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Mortality in the Chrysotile Ashestos

Mines and Mills of Quebec

J. Corbett McDonald, XD Alison D. AMeDonald, MD:
Graham W, €ibhe, MSe; Jeel: Siemiatyehi; and
Charles E. Re-idter, MA, Montreal

Of 11,768 persons born between 1891 and 1. 20
employed In the Quabec asbestos mining ind s-
try, §8.456 wrerc traced, Of these 2,457 (23.€°»)
had died. Exposurc indexes for each worker v::ro
calculated from job dust levels and duration of
employment. The overall mortality was lowar than
expecled for the popul-tion of Quebec but in
the highest dust calegory, comprising 5% of the
cohorl, the age-standardized rale was 20°’g higher
thawin the other groups, Respiratory, cardiovas-
cuiar, and malignant disease in equal proportions

//'7 accounted for the excess, There were 101 deaths

from respiralory cancer including three from mi.
lignant mecothelioma, an estimated excess of
about 15 deaths. The dillerence in rates for re-
spiratory cancer between those maximally and
minimally exposed was fivefold and, though par-
haps exaggerated, was apparently determined by
accumulated dust exposure and duration of cm-
ployment.

THE REMARKABLE qualities of the as-

bestos group of fibrous minerals have. been

‘recognized since antiquity, but mining and

milling on an industrial scale began only at
the end of the 19th centurv. In the Eastern
Townships region of Quebec, dcposifs of
chrysotile asbestos in serpentine rock were
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neled in the 1847 Canadian Geological Sur-
vew. The first mine was opened at Thetford
in 1878, and within 30 years the region was
producing most of the world’s asbestos. The

projortion fell as Russian, South African,

and Italian mines came into operation, but
Quebcce still produces about 409 of the

world’s supply, now estimated at about 4 -

million fons a year.t .

‘There are two main mining areas, one at
Thetford Mines and neighboring towns of
Black Lake and Bioughton, and the other
al Asbestos. The Thetford area was devel-
oped by many different companies, but with
amalgamation the number has now been re-
duced to six. At Asbestos, the mining has
been carried .out since 1882'by onc large
company which also operates a small fac-
tory in the town for the manufacture of
mixed asbestos products. There is a small
mine owned by another commpany a few
miles away.

Concern for the health effects of asbestos
has paralleled growth in its preduction, and
the main available evidence was reviewed
fully by Wright? in 1969. The first cases of
diffuse pulmonary fibrosis after prolonged
exposure were noted by Murmay in 1907,
and by 1930 asbestosis was recognized as an
important occupational hazard. Controls in-
troduced since then have reduced consider-
ably the dust concentration to which we-kers
in the mines, mills, and primary manufac-
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turing induslries are exposed. Though the
prevention of ashestosis is far from complete
in these industries, it is still generally be-
lieved that this can be achieved by more
strict environmental control. Another aspect
of the problem appeared in 1947 when
Merewcether® showed a linl; hetween asbes-

- tos exposure and Jung cancer, The polential

extent of this hazard was increased by re-
porls of Wa mner and olfbiers! during the last
ten »ears that malizuant tumors of the
pleura and peritoneun: sre related to certain
types of industrial work and perhaps also {o
neighborheed exposure.

The association Letween lung cancer and
asbestos vas first found in the Brilish textile
indusiry. Neiewether's inquiry showed an
unduly high proportion of lung cancers at
autopsy in cases of asbLestoziz, and other
observations among {extile workers have
confinined the aszsociation.®s T'wo studies in
particular which take some account of the
degree of exposure suggest a dose-response

relationship. Knox el al* found a consider- |

able excess of lung eancer in persons exposed
before 1933 when ashestos contrel regula-
tions were enforced, but none in persons
exposed for ten years or more in the most
dusty areas since then. These findings must
be reviewed when a longer period of obser-
valion has clapsed, since Newhouse® (also in
a {extile factory) found an excess of lung
cancer in persons heavily exposed 20 years
earlier for periods of less than fwo years.
Workers exposed to light or moderate dust
concentirations showed no excess of broncho-
genic cancer even after 20 vears of exposure.

Selikoff and his colleagues? found an
eighlfold increase in lung cancer compared
with national figures in a cohort study
among the members of an American insula-
tion workers union who had been exposced
for 20 vears or more. He also found a gross
excess of pleural and peritoneal mesothe-
liomas. On the “other hand, in a national
survey of all known mesothelial {umors in
Canada, 1960 to 1968, McDonald and her
colleagues'® found a hislory of oceupational
conlact with asbestos in a relatively small

proportion of cases. This exposure was main-

ly in insulalion and allied trades, rather
than in the asbestos-producing industry.

Of the four main types of asbestos fitar—

chrysotile, crecidolite, amozile, and antho-
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phyllite; the two textile factories referred to
above®s used mainly chrysotile fiber, togeth.
or with some crocidolite, and in one of the
two, some amosite. As in most industrial
applications different types of fibers are
mixed, the carcinogenic effects of a single
fiber {y'pe in practice can only be studied in
nining and milling. Chrysotile fiber is of
greatest importance because of its qualities

and cxtensive usage. The only studies of

lung cancer in chrysotile miners and millers
were reported by RBraun and Truan in

1958" and by Kogan et al in 1966.1% In the -

first of these, nine deaths from lung cancer
were observed in the Quebec industry com-
pared with six expected from provincial
rates. The second was in the Soviet Union
and showed that compared with the general
population the mwortality from lhung cancer
was increased by a factor of 1.9 for miners,

3.1 for millers, and 2.3 for factory workers.’

The present investigation forms part of a
comprehensive epidemiological survey of the
entire Quebec asbestos-producing industry
since ils inception. Using the considerable
volume of data available, our primary aim

has been to define as accurately as possible

the quantitative relationship between expo-
sure to chrysolile asbestos and the incidence
of lung cancer. The results ftom parallel
studies concerned with the relationship- of
dust exposure ta radiographic.anpearances,
pulmonary function, and respiratory symp-
tongs will be reported separately.

Materials and Methods

. Registration.—A register was compiled in
the perso‘nne‘l department of each asbestos min-
ing company in the Eastern Townships region
of Qucbec listing all persons currently or pre.
viously employed, as of Nov 1, 1966. A card
was made out for each employee on which was
recorded his name, date of birth, address, and a
detailed work history which included the de.
partment and inine, dates "of starting and
finishing, for every job, and all periods of lcave.

In onc of the 44 mining companies represent-
ed in our survey, the records of at least 560
persons had been destroyed. These were of
ex-cmployees and others not transferred when
ownership of the company changed in 1964.
The work historics of a small number of older
men who had been employed partly in this
company and parlly in others were also jncom-
p]cft‘. . - ¢
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Table 1 -—Sub;ects of Sfudy and Resulls of Tracing by Ago and Sex

Pcrs:ns Traccd‘ % of
Year of P mm—temmeie e i akaniaieiitd e i b R % Persons
W Burth M F TnLal M F Total Traced Dead Traced
s e . 1891.1895 1,55 14 1 .,67 1.179 13 1,192 76.1 611  51.3
: S ! 1896-1960  1.U%2? 31 1,588 28 1.616 80.3 655 40.5
) 1901-1905__ 2.027 50 1.724 45 1,769  85.2 498  28.2
!906 1910 1. 897 99 1.741 92 1,833 91.8 330 18.0 .
1911-1915 183/ 171 1.773 113 1,886 96.5 221 11.7 .
1916-1220 ?r‘»? 1:4 Zl‘h 1.976 149 2,125 97.4 142 6.7 - - =
Se . AL 11.s 265 11, 78" c___9.951 410 10,421 88.4 2.457 23.6
Table 2.—Subjects of Study and Results of Tracing by Dust Index
and Years of Emplayment
o o Dust index
. Years <10 10- 100- 200. 400- 800- All
- <l No. 3.043 654 38 3 [+} [s} 3.738
9, traced 76.6 7 -1 76&_. ___§6.7 76.3
. 1 No. 1,025  1.973 450 264 122 .64 3,900
% traced 86.3 88.6 89.3 90.5 91.0 .90.6 88.3
10- No. 55 1,117 566 522 432 255 2,947
% traced  100.0 99.0 98.9 99.0 99.3 99.6 99.1
30- No. 0 204 . 181 250 303 265 1.203
% traced 1000 100.0 1€0.0 100.0 99.6 99.9
- All No. 4,123 3.9% 1.235 1,039 857 584 11,788
. % traced 79.9 59.9 94.9 97.0 98.4 .98.6 88.4

There was of course some movement of labor
from one mining company to another. This
necessitated bringing together and matching
the records of all the companies, to obtain
complete work histories. In the course of trac-
ing ex-cemployees, the matching process could
. . often be confirmed or amended. Tn all, 27,669
R men and women were registered, including
- 6415 currently employed on Nov 1, 1966. Of

) ‘ this tolal, 1,039 persons had been employed by

more than one company, .
Using the occupational histories, a list was
¢ © . compiled of all named jobs in each company
from the beginning of its operation. A descrip-
. N tion of each of the 13,346 jobs listed in this way
< . wags obtained from existing evaluation systers
e < and by intérviewing employees with long ser-
vice. Jobs with several names but inveolving the
same work and dust exposure were combined
and -the codes finally needed for classification
thus reduced to 5,783. IFor cach of these and for
each year of operation, the average dust expo-
sure was estimated on a 13-point scale.
Throughout the industry in the dryers, erush-
ers, and mills, the concentrations of dust ut
working places had been measured annually
since 1949 by Maurice Lachance. Eng, and
since 194G by various investigalors in the small
factory. All measurements were made with ei-
ther & midgetl impinger or Greenburg-Sith,
impinger and recorded in millions of dust parti-
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cles per cubic foot {mpcf). Levels of e;:posui'e'-

in mining and maintenance jobs and in other
operations where no dust measurements had

been made were estimated by'investigating.

present-day dust levels and adjusting these ac-
cording to changes in operating procedure re-
ported by mining and maintenance personne!
A full descriplion of geological and cnviron-
mental features and of the methods and results
of dust measurement are to be published by
G. W. Gibbs, MSe, and Mr. Lachance.
Before. 1949, few dust measurements were
recorded, and. estimates of exposure for that
penod are, theretore, only approxnmafc. Inter-

views tvxth employees of long service enabled -

comparisons of dustiness to be made with con-
ditions since 1949. The dates of installation or
modification of dust control systems were also
taken into account.

Duralion of exposure for ca.ch person was
expressed in years or fractions of years after
subtraction of all periods of leave, and was
corrected to a working week of- 40 hours. A

dust index was calculated for each employce by -

adding together the products of time spent on
each job and estimated average dust concentra-
tion. For example, suppose the dust index for a
man was 600; this might mean that he had
worked for five vears at 40 mpef, 15 years at 20
mpef, and 20 years at 5 mpef (ie, 200 + 300 +
100). It would be usclul if it could be assumed
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that an index of 600 were also equivalent to a

. working life of 40 vears al 15 mpel, bul this

would entail assumptions which may or may
not be justified.

Sclection of Cohort.—The study of mortality
was based on employees in an age group
thaught likely to vield the ma-t valuable infor-
mation. The cohort selected comprized 11,783
persans barn between 1891 and 1920 inclusive
who had been empluyed for one calendar
month or more. Tho~ butn after 1920 would
have had periods of expusure well short of a
working lifetime and would &l not have
reachwd an agze of high mortality. Thos:e born
before 1891 would have heen very difficult to
trace, and, as mentioned above, some of their
work histerivs were incomplete or miszing. The
selected ecohort comprised among others 1,203
persons who had worked for 30 years or more,
3,733 who had worked for less than a year,
and 1,080 who had worked for more than a vear
but whose: job had not invelved any appreciable
exposure {o dust. Thus, there was a substantial
group with minimal expesure available for com-
parison with others who had heen heavily ex-
pozcd,

Tracing and Ascertainment.—The scarch for
ex-employvees was mainly initiated in the min-
ing towns. Telephone or postal inquiries were
made first to establish whether the perszon in
question was alive or dead on Nov 1, 1966. I
reporled dead, the exact date and place was
sought from relatives, friends, and parish regis-
ters. For thodse not traced by the<e means, a
systematic scarch was made in the provincial
death records and certificates, and about 200
persons were found in this way. In addition, a
search on our hehalf was made in the index of
the Canadian Unemployment Insurance Com-
mission for any person not found by mecans of
local enquiries. The names of 598 persons were
found who had registered or re-registered be-
tween 1961 and Nov 1, 1966, and 30 more had
re-registered after that date. All 628 were pre.
sumed to be alive for the purpose of our study.

Information was obtained concerning 10,421
(88.4%,) of the 11,783 persons in the cohort;
7.965 were still alive (including 2,484 currently
employed) and 2,457 (23.69% of those traced)
were reporied dead. Copies of death certificates
were obtained from Canadian Provincial and
US ‘State Registrars for 2,211 (909%,) persons.
For 59 more (2%), an acccptable cause of
death was oblained by other means: 30 were
accidental deaths in the mines or during active
service with the armed forces and 29 were .

e+ —causcd by discase. Twenty-lwo of the 29 had

'\“L .
s --‘-': o Hotiehliciodindtan

occurred befure the introduction of death regis:
tration in Quebee in 1926, and the cause of

death was stated by relatives. In the other
seven, the cause of death was obtained from a
veliable source. A death certificate could not be
obtained for the remaining 187; 47 had oc-
curred before 1926, and 100 were deaths outside
Quebee, mostly outside Canada. The cause of
death was coded according lo the Seventh Revi-
sion of the International Classification of Dis-
ease (ICDD [World Health Organization, Gene-
va, 1957]). This was done by senior coder of
the Department of Demography of Quobec who
had recently retired.

The proportion of subjects traced by age, sex,

and category of exposure is shown in Tables 1
and 2, Success in tracing depended mainly on
duration of employment; 94% of those em-
ployed for one year or more and over 99%, of
all those employed for ten years or more were
traced. Information was least satisfactory in
persons born hefore 1990 and in those em-
ployed for less than one year. The prineipal
reasons for failure were (1) no relative or
friend could be located in the neighborhnod and
(2) insufficient identifying information, which
would have enibled us to make a request {o the
Unemployment Insurance Commission or to
locate a death certificate in Quebec. There were
fio other obvious reasons for bias towards dis-
covering the living or the dead, but those
traced dead or alive are likely to have been
long-term rather than transient residents.
Diagnosis of Lung Cancer.—To make our
fizures for lung cancer as accurate as possible,
we investigated ahd reviewed all certified cascs
and searched also for cases not described as
such on the death certificate. Of 95 deaths
coded as due to lung cancer (ICD 162 and
163), one was certificd as due to a hydrone-
phroma and another as duc to pulmonary
fibrosis, both of which had bcen coded incor-

-reclly. ‘Inquiries about the remaining 93 cases

were made from hospitals, physicians, and pa-

thologists, and information was received in 76.
In five of these it was reported that there had
been an.autopsy, but we were unable to obtain
pathologi¢al details. In another five, though the
diagnosis had been made in the hospital, no
clinical or pathological record was found. Sev-
enteen more had been certified by family phy-
sicians but we did not sucoeed in finding out
where and how the diagnosis had been made.

In the remaining 48 cases, pathological re-
ports were oblained, 25 af autopsy and 23 at

biopsy. A diagnosis of carcinoma of the trachea

was made in one, of bronchus or lung in 44, and
of malignant mesothelioma of pleura in two, In
one case the histology was that of a melanosar-
coma. and the pulmonary tumor was thought to
he metastatic. Thus,.of 95 certificd cnses, three

Arch Enciron Health—Vol 22, June 1971

B bt ROl m BEREIE e & Iome St eSS
v L s N A . 3

U

AT, e memsene s

oy




MOIL A1)

had been included incorrectly, 47 wore cone
firmed pathologically, 25 hespital  dingnoses
were presunmied correct, and in 17 no further
information wis obtained.

*The following steps were {oaken (o discover
cases of lung cancer that had not been men.
tioned as such on the death certificate:

1. A letler was sent to the certifving physi-
cians whenever il was states] that o aulopsy
had been or would Be peiformadl The ¢ nume
bered 306 in all; 33 deaths were certificd as dae
to lung cuncer and 2735, a~ due to other catte g,
In 18 replics, it was staled that thore had been
no autopsy; in 175, that the certifid diagnasis
was confirmed at autops<y; and in I8, that it
was incorrect. These 18 vielded five additivald
cases of lung cancer. The dinynoscs for there
had buen certificd a< renal tumor (10D 180),
infectious hepatitis  (ICD  692). pulmonary
fibrosis (ICD 3190), diabetes (ICD 260, and
asbestosis (ICD 523). . .

2. We asked the physicians in charge of the
industrial clinics at Thetford Mine and Asbes-
tos for lists of all deaths known to be duc to
lung cancer. Their records included only em.
ployecs who had given up work because of il
health, those who were pensionul, and thoze
wha_had applicd for wackmen's compensation.
They listed 24 of the 96 Jung cancer deaths
found by the methods already desceribed plus
three additional cases. These three deaths had
been certified as due to tubereulosis (ICD 019},
asbestosis (ICD 523), and corenary heart dis.
.ease (ICD 420), and though there had been
autopsics for the purpose of compensation, no
mention of this was made on the death certif-
jcate. In addition, there wuere three autopsics
for compensiation purposes in which a small
lung. cancer was noted as an incidental finding,
The pathologist had not considered these can-
cers to have contribuled to death and the
causes certified were asbestosis (ICD 523) in
- two cases and cardiac infarction (ICD 420) in a
third.

3. A scarch was made for any case of prima-
ty malignant mesothelial tumor of the pleura

ANIT CHIICY N b MUEN L e [ CIIINALET de L
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Teo summarize the resulls of all these ingair-
ics, thiee cases were removed from the group of
95 malignant neoplasms of the hrahchus, tra-
chea, or lung (ICD) 162 and 163) and nine were
added, making 101 in all (100 men and one
woman). Included in the fotal were the follow.
ing: cancer of the trachen, in one case; malie-
nant mesothelial tumor, in three; and cancer of
the bronchus or lung, in 97,

Resulls

Female Mortality.—There were only 165
women in the cohort; almost all had short
exposures and all but 33 were in the {wo
lowest dust-index categories. In all, 440
(94.6%,) were traced, and of those, 45 had
died. Tuberculosis (11), malignant nco-
plasms (12), circulatory (nine) and re-
spiralory (one) discases, and trauma (one)
were the causes of death in 34. Death was
due to other causes in cight caves, and the
cause of death was unknown in two; there
was one death from lung cancer. Apart,
perhaps, from tuberculosis. these figures are
not unusuitl and will not be considered fur-
ther.

Male Mortality.~To permit comparisons
of mortality by dust index and years of exvo-
sure, death rates were calculated in Ave-vear
cohorts Ly date of birth, Fquivalent average
death’ rates!® were then calculated using a
standard population with equal numbers in
each age group. Since the actual number at
risk in each cohort was similar, this method
of age standardization was particularly ap-
propriate. The standardized rates are shown
by dust index and main discase groupings in
Table 3. In the lower five dusl categories,
equivalent average death rates for “all caus-
es” were approximately the same, but in the
top category, containing 5% of the total
cohort, mortality was about 209, higher

AL
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e ) that might have been given a code other than than the rest. Malignant neoplasms, circula- :
[ ’ . " 162. One additional case coded as a- benign tory diseases, and respiratory discases, in .
SR - . pleural tumor was found. approximately cqual proportions, accounted y
ol Ftie . 4. We reviewed cases reported by patholo-  for the excess. Two groups showed the oppo- £
e 2T gists in the na_tional survey of primary malig-  gite trend: “{rauma,” probably because rates i
k7Y L, <L nant mesothelial tumors in Canada befween fo)} with advancing age, and “unknown ¥
32 LA 1960 and 1968, and five were in men who had ) \coo w1 ohably because death certificates .

; i bestos- 1 in- . . .
:::ﬁ;d ﬁ,o‘t‘;r?:ia;ci:sl;oognzr:i‘:z":iu:_ were difficult to find for older men with
. y . 1qi- short periods of employment.

fore, not in our cohort, and two died in 1957 . ..
after the present study had ended. A fifth case, Table 4 shows that the main contribution
to the cxcess in malignant disecase was from

diagnosed by biopsy, was eligible- for botl: I
" studics. . cancer of the bronchus, trachea, and lung

¢
E
L
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Table 3.—Equivalent Avcmgc Deat

h Ratos per 1,000 Men by Dust Index

10-

Dust tnrlex

<10 100 200- 400- 800- All .
No. of men 3,006 3.408 1,148 1.002 842 575 9,981 o
) ! Tuberculosis 18.8 19.9  31.6  23.8 _ 28.5  25.8 22.5 &
(ICD 001-019) R :
. M.:h!,nan ne opl.nm; $8.8 39.3 32.2 27.5 45.1 61.8 38.6 .
(ICD 140.209) L %
Circulatory disenscs 8.0 80.8 82.5 §3.5 94.8 107.3 85.8
(ICD 400 as¢)
Respiratury disoases A% 15.3 19.5 16.7 15.3 41.6 15.6
) (iCD 470.529) L . .
Trauma 34.7 30.8 36.3 35.2 33.8 13.7 31.5 J
(1ICO 800-999) . . :
Otrer causes 46.8 52.9 39.0 47.7 38.3 58.9 48.4 ’
Unkaown causes . _Q_G_____il.d 16 S 6.2 2.2 3.4 20.8
All causes ze' 1 260.4 257.6 240.6 262.9 312.5 263.1

Neoplasms (ICD 14

Table 4.-——Equivalent Average Death Rales per 1,000 Men for Malignant

0-209) by Dust Index

Dust Index
Lacation ___<l1o0 10- 100- 200- 400- 800- All
Esophagus & stomach 10.2 4.5 1.7 7.0 11.3 13.7 7.5 :

- (ICD 150-151) (32) (13) (2) (5) (8) (8) (68)
Intestine & rectum 2.5 4.9 3.2 3.9 5.6 8.7 4.0
(1ICD 152-154) (8) (15) (3) (3) (4) (5) (38)
Otner abdominat areas 4.0 3.0 1.7 1.3 2.8 1.7 2.9

(ICD 155-159) a3) (9) ) (1) (2} 1) (27) .
Bronchus, trachea Iy lung 7.6 8.6 11.2 8.9 15.8 24.2 9.9
(ICD 162-163) (25) (26) (10) (8) (11) (14) (94)
Other malignant neoplasms  14.4 18.6 14.5 6.4 9.5 13.5 14.4
- (47) (54) (11) (5) (6) (8) 131)
All mahgnant ncoplasms 368.8 39.3 32.2 27.5 45.1 61.8 38.6
(ICD 140.209) (125) (117) (27) (22) (31) (36) (358)

(ICD 162 and 163). In this group there was
little differcnce between rates in the four
Jower dust categories, but the fifth and sixth
groups showed an upward trend. A similar
trend with years of exposure was found
(Table 5), but the fizures within the body of
the table suggest a closer relationship with
dust than with years. Subtraction of the
three incorrectly coded cases and addition of
the nine hung cancer cases found at autopsy
increased slightly the rate among persons
with highest dust and longest exposure, but
did not materially change the picture (Ta-
ble §). Further analyses to distinguish bet-
ter the relative importance of years of expo-
sure and dust index are described as follows.

Rates for cancer of the intestine were
about one third of those for cancers of the
bronchus, trachea, and lung, but showed a

esophagus and stomach, on the other hand,

Arch Enciron Flealt

very similar trend. Rates for cancer of the-

did not appear related to dust in any consis-
tent manner, Other abdominal neoplasms
were less frequent still and also unrclated to
dust. This is important since it might be
expected that unrecognized peritoneal meso-
theliomas would be found within this group.
« Most of the excess mortality from re-
spiratory disease was ascribed to pneumo-
coniosis.(Table 6). There was little evidence
that dust-associated deaths were included in
other respiratory categories. Of the 28
deaths coded under the pneumoconioses, one
was described as anthracosis, four as silico-
sis, and the remaining 23 as asbestosis. The
greatest excess mortality from pneumocon-
iosis was among persons in the highest dust

* -

1
group who had been employed between ten ;!
and 29 years. A

In the circulatory diseases group, there o
was also excess mortality in the highest tvo  E
dust categorics, mainly in persons employed .-'f_"
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between tere and 29 years. It was present
cqually in the “arterioselerotie and degener-
alive heart divease”™ group 1CL 420 to 4322
{which included maore than three quarters of
all dreulatory death=}) and in the group of
“other circulatory diseares™ 10D 400 (o
419 and 423 {0 469).

Comparison With Quebee Mortality.—
The number of deaths from all causes which
would have Lieen expecicd if Quebee death
rates had applicd was caleulsted in the fol-
lowing way. Age-gpccific denth rates for thie
province were applivd for cach year, 1930 to
1966, to all the men {raced who were alive
In 1930, with an adjustment for those who
slarted worl: after 1930, The expected num-
ber of deaths among men, thus, was 1,824,
whereas the observed number in the cohort
was 1,674.

A similav calculation was made for luny
cancer deaths, The expected number was 91,
whereas 94 nale deaths certified as due to
this eause were observad, Correction for cod-
ing errors and additional autopsy informa-
tion was nol appropriale, since certificales
for the genceral populalion were uncorrecied.

In the six counties of the province which
include the mining region Arthabaska,
Beauce, Drummond, Megantic, Richmond,
“and Wolfe). the lung cancer death rate was
about {wo-thirds the provincial rate and the
expected number of deaths was correspond-
ingly lower. Mowever, many ex-¢impluyees
were no longer living in this arca when they
died, and most of those who had moved had
gone to citics where lung cancer death rales
were higher. The best estimate of expecled
deaths probably lies between the numbers
61, derived from the mining region, and 91,
from {he province. The excess of observed
" over expected lung cancer deaths, therefore,
lics somewhere between zero and 30 and is
most probably between ten and 20. )

Factor Evaluation.—~Although the num-
bers of men in each’ cohort were about the
same, their distribution by years of employ-
ment and dust index was uneven. In these
circumsiances, equivalent average death
rates could be misleading. Berry!d recently
reviewed some of the methods used for ana-
lyzing the importance of factors in multiway
tables and described a parametric approach
wkich has the advantage that the adequacy
of the model may be checked and statistical

Table 5.—Equivalent Average Death Roles per
1,000 Men for Cancer of Bronchus, Trachea,
and Lung*

Dust index

.Ycars <10 10- 100- 200
As certificd .
<1 6.4 1.7 27.8 0.0 ... 5.9
() () ) (O (18)
1+ 1.7 9.5 11.3 5.8 7.6 0.0 9.6
(9) (15) (4) 1y () (0) (30)
10. 0.0 12.a 6.7 5.3 19.9 23.6 13.1
(0 7) ) D (6) (6) (2%5)
30- 125 14,7 139 6.1 279 17.2
3 @ @ (W (8) (21)
Al 7.6 8.6 11.2 8.9 15.8 24.2 9.9
(25) (26) (10) (8) (11) (14) (94)

Using alt available information

400- 800 AN

<l &7 1.7 00 00 .. .. 59
an & © (@ (18)
1. 120 101 9.4 115 7.6 0.0 101

9 as (3 () M (0 @y
1o- 00 128 7.6 9.2 199 23.6 143
@ @ (4 @ & (6 (28
30- ... 125 147 139 16.1 353 19.1
3) (@ () (@) a0 (23°

At 7.8 9.1 101 106 15.8 27.7 106
(26) (28) (9) (10) (1) (16 (100)

* By dust index and years of employment. Diagnosis
was ICD 162 and 163,

significance evaluated. From the number of
deaths from any particular cause in groups
subdivided by date of birth and year of
cmplovment or dust index, expected rates
may be calculated assuming no interaction
between age and the other two factors., For
this analysis, the complementary log log
transformation was used.!> This transforma-
tion is appropriaie when increasing expo-
sure is associated with proportional in-
creases in the age-specific death rates.

The results of this parametric analysis for
respiralory cancer (Table 7) agree remark-
ably closol_\'.\with the equivalent average
deatlh rates shown in the lower half of Table
5. The rates for the first five dust index
levels do not differ significantly but those
for the first four are significantly diflerent
from the highest exposure group. There are,
however, also differences between the rates
by vears of employment, those for the lower
two categories being significantly less than
that for men with the longest exposure.

The general fit of the complementary log
log maedel is very good. In no cell of the 24
does the observed number of deaths differ
significantly from expectation. Tests for in-
teraction between the 24 cells and the six
cohorts gave the following results: likelihood

-
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. Table 6.~Equivalcnt Averuge Death Rates per 1,000 Men for Respiratory :
o Drse.ucs (Ig,D 470- 5"9) by Dust Index and Ycars ol Employment b
- I Dust Index - :
S Years <10 10. 100 200- 400- 800- Al
o ) , Preumonia and Lranchitis (ICU 490.509) ¢
: <1 2.6(7) 8.7(4) 0 (0) 166.7(1) 4.0(12) ;
1- 7.1(5) 3.7(6) 2.5(1) 4.4(1)  15.5(2) 16.7¢1) 5.2(16) :
10 0 6.3(4) 5.9(2) 5.3(3) 5.6(3) 9.5(2) 6.3(14) i
_ 30- o _4.9(1) 5.8(1) 0 (0) 3.4(1) 2.9(3) :
T TR 3(7)  4tid) | s.2(8) 6.6(6)  5.6(3)  6.9(4) 4.9(45) ’
- Pnoumocou't': ] (l"l) £73 and "?"‘.) o -
<1 1.4(3) 3.502) 0 0 1.9(5)
2 1. 1.4¢1) 1.5¢(2) 0 5.8(1) o ] 1.5(4) Lo
10- ] 2.3(1) 0 1.2¢1) 1.6(1)  34.3¢8) 6.3(11) !
30- e 0O 0 3.6(1) 7.1(2)  17.9(5) 6.9(8)
TAn_isd) 2600 0w 3.43) _3.3) 22.(13) __ 3.2(26)
Dter respiratery discases (ICD 470-489, 510.522, 525.529) -
<1 4.5(10) 5.7(3) 0 W] o o . 4.6(13)
1. 3.8(2) 13.2(20) 29.0(9) 9.8(2) 7.9(1)  13.9Q1) 12.5(36) !
. 10- 0 2.7(2) 9.2(2) 7.9(2)  11.0(3) 7.8(2) 7.3(11)
S U - SR - N < 0 13.5¢4) 3.6(4)
Al ) 15.2(11) 6 3(4) 5.9(4) 12, 1(7) 7.5(64)
Allre suumlot) wiscases (IL.U 270 b"") -
<1 B.6(20)  18.8(9) ) 166.7(1) 10.5(30)
1 12.2(9) 18.4(28)  31.5(10) 20.0(4) 23.5(3) 30.6(2) 19.2(56)
10. ) 11.2(7) 15.1¢4) 14.4(6) 18.2(7) 51.6(12)  19.%(36) :
30- ™ _o 4.9Q1) 9.3(2) 7.1(2)  34.7¢(10) 13.4(15) :
- All 9.5(29)  15.3(44)  19.5(15) 16.7(13) 15.2(12) 41.6(24)  15.6(137)

Table 7.—Age-Corrected Death Rates per 1,000
‘Men for Cancer of the Bronchus, Trachea, and
Lung by Dust Index and Years of Employment*

ratio test, 88.9 and %, 90.4, cach with 93
degrees of freedom; and I’ > 0.5,

Comment Dust Index
- At face value, the findings suggest that Y:?’s <6‘g !206 ‘o"g‘ 28% 400-  8ao0- g"s
our .c.ohort of workers in the chr'_vsotilo min- 1. 11.4 94 81 83 96 00 9.5 :
ing indus{ry had a lower mortality than the 10- 0.0 10.4 958 103 168 23.4 128
: o~ f Wi 30 ... 133 9.9 146 137 344 179
population of Quebee of the same age. This Al 75 87 89 110 146 263 100

o

is gonerally true of employed persons, pro-’
vided they are nol subjected to an occupa-
tional hazard suflicient to offsel the con-
siderable selective advantage of being and
remaining fit for work. This advantage was
clearly lost by the men in the highest dust-
index eategory whose standardized mortali-
ty .was about 207, above that of the rest.
Two thirds of the excess mortality in this
group was probably due to pulmonary fibro-

* A complementary log log model was used, and diag-
nosis was based on all available information,

tinely recorded by the comganies or the

~mcdu.a1 clinics. However, in a survey of a
cal clinic:

sclected. random sample of over 1,000 cur-
Tent employees there was little or no rela-
tionship, after allowing for age, between

_smoking habits and either dust exposure or

duration of employment.

YR

# sis, shown on the death certificate as either Our attempts to assess separately the
wih asbestosis or in the guise of various respira- importance of cumulative dust exposure and >
tory or cardiovascular diagnoscs; and the duration of exposure in relation to lung N
L remaining third to cancer, mainly of the cancer are capable of niore than one inter- %
3 " respiratory tract. protation. As shown in Table 5, there js a ?
..“' " ’l‘he Jhigh_rate_of lung cancer _in_men fivefold difference between the mortality for .
=T . - hedvily _cxposed_to_asbestos_might _be_ex-* those with the lowest amount and duration [
5 i IS plamcd if such men also tended to smoke of exposure, 6.7, and that for those with the =
g‘ more heav:lv than olhere. We havene dircet  highest, 35.3. This is confirmed by the para- 5’
it evxdencc on_ t.hx_s__ L:gmt. Ior ex-emploxees,. metric analysis (Table 7) which ‘urther sug- &
= since_jnformation on smoking_was nol rou- gests that accumulated dust exposure and &
5
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Table 8.~—~Comparison af Mesothalial Tumor Findings In Two Previous
S(udies and the Present Study

I __ :c[lyu.q aite Newhouses.i7 Present Study
) y ' __._No.atmen s studica . 632 / 4,806 (9.981 2
.. ) No. of deatis N
N All causes 380 436 2,413
Cel Lung cancer 72 42 97
Meosathelial tumaory 22 20 3
o duration of employviment are abwut equally 1y dust-related and partly time-relaled. We

importanut in determining the difference. Un-
fortunately, there are possible sources of
bias and crror which may have contributed
to both theae efiects,
In Table 5. the rates for men with less
- than one year of cployment scem remark-
ably low; 18 doaths were observerd, whoereas
29 would have been expected on the basis of
Quebee rates. It was in this group that
{racing was least satisfaclory (Table 2).
Failure to ascertain even a small number of
S lung cancer deaths would have made an
e . appreciable difference in the rates, Short-
term amployees who were {raced tended to
be those who had stayed in the neighbor-

. hoods where, in any case, lung cuncer rates
' were much lower than in the urban areas of

the province and elsewhere, to which those
untraced may well have gone. Whatever the
explanation, it is difficult to accept, without
reserve, the low rate of lung cancer in this
group.

A sccond source of error is related to the
L ) ) aswrtamnmnt_o_f lung cancer as a_cause of
) 'death It is wglgrgllg_bglm_ggu__ﬂ this diag his diag-
: g_gg.xs.Js_gmhLmdc stmortem_exgai:
. pation In our study, 849, of the cases be-
- fore correction anc 40,0 ¢ fter correctjion had
had an autopsy, compared with 2%} of all
deaths. This might not malter il autopsies
were evenly distributed in relation to expo-
sure, but this was not so. The autopsy rates
in ascending or der of du»t-md&x_g_@&_tg__m_
119, 119, 975, 10%, lG_,l_nnd 229, and
by years of omplovment 129,, 9%, 17%.
and 21%,. .'U_na trend is also likelv to have
exaggcrated the difference in lung cancer
ratés in relalion to_exposure, but by how

much il is impo:sible to sav.

Taking all these considerations into ac-
count we are inclined to conclude that the
true difierence between those maximally anc
minimally exposed may well Le closer to
threefold (han fivefold and that this ix part-

2,
1
:
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propose in future analyses, when a longer
periad of observalion will have yielded more
data, to use an exposure index based on the
concept of amount of dust inhaled and the
time that it remains in the lung. Our
findings so far appear compatible with such
a model.

In the Canadian survey mentioned ecar-
lier,' primary malisnant mesothelial tumors
were rau:lu.aamamdsuﬂmh:xmmq_a__
los pra
survey bears this_out. Three deaths from
this cause were found among nearly 2,500
deaths from all causes in the cohort. This is
probably more than would be expected in a
comparable number of deaths in the general
population, but quite out of line with the
findings of SelikoT et al't in insulation
workers_and_thcs2 of Newhouse™ ! in"a Lon-

don_ashestos factory. The magnitude of the

_difference can be inferred from the figures in

Table 8. Though these figzures are not entire-
ly comparable, because of age, methods of
ascertiainment, or other factors, they suggest
that the results of Newhouse!? are similar
to those of Selikoff et ali® for mesothelial
tumors and, perhaps, lung cancer. It is clear
that the Quebec chrysotile workers have had .
nothing like the experiences of the Ameriza-
insulation workers or the London factory
workers with respect to malignant mesothe-
lioma, and it seems unlikely that they are
compatible with respect to lung cancer.

‘These findings strongly suggest either that
chr}'some is less likely to_cause matignant
disease of the lung and pleura ‘than other
forms of asbestos, such as crocidolite, or that
workers engaged in insulation and process-

ing are exposed to additional factors \vhxch
exxﬂ”'mﬂhé_rfﬁercnco.

This werk was undertaken with the assistance of
a grant {rom the Institute of Occupalion.i and
Envirommental Health of the Quebec Asbestos \Im-

ing Association.
Paul M. Cartier, MD, medical direclor ol the
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Thetfud Industiind Clinie, aned ‘1% Rozer Geadnga,

MD, mieddieal direetor of the Ciddizn dubns-Nan. -

vile Company  ss-isled and  croperated in o this
study. Members of unions and management | ersonnel
of the Quebee Aslastes Mining Industry zave their
support. The Department of 1 mupeaphy, Quediee,
and other departiments of vital statistics helpad us

obixin death cettifivales. The Depanrlent of Na-
tional Health and Welfare, Ottawa, and e Conndi-
an Unemployment Incnance Commiscion n:sistod
in the follow.up. Julicane Roy, Femande Prealy,
wel Joseph-Atbert Caricr, and olhers tritced ex-cin-
ployees, and Geraldine Jarobs and Jeon Deabody
helped with the data proeessving.
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