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Occupational F osure to Chrysotile
Asbestos and Cancer Risk: A Review
of the Amphibole Hypothes:s

Leslie T. Stayner, PRD, David A, Dankovic, PhD, and Richard A. Lemen. PhD

Introduction

Chrysotiie is the predominant type of
asbestos produced and consumed in the
world today, and it accounted for over
98.5% of US asbestos comsimopuion in
1992,! Although asbestos consumption
has declined in North America and
Europe, sales in other countries (e.g.,
Southeast Asia, South America, and East-
ern Europe} have increased primarily due
to the usc of asbestos-based jeonsn
materials 2

Ch.rysotilc is a serpen
fonnofasbestosthatmd:shng;ﬁsﬁ"' G

other amphibole forms of asbestos
(i.e,, crocidolite, amosite. tremolite). It
has been hypothesized that (1) the
mesothelioma risk observed armong work-
ers exposed to chrvsotile asbestos may
be explained by the relatively low con-
centrations (<1%) of tremolite fibers
in commercial chrysotile asbestos fibers
and (2) that chrysotile asbestos may
be less potent than amphiboles in the
induction of asbestosis and lung cancer.
This has been dubbed the amphi-
bole hypothesis’ It has even been
suggested that exposure to chrysotile
asbestos in the absence of tremotite
may present little or no carcinogenic
harard*

The arguments advanced to support
the amphibole hypothesis have been pri-
marily based on pathologic studics of
burdens of asbestos fibers in human lungs
and on toxicologic, mechanistic, and epide-
miologic studies. This article presents a
critical review of these arguments and of
the literature on the carcinogenic hazards
associated with exposure to chrysotile
asbestos and considers the implications of
these findings for the developmem of
occupationat kealth policies.

EXHIBIT
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Lung Burden Studies

The deveiopment of methods that
involve electron diffraction and energy
dispersive analysis of x-rays (EDAX)* has
made possible the measurement of the
amounts of different fiber types in the
lung. The results from lung burden
studies have provided the primary basis
for the advancement of the amphibole
hypothesis.

Case studies of individuals who have
worked in industries using or producing
chrysotile ashestos revealed an unexypect-
edly.high proportion,pf amphibole, (pri-
marily remoiite) fibers. considering the
relarively Jow percentage of amphibole
fibers in commercial chrvsotile asbestos.
In one of the carliest smudies, Pooley
observed a greater number of amphibole
fibers than chrvsotile fibers in 7 of 22
patients with ashestosis who had worked
in the Canadian chrysotile mining indus-
try” Rowlands et al. also reported a
nearly equal concentration of tremolite
fibers and chrysotile fibers in the Jungs of
47 workers employed as miners or millers
in Quebec® Similarly, in popuiation-
based studses the percentage of chrysotile
fibers found in the lungs has been surpris-
ingly Jow considering the fuct that chryso-
tile is the major source of exposure for the
general population.®
© Most case-control studies that cvaly-
ated the potential refationship between
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;.industry type appear to b moic
¥ remarkabls than variations aécording to
F- fiber type. The porencies for-lung cancer
risk are similar among the cohorts with
. pure chrysotile and mixed exposures in
- the iextile induswy and are penerally
L higher than the potencias observed among
k- workers in 1her asbesios prod-
f- ucts industries. The studies of asbestos
products industry workers all show very
Jow potencics, with the lowest unit risks
. observed among friction product workers.
Onpe study of cement workers, which
- provided scparate apaivses for workers
3 exposed to chrysotiie asbestos and work-
k! ers exposed to 2 mix of chrysotile and
‘crocidolite fibers, produced remarkably
imilar potency esumates for these wo
¢ groups.* Among the studies of miners,
b lung cancer potency was subsianially
y.. lower among workers in the Quebec
f mining industry who were exposed 1o
v chrysotile ores than among erocidolite or
¢ remolite miners.
; It has been suggested that the high
Fidung cancer morality observed among
8outh Carolina textile workers might be
lbexplained by exposure to mineral oils. "
vaver, Dement et al. demonstyated in
-control anaiyses that the tigk ofiung
ncer observed in this cohott is unrefated
W ;minera! oil ‘sxposure. 4% [n addition,
studics of workers exposed to mineral oils
have generallv not demonstrated an ex-
cess of lung cancer.* There is evidence
that asbestos fibers in the textile industry
were considerably longer than the fibers
measurzd in chrysotile mining and milling
and other industries ™ Thus, differences
in fiber dimensions would appear to be a
more likely explanation than mineral oil
. exposures for the higher lung cancer rates
" observed in textile workers.

Mesothelioma

A total of 45 cases oi mesothelioma
{primarily pleural) were reported in the
epidemiclogic studies of workers who
were predominantly exposed to chrysotile
asbestos (Table 1). Although it has genet-
ally not been possible 10 cstimate ex-
pected numbers of mesothelioma deaths,
the percentage of deaths due to mesothe-
lioma mav be estmated and compared
with background percentages. This per-
centage is 0.3% for all studies combined.
In contrast, the percentage of deaths due
to pleural malignancies {most of which
are mesotheliomas) was only 0.02% in the
United States in 1988 3

Although the evidence of excesc
mortality of mesothelioma among work-
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TABLE 2—Estimates of Asbestos Potency for Lung Cancer from Studiss with
Indhvidual Exposure Estimates. by Industry and Fiber Type

Excess Relative
Fisk per
Stucdy industry Fibet Type Finer/cc x ¥-
Demeni et al.® Textiles Chrysotile _ 0.031
McDonaid et al ¥ Mamily textiles Chrysotile, amosite, op17
crocigolite :
Peto et al.% Textiles Chiysatite. crocidoiite 0.015® i
McDonald et al Mining Tramolite 0.013
de Klerk at at & Mining and milling  Crocidolne 0910
McDonald et al. % Mining ang milling  Chrysotile 0.00088<
Henderson and Asbesios products  Chrysotile, amesite, 0.og2?
Enterline® crocidolite :
Hughes st al. % Cementproducts  Chrysotiie ® chiysotite,® 0.0071," 5.0075°
and crocidolite
Berry and Newhouse Friction products  Chrysotile 0.00058
etal
McDonakd #t a1.34 Friction products ~ Chrysotile 0.000534

cublc o0t was Bssumed.

%mmwummﬂhmpumcmnmarbmng equvarent o 1 milion pertickes per
®Data are bassd on resuits for workers smpioyed after 1951,

wwmwmammwpmmmmmmmasmm
MOty ratio reswuits raported by McDonaid ot 8 %

ers exposed to commercial chrysotile is
compeliing, the critical issue is whether
this exceas may .be ‘attributable to -trace
contamination by tremolite. AH of the
asbestos wotkers studied (Table 1) are
likely to have potential exposures to
tremolite, atthough in minute concentra-
tons compared with their chrysotile expo-
sures.

In a few studies the percentage of
wemolite 1s known and varies. Contrasting
the results from these studies provides
some information on the plausibility of
the amphibole hypothesis. Two cases of
mesothelioma have been reported among
chrysotile asbestos miners and millers in
Zimbabwe, where the chrysotile ores are
believed to be free of tremolite contamina-
tion.” Begin et al. noted that ajthough

- exposure 1o tremolitz may be as much as

15 times higher in Thetford than in
Asbestos, the incidence of mesothelioma
m these two Quebec mining towns was
proportional to the size of their work
forces.® He suggested that this fact Inay
indicate that tremolite contamination may
not be a determinant of mesothelioma
11k in Quebec. In the most recent update
of the study of Quebec miners and miliers,
McDonald et al® presented separate
SXposurc-yesponse analyses for workers
at the Thetford and Asbestos mines and
mills. There is no indication in their
findings that these wo facilities exhibit a

different exposure-response refationship
for mesothelioma. On the other hand,
McDonald and McDonald™ recently re-
ported that the average concentration of
tremolite fibers in the lungs of miners was
higher in one area of the Thetford minc,
which also demonstrated a stronger asso-
ciation with mesothelioma risk than an-
ather area of the mine.

Informative comparisons may also be
made between the proportion of deaths
from mesothelioma observed tn the South
Carciina textile workers study and that
observed in the Quebec miners and
raillers study. Based on lung burden
studies, Sebastien et al. estimated that the
proportion of tremolite in dust was prob-
ably 2.5 umes higher in the Thetford
mines of Quebec than in the Charleston
teatile facility.”” The percentage of deaths
diie to mesothelioma in the most recent
repors was one half as high in the South
Carolina textile workers {0.2%) as it was
amopg Quebee miners and millers (0.4%)
(Table 1). However, in making this cormn-
parison ope needs to consider the fact
that the incidence of mesothelioma is
known 1o increase cxponentially with
follow-up time,* and 72% of the Quebec
mincrs and millers had died,® compared
with 42% of the workers in the South
Carolina study.® in thc most recent
updates of these cohorts. In the previous
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jung carcinomas in 18.3% of b imals
frcsied vs 4.6% for crocidolite €

.. . Owverall, the roxicologic data suggest
Fthat - chrysotile asbestos is at Jeast as
potent, if nor more so,.as the amphibols
"} forms in the induction of lung tumors on 2
‘,_::r-millignm basis. The data shown in
i Figure 2 further suggest that the carcino-
Rspenic potencies of the various types are
pisimilar when the dosags is measured in
erms of the number of fibers greater than
prm in length, as i customary in
pidemiologic studies.

‘Mesothelioma

Rats[exposed. 1o -asbestos py inhala-
tion also Jﬁmp albeit at
low incidence. Wagner et al.7? exposed
e rats 10 10 mg/m® of Union Imemational
i Contre e Cancer reference asbestos® for
riods of 1 day to 2 years; the mesothe-
ioma yields were amosite, 0.7%; antho-
iphyllite, 1.4%; crocidolite, 2.8%; and
4 Canadian chrysotile, 2.9%. Nomesothelio-
£ were observed in control animals or
cxposed to chrysotile from Zim-
bwe.!? Similarly, Davis et al. and Davis
Wd; Joues reported small numbers of
hesathcliomas ..in «response 40 1-year
tion eXposures to amosite, crocidol-
{enadian -chrysotile, and . Zimbatrwe
sotiie. - The' highest mesothelioma
incidence in these studies, 7.5%, was
b produced by exposure to long-fiber chryso-

-tile.® Although the Jow incidence rates
:amd small pumbers of animals make
quantitative comparisons uncertain, it

cannot be said that these studies provide

" impla studies. Union Intemational
Contre Iz Cancer refersnce amosits,
‘anthophyllite, crocidolite, Canadian
- chrysotile, and Zimbabws chrvsotite all
produced mesotheliomas ip rats after
| - intrapieura} inoculation # Extensive stud-
ies by Stanton and co-workers suggest that
‘all long, thig, durable fibers have the
potential to induce mesotheliomas after
surgical implantation and that fiber dimen-
sions have much more influence on
" . mesothelioma yieid than any difierences
[ " that may exist between types of asbestos.$
" However, it is cenainly possible that
different ryp=s of asbestos fibers may have
differing probabilities of reaching pleural
suraces- whea inhaled inio the lungs.
1 Overall, the implantation studies suggest
[ that chrysotile asbestos does have the
) potential to induce mesothehioma, bur
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o N four studies.
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FIGURE 2—Lung tumaors in rats exposed 1o 10 mg/m> concentrations of
crockiolke, amosite, chryxotile, or remolite tor 1 year.

these studies do not resolve the question
of whether or not chrysatile is less potent
in this regard than the amphibote forms,
Coffin et al. recently reported that
both chrysotile and crocidolite produce
mesothetiomas when administered inma-
tracheally.® No consistent dose-response
relationship was observed in these experi-
ments, bul {summing across all dose
groups} chrysotiie asbestos produeed me-
sotheliomas in 95% of the animals vs

- 51% for crocidalite. This suggests that

chrysotile may have greater mesothelioma-
inducing potential than crocidolite on
per-milligram basis. However, the chrvso-
tile preparation used in this experiment
comained more fibers per milligram than
the crocidolite preparation, as well as a
larger proportion of long fibers. M the
expenmental exposures are expressed on
the basis of the number of fibers greater
than 5 wm in length, it appears that
crocidobite produced nearly 12 times more.
mesothcliomas per fiber than chrysotile,
Lt should be notad that the fiber prepara-
tions in the Coffin c1 al. experiments

consisted primarily of shon fibers, with
median fiber Jengths on the order of 1 pm
for both chrysotile and crocidotite. If short
fibers do in fact have some mesothclioma-
inducing potential. the attribution of all
mesotheliomas to the smail fraction of the
fibers that were greater than 5 pm in
iength may lead to an exapperated esti-
mate of the difference in potency of
crocidofite vs chrysotile. In addition, reli-
ance on the quantitative responses in this
study should probably be limited due to
the. lack of dose-response. Nevertheless,
these data do provide some support for
the hypothesis that chrysotile may have
lower mesothelioma-inducing potential
than the amphiboie forms of asbestos.

Mechanistic Studies

It has been hypothesized that the
cytoloxic, genotoxic, and proliferative ef-

-fects of asbestos are in part mediated by

the production of reactive oxygen species
rtleased by alveotar macrophages in re-
Sponse 1o enguliment of long fibers and
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* Safety and [Health Administra..un ecom-

mendation and the recently revised OSHA
standard to limit occupational exposures
for all forms of asbesios w0 0.1 fberscc,
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