysotile studies revieved hers. After the zmesotheliomas were
found im this population, long-filed records were revieved aad it was found

that small amounts of crocidolite had also deen used.

S. The Terodo braka factory in England was studied by Berry and Newhouse

{n 1983. Por lung cancer, there vas no indication of {ocressed risk with
either duration of exposure or cumulative exposure (SMR = 108 and 122).

The oculy evidence of excess mortality is the 11 deaths due to pleural
mescthelions. Eight of these casas might have been exposed to crocidolite
arnd another {atermittantly to the szme: Again thare wes saarch of recoxds
for sces use of croclidolite aftar the mseothelicwas were known L0 have oqcurred.

In cue cace, thers had basa only two waeks of exposure to chryeotile.

6. Im the Compecticut fristion roduits wtudy of McPonald et al. of
1984, sm excess of lung caucer (SR = 148.7), snd po desths from mescthelioma,
sure Teporicd, slthough other scurces huve ideutified 3 sesotheliona deaths

in rthis population.

Apsve fvem the six prircipel elvdies slresdy veviuved have, the investi-
getion of vrinfensncs reyvice wiployees 1n the 1.8, by Laterlize and Fenderson

In 1973 should la nunticeed, This populaeion consisted of retized ¢uployacs
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retired employees of age 65 or over. After adjustment for cumulative dusc
exposure, thosé exposed only to chrysotile had & lung cancer morcality 2-4
times the expected (SMR = 236.4), compared to one of 5.3 times the expected
(SMR = 526.3) for men exposed to chrysotile and crocidolice. The same :trand
wvas seen in other etudies,

Of one mesothelioma found in an earlier study of this populatiocs, and
3 in a later one, no records were availabla to indicate vhether exjposure
vas to ¢chrysotile, or to chrysotlile and crocidolite. Also, for te:hnical
ressons .nere had been considerable under-snumeration of mesothelioma in

tha iargest of the plants studied,

The last special studies reviewed hare are those of gas mask agsemblers

exposad in England to asbestos during World War II. Although no data o¢n
dose-response ara available, the studies serve useful comparative purposes
relating to exposure to chrysotile, and to chrysotile and 47 Yirve.

In tha first of these atudles by Jonas at al. (1980), of "02 cezale workars
naking f41ter onirs for g8 rocks sud expozad to c¢hiyrctile only, zone of
the 10 desthe raported was dua to lung cancer or mssotheliosa, By contrase,
of 727 fucsle workars expcsad to crecidolite only, there vere 139 Ziaths,
of viteh 11 vavae due to lung csvcar sud 168 Lo wisolbelfcsa, Thesa nunbervs
gve eoe1Y, Bowlver, end fe {8 not possible to Yese suy eoncluricns on the
14v.tted drta eveileble for the saell number of pecple expozed to chuivsotile
for & wexfenm peviod of five wanths,

In tha cecond study of tvo g2s rsek factorics Ly Achegon et _al., (1982)
of 570 uosen expesed to chivectile in making the filtee uvaite for the gas
wioke, &1 MR of 143 vis obteined conpared to cue of 241 for the erocidolite

grevp. All but coe of the 6 wesothellomss coce frca the cvocidolite-exposed
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group. According to the authors, the most ocbvious difference betwsan the
two groups probably lies in the different nature of axposures in the two
factories, and there may have been unknown differences in dose and exposure.
Apart from this, it {s difficule to compare the two factories since the

one using crocidolite (Leyland) started earlier and made raspirators by
hand to a high standard, vhile at the chrysotile (Blackburn) factory, mech-

anized manufacture was used,

DISCUSSION

Lung Cancer {n Human Peopulations

In discussing the human evidence, Doll noted in 1388 that there is
ao svidence to suggest that chrysotile carries & smaller risk of lung elnc;;
than smphibole asbestos, though the risk has been aotably lov in miners
and millers and {a friction preduct vorkers, compared to the very high levels
found in the textile wotkars of South Carelina., It may ba cemcludad thae
all typas of asbestcs carcy an aqual risk of czncer of the lumg.

e warked differsuces of risk within tha six zain cecupanionsl greups
studied bere 18 sotuiwsrthy., Ter esch of thesa studlies, the best svatlshle
dita for evmulative dust exposure end zortality vave used, &nd the variation
seen ray ba dus fa peob o tha frctoes diocuszed earliert the neture of
tha d:%a Leea, tha hictoly of ewiking hLabils, tha tvoe s:d dlusnsion of
fiter, tha usture of ﬁﬁicikic procaseas in esch eccupsiien énd to the
#1lefuportent veristle of eumulative duit axpesure aud respenze relaticnehips.

Tegree of letougy 18 yet evorher profound verisble.

Meaoglielfe g ia Egrona Fepuleticng

s o et an g R

fa coutrset to thée czpaeity of clursotile to cresmmly cause lang €anter
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{n ogcupationally-exposed populations, this form of asbestos appears to
cause fevar mesotheliomas than either crocidolite or amosite under conditions
of exposures that have been studied.

It has Seen proposad that in at least some cccupational exposures agcrived
purely to chrysotile, mesothelioma induction may be due to contamination
of the chrysotile by the amphibole, tremolite, which occurs during the geomor-
phogenasis of chrysotile. As a result, small amounts of tremolite, sometimes
of the order of 1%, may be found in the chrysotile ore body and from this,
{n the ccummercially-produced and processed chrysotile fiber. There is evidaence
from Tuikcy, Creece and Cypress that exposuts to tremolite may cause mesotheliomas.

Reports of lung durden studies of mesothelioma cases axposed to commercial

-

% )
chrysotile show the presence of tremolite, and several vorkers have suggested

3

that the measotheliomas ascribed to chrysotile exposure may in fact, be dui
to the conteminating tremclite. '

BEowsver, the matter is none too simple, especlally since nothing is
kacwn of spscific mechanisms of sction for sny kind of fiber nor of the
sossibllity ef eny co-cavcincgenic setfon of chiyeotile snd trewolite
whe¢n present togather. [€ gesms coxrect Lo agree vith Doll &nd Peto (19435)
that eny distinctisn between the effects of chrysotliie and tremolite ia
fudveing tscothelican {9 scadexie unlese the treaclite csu be remsved from
the chryeotile or camples cean e @St&iaed that ave tremolits+free.

Trem & prectical poict eof view, as leng &8 any tucsolite {s pot
eoved tn {ndustriel proceseing, and as loug s¢ chrysotile rawaine to the
creivheluing «xtout of some ¥R the bulk carrier of this treusnlite, (he
ticig 6f trewolite-contszination of chiviutile dees indeced zeem to ba of
scadasic condern.

Cooful avidesca thal w zothellcmes way be Loduced by puvce chyytotila

ere the dota presanted Ly Hevimaga g8 el., {1559) frua Gacke, Japen. Here,
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3 pleural and one peritonesl masotheliomss (6 of 19 found) were reported
to have chrysotile only ia the lung tissue. Mo tremelite or other smphiboles

vere detected by transmission electron aieroscopy and X-ray analysis.

Cether Asbastos-Relaced Cancers

Of the several population groups revisved hece, a substantial excess
of gastrointestinal cancers vas found in men most heavily-exposed to chryso-
tile in mining and milling operstious in Quebec. An excess was also seen
in some of the heavily-exposed men {n the South Carolina textile planc.

No excess risk, hovaver, vas found {n studies of mining and milling in I%aly,
{n Rochdale textiles, in frictiom products (in the UK and the US) nor in
U.8. maiacenance service employses.

Doll and Peto (1585) and McDonald and McDonald (1987) argue that many
of the excess cancers attributed to gastrointestinal cancers could be mis-
diagnosed lung cancers but present no data for this assertion. They also
point to :ﬁe lack of availadle animal experimental data ralating to the

induction of this czncar,
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CoNCLUSION
carc!hllg-dcai;ncd experimental cell and animal studies conflrm the
carcinogenicity of chrysotile. 1Ia in vitro test Iystems, chrysotile ig
markedly coxfe and iy capadle of inducing morphological and neoplascic trang-
formation,
The human Population studies do 90t refute the experimental s:udies.
Chrysotile asbestos is carcinogenic to humans, ¢specially for ehne Inducetion
of lung cancer and mesotheliome in exposed Populations. For cancers of

other sites, the svidence for il forms of a1sbestos (g inadequate for evalu-

ationm.

John 8, BEaringtom, Ph.D. June 9, 1990
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