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Abstract—In 1 cohort of somz 11 000 men bon 1891-1920 and emploved in the Quebec chrysoul:
producuion mndustry, inciuding a small asbestos products factory. of 9780 men who survived into
1936. 8009 are known to have died befor= 1993, 38 probably from mesothelioma=--33 in mimers and
millers and five 1o factory workers. Among the 5041 miners and millers at Thetiord Mines, thers
kad been 4125 deaths from all causes, including 25 (0.6! %) from mesothelioma. a rate of 3.7 per
100 000 subject-years; the corresponding figures for the 4037 men 11 Asbestos were eight out of
3331 ¢0.24%. or 1312 per 100 000 subiect-years). Al the faciory in Asbestos. wherc sll TOR
craplovees were potenually exposed to crocidolite and;or amosite, there were 553 deaths. of which
five {2.90%) were due o mesothelioma: the rare of 462 per 100 000 subject-vears was 1.5 umes
higher than among the local miners and miliers. Six of the 33 cases in miners and miilers were 1n
men emploved from 2 to 5 years and who might have been exposed w asbestos elsewhere,
oth=rwisz, the 22 cases at Thetford were in men employed 20 vears or more and the five at Asbestos
for at Jeast 30 vears The cases at Thetford were more common in miners than in millers, whereas
thoss al Asbestos wers all m millers. Within Thetford Mines, case-referent analyse: showed a
subsiantially mcreased risk associated with vears of ernployment in a circumscribed group of five
mines (Area A), bt nol in 2 penpherally distribuled group of 120 mines (Area B): nor was the risk
releted 10 vears employed at Asbestos, either at the mune and mill or at the fzciory. There was no
indizanion that nisks were affected by the level of dust sxposure. A similar patiern in the prevalenc:
of pleural calcificauon had been observed at Thetford Mines in the 1970s. These geograpiucal
difierences. both within the Thetford region and between it and Asbpestos, suggest that the
cxpianaten 1s mmeralopeal. Lung ussuc analyses showed that the concentrauon of tremolne fibres
was much higher tn Area A than ; Area B, a finding computiblz with geclogical knowledge of the
region. These findings, probably reiated to the far greater biopersisience of amphibole fibres than
chrysounie. have \mporiant imphcations (n the contral of asbestos related disease and {or wides
uspects of Hibre 1oxicology @ 1997 Bruish Occupational Hypien: Socets Pubhished by Elsevier
Sciency Lig i

INTRODUCTION
in 1966. a cohort of soms 11 000 men, born 1891 through 1920 and emploved for
one month ar more in the mining and milling of chrysotile in the Eastern Townships

of Qusbec. orin a small products factory, was registered for study. After
zxclusion of men lost to view, aimost all after very short employment before 1935,
the conort consisted of 9780 men: 4175 registered in the main complex of mines and

_ SAuthor to w'n_om correspondence should bs addressed at Drpartment of Occupanonal and
Environmental Medicinz, Nationa} Heart and Lung Institwts. Impenal College of Saence, Technology
and Mediminz, Dovehouse Street, London SW3 6LY, U k.
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rmilis. under one ownership for many years, in the ar=z of Thetiord Minss, where
production started in 1878; 866 in six smaller mines in the sams rsgion, th larges:
(with 358 men in. the cohort) set up a few years ia:cf-, but th.r=st much mors
recently, the latest in 1963; 4031 men in the minz and mill opened in 1882 1n 2 10Wh
called Asbestos; and 708 ic the asbestos products factory there, which was owned by
the same mining company.

Analvses of mortality have besn published at intsrvals since 1971, the most

recent on deaths to 1992 (Liddell er al., 1997). At this point, a total of 8009 men
were known to have died, inciuding 38 probably from.mesothclicma| With thres

quarters of the cohort dead and the youngest survivor aged 7Z. an almost compicte
pictare of mortality from this disease can now be seen.

Although brief references have been made to the occurrence of mesothehoma in
all our reports on the cohort since the first (McDonald er al,, 1971). no previous
attcmpt has been made at a comprehensive description. Insually there were very few
cases; larer. when the number had grown to a dozen or 50 their classification by
place of empioyment and exposure remzained difficult to explain. Now. with mare
knowledge of the widely differing opportunities for exposure of the cohort to
amphibole fibres—commercial and naturally occurriog—a clearer and morc
interpretable pattern has emerged. The body of this paper is arranged in three
man sections, first a full description of the cases, second an analysis of exposure-
response and third an examination of the question of fibrous trzmolite n the
aetiology of mesothelioma.

The rate of mortality from this discase was much higher for the factory tn
Asbestos than for the other employees in that town, but pur main objective relates
to miners and millers there and at Thetiord Mines.

THE CASES

Ascertamment

The total of 38 cases was arrived at hy investigating: all deaths in which the term
mesothelioma was mentioned on the death certificate; deaths coded since 1678 10
ICD" 163; anc¢ by ongowmng ascertainment of malignant mesothehoma through all
Canadian pathologists, 1966-1984. in addtion, data from recent studies by Quebec
investigators with special interest in mesothelioma. notably Begin e al. {1992) and
Cas= et al. (1997). were used. Included are deaths where in our opinton, after review
of all accassible clinica! and pathological sources of information, the cause was 2
[primary maiignant mesothehal tumour] more likely than not. The diagnosis was
confirmed by full autopsy in 27 cases, but in eight of these the pathologist expressec
an element of doubt. In the 11 cases without antopsy, the diagnosis was based on
clinical evidence plus biopsy tzken at open surgery, except one (TM1) diagnosed in
1956 by 2 needie biopsy only.

After review of all the available evidence, an admittedly subjective assessment of
the diagnosis being correct was high in 19, moderate m 14, and low (though more
likely than not} in five. Of the 38 cases, only 18 had besn coded on the death

* Internationu! Classification ¢f Diseases, Ninth Revision. -
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ceriificate to ICD 163 and the rest to a variety of other diagnostic codss. In all casss
the diseass was pietral but in one (TM11) the periton=um was aiso mvaded.

Electron microscopic analyses of dried iung tissue nave been made in al] bu® six
of the 27 cases of mesothelioma for which there was an autopsy. All ths information
which we have on the 3B cases is summarised in Table 1.

Trends

In the first report on mortality, to November 1966, there were thres deaths
ascriped to mesothelioma in a total of 2413 (0.12%) and in the last, 10 1992 ths
proportion had becoms 38 in 8009 (0.47%). The pattern of mereasing mortality is
seen below:

Before 1950 1950-1974 1975-1984 19851992
Tolal deaths 857 3405 2208 1539
Mesothelioma 0 6 15 17
Proportionai mortaliry 0 0.18% 0.68% 1.10%

This trend undoubtediy refiects the long latent pertod for this tumour—and
possibly also some increase in diagnostic awarsness.

Larency _
The time from first employment to death for the 38 cases ranged from 21 10 60
vears {mean 47 vears).

Employment

After exclusion of men lost. almost all befors 19335, the net entry and total deaths
of men first employed in the mines and mills of Thetford were 504] and 4123, of
wiicn 25 (0.61%) were from masothelioma. und for the mine and mill at Asbestos
4h3] and 3331 of which eight (0.24%) were due tp mesothelioma; the corresponding
‘zures jor the factory in Asbestos were 708 and 553 of which five (0.90%) were from
L. cause.

il can be seen in Tabie | that of the 38 cases, eight were emploved for only 2-5
vears. wherzas duration of emplovment in the remaning 30 casss ranged from 20 to
4% years. with very similar average periods in the three groups (Thetford Mines ER)
vears, Asbestos 36 vears, factory 33 vears). This raises the question of hether the
eight cascs with short eraployvment were caused by [exposure to asbcsto‘:lclscwh:rc.
However, of the two cases in the factory, one was 10 2 man (F1) known to have
worked for 3 years during the carding of pure crocidolite for military gas mask
filters (McDonald and McDonald, 1978) and whose dried lung at autopsy contamed
3.96 crocidelite fibres per ug. and the other was 1n a man (F3) who worked over the
same period. but without autopsy or lung burden analysis. OF the six cases among
muners and millers, the diagnostic probability was high in one (A7), moderate but
with autopsy in four (TM21, TM25. Al and A4) and moderate without autopsy in
one (TM9). Thess six cases were 1n men who had spent almost alil their working hves
outside the Quebec mining industry, and i four (TM2], TM25, Ad and A7) it 1s
conceivable that their other known employment entailed asbestns exposure. The
scanty information which we have abou: their work outside the miming mdustry is
summarised bslow, with ages ip parenthesis; also shown are the thres avaitable
Tesults of lung burden analysis i fibres Per ugp. o
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Tuble 1. [he 38 deaths fram nalignant mesollielivma

ore

Years employed

Staut (excluding 20 yeurs
Year Yem Year o prior to death) Lung fibre analysis (fibics per pig)
Aulopsy Dinguosiic ol first al death
Na, (1Y) YesfNo  probabilily  hinh  employed  death  (years)  (geoss)  in omine  iu mill Chrysatile  Tremolite Crocidolite Amosite
Thetford Mines
TML 162 No low 1916 1935 1956 21 20 |
T™M2 212 Mo moderyie 1904 1919 1964 45 44 24
TM3 212 Yes modetate 1894 1937 1967 i} 25 10
TM4 215 Yes high 1910 1928 19712 44 13 ] 1y BA nz 0 0
TM3 420 Yes high 1907 1y2u 1975 55 0 it 0.2 g2 0 [}
T™M6 16} Yes high 1911 923 1975 52 43 ] 10 94 228 /] 0
T™M7 Isl0 Yes high 1912 1926 1976 50 48 15 15" 112 13.1 o 0
TME 22% No moderate 1898 1928 1977 49 36 6 29
T 1639 Mo moderate 309 1923 1979 56 2 2
THIO 163.9 Yes high 1915 1937 1983 16 42 26 40 40.0 0 0
TMEL 199.1 Yes modermie 1917 935 1931 43 40 28 170.0 20400 [} [i]
TMI2 162.9 Yes Ligh 1917 1929 984 53 38 job history Jost 15.0 113.0
TAH3 1619 Na fow 1914 1931 1985 h11 33 33
TMi4 5712 Yes moderate 1916 1947 1985 k1] 4 7 11 121 100.6 0 i}
TMIS5 1639 Yes high 1908 9y 1985 48 16 28* 45.0 pLEX)] 0 0
TMI6 1639 No low 1907 1940 1985 43 R 5 0
TMI7 199 Yes high 1915 1942 1986 44 k} | 2 2 5410 256.0 0 U
, TAIIB 161 S Yes high 1918 1931 1987 50 45 e 17.6 1317 g 0
TMI9 163 9 No low 1917 1937 1987 10 45 Ju
) Th20 1619 Yes high 1910 1928 1988 50 47 19 810 (1900 i} 0}
- TM21 1629 Yes moderate (947 1939 1988 49 5 5
TM2?2 1619 No moderate 1912 1954 19%0 36 23 6
TMZ3 199.1 Yes high 1904 1935 1991 56 3t 3 56 4 li51.6 0 7!
Th24 1991 Yes high 1918 1935 1991 56 H ? 8 25 126 0 0
PAI2S 161y Yes moderate '8 123 1931 53 2 2 ] a6 ] 1

912 PRRUSQEN 'V



Asheslos

Al 18 Yes moderate 1902 1918 1966 48 3 | 2 11 B9 1) 0
Al 212 Yes higly 1910 1936 1967 3 10 "t

A3 1629 Yes high 191% 1915 1980 15 45 25 19.9 142 14.7 ]
Ad 1619 Yes mndeiate 1919 1936 1980 44 2 b4

A5 1629 Yes high 1919 1936 1981 17 37 -nt 12.0 136 1.0 0.1
A6 1619 Yes high 1918 1944 1984 40 18 "

AT al0 Yes high 1909 1936 1985 49 3 1 » 0 0 0.7

A8 1639 Yes high 1915 937 1987 50 19 g\ 53 516 29 1.5
Faclory

F} 162.1 Yes  moderate (918 1940 1977 3 3 16 0 49 0
F2 1630 No maoderate (90} 1922 1918 56 n 1 2

I} 1629 No fow 1919 1940 1978 38 5

‘4 1619 Ne © maderate 1910 1926 1985 59 49

Fs 199 Yes ligh 1920 1948 1986 18 28 0.6 22 10,1 10
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TMP baker (16~38); hoteer (3870}

TM™21 watchman [27-70) . .

TM25 welder (23-27) salesman [25-65) chrysotile 1.6; wemolite D6 A
Al barber {20-60) chrysotile 11.1, remolite 8.9 -
Ad army (25-29); ek mechanic (2561} o )
AT mmng enpneer (20-27) cracidolite 0.7 .

professor of engineermg {30-65)

The concentration of tremolite fibres in the Iungs of the barber (Al) was perhaps
related 1o the quality of tale used in his work.

Excluding the factory workers, 9072 miners and millers of chrysotile at Thetiord
Mines and Asbestos were traced of whom 7456 (82%) have died. 33 from suspected
mesothelioma (PMR 0.44%). No case was identified in some 4000 men emploved
less than 2 years (McDonald ef af, 1994) and it is possibic that the six cascs in men
emploved from 2 to 5 years were artributable to some other source of asbestos
exposure. The 27 remaining cases were in men employed in the mines or mills for
berwesn 20 and 48 vears; whereas all but three of the 22 from Thetford Mines had
worked at some time as miners, none of the five at Asbestos had done so. Of the
eight cases of men at Thetford or Asbestos who had never worked in mining. five
had been employed mainly as tradesmen, for example, as mechanics, electricians, or
Carpenters.

Lung tissue analvses

Of the 27 cases of mesotheliorna for which there was an autopsy, clectron
microscopic analyses of dried lung tissue have been made in 19 minecrs and millers,
including five from Asbestos, and two factory workers (Churg er ai., 1993; Case er
al.. 1997); dezailed results are in Tabie 1. Given the possible effects of selection, smalt
numbsers. the inevitable uncertainty of diagnosis and the absence ‘of controls or
denominators, questions of risk and causation cannot be addressed; necvertheless,
the findings. summarised in Table 2, are informative. It is fairly clear that tremolite
fibres predomninated in the lungs of miners and millers who died of mesothelioma,
especialiv in Thetford Mines. although thess men were exposed overwhelmingly to
citrysotiie: howsver, tn the two factory workers and in three of the five miners and
millers from Asbestos there were substannzl concentrations of crocidobte.

Mortaltry rates

Liddell et al. (1997}, presented in their table @ mesothelioma death rates per
100 000 subjsct-years, 1945-1992, for miners and millers, after age 55, by place of

Tabie 2. Asbestos fibre concentrations i Junps at autopsy from 2| mesothelioma cases (fibres per ug:
geometnic meanst)

Place of employment No. of cases Chrysotile Tremohne Croadolie Amosite
Mmes and mills

Thetford Mines 1¢ 128 104.1 » *

Aspesios © 3 4.3 7.5 1.2 0.5
Faciory

Asbestos 2 2. 0.3 6.4 03

*In calculaling geometinc means, s zero coun! has been replaced by half the detectahle fimil.
PAll counts were zeTo, that 5 below the detectable hmit. - :

-
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smolovment and according to exposure accumulated by age 55, There was littie
:yj;;j:n.c: that risk was Telaled to cumuiative exposurs, and so 1t 15 not unreasonable
to quote rates on the same bases but regardless of the degres of exposurs: after

exclusion of the on= death at age 40 (TM1), they werz as follows:

Number of Subieci-yan Rate (per 100 OO0
mesotheiioma deaths {000s) subject vearst

Thetford Mines:

mam complex and the oldest of the

smaller ratnes 23 65.14 35._?

the five smnailest minss H 6.0] HLY
Acbestos .

mine and mill g 60.64 13.2

factory 5 10.84 4.2

Thers are two main reasoné jor the low rate for the fiva smaliest minas: the
cmployees within the cohort were considerably younger than elsewhers, that is, few
of tham had been born before 1900; and the mines had started so recently that there
were inadequats periods of latency. The other rates are reasonably comparable. It
can be seen that the rate for miners and millers was over 2.5 times higher at Thetlord
Mines (excluding the smallest mines) than at Asbestos (P=0.015). and the rate for
the factory was 3.5 times that for mine and mill in Asbestos (P =0.02),

EXPOSURE-RESPONSE

To examine exposure-response relavonships within place of employment, we
sought ten referents for each case except the thres from the smaller mines in the
Thetiord region {TM12, TM21 and TMZ2). The selection criteria wers thar: relative
to the cas=, the referent must have had a similar dats of birth and survived 1o a
greater ags, and must have started work at ths same place of emplovment, that s
rither at the main complex iz Thetford Mines or at th: mine and mili in Asbestos or
in the factory there. and at a similar age. For most of the cases. more than ten men
met these criteria. and a random selection was made. However. for four cases (TM3.
TM23, TMé and F4), we could find only six. five, thret and two refersnts,
respectively. There were thus 326 referents in all for the 35 cases.

For these 361 subjects we calculated eight measures of exposure as follows: net
service (vears, adjusted for work-week®, and excluding gaps in employment); vears
(adjusted) worked in each of six dust caiegories defined? in terms of million particlas
per cubic foot (mpcf); and accumulated dust exposure (mpef x vears). For a case,
the calculations were carried out up 1o 10 vears before dzath: for a referent. thev
were carnied out up to 10 years before he reached the age at which the relevant case
died. .

Conditional logistic regression analysis by means of the EGRET package
(Statistics and Epidermology Rescarch Corporation, 1989). and assuming multi-
plicative relanuve nisks, provided likelthood rauo (LR) statistics which are grven In
Table 3; those in the last linc of this table were obtained after pooling years in

*The working week had been of 6072 h before 1938, 48 & 1935-1949, and 40 h thereafizr; see Liddell
et al. (1997} for detaiis of adjustments.

YDefimtions ar= not giver becans= of the completely negatve findings: set Table 3.
-
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ne
Tabi= 3. Likelihood ratio (LR) statisucs, with degrees of freedom in brackets
Thetiord Mines Asbestos
Main compiex Mmsz and mill Faciory -
Net service tadjusied years) 794 (D 0.04 () 0.00 {1
P=0.005 P=083 bB=008
Accumulated dust expasure {mpel x years) 0.13 (3) 0.30 (1) pI6(h
p=072 P=0.58 P=06¢
Years (adjusted) worked in different dust 0.79 (2) 0.54 (3) Did not converg:
categories P=p.68 P=09]

adjacent dust catapories, to avoid purported protective effects, and thus reducing the
degrees of freedom. The LR statistics can be referred to the x~ distribution with tie
staied degress of freedom and the corresponding approximate P values are included
in the tabl=; all but one lie between 0.58 and 0.99, implving minuscule effects.
However, that for net service at the main Thetford complex is of undoubred
statistical significancs: the corresponding odds ratic relating to 20 vears service s
2.31. with 0% cornfidence limits of 1.35 and 3.93.

The_opportunity was taken to compare risks among cases and referents at the
main complex in Thetford Mines i non- and ex-smokers with those of cigaretts
smokers: the LR statistic with | degres of freedom was oniv 0.13 {P ~0.9]). about as
close as it 15 possible to get to ‘proving a negative’.

THE TREMOLITE HYPOTHESIS
Background

Whzn ttus cohort was set up.in response to international requests for study of the
effects on human bealth of sxposure to pure chrvsotils and other asbestos fibre
types. no senous thought was given to the possibility that the Quebec ore body
might contain mineral fibres other than chrysotile. Nor was it thought that the
known use of crocidolite in the small products factorv in Asbestos was of any
scientific importance. even given the possibility of unrecorded movement of workers

ctween 1t and the mines and mills. Soon. however, evidence that the situation was
not so simpie began 10 unfoid.

First, it was found that in our initial large scate morbidity surveys of current and
past workers. therz were gualitative and quantitative differences in exposure-
response between Thetford Mines and Asbestos. assessed radiographically (Rossiter
er al.. 1572). Parenchymal changes were more frequent and more systematically
related 1o estimates of cumulative dust exposure in Thetford Mimnes than m
Asbestos. Pleural changes showed even bigger differencas in that calcification was
common in Thetford, but very seldom seen in Asbestos. As the chrysotile seemed
reasonabiy similar in the two areas, some other geological explanation seemed
probable, at least for the pleural changss. The results of a special study of pleural
calcification among workers in Thetford Minss by Gibbs {1979) supported this view.
These changes wers morz common among miners than millers and much more
common in men who had worked in a iocalised contral group of mines than in other

_-—
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mines located peripherally. Gibbs conciuded tha_tl the causs might :D:-rz:lalc'd 1o some
mineral closely associated with chrysotile, possibly muca, La!; or urunn:p‘t:. .

A few years later studies of lung tissue at autopsy frorp muners _a.nd r‘m!lcrs in the
Thetford area ravealed the unexpected finding that, c_i:sp:te overwncim'mg exposure
to chrysotile, amphibele fibres in the tremolite series were present in similar or
grv:at:f concentration (Pooley, 1976; Rowlands et al., 1982; Churg er al., .1984.). 'I'h_ls
led to specuiation as to the relative imporiance of chrysotile and tremolite fibres in
the causation of human disease. Indications that this was no academic question wers
shown by cohort morality and radiographic studies of vermiculite miners and
millers in Montana exposed to contamipation by amphibolz fibres in the tremolite
series but 1o no other type of esbestos (Amandus et gl., 1988; Armstrong e: a’.,
1988). In terms of radiographic changes and mortality from lung cancer and
mesothclioma the results of fibrous tremolite exposure were on 2 par with crocidolit=
and thus mught explain much of the disease observed in chrysotle miners and

millers.

Geographical distributions

Bv the end of 1988, 33 deaths from mesothelioma had been identified in the
cohort, sufficiém 1o show that the risk of this disease was two to three times higner
in min=rs and millers from Thetford Mines than from Asbestos and perhaps higher
sili in factory workers (McDonaid er al., 1994). A small number of lung tssue
samples taken at autopsy from ex-employees in the 1980s showed that fibrous
tremolite was present in both regions but that the level of exposure may have been
abour thres umes higher in Thetford.

Bv the end of 1992, the tota! number of cases had grown to 38, all but.five in
miners and miliers, 25 from Thetford Minss and eight from Asbestos. A detailed
snaivais of work nistories snowed that the cases from Thetford were predominantly
4+ a=n who had peen emploved in 2 localised area of five central mines (Arsa A)
ratnsr than in ten mines located peripherally (Area B} (McDonald and McDonald,
1?2 Lung burden analysss made some vears eariier by Sébastien er gl (1989
subsequently indicated that concentrations of tremolite fibres. but not of chrysotile.
were some four timas higher tn Arza A than Arsa B. Moreover, the mines in Area A
were the same as those identified by Gibbs (1979) as carrving the highest nisk of
pleural calcification. A recent re-analysis of representative samples of fibres from the
study by Sébastien er al. (1989) showed no important difference 1 dimensions or
clemental composition of either chrysotiie or tremolite between the two areas.

Geological evidence

Thz potznual importance of geographical difierences in the distribution of
tremolits warrants some consideration of the geology of the region, well described
by Riordon (1957). Among the amphiboles, rremolite was rarely mentioned nor 1ts
torm., whether fibrous or not. The chrysotile in Ar=a A tends 1o be less harsh thar in
Arza B. Differences betwesn munzs were examined 1n a search for the astiology of
pleural calcification by Gibbs (1572). He noted that the distribution by mine of more
than 150 mineral/rock typss, indicated that rarely did a specific mineral occur in
Area A which was not also found in Arza B. - :

-
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A key factor m tremolite occurrencs may be the frecuency and naturs of what
havs been termed 'acid;'sycniticjaplitic/f:ispa.lhic‘ dvkes. In Area A, t'ncs; numerous
acid dykes occur as irregular shapes, often at shear zonss In the s:r'p:nnms:d rock. -
According 10 Cooke { 1937) the freshest dykes consmth m:un}_\f of .ohgoclas.e fcldspar
altered through kaolinisation to ‘needies of trcrnol_nt_. ac:mc?h:e_and colourizss
pyroxene’. Later, Riordon { 1957) noted that scrpcnmx':scd pc.ndour: near cn‘mmct
points with acid dykes was converted to taic and tremolite. While tremelits hac bee
noted.to occur at the margins of dykes in Area B, the pattern in Arta A woulc
probably rasult in tremolite, some ip fibrous form, being mined with the ore. T-'nc
mineral assemblages associated with tremolite in commercial chrysotiic sampiss
(Addison and Davies, 1990} are not dissimilar from those predicted for Area A If
tremolite were derived from ‘aeid" intrusive alteration. This adds credence to acidic
dykes being the main factor in the higher exposure of workers in Area A 10

tremolite.

The hypothesis tested

Following the preliminary report by MecDonald and McDonald (1995, 2 formil
test of the hypothesis that the risk of mesothelioma was higher 1n the mines with
substantiel tremolite contamination was made as follows. The detailed work
histories of all cases and referents at the main complex in Thetford Mines wers re-
examined and for svery man cach period of employment was classified as in the
central or the peripheral area. One case (TM13) and six referenis had to be
eliminated because of frequent unrecorded moves berween Areas A and B: also
siiminated were the 10 reierents of case TM15 and another because his work record
could not be found. For the remaining 71 cascs and 187 referents, periods of service
{calendar years. without adjustment jor work week) were calculated: for cases, up to
16 vears befors death; for referents, to the corresponding age of the relevant case. Of
the 208 subjecis. 104 (class C) had been employed only in the central mines and a
further 69 (class P) only in peripheral minzs, while 35 (class M) had bac jobs in both
areas. The EGRET package was again used 1o carry out condmuional logistic
r=cvession analysis. The analyses reported in the first coiumn of Table 3 wers
repeated: the results were almost identical, indicating that the exclusions had had
virtually no effect. The introduction of class (C, M or P) as a factor into the analvses
indicated iower risks for men in class P than for the other men. After pooimng classes
C andé M. the LR staustic for the improvement in the fit of net service. with a single
degres of freedom, was €.33 (P=0.01). From thz corresponding odds ratios I
Table 4, 1t is clear that servics in the centra! area Jed to definue risks of
mesothelioma. Howsver. the odds ratio for class P is rather unstable, as shown bx

Table 4. Odds raups (with 0% confidence irmuts) a1 the mamn complex 1n Thetford Mines

Some or all years All vears
in central area” petipheral area
Net service (20 adjusted ycars) 2.50 {1.4%-4.20) 0.80 (0.27-2.38}
Accumulated dust exposure (300 mpcfx years) 1.28 {0.94-1.15) 0.32 (0.06-1.76)

“Classes C and M.
*Class P .
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the verv wide confidence intervals, and as the point estimate is well below unity it 15
quite unrealistic, The slight indication that the nsL m the central area was rclat_cd 10
curmulative exposurz is almost certainly a staustical artefact arising out of _th:
neeative tendency in the peripheral area (the differsnce betwesn areas bclpg
associated with 2 ‘significant’ LR statistic). One of the reasons that the esumatss for
ciass P ar= so unreliable is that it contained only three cases (TM1, TM3 and TM 4.

A further analysis was carried out of net service in the two arsas: it showed the
odds ratio in relation to 20 years work in the central area to be 2.35 (90% confidenes
interval 1.52-4.27), a finding of high statistical significance compared 10 2n odds
ratio of 1,11 (with very wide confidence interval, 0.47-2.62, and hence neghligibis
significancs: 2=0.84) in the peripheral area; sec also McDonaid agd McDopa]d
{1997). Thesz odds ratios and those in Table 4 in relation to net service are entirely
compatible with that of 2.31 quoted above under Exposure—Response, particularly
in the light of methodological dificrences.

CONCLUSION

Of the 3§ deaths from mesothelioma in this cohort, 27 were in miners and miliers
with smploymemt ranging from 20 to 48 years, and we conclude from th= evidencs
presented that these 27 deaths can be auributed with reasonable certamty to
occupational exposurz in the Quebec chrysotile production industry. For the six
further cases of men who worked in the mines and mills, employment was by
contrast for only 24 vears, and causation is more doubtful. This does not. howsver,
affect our main conctusions; in particular, these cases were included 1n the analvses.

In the factory, where the mesothelioma mortalitv rats. was over thres..times
imgher than in miners and millers at Asbestos. two of ths five cases were also in men
=mploved for less than 6 years, but they were present in thie plant in the vears 1940-

<. when crocidolite was being used in the manufacrure of military gas mask filters
4t were known to have worked near the carding operation. We belisve therejors
that all five casee 1n factory workers should probably be arttributed to work 1n the
o int, where all smployess were potentially sxposed at some time to crocidolite and.
or amosits. which could reasonably account for the greater risk. This finding.
althougn undoubtedly importan:, is not relevant to the main concern of this TEpOrL.

That concern is with the aetiology of the 33 casss in tuners and millers, 25 at
Thetford Mines in a total of 41235 deaths from all cavses (PMR 0.6) %), and eight at
Asbestos among 3331 deaths (0.24%). Within Thetford Mines, there is clear
evidence from case-referent analvses that the risk arising from employment in the
iocalised area of central mines in the maimn complex (Arsa A) was much higher than
m the peripheraliy located minss (Area B), where 1t was mmuscule. A similar patiern
of sk was documented for pieural calcification in the 1970s. As we have no reason
to suspect that geographical variation i the character of chrvsotile per se could
aczount {or these difierences, the presence of other minerals in or near the ore bodyv
would appzar to offer the best explanation. The only candidate capable of filling the
role is fibrous tremolits, and there 15 considerabis supporiing evidence. lts
patbogenicity and carcinogenicity have been amply demonstrated and lung
burden analysss suggest thal its geographical distribution in the IINing region ts
closely related to the pattern of mesothelioma risk. Geologizal L{nowlcdgc. so far as
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it goes. is also compatible with this hypothesis. _It docs‘not follow @a: p%:ura:
calcification and mesothelioma have the same mineralogical cause, although the
agents must be closely linked geologically. Indeed, there is no consistent correlation
betwsen the prevalence of pieural calcification and mesotheiioma incidence in
general populations or occupational groups (ses McDonaid, 1997). o

The fact that the risk of mesothelioma was strongly related to vears of service i
the central area at Thetford, but hardly at all to accumulated dust exposure,
suggests that smployees were exposed 1o tremolite intermittently, probably at
differen: intensities for periods of variabile lengths and at irregular anc fairly
infrequent intervals, and that the concentrations of tremolite fibres in the working
environment were only poorly—if at all—related to prevailing dust levels. This 1s
entirely reasonabic having regard for the local geology and the nature of the mining
opsrations.

In Asbestos, Quebec, where amphibeles were used in the factory from tims to
tire. thers was not inconsiderable movement of labour between the factory and the
mill. and. perhaps, minz, so that a substantal proportion of thoss ragistered as
minesrs or millers will have worked in the factory. and of courss vice verse. Further,
some crocidolite was processed in the mill. It is no! therefore surpnsing that
crocidolite and 1o a lesser extent [amosite fibres were found in the lungs|of cases from
both the factory and the mill; no such fibres were found in the lungs of the 14
autopsied cases at Thetford Mines. There must also have been some exposure to
tremolits, although to nothing like the same extent as in the central area of Thetford
Mines. ‘

The tremolite hypothssis, if correet, has severa) important implications. First, it
supports thc widely but not universally hsld view that most, if not all, asbestos-
related mesotheliomas are caused by amphibole fibres. This in turn points to fibre
durability and biopersistence as critical factors in actiology (McDonald, 1994), a
point of even greater relevance in assessing the safety of man-made mineral fibres.
Second. it implies “that uncontaminated chrysotile carries very Iittle nsk of
mesothelioma. In Asbestos. exposures were not to uncontaminated chryvsotile. but
aiso 1o soms tremolite and crocidolite, vet among th: miners and millers only five
dzaths from a total of over 3300 can bz confidently attributed to their work.

At present dayv levels of dust control the mesothelioma risk must be vanishingly
small. Even so. it remains desirable to mimmisz, perhaps by screening. the
contamination of commercial chrysotile by amphibolz fibres, however dificult this
may be.

A cknnwledgemgm.r—This paper has depended on work on the cohort carned out continuously sincs 1965
#nd made possible by the heip of people and agencies 100 numerous 1o mention. Specific to the present
dnalysis, however, particular thanks are due 10 Manc Beauchemin, Martielle Olivier, Fernande Proulx and
Paul Wilkinson
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