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Abstract—It has been suspected for many years that amphiboie fibres in the wremolite seres. a low
teve] contaminant of chrysotiie asbestos, may contribute disproportionately to the incidence of
mesothelioma and perhaps other exposure-reiated cancers. A cohort of some 11000 Quebec
chrysotile warkers, 80% of whom have now died, provided the opportumty to examine this
hypothests further. An analysis was made of deaths from mesothelioma (21), cancers of the ung
{262). laryrx {15), stomach (99), and colon and rectum (76), in men employed by the largest
company in Thetford Mines, with ciosely matched referents. Risks were esumated by logistic
regression for these five cancers in Two groups of mines—five mines located centrally and Len munes
locaied peripherally; tremolile cantamination had been demonstrated to be some four times higher
in the former thao in the lanier. Odds ratios for work in the central mines were raised substantially
and significantly for mesothelioma and lung cancer, but not for the gastng, intestinal or Jaryngeal
cancer sites. In the peripheral mines, there was littie or no evidence of increased risk for anv of the
five cancers. The hypothesis that, because of the difference in distribution of fibrous wremohtc,
cancer risks tn the central area would be greater than in the penphery was thus subsianuated. That
the explanation may iic in the greater biopersisience of amphibole fibres than chrvsolic 15
important in framing palices for the use and control of asbestas and is directly relevant 1o the
seiection of man-made mmeral fibre substitutes. © 1997 British Occupanonal Hygienc Sociery.
F .piished by Eisevigr Science Lid -

INTRCDUCTION

Since the observation by Dr Chnis Wagner 40 vears ago of malignant mesothelial
in crocidolite miners and millers and therr family contacts, but rarely n
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 (see McDonald and McDonald, 1996). While this aim was largely achieved for
chrvsotile in an extensive and continwing research program in the mimes and mills of
Quebec, and by numecrous cohort studies of factory workers exposed to chrysotle
only, until quite recently there had been no comparable data for crocidolite or
amosite. Meanwhile, confusion was crzated by the mevitable difficulty of
interpreting findings in workers usually exposed to amphibole—chrysotile mixtures
in manufacturing and product use; this in turn gave nise to much bitter controversy.
There were those investigators {the ‘chrysophiles’) who believed the evidence to
show a major difference between the relatively low carcinogenicity of chrysotile and
the much higher nsk, particularly of mesothelioma, usually associated with
amphibole exposure; others (the ‘chrvsophobes’) concluded from much the same
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evidence that all typss of asbestos Were equally dangerous. These arguments sesin
Jikely to conunue (for example see Smith and Wnght, 1996}

During the past 20 years the suspicion has grown, at Jeast among the
chrvsophiles, that the frequent contamination of chrysotile deposits by amphibote
ﬁbr.cs‘in th= tremolite series may contributs disproportionately to the carcinogenic
efiects of occupational exposure. Beginning in the 1970s. newly applied technigques
for lupg burden apalysis revealed the unexpected finding that despite the
overwhelming exposure of Quebec miners and millers to chrysotile, tremolite was
usually the predominating fibre present at death (Pooley, 1976 Rowlands e al..
1982). Wagner er al. (1982) reported that the carcinogenicity of tremolite mn
experimental animais was similar to that of the other fibrous amphiboles and in a
study by Churg er al. ( 1584} of six of mesothelioma in Quebec mine WOrKers
remolite was reported as the predominating fibre type. The fibrogenmic and
carcinogenic potential of fibrous wemolite was confirmed 2 few vears later by
both mertality and radiographic studies of vermiculite miners and millers
exposed to trernolite, but to no other type of asbestos. The risk of mesothehoma.
lung cancer and pulmonary fibrosis among these men was mamy tumes higher than
that experienced by Quebec chrysotile workers (Amandus ez al., 1988; Armstrong et
al., 1988). Later, carefully controlled case-referent studies of deaths from
mesothelioma across Canada, with detailed lung burden analyses. showed that
while tremolite was indeed the dominant fibre in cases from the Quebec mining area
jts aetiological contribution (o cases eisewhere was probably fairly similar to that of
amosite and of crocidolite (McDonaid e al., 1989).

Giver that chrysotle and tremelite tend to occur together it has not been €asy to
assess separately thetr effects on mortality. Even in our Quebec mortality cohort,
until recently the number of mesothelioma and lung cancer deaths was not large
encugh for a sufficiently detaiied study. However, the most recent update of deaths
in the conort to the end of 1992 (see Liddell ¢ af., 1997) identified a much larger
numper of such cases among the 8000 deaths from all causes. From this total, 38
deaths were considered dus to mesothelioma and it was estimated that some 65
deaths from lung cancer were In excess. Also important was the growing evidence
that neither the risk of these two diseases nor the t=vel of tremolite contamination
was egually distributed across the Quebec mining region, both being higher at
Thetford Mines than at Asbestos (McDonald er al., 19%94).

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 remamning 5 were n
an associated asbestos products factory. Thetford Mines offered the best
opportumity for study. partly because of the mgher levels of tremolite thought to
prevail there than at Asbestos but mainly because the industry at Thetford orignally
comprised 21 mining companies, some located centraily and the others at varying
distances peripherally. Six of the 21 companies were smalil and independent; the
remaining 15 had becn amalgamaled many vears ago into a large complex where
80% of the cohort in the Thetford area had been employed.

In a preliminary study, (see McDonald and McDonald, 1995), the work histones
of the 22 cases of mesothelioma in men who had been employed by the largest
compafiy at Thetford Mines were compared in detail with similar data for a large
ceries of comparable referents. The total number of vears worked by the case sencs
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in the clearly definable group of five centrally located minss (area A) was Six times
greater than in 10 mines located peripherally (area B), whereas the ratio ft_Jr the
refarent series was 1.5. That this difference might be related to the distribution of
fibrous wemolite in the ore body was supported by observanons made by Sébastien
e al. (1989) of mineral fibres in lung tissue from 83 cohort members who had
worked in the same mines and died from causes other than mesothelioma. In that
investigation, the gecmetric 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 dxﬂ'crcnc_c of
very high statistical significance (7= 0.0002), whereas for chrysotile it was lower in A
than in B. .

Although this preliminary study thus provided evidence of a strong grographical
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 arcas
was not addressed, and in retrospect it was fclt that the referent series had not been
martched sufficiently closely. The present paper describes a study designed to test the
question of risk not only for mesothelioma but alse for lung cancer and other
malignant diseases potentially assocated with chrysotile exposure.

MATERIALS AND METHODS

Cases

The cohort of 10918 men born 1891-1920 who had worked for a month or more
in the chrysotile mines and mills of Quebec, included over 4000 employed by the
largest company in the region of Thetford Mines (Liddell er al., 1997). Of these more
than 80% had disd by the end of 1992, giving the following numbers of cancer
deaths for the current analysis: mesothelioma 22 (as belore), lung 266. larynx 16.
stomach 99. colon and rectum 79.

Referents

For each death in the five categories of malignant disease, reierents were selected
from men who had survived the case, ciosely matched (ndividually for year of birth
and age at first recorded employment in the industry. Ten referents were sought for
each mesothelioma, four for zach laryngeal cancer and one for each cancer of lung.
stomach, colon or rectum. In three cases of mesothehoma only six. five and three
adequately matched referents could be found. A total of nine cases {mesothelioma.
one; lung cancer, four; laryngeal cancer. one: colon and rectum cancer, three) had to
be eliminated from the anaiysis, usually because either the case himself or his only
referent had had frequent changes of employment betwes=n areas A and B which had
not been recordad. The number of cases analvsed is shown in Tabie 1.

Analysis

From the detailed work histories for each subject, periods of employment in
central (area A) or peripheral (area B} mines were caiculated. Penods of service
withtn 10 vears of death of the case were exciuded for all cases and referents; these
exclusions were mate to reduce dilution by periods of exposure generally believed to
be actiologically unimportant. For the mesothelioma cases and referents, the penods



Table §. Odds 1alivs from conditiona) Ingistic regression analyses ol m

alched case-ieferent sets af selected malignant disease deaths at Vhetford Mines

Mo of matched

Central mines {Area A}

Peripheral mines (Area B)

Likelihood ralio

Cause of death sets analysed on* (90%% confidence inlerval) OR* {30% conlldence intcrval)  comparing areas
hMesothelioma 21 2.5% (1.52-4.27) 111 (0.47-2.62) 450
Layng cancer 262 .98 (1.53-2.57) 1.0% (0.78-1.51) B.25
Laryngeal cancer 13 048 (0.15-1.56) l.16 (0.38-1.55) 1.20
Stomach cancer 99 1.¥6 (0.86-2.16) 099 (G.56-1.75) 0.71
Colo-rectal cancer 16 1 I8 0.73-1.91) 0.85 {0.42-1.713) 0.48

*Based on 20 yr employment in central or peripherat mines derived as (odds ratin associated with one year of employment)™.
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were adjusted for ths iength of the working week, as fully dcscrib_c.d b3f Liddell et al.
(1997). This was not done for the other canesrs because the considerable amount of
work required did not appear to be justified. Cases and referents were compared for
vears of employment in arcas A and B by conditional logistic regression, and odds
ratios were calculated with 90% confidence intervals,

The results are summarised in Table 1, from which it can be seen that the odds
ratios for mesothelioma and lung cancer were raised quite substantially in reiation
1o work in the central mines (area A) but not for work in the peripheral mines (area
B). The differencas in risks between the two areas are reflected in likelihood ratios.
also in Table 1, which can be referred to the x* distribution with | degres of
freedom, implying p-values of approximately 0.03 for mesothelioma and 0.004 for
lung cancer; that the latter is much the lower is probably a refiection of the larger
number of subjects. Table | also shows there was little relationship between the
other cancers (laryngeal, stomach or colo-rectal) and work in either area.

That the main findings do not arise from greater intensity of exposure in area A
than in area B is demonstrated by the time-weighted average levels of exposure of
the referents during the same period, namely for mesothelioma referents 17.4 million
particles per cubic foot (mpcf) in arca A and 16.3 mpcf in area B, and for lung
cancer referents 13.1 and 20.7 mpef, respectively. As each average has a large
standard error, all four can be considered quite similar.

DISCUSSION

Cur of Quebec chrysotile miners and millers have consistently shown
little evidence of a cancer risk except at very lugh levels of exposure and conclusively
only for lung cancer and mesolbelioma; it 1s important to note that the evidence
presented in this paper on the role of tremolite also applied only to these two
diseases. With the excepuion of a cohort of asbestos texiile workers in Charleston,
South Carolina. where a igh nsk of lung cancer but not of mesothelioma was
observed (McDonald er al., 1983a; Dement er al., 1994), this has been the expenience
of the many other cohorts exposed to chryvsotile only, in marked contrast to the far
more serious effects of work with amphiboles (crocidolite and amosite) or
chrysotile—amphibole mixtures (Hughes, 1991; McDonald and McDonald, 1996).
Tremolite is also an amphibole and, although s fibres are seidom used
commercially, it has been shown in the several studies mentioned earlier in this
paper to share much the same carcinogenic potential for lung and pleura as
crocidolite. Our findings are thus plausible and consistent with the view that
amphibole fibres are considerably more hazardous than chrysatile in man.

If the incidence of mesothelioma and of lung cancer resulting from exposure to
commercial chrysotile 1s mainly attnbutable to low but varying levels of tremolite
fivres. effecuve steps are needed tc minimise such contamination. In the meanume it
must be accepted that for practical purposes chrysotile asbestos, as used
commercially, may contain low but varying concentrations of fibrous tremolite.
The extent to which this increases the potential carcinogenicity of thc
product must be kept in proportion. As stated earlier our most recent findings
indicate that the eXcess mortality from malignant disease in our cohort, some 80%
of whom had then died. amounted 1o 38 deaths from mesothelioma and some 65
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from lung cancer (Liddell ef al.. 1997). These men, born 1891-1920, had worked
through years of very high dust exposure yet with no discernible effect on mortality
from lung cancer below an accumulated exposure of about 1000 {fibres/ml)x years
and no case of mesothelioma among over 4000 men employed for less than 2 vears.
Al present-day levels of exposure 10 commercial chrysotile, whether or nct
contaminated with tremolite, the risk must be vanishingly small. Full reperts on

mortality from mesothelioma and from lung cancer in the cohort, with emphasis on
the estimation of risk in relaton to quantitative and qualitative aspects of exposure.
will be published shortly.

The discrepant risks of lung cancer in textile workers are not expiamed by our
findings but tend to suggest that the factors responsible were specific to asbestos
textilz processes, not only in Charieston, South Carolina, but also in Mannheim,
Pennsylvania (McDonaid er al.. 1983b) and in Rochdale, England (Peto er al.. 1985),
where important amounts of crocidolite were incorporated in the process. All three
textile plants showed a similar high level of lung cancer risk. with few cases of
mesotheliorna in Charleston but many in both Mannheim and Rochdale.

The Tar greater durability in lung tissue of amphibole than chrysouic fibres

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