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Cohort study of mortality of vermiculite miners

exposed to tremolite

JC McDONALD, AD McDONALD, B ARMSTRONG, AND P SEBASTIEN
From the School of Occupqlioml Health, McGilt University, Montreal, Quebec. Canada

ABSTRACT YA cohort of 406 men‘employed before 1963 for at least onc year in a vermiculitc minc i
Montana was followed up until July 1983. The vermiculite ore as fed to the mill contained 4-6% ¢
- amphibole fibre in the tremolite series. Vital status was established in all but one of the 406 and

death certificates were obiained and coded for 163 of the 165 men who died. -
‘menin the United Staiés;’ tlie.cobort experienced excess mortality from all causes (SMR T17), .
‘ mmrmmam-m

wnthwhne

respiratory cancer (SMR 245),’ non—mahgnant respiratory discase (SMR 2-55), and mdents (SMR

+2:14). Four deaths were. f;pmmhgmm mesoth;lwmg«(pmpmiqml mortality 24%).
" with Montana deathntca:tleMR for respiratory cancer;was sgmewhat lngu' (303). ¥

Cohort study of mortality
Table ! Male deaths by ags

Caune ut death (FCD code)

Colen and rectumn (!5"*3)
her abdomimal (134
Olhw(l“-l" 160. l“ -208
disense

Heart (390-429)
Respiratory mha?hm’ }g;MI

Other respiratory (480--

Cerstrn 1430-438)

\m‘hl et it L,

o 'o‘f M‘of’mlignam
. 'I'!l!" sbontéols fouricases with m

i analyses ofyespiratory.canger arid éstimated cimillative exposure gavea relation thaffmfno d
" signifi from lincarity:{T'he results of this and case-reférent indicate an increa¥ed’risk _’\;:?"‘miw&
*..of mortality. from respiratory:caticer inthis cohort of about. 1% for each fibre year’s hgé‘,i;[n‘. '_’_‘ " controls; ~foc.:ther asbes

relation to estimated exposure thq-momlhty cxpenenced by the cohort from both lﬁ‘ng
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mesothelial tumours was hngiu-:'than in d:rysonle mmmg.
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ownersofavermmmemmem _,b?y Monuna,to
\investigate the health of: théir em, ployees. Morbidity.
and mortality studies in,the samic: population had
been initiated by NiosH in Fébruary 1982 but,
because of the urgent decisions facing them, the com-
pany wished to have an independent inquiry as
quickly as possible. Having assured oursclves that
NIOSH and the employees” union had no objection to
parallel and complementary studics, and indeed wel-
comed them, our research proposals were finalised
and accepted in August 1983 and we began work in
September. Our studies had four components: a
cohort mortality study (described in this paper), a
cross sectional radiographic survey, an investigation
of asbestos bodics in sputum, and an clectron micro-
scopic analysis of lung tissue samples at necropsy
from ex-employees. Findings trom the last three stud-
ies arc reported separately’~® as are those of
NIOSH. Although the NIOSH inquiries and our own
were designed. conducted, and analysed quite sepa-
rately. we discussed and compared our data and
methods at cvery stage. This was o valuable exercise;
unnccessary diffcrences and discrepancies were elimi.
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pected, but because the ore body is contaminated with
fibrous amphibolc deposits in the tremolite series.
Fibrous tremolite and related minerals fall within the
definition of asbestos® but have limited valuc and arc
produccd only in some smaR mines in northern ltal:.
On the other hand, they arc common contaminants i
various mining operations, notably the chrysotii.
mines of Quebee and certain talc mines in New York
State. Other members of the amphibole family
include crocidofite and amosite which cause pul-
monary fibrosis, lung cancer, and malignant meso-
thelial tumors. Existing evidence suggests indeed that
most occupationally related mesotheliomas are
caused by amphibole fibres and few by chrysotile. 8=
The experience of men in the Libby mine exposed
only to the tremolitc group of fibres was therefore of
practical concern and scientific importance.

Few abservations on the effects on heaith of trem -
olite have been made. Cohort studics of employoes «
talc mines in New York State, some of which mn,
contain fibrous tremolite, showed an ¢xcess of put-
monary disease and lung cancer and onc or iwo cases
of malignant mesothelioma.®® In a postmortem study
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Cohart study of martality of vermiculite miners expased to tremolite

Table |  Male deaths by age and certified cause

Coure of dewrh (FCD code) Age at death (yeors) Toral
<43 S04 »a5
~ i 11 ™ » 168
M. . o
LaryRx (IGI; 0 0 1] [
Traches bronchus and mg(uz) ] 16 4 n
Pleurs and mediastinum (163) 0 2 )] 2
QOesophagus and siomach (150-1) 0 i ] 2
Cnlon and rectum (152-3) 1] 2 0 2
her abdominal (154-9) 0 2 ] 3
otbct (140149, 160, 164-208) 0 ] s 13
m ] 2% 32 %
(010-0!3) [ ] 0 ]
Wm‘w (4!0—5 [ 9 2 i
C-ebrovascuhr (430458, 0 4 7 "
Acddﬂu (E 800-949) 4 [ 18
Other (E 950-998) 2 2 } s
Qrher causes 2 3 5 10
. " ] ] ¥ 2
“sz. .os four deaths from malignant mesothelioma coded 1CD 163 (1), 199 (2), and 515 (1),
of 99 cases of malignant mesothelioms and matched  Material and methods

controls four cases with more than 10 million-fibres of
tremolite/g dried Jung were observed compared with
one control.'® The comparable figures, in cases and
controls, for other asbestos fibres were: chrysotile

= ‘39:33. amosite 12:1, crocidolite 9:0,"and anthophyllite
g 20,0 ln-lungnssuefromchtysoﬁlcmnwsmdmnm

the quanitity of tremolite appears similar to that of
chrysotile, although . ; a minute fraction of the
5 stos fibre 'mined.} 12 In a study of 'six cases of

s vdlioma’ from the Quebec dxrysotile ‘mines

=3 T udnisaie wasthe ptedommnl fibre found in the lung
wifvrissiie at
24.mbave:shown'thab'the
: 3 2olité’is ‘simila¥ €6 that-of- other fibious amphibole&“
e ’deendﬁ&ﬁﬁuhhdnﬁry\ﬁbmm'ms firstindted.in*
S anwrayﬁuire}bl‘ljhby mployesm.w”and,snce )
been examined radiographically every.year, In the
" l9705-pdlmbnary function tests were added and, Jater,

13 Experimental studics in-animals
. potential‘of-trem-

déquirdd the company in:1963, employges have

a .respiratory- symptom qumxiommm. Intensive
cfforts were made to minimise exposure and a vigo-
stismoking campaign was instituted to reduce
- further. Efforts made by the company to
#ivo.gale  pulmonary discase among workers
induded the scarch for death certificates for all
known deceased employees. Individual exposures in
1erms of duration and dust concentration were also
cstimated. An analysis of these data showed 16 Jung
Cancers and two malignant mesotheliomas in a total
of 109 dcaths. This information was rcported by the
company to the US Environmental Protection
Agency on 24 March 1983. A preliminary case-
contro} analysis of these data by ourselves indicated
thar the lung cancer risk was probably related w
€ ive exposure.
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STUDY GROUP
Our cohort comprised all male employees with a com-
pany record of employment starting before 1 January

311963 and a net period of-at least one-year: Thesccrite-. .

1ia were met by 406 men. Twelve were first employed

" “before 1940 and the remainder thereafter. The Vital

status of each man on 1 lJuly 1983 was sought.
‘Inquiries were first.made of relatives and fricnds by a
recently retired long term company employee, For all
- those reported dead; the daie and place of death were |
invesiigated; for thosereported alive, the address and”

-« telephone number were-requested. In cases in whichi..
these inquiries failed to:produce-s, ausfaaorymn(,“ S

information. -was ."submitted. o -.dni

who could not otherwise be traced. =

The number alive on’] July 1983 was 226 nnd I6S
were reported dead. A further 14 men could be traced -
only through social security files: these men were
known to be living on 31 December 1981, but their
subsequent status was not cstablished. They were
included in the man-years analysis until the date at
which they were lost to view. Death certificates were
sought in the statc in which cach of the 165 deaths was
thought 10 have occurred and copies were obtained
for 163. The registered cause of death was coded by a
singlc qualificd nosologist according to the cighth
revision of the International Classification of Dis-
cases. Table | shows the causcs of death, .

PRODUCTION PROCESS
Vermiculitc is a mineral derived from geological
transformation of trioctahedral micas.'® On heating,
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the material expands about 1S times in volume and
acquires useful properties. Expanded vermiculite is
mainly used as an insulator against heat and noisc in
the construction industry and also as an absorbent
low density filler and chemical carrier. Of the 325000
tons of vermiculite concentrate (before expansion)
used in the United States in 1984, 54% came {rom the
Libby mine. According 10 legend. the vermiculite
mountain in Libby was discovered in 1913 by Edward
N Alley: walking in a short tunnel in search of metal
deposit, the fiame of his mining candic came in con-
tact with vermiculitc and the immediate trans-
formation by hcat attracted his attention. Commer-
cial exploitation started in 1923. Libby production,
initially low, increased from 20000 tons in 1940 to

..+ 150000 in 1950 and 200,000 in 1970, .
Atpresemmunnaseondnaedon bcuchsorlcvcls =

'.-~that ‘extend laterally ‘from the surface to more thas -
300vemcalfeetbelowthcongmalsurfamofthe
> mountqm..Although equipment has changed over the.

i

ek techniqueof drilling, Bjasiing, loading (with shovels: :mmswoné-
i - v avior frontend loadus),.am hapling to the mill or trans-, e
b ,;; « Tevpoint:. Drﬂkugovm mns;deted
 4-operation-and," in_ 1970, sev; drills; with baghouses., industrial application. The
- and shipping concentrate at Libby have bech d:aaged

- were introduced. ... s
.After remaval nfeoarserock.meom:sb!mded
-and fed at controlled rates (o the top of the mill. At..
* this point the granules are about 1 cm in diameter and

contam appmximalely 20% vermicuhta Awom

Figl

" has. always’ bee. exiracted by the classic . _tb,enullwalcnsmdumed m

rmv Sk tNRGU n‘w*mag.., *.counts
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the most dusty, \~ '

McDonald, MeDanald, Armstrang, and Sebastien

panying mincrals arc augite, biotite, calcite, diopside.
hornblende, magnetite, quartz, sphenc, and tremolite-
actinolite,'® Milling takes advantage of differences in
particle shape to separate the thin flakes of ver-
miculite from the blocky waste particles. The finished
concentrate in 1984 contuined 80-95% vermiculite.
Before 1954, the milling was basically a dry screen
process. A sccond mill, operating a wet process, was
added in 1955 to accomplish the first stages of sepa.
ration. Work in the dry mill was very dusty but
became much cleaner afier 1965 when ventilution
equipment was installed. In 1974, for hygicnic and
technical reasons, both dey and wet mills were shut
down and ore was processed in 2 mew mill built
nearby which operated on an entircly wet process in
which scparation was madc by vibrating screens., roll
screensi~ Humphrey separators, and flotation, The..
“new wet mill operates continuously, producing | it00"
~tons.of concentrate cach day in 1984; this is :bempe-
_watered. dried, and hauled. mpwwquhnx.
nind ik .

g -.h-.x-bl

wiculite’ mxe.durem;"" > i R"‘,!G*‘n
ite’ .concen mliqiqns,fog

several times with the object of eouu'ol!mg exposure

10 dust..At present most of the concentrate is shipped :
by rail, the loading station being equipped to reduce
'dustexposum;baggmglsmll used to amallextenm
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Dust particles and fibres collecied on membvrane filter in new wet mill.
Transmission clectron microscope view (| mnt = 0-24 pm ).
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Cohort study of mortality of vermivulite miners exposed to tremolite

MINERALOGY
I is well established that the vefmiculite deposit in
t b is contuminated by ashestiform fibres.!” Their
- oc in arrborme dust was first mentioned in 1956
report of un industrial hy}ziene survey by the
\...atana State Board of Health'® but only recently
hus further information become available on the
naturc of Libby fibres. .

A systematic study by analytical transmission elec-
tron microscopy of airborne fibres collected on mem-
brane filiers in various locations of the mine and mill
is now in progress. Preliminary findings on samples
from the wet mill indicate that fibres exhibit several
morphologies. They may be straight with uniform
diameter, have a lath or needle shape, or be curved:
they may be found intermingled with other platy par-

(ig1). So far, the ranges for diameter, length,

aspect ratio are O-1-2pum, 1-70;m, and
3-:00um respectively. A fairly high proportion
{62%) of fibres have been found longer than 5pm.
Comparison of clectron and optical microscope
counts shows that about a third of the total airborne
fibres are detected by the optical technique used for
measuring exposure to asbestos at the work place.'®

Elemental chemical analysis of individual fibres by
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technique®® (the so-called “regulatory fibres™). Work
histonies buscd on 42 defined job categories were
obtained from the company together with detailed

" jnformation on the process. its changes with time, and

the introduction of control mecasures. Analysis of the
process and observations made during two field visits
(by PS) showed that the 42 job catcgorics described
the working opcrations with good specificity. Our
general strategy for estimating cumulative exposures
was {a; to takc maximum advantage of existing air
measurcments and (b) 10 concentrate efforts on the
past dry mill period (before 1975) when substantial
exposures occurred. Altogether, results of 1363 air
mecasurcments were available for the period before
1975. They were extracted from reports of surveys
carried out by the company, the Montana State
Board of Health, the National Center for Urban and
Industrial Health, and the Burcau of Mines. Effons
to monitor the work environment that before 1967
were virtually restricted to measurements of dust con-
centration in the dry mil} using the midget impinger
method increased substantially in the 1970s with the
introduction of the membrane filter method.?' In the
entire period before 1965 only 48 environmental mea- |
surements were made; this increased to 385 for the |

> . enérgy dispersive 19.yielded unsuspected  period 1965-9 and t0 930 period 1970-4. Both
-concentrate is shipped many fibres was compatible with mincrals of the = of he personal samples were short term, they proba~-',
ing equipped to reduce tremolite-actinolite series, the sodium content of ° piy refiected ambicnt concentrations rather than time
- was 100 high to meet the criteria for tremolile  yeishicd average exposures. ..

used to a small extent. - .
e Lmaiee L ding to the classification of the International - -7 i i i expOSUre zone concept?? ~
. -Muncraiasical Assodition 1 Some sodiumrich BO1ES * (et sppol 1 sging s Tocasuicmeors data 1o &5 -
-~ cither:displayed:nio ‘calcium response-(with bath B- Ryaie exposiire., Besring i mind that at any-time a ...
. .:sites in rthewtheoretical formula® of- diiphiboles *- worieris somewhere, doing somcthing, we defined 28 -~
-+ occupied. by. sodium), and so could be called: mag-"""o5eraion locations (table 2). These were defined to -
. response (sodium distributed between A sitc and B _ynequivecally allocated. Information on location was :--

site) and could :be called richterite. X ray diffraction

analysis of Libby sampies by Atkinson eraf detectied

what they called “sodium tremolite™ but it was not -

statcd whether it was in fibrous form.'® They also
oh.rrved by optical microscopy that comminution of

ve amphibole crystals produced cleavage frag-

. resembling fibres. These abservations indicate
tne complexity of the Libby situation; the airborne
fibres use probably a mixture of different types of
asbestsform and massive amphiboles. In addition.
therc may also be some exposure to quariz since this
minersl was identificd in somc ore samples.’*
although not reported in air samples titken in govern-
ment of company surveys.

EXPOSURE ESTIMATES

Repardless of their nature, we had 1o estimate for

e b member of the cohort the cumulative fibre
re as measured by standard optical microscope

used to classify static samples and that on operation
to classify short ferm personal samples. Operation
locations were further divided in periods bounded by
dates of significant change in process or in control
procedures. In the calculation of cumulative exposure
grouped air mcasurcments data were averaged using
the technique of Oldham,*® which provides “2 min-
imum variance unbiased cstimate™ of the arithmetic
mean in skewed log normal distributions.

In the dry mill midget impinger measurements wese
made in 1944, 1956, and 1958 and much more regu-
larly between 1962 and 1969. High dust concen-
wations (38-9mpel geometric mean) significantly
drapped by a factor of about 4-6 in 1965 after the
installation of a major picce of ventilation equipment,
known as the scirocco fun. There was no clear indi-
cution of further consistent decrease in concen-
trations in the dry mill afier 1965 and concentrations
were tahen as constant. Measurements by the mem-
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Table3 Deaths and SMRs by cause and time since firs) emplayment Ireﬁ:m«: United Siages white men). “95% Confidence

Cante of doatk ICD (8rh rev) Time simec forst emploxracm 1 years) Complete cubuet
<10 -1y 2.
v SUR o SMR 7 SMR ] SMR
Al s mooom s b 0 13 65 b7
t neoplasms:
oy 160163 4 50 16k s e 3 248
1-35~12:853 10-45-4°24} (1-35-3-99}
Abdominal 150159 i o8 1 0a L N THE 7 0B
her 0 2 0® T 13 1%
Circulatory discese - 390-458 3 [} 20 093 2 ow & 087
Noar Hiscas 450-519 ¢ -~ 7 33% “ s 258
| cages:
et 800949 s 10 4 146 9 3 L8 2
Other 950-998 1 2 3 22 1 on s

month of cach man’s life. or until the cnd of 1982 for
v+ who survived until then, was calculated.
a-years at risk were divided into four groups

#.. ading to cumulative exposure to fibres, and
expected deaths and SMRs computed for each group.
A lincar relation between SMR and cumulative
exposure was then fitted using the GLIM program in
the manner described by Hanley and Liddell.?* See-
ondly, relative risks were estimated from case-control
sets chosen-from within the cohort. Controls for each
7' casé were chosen-as men surviving beyond the age of

:§. s death of the case, who had been bdrn and had started

work at Libby mine within threc years of the case. For
- * each ‘control, exposure was cumulated to the age of
5% 4.of the matching case. Eitimdtes of lincar
_.  .Sein relative risk (odds ratio) per unit exposure
' “wre‘made -using the method of conditional like.

Bhood:2%" 1 ST gkl
. B . . - a&:;)g. Y ..‘ R

e 2 o -
Taeminbant EEEEREET ¥« o
""" ~The mofiality experience of.the’oghort’as a whole &

surhniarised in table 3. Mortality Tor all causes wasin
. et o

excess of that expected for white men in the United
States by 24 deaths (SMR 1-17). The SMR for all
causes rose from 0-79 for the first nine years from first
cxposure, when “healthy worker™ selection effects
would be expected to be strongesi. 10 1-31 after 20
years from first exposure. There was a substantial
excess number of deaths from respiratory cancer
{SMR 2:45), from non-malignant respiratory discase
(SMR 2:55), and from accidental causes (SMR 2-14).
There was no evidence of an-éxcess number of deaths

from cancers of non-respiratory sites. Eight of the

‘deaths [rom non-malignant respiratory disease were
certified as due 10 pneumoconiosis (ICD 514 or 515).
Of the 18- deaths due 10 ‘accidental “causes, five
occurred while the men were cmployed at the mine
and the other I3 aftér théy had Jeft." Four deaths were

respiratory cancer (ICD'185); one't6 paé

Trom mesotheliorha; onéeoded by: the nosologist to . S
(ICD 515), and two 13 nedplasid without speification .. . -

3

Jof site (ICD'199). Three of the chdes were plcural and - .
“one peritoneal. In'addition, one death’was certified as - -

*due to mediastinal’canéet JCD 163) in'a man nine
years after first employment. At necropsy the pathol-

Tabled Deaths from respiratory cancep (ICD 160-163). SMRs. and cumulative exposure (reféience; Moniond men)

Cumlative exposure (fiml y)
0-<25 28-< 200 200-< 300 2500 Al
Niear: wet duravion of service (years) 30 138 HES 160 27
M::l omnc‘:l‘uﬁoa (fmi) b2 ] 100 497 642 174
Mean cumulative ex, ® {fiml) 125 3 32 2361 1436
Time from first L (yeans):
n<|cwm rst em zm (yen 2 0 . . )
SMR 667 000 909 2000 20
10-19 0 [} 2 i [} 4
220 0 4 3 s 3 1"
SMR 168 18 980 6T ags
All 0 7 s ? 4 ]
SMR 204 1927 753 $s8 303
*Cumulaied to end of service.




SR timi years, oo
Fisz Rap&emrygarcerMR: ZOarmare yemj‘mmﬁm
emplaymmcxpom (j[ml years)..

] oglst did 1ot consider this a muoﬁ\ehoma.
“Using ‘Montana death rates instead of United
. States national rates reduced the number of expected
. ‘deaths froni respifatory cancer from 9-41 to 7-60,
" increasing ‘the SMR from 2:45 to 3-03. Table 4 gives
_the SMRs for respiratory cancer (using Montana
death-ratés) by cumulative exposure. It is reasonable
. to focus attention oh thie SMRs 20 or more years from
first émployment, when risk due to exposure to fibres
would be expected to be most evident.

A lincar relation between these SMRs and cumu-
lative exposure (see fig 2) is given by the equation
SMR = 1-52 + 0-011 f/y or, expressed as a relative
risk, RR = 1 + 0-007f}y. Alternatively, by forcing
the line through SMR = 1 at zero exposure, the equa-
tion SMR = 1-00 + 0-013f/y was obtained. The
observed deviation from linearity could be explained
by chance (x3 (3df) = 3-47) and the trend has high
statistical significance (x? (Idf) = 189, p < 0-001).

McDonald, McDonald, Armstrong, and Sebastien

The constrained linc may be interpreicd to imply ar
increase in SMR for respiratory cancer of about 1'3%
for each fibre year of cumulative exposure.

There is also evidence from the data in table 4 of an
excess mortality from lung cancer less than 10 years
from first employment. The two cases in the lowest
exposure catcgory could not have been due to work at
Libby. One was a man who was first employed at age
66 and dicd at 69; the other joinced at 25 and died at
28. The two other deaths in the short latency category
were 89 and 9-1 years from first employment. Both
had substantial levels of cumulative exposure (470
and 522f{fy) so a causal hypothesis is less easily dis-
missed.

Casc-control analyses of exposure-response werc
carried out for the 23 deaths coded 1o respiratory can-
cer (!CD 160-163), the cight coded to pnen-
mocomiosis (ICD 514-515), and (with some-overiap)
the four mesotheliomas. Results are presented in tablc

_5.A staustmlly significant lincar relation was found

between relative risk for mpu'atory cancer and
cumulative exposum which is clearest in cases occur-
ring 20 or siiore yeass from first employment (x* (df) .
= 7-04, p < 0:01). In this group the lincar increase in

- pelative risk is estimated at 1-0% per fibre year (95% "
. confidence i xmctval 0-1-9-T). This relation is described *,

by the equation RR = 1-00 + 0-010f/y. Although
positive ‘relations with cumulative cxposure werc also,
observed wnh pneumoconiosis and with meso- .
thelioma, ‘numbers were small, confidence intervals *
wide, and conventional levels of smxsuml
significance were not reached. NPT

M. :- -A.t....h PN

The cohort studied was not large but sufficient to
show that the workers in this minc experienced a seri-
ous hazard from lung cancer, pneumoconiosis, and
mesothelioma, This was presumably attributable to
the fibrous amphibolc contaminant of the vermiculitc
ore and mainly to dust conditions before 1974, partic
ularly in the dry mill. No precise comparison with tix.
New York State studies can be made but the crude
SMRs for lung cancer were similar, 2-4 in this study,
2-8 in the study by Kleinfeld ef4/,® and 3-2 in that by

Table 5  Estimates of exposure: response from case-referent analysis

Cause of death No of cases Time from first B = % increase wn relutive risk x® (1df) for
empluyment ( years) {OR) per Jiml year 195% Cl) ol -

Respiratory cancer 4 0-9 2'1 (00, 66) 308
(ICD 160-163) 4 10-19 04 (=01, 83) £23
IS >20 1-0(0-1. 97 704
3 All [ X 2N 3'0) 79
Preumocunosis (CD 5135) 3 All 0-3(00.41) 242
Mesotheh (ICD vari 4 Al (>20) D’{—G" > 100) 010

." .
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Cohort study of moriality of vermiculite miners exposed to tremolite

* Brown etal.” Not sumnswgly. the SMR obtained in
the purallel study by NIOSH.'® 2-2, was closc to our
own. In all these studies cases of mesothelioma were
rcporlcd

The findings in the NIOSH study, although closc 10

«n, were not identical for four main reasons. (1)
cohort was larger and included men first
cn.jwoyed before 1969, but obscrvation was tenmi-
nated 18 months carlier. (2) Their cohort was based
on work history records, ours on computcnsed com-
pany work history files. Sixteen men (alive in 1981)
who had started before 1963 according to the former
probably morc correct records had not done so
according to the latter, and were thus not included in
our cohort. Conversely, two men were included in the
McGill cohort, although their work history records
indicated that they had started in 1963. (3) Although
we used the same basic exposure data, we did not
* it or interpret it in exacily the same way. (4) The
Jeath certificates were coded by the same noso-
logsst but with some diffcrences. As a result of these
various minor differences our risk estimates were
higher than those of NIOSH.

Our analyses of respiratory cancer monaluy in
relation to accumulated exposure do not in them-
selves cstablish a linear relation. But, given the

.afindings from other asbestos cxposed cohorts,® it
seems reasonable to expect a similar exposure

" ~*response pattern in this group also. On that assump-

tion, our findings suggest that the observed slope
fibre year of
we) is the same as that calculated by Doll and
for chrysotile textile workers. This slope was
summnmlly stecper than that estimated for - Quebec’
- chrysotile miners and millers in whom the propor-
tional mortality from mesothelioma was also much
- dower.2%: Having regard for the fact that (a) the Cana- _
dmnminuswaeaboexposedm tremolite fi
albeut inlow” conccnmons. and (b) tremolite is
- present at necropsy in lung tissue of these miners in
similar amounts to chrysotile!? snd in higher
amounts in cases of mesothelioma.'® onc is forced to
question the relfative carcinogenic potency of chryso-
tile even in the mines and mills wherc it is produced.
. vity of mesothelioma (1 case) in the South Car-
_hrysotile texiile plant where lung cancer was in
grcat cxcess appears to exclude any simple expla-
nation based solcly on fibre type per sc. Nevertheless,
whereas the textile process, carding in particular may
well separate the chrysotile bundies into finer more
carcinogenic fibrils, few of which rcach the pleura,
amphibole fibres (including tremolite) are much less
susceptible to longitudinal division but remain able to
penetrate more deeply than chrysotile. For meso-
thelioma, penctration is the prercquisite. For lung
cancer, which is initiated in the airways, as indeed is

443

asbestosis. length, thinness, and durability of the
fibrils together with tobacco smoke and perhaps other
carcinogens are more important paramecters than
ability to penetrate.

i a lincur relation between the risk of lung cancer
and accumulated exposure be accepied 1 1% increase
in mortality per fibre ycar has practical imphcations
for control in this industey. At present sirborne fibre
concentrations, reporied by the company to average
about 0-1{;ml the estimated risk of lung cancer over
a working lifctime might be increased by about 5%.
This estimate, however, is associated with consid-
crable statistical uncertainty and could vary in either
direction by a factor of perhaps two or three.

From the viewpoint of epidemiological meth-
odology, it may be worth noting that the exposure
response conclusions from this study confirmed the
preliminary case-control analysis of incomplete data
made in 1983 mentioned in the introduction. As
exposure levels had been underestimated. however,
the slope of the line proved less steep than it had then
appeared. Rapid analyses of this type?® deserve to be
used more ofien for immedialc assessment of
occupational hazards.

This research was supporied by a grant to McGill
University by WR Grace & Co with whose help the_
cohort was identified and past exposures cstimated.
We received help from scveral agencies in the
follow up period and in particular we acknowledge
the invaluable contribuGon of Mr Earl Lovick in all
aspects of the study.
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