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Cohort study of mortality o f vermiculite miners 
exposed to tremolite
JC  M C D O N A LD , A D  M C D O N A LD . B A R M S T R O N G . A N D  P SE B A ST IE N  

From the School o f  Occupational Health, M cG ill University, M ontreal. Quebec. Canada

abstract ^A cohort of406 men'employed before 1963 for at least one year in a vermiculite mine i 
Montana was folUWed'upuntil July 1983. The vermiculite ore as fed to the mill contained 4-6% r . 
amphibole fibre in the tremolite series. Vital status was established in all but one of the 406 and 
death certificates were, obtained and coded for 163 of the .165 men who died. Compared with'white 
men in the United States^ Uie-'cdhort experienced excess mortality from aH causes ‘(SM R'.T 17), 
respiratory cancer (SMR2-45), non-malignant respiratory disease (SMR 2-55), and ac&f^&a(§MR ' 

.... ^2-.14). Foitirdeaths.were.fjfflmftitjtiignant mesotheliocra.ip^ptnii9.nal,mortality 2-4%). Compared 
with Montana deathiatesr theSMR for respiratory cancer.was somewhat higher 

: ^  analyses o & esp reto iy^ i^a^ 'es^m ated  cumulativeexposuregavea relationthatmffnpttfii^ri 
” " signfficarfiS''fiom lineaxitycfFbe results of this and case-refereht' analyses indicate an'Jncrt®6il; risk ' 
. ' ..o f mortaliQ'.'from rcspiratoiy «aricer in -this cohort of about .1 %'for each fibre y e a r 'o ^ p « l^ ..’In ; 
- relationto estimated exposure thtraortalityexperienced by the cohort from both l& g tracer and 

mcsothdial tumours was higher'than inchrysotile mining. ‘ ■  •

owners o f  a  vermiculite m m em .ybby , .Montana,, to. 
•investigate th e heaith 'of th w a n p k ÿ se s . Morbidity-

. . : . .v.V.'v Í ’’ . .. •
'  ’ . * . • « ■ “In ...1 n r*1 *Ti—Ï . »
ñáiéd and the reliability of both sets of results

and mortality studies in .the  sa.mopopsdatton had 
been initiated by NiOSH m February 1982 but, 
because o f  the urgent decisions facing them, the com­
pany wished to have an independent inquiry as 
quickly as possible. Having assured ourselves that 
NIOSH and the employees' union had no objection to  
parallel and complementary studies, and indeed wel­
comed them, pur 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 
o f asbestos bodies in sputum, and an electron micro­
scopic analysis o f  lung tissue samples a t  necropsy 
from ex-employees. Findings from the last three stud­
ies are reported separately.1'-3 as are  those o f 
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 every stage. This was a valuable exercise: 
unnecessary differences and discrepancies were elbni.

Accepted JO September IMS

..increased..-«.,.«:.. . . . . . . .  u r . . - : «
^ n c e r n  T b r the_ health o fu w k e js  jo.tbB.miDe 

stemm ed!^noPIfrom ' exposure to .vermiculite, a' 
• micaceous mineral for which'ho adverse effect ts sus­

pected, but because the ore body is contaminated with 
fibrous amphibole deposits in the tremolite series. 
Fibrous tremolite and related minerals fail within the 
definition o f asbestos* but have limited value and are 
produced only in some small mines in northern Ital-. 
On the other hand, they are common contaminants i 
various mining operations, notably the chrysotiL- 
mines o f  Quebec and certain talc mines in New York 
State. Other members o f  the amphibole family 
indude crocidofite and amosile which cause pul­
monary fibrosis, lung cancer, and malignant meso* 
thdial tumors. Existing evidence suggests indeed that 
most occupationally related mesotheliomas are 
caused by amphibole fibres and few by chrysolite.9' 7 
The experience o f  men in the Libby mine exposed 
only to the tremolite group o f  fibres was therefore of 
practical concern and scientific importance.

Few observations on the effects on health o f trenr - 
olitc have been made: Cohort studies o f  employees < 
talc mines in New York State, some o f which ma. 
contain fibrous tremolite. showed an excess o f pul­
monary disease and lung cancer and one o r two cases 
o f  malignant mesothelioma.* 4 In a postmortem study
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Cohort study o f n w rtu iity  
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'• tissue at necropsy.19 Expe 
lave shown that the card 
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Evidence o f pulmonary 
an x  ray surrey o f  Libby et 
Grace acquired the compa 
bee. examined radiograp 
19“us pulmonary function 
a respiratory symptom 
efforts were made to mini 
tous antismoking campaij 
the risk further. Efforts ■ 
investigate pulmonary 
included the search for 
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terms of duration and du. 
estimated. An analysis o f 
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t ‘
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l  iiw/ iif den'll fICD cadet Age at death tyrant Total
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A S T IE N  

ia

n a vcrmiculitc mine in 
nill contained 4-6% of 
nit one of the 406 and 
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5), and accidents (SMR 
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. .a  four deaths from malignant meaothcSoma coded ICD 143 (13.199 (2). and 515 (I).

p f  .both .te^of.jfcs 'u jts 

pf. workers in  ..this.jjqinc

*?£•«

of 99 cases o f  malignant mesothelioma and matched 
controls four cases with more than 10 million-films o f 
tremolite/g dried lung were observed compared with 
one control.10 The comparable figures, in cases and 
controls, for o ther asbestos fibres were: chrysotile 

! '3933,am osite42:l, croddolite 9 4 ,'ta d  antbophylKte 
• 2:0. Jn-lung tissue from chrysotile miners and miners 

the quantity o f  tremolite appears similar to  that o f ' 
chrysotile, although .only a  minute fraction o f the 

si»s fibre'mined.11,5 In a study ofsix,.cases o f  
' "  Glioma' from the Quebec chrysotile mines' 

r  uCr.;.‘»iiie WSs't he predominant fibre found in the lung 
^■risSUc a t necropsy.11 Experimental studies in-animals 

. -T-rohave^hoWn'thathtbe cattanogenic.potential-'pf-trem- 
S?<dhd!is:sitnikar,td  th a to fo tb e r  fibrous am phiboietM -

rave limited., value antLare. 
II mines in northern J u l y . . 
comment contaminants in.
, notably, the chrysotile. 
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‘ the amphibole family 
nosite which cause pul- 
cr, and malignant meso- 
lencc suggests indeed that 
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the Libby mine exposed 
of fibres was therefore o f  
ific importance, 
effects on health o f trem- 
rt studies o f  employees o f 
ate. some o f  which may 
bowed an excess o f  pul- 
iccr and one o r two cases 
** In a postmortem study

•E-wdeiu^'dPjpUlmdpary-fibrosis' was- firsKnDted-in'' 
• an-x ray’& u i s ^ f  Libby employees in. 1959 and, since 
Grace ¿¿quirdd the company in-.1963,employces have 
been examined radiographically every; year. In the 
1970s-pUlmOnary function tests were added an d .b le r, 
a -respiratory- -symptom questionnaire Intensive 
efforts were made to  minimise exposure and a  vigo- 

ntismoking campaign was instituted to  reduce 
- further. Efforts made by the company to 

•r.— -..gate pulmonary disease among workers 
included the search for death certificates for all 
known deceased employees. Individual exposures in 
terms o f duration and dust concentration were also 
estimated. An analysis o f  these data showed 16 lung 
cancers and two malignant mesotheliomas in a to u t 
of 109 deaths. This information was reported by the 
company to  the US Environmental Protection 
Agency on 24 March 1983. A preliminary case- 
control analysis o f  these data by ourselves indicated 
that the lung cancer risk was probably related to 

rive exposure.

Material and methods 

STUDY GROUP
O ur cohort comprised all male employees with a  com­
pany record o f  employment starting before 1 January 

.'.1963 and a  net period of-at least -one-year.- These.ente-. . 
ria were met by 406 menJTwdve were first employed ' 
before 1940 and the remainder thereafter. The vital 
status o f  each man on I July .1983 was sought. 
Inquiries were first .made o f  relatives and friends by a  
recently retired long term company employee. For all

- those reported dead.the date and plaocofdcath .were, 
investigated; for those-repo rtedahve. the address and

- -telephone number were-rcquested. :ln cases in which;,,
these inquiries failed to.produce-a.satisfactory result,:'-- 
information -was •' » l ^ t t e d v t o .  -.-driversy licence y 
bureaus. Finally, the remits o f  searches o f so t^ i$cu?{  i 
rily files for NIOSH were consulted fo r .tb o tem ta  -t 
who could not otherwise be traced. *"'• ’ v V - -

The number alive o n 'l July 1983 was 226 and I6S 
were reported dead. A further 14 men could be traced ’ 
only through sociat security files: these men were 
known to  be living on 31 December 1981, but their 
subsequent status was not established. They were 
included in the man-years analysis until the date a t 
which they were lost to  view. Death certificates were 
sought in the state in which each of the 165 deaths was 
thought to have occurred and copies were obtained 
for 163. The registered cause o f death was coded by a  
single qualified nosologist according to  the eighth 
revision o f the International Classification of Dis­
eases. Tabic 1 shows the causes o f death. ■

PRODUCTION PROCESS
Vcrmiculitc is a  mineral derived from geological 
transformation o f triociahedra! micas.1* On heating.
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the material expands about 13 times in volume and 
acquires useful properties. Expanded vermiculite is 
mainly used as an insulator against heat and noise in 
the construction industry and also as an absorbent 
low density filler and chemical carrier. O f the 325000 
tons o f  vermiculite concentrate (before expansion) 
used in the United States in 1984,34% came from the 
Libby mine. According to legend, the vemuculite 
mountain m Libby was discovered in 1913 by Edward 
N Alley: walking in a  short tunnel in  search o f  metal 
deposit, the flame o f  his mining candle came in con* 
tact with vermiculite and the immediate trans­
formation by heal attracted his attention. Commer­
cial exploitation started in 1923. Libby production, 
initially low, increased from 20000 tons in 1940 to

panying minerals arc augitc, biotite. calcitc, diopside. 
hornblende, magnetite, quartz, sphcnc. and trcmolitc- 
actinofite.'6 Milting takes advantage o f  differences in 
particle shape to  separate the thin flakes o f  ver­
miculite from the btocky waste particles. The finished 
concentrate in 1984 contained 80-95% vermiculite. 
Before 1934. the milling was basically a  dry screen 
process. A second mill, operating a  wet process, was 
added in 1955 to accomplish the first stages o f sepa­
ration. Work m the dfy mill was very dusty but 
became much cleaner after 1965 when ventilation 
equipment was installed. In 1974. for hygienic and 
technical reasons, both dry and wet m ilk were shut 
down and ore was processed in a  new mill built 
nearby which operated on an  entirely wet process in 
which separation was made by vibrating screens, roll 

r screens,- Humphrey separators^ and (folation. .The,.
.150000 in  1950. and 200000 in  1970.

A tpresentrain ing isconductedonbenchesorlcvcls. . . .............................  ... . . .
' ithat extend laterally 'from the surface to  metre than -"new  wet min operates continuously, producing 1100 

300 -vertical-:feet.'below the original, surface o r the ,-to n s  o f  concentrate each day in -I9MuhiVis'thcn <|e-;. .
- . : ' :  mountain-Although equipment has changed over the .,. „ w atw wM ried. and hauled.to plant. All -  ,

i.-. V)years,-ore;has.ajhrays.Mjeen;extracted by thq d a sa c ., • _ % T O ^ ! ;y « to B .n e e h i^ ^ .a l^ ^ a I ^ to n |n ¿ ^ . ; . . ,7 .■  
^ ^ t S ^ . t e t * w w ^ * P ^ J ^ M i n g ,  loading (with shovels.::;J n g s^ b n d .t ..^ .,,>i:!. . ¡kVicviipLuc 

• f t .¿ w o t  fro n u a d  kwder^^and hailing  to  the mill o r  trans-. ̂  .. . The. sc raau p g ..q p cra tM a.4 g £ ^^  ,
; «i4{* fcr-.potet::D^n£»was..ion^dered the most dusty,.": riiiailite'.concentrate, diffenn ’̂ in jgttipk.sm.aiKr^.

. :...= J.operation-and,>in.mO^^ney'¿drills:, with baghouses.,; industrial.application..-TTie t« ^ i|m u j» ^  MSiJmg; " '
were introduced. .x;

.A fter removal o f coarse rock, the ore is blended 
. - and fed a t  controlled rates to the top o f  the mill. A t. 
~ "  this point the granules arc about I cm in  diameter and 

contain approximately 20% vermiculite. Accom-

a n d  shipping concentrate'at Libby have,been danger! " 
. several times with the object o f  conuofling exposure 

to  d u s t. At present most o f  the concentrate is shipped.­
- by rad, the loading station being equipped to  reduce 

dust exposure; bagging is still used to a  small extent.
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m in e r a l o g y
Ii is well established that the vcrmkuiitc deppsil in 
! ■l'h \ is contaminated by ashestiform fibres.'^ Their 

• ec in airborne dust was first mentioned in 1956 
report o f  an industrial hygiene survey by the

j...... tana State Board o f  Health”  but only recently
has further information become available on the 
nature of Libby fibres.

A systematic study by analytical transmission elec­
tron microscopy o f airborne fibres collected on mem­
brane filters in various locations o f  the mine and mill 
is now in progress. Preliminary findings on samples 
from the wet mill indicate that films exhibit several 
morphologies. They may be straight with uniform 
diameter, have a lath or needle shape, o r be curved; 
thev may be found intermingied with other platy par­

' (fig I). So far, the ranges for diameter, length, 
aspect ratio are 0-1-2 pm, 1-70 pm, and 

3- ¡00pm respectively. A fairfy high proportion 
(62%) o f fibres have been found longer than_5pm. 
Comparison o f  electron and optical microscope 
counts shows that about a third o f  the total airborne 
fibres are detected by the optical technique used for 
measuring exposure to asbestos at the work place.1* 

-Elemental chemical analysis o f  individual fibres by 
energy dispersive spectrometry*’¡yielded unsuspected 
and complicated results. Although the chemistry o f 
many films was compatible with minerals o f the 
trcmolite-acunoiitc series, the sodium content o f  

- was too high to  meet the criteria for tremolite 
Jing to the classification o f the International 

Mincralogical Assodation.*0 Some sodium-rich fibres 
.either-:disp)»yed:-no calcium response'(with .-both B- 
.-sit» - in ¡.tbe.'itheoretka] formula' of- ahiphi boles * 
occupied, by.sodium), and so could be cattedimag-'1' 

. nesioriebeckite, o r  displayed an intermediate, calcium 
.response .(sodium-distributed between A site and B 
-ale) and could :be called richterite. .Tray diffraction 
analysts o f Libby samples by Atkinson e ta l detected 
what they «ailed “sodium treraoiite” but it was n o t ' 
stated whether it was in fibrous form.16 They also 
oh.-rved by optical microscopy that comminution of 

ve amphibole crystals produced cleavage frag­
. resembling fibres. These observations indicate 

tne complexity o f  the libby  situation; the airborne 
fibres arc probably a mixture o f different types of 
asbcstiform and massive amphiboles. In addition, 
there may also he some exposure to q u a m  since this 
mineral was identified in some ore samples,”  
although not reported in air samples taken in govern­
ment o r company surveys.

exposure estimates
Regardless o f their nature, we had to estimate for 

‘- member o f  the cohort the cumulative fibre 
re as measured by standard optical microscope

technique1* (the so-called “ regulatory fibres"). Work 
histones based on 42 defined job  categories were 
obtained from the company together with detailed 

' information on the process, its changes with time, and 
the introduction o f control measures. Analysis o f the 
process and observations made during two field visits 
(by PS) showed that the 42 job  categories described 
the working operations with good specificity. Our 
general strategy for estimating cumulative exposures 
was ta t  to take maximum advantage o f  existing air 
measurements and (b ) to  concentrate efforts on the 
post dry min period (before 1975) when substantia! 
exposures occurred. Altogether, results o f 1363 air 
measurements were available for the period before 
1975. They were extracted from reports o f  surveys 
carried out by the company, the Montana State 
Board of Health, the National Center for Urban and 
Industrial Health, and the Bureau o f  M in». Efforts 
to  monitor the work environment that before 1967 
were virtually restricted to measurements o f  dust con­
centration in the dty mil) using the midget impinger 
method increased substantiaUy in the 1970s with the 
introduction o f  the membrane filter method.11 In the 
entire period before 1965 only 48. environmental m » - . 
surements were made; this increased to  385 for foe . 
period 1965-9 and to  930 for the period 1970-4. Both “ 
static and personal sampling had been used. As most 

' o f  the personal samples were short term, they proba- . 
bly reflected ambient concentrations rather than time 
weighted average exposures. .... . • ..

' ; A modified version o f the exjxmire zone concept" _ 
was' applied .in using air mcasinmnents-data tb  esti--. - 

Ornate .exposure. Behring m  mind tha t at'any-time a ...' 
- worker (s somewhere, doing something, we defined 28 -* 
"operation locations, (table 2). These.-were defined to - 
ensure that every available, airmeasuremcnl.could be - - 

. unequivocally allocated. Information on location was: - - 
used to ebssify static samples and that on operation 
to classify short term personal samples. Operation - 
locations were further divided in periods bounded by 
dates o f significant change in process o r in control 
procedures. In the calculation o f  cumulative exposure 
grouped air measurements data were averaged using 
the technique o f Oldham,*3 which provides “a min­
imum variance unbiased » tim atc" of the arithmetic 
mean in skewed log normal distributions.

In the drv mill midget impinger measurements were 
made in 1944. 1956. and 1958 and much more regu­
larly between 1962 and 1969. High dust concen­
trations (38-9 mpef geometric mean) significantly 
dropped by a factor o f about 4-6 in 1965 after the 
installation o f  a major piece o f ventilation equipment, 
known as tlic scirocco fan. There was no dear indi­
cation o f  further consistent decrease in concen­
trations in the dry mill after 1965 and concentrations 
were taken as constant. Measurements by the mem-
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460-SI9 0 — 7 3-36 14 3-30 21 2-S5

800-949 5 1*80 4 1-46 9 3-11 . 18 M 4
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month o f  each man’s  fife, o r until the end o f  1982 for 
■“ ■ who survived until then, was calculated,

a-ycars a t risk were divided into four groups 
. .tding to  cumulative exposure to fibres, and 

expected deaths and SMRs computed for each group. 
A linear relation between SMR and cumulative 
exposure was then fitted using the C U M  program in 
the manner described by Hanley and Liddell.14 Sec­
ondly, (dative rides were estimated from case-control 
sets chosen-from within the cohort.. Controls for each 

' casd were djosen-as men surviving beyond the age of
- death o f  the case, who had been te r n  atid had started 

work a t Libby mine within three years o f  the case. For
- ‘ bach control/ exposure was cumulated to the age o f 
“-.'4 -■> - o f the matching case. Estimates o f linear

. .  .sein  relative risk (odds ratio) per unit exposure 
; :wbiev'm ade'tiring the method.-.oC conditional like- 

li.hqtod;1* ^ - • .-'-"■•-I. f . ¡ffis.jj ' : *

‘•-Results-—.....  ■ ■■: 'V;--,*

' 'T he mortality experience o fth e  «jjhbrt'aS a  whole is 
summarised -in table 3. Mortality fo r all causes was in
•• • • ‘..■k

excess o f that expected for white men in the United 
Slates by 24 deaths (SM R H 7 ). The SMR for all 
causes rose from 0-79 for the first nine years from first 
exposure, when “healthy worker”  selection effects 
would be expected to be strongest, to 1*31 after 20 
years from first exposure. There was a  substantial 
excess number o f  deaths from respiratory cancer 
(SMR 2*43), from non-malignant respiratory disease 
(SMR 2-55). and from accidental cau$cs (SMR 214). 
T h a t  was no evidence o f  ahexcess number o f deaths . 
from cancers o f  non-respiratory rites. Eight o f the ' 
'deaths from non-malignant respiratory disease were 
certified as due to.pneumoconiosis (ICD 314 or SIS).
O f the 18- deaths due tef 'accidental causes, five 
occurred whOe the men were employed at the mine 
and the other 13 after they had fcft’.’Four deaths were 
from 7fte$othelioihh;'on^c(rteirby'liK'hbsoiogist to \  
respiratory,can<w(lC»'165)rone!topheunKKomosis; .; ' 
(ICD 513), and two to'neoplasm wUhoutypefiification 

>of site (K ^T 99)-T hree o ftheeiiies v tw  pleural and ■•*“  
'ooe peritoneal. In'addttion. one tVath'w,M<»tified as - ’• 
due to mediastinal'cahccf (ICD 163) in a man nine ' 
years after first employment A t necropsy the pathol-

Table 4 Deaths from respiratory cancer (ICD ¡60-163). SAfRs. and emulative exposure (reference: Montana men j

C um deiiw  txpetu rt (frnäyt

0~<25 25-C20» Z&-<500 »500 Alt

M ur. m l duraiim  o f senke (yew ) 3-0 13-8 11-0 16-0 8-7
Mean concentration ((/ml) 5-8 100 49*7 64*2 176
Mom cumulative exposure" (font) 
Time from first employment (yearn): 

<10 0

12-5 77*3 836-1 144-4
2 0 1 1 4

SMR 667 0-00 9-09 20-60 J-SO
10-19 0 1 1 0 4

SMR 1-35 2-94 3-27 000 206
220 0 4 3 5 3 1}

SMR 1-68 1-8} 980 6-77 3-8J
All 0 7 5 4 2X

SMR 204 1-97 7-53 3-38 303
me lunch room (0 9). mine 
■l), nver stitioa conveyor

’Cumulated to  end o f service.
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‘ “ ■■ l/mt years, ‘ . .
Fig 2 - Respiratory cáncer SMRs 20 armore years fromfirst "■ 
employment ‘exposure (flndyears).: ' ~

ogist did hot consider th isa  mesothelioma. '
'  Using M ontana death rates instead o f  United 
States national rates reduced the number o f  expected 
'deaths from respiratory cancer’from 9-41’to  7-60, 
increasing‘the SM R from 2-45 to  3-03. Table 4 gives 
th eS M R s for respiratory cancer (using Montana 

'death-rates) by cumulative exposure. It-is reasonable 
. to  focus attention o h  the SM R s20orm ons years from 

first employment, when risk due to exposure to  fibres 
would be expected to  be most evident.

A  linear relation between these SMRs and cumu­
lative exposure (see fig 2) is given by the equation 
SMR =  1-52 +  0-01 i f/y or, expressed as a  relative 
risk, RR =  1 +  0-007f/y. Alternatively, by forcing 
the line through SMR -  1 a t zero exposure, the equa­
tion SMR => 1-00 +  0-013 f/y was obtained. The 
observed deviation from linearity could be explained 
by chance (y1 (3df) =  3-47) and the trend has high 
statistical significance (y1 (Idf) — 18-9, p  <  0-001).

The constrained line may be interpreted to  imply a r 
increase in SMR for respiratory cancer o f  about I >3% 
for each fibre year o r cumulative exposure.

There is also evidence from the data m table 4 o f  an 
excess mortality from lung cancer less than 10 years 
from first employment The two cases in the lowest 
exposure category could not have been due to work at 
Libby. One was a man who was first employed a t age 
66 and died at 69; the other joined a t 25 and died at 
28. The two other deaths in the short latency category 
were 8-9 and 9-1 years from first employment. Both 
had substantial levels o f  cumulative exposure (470 
and 522 f/y) so a  causal hypothesis is less easily dis­
missed.

Case-control analyses o f  exposure-response wen 
carried out for the 23 deaths coded to respiratory can­
cer (ICD 160-163), the eight coded to pneu­
moconiosis (ICO 514-515), and (with some-overtap) 
the four mesotheliomas. Results are presented in table 
5. A statistically significant linear relation was found 
between relative risk for respiratory cancer and 
cumulative exposuie which is dearest in cases occur­
ring 20 o r  more y ean  from first em ploym ent^1 (Idf) 
=  7*04, p  001). In this group the linear jnercase m 

’ relative ride is estimated a t 1-0% per fibre year (95% 
confidence ipterval 0-1-9-7). This relation .is described 
by the equation RR =  1-00 +  0-010 f/y. Although 
positi verelations with cumulative exposure .were also, 
observed with pneumoconiosis and with meso­
thelioma, 'numbers were small, confidence intervals 
unde, and conventional levels o f  statistical 
significance Were not reached. .

D fansfcM - / - ...... 4 - . -

The cohort studied was not large but sufficient to 
show that the workers in this mine experienced a  seri­
ous hazard from lung cancer, pneumoconiosis, and 
mesothelioma. This was presumably attributable to 
the fibrous amphibolc contaminant o f  the vermtculik 
ore and mainly to  dust conditions before 1974, panic 
ularly in the dry mill. No precise comparison with the 
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 Kleinfeid etui.*  and 3-2 in that by

TableS Estimates o f exposure: response from case-referent analysis

Caute o f death No cases Tim* from first 
employment (years)

fi on % increase in retati** risk 
(O k) perj/m l year t9$% CO

r ‘ t td fiM  
He fi “  0

Rcsplnaoty cancer A 0-9 2*1 (04). 66) 3-08
(ICO 160*163) A 10-19 0 4 < -0 -l.x -» 1-23

IS *20 1-0  to-1.9-7» 7-04
23 All 0-2 401. >0) 7-40

PMunHictxuosis (ICD 515) $ Alt 0-3(00.41) 242
Mesothcfatima (ICD various) A A IIO 20) 0-2 ( -0-2. >100) o-to

Brown era/.* Noi 
the parallel study 
o in. In all these 
reported.

The findings in «
our own. were not
Their cohort wa 
employed before 
gated 18 months
on work history r> 
party work histor 
who had started b 
probably more c 
according to the fc 
o:.r cohort. Convc 
Mi-Gill cohort, al 
indicated that the: 
we used the same 
treat it or tnterpre- 
same death certifk 
logist but with soi 
various -minor di 

..higher than those 
'. ■ Our analyses c 

' relation to  secure 
v. .selves establish x  
. findings from oil

seere.; reasonable 
... response pattern i
- bon, our findings

.....  (about 1% increa-
exposure) is the sr 

Vij -.Peto27T or chrysoi 
substantially steep 
chrysolite miners 
tional mortality ft 
lower.1* Having re 
dian mitten were 
I't-eit in tow cor­
; sent at mecroffc 
s..:‘iiiar amounts 
amounts in cases t 
question the retail 
tile even in the mi 
The rarity o f meso 
olina chrysolite tc> 
great excess appe 
nation based sold; 
whereas the textile 
well separate the - 
carcinogenic fibril 
• -phibole fibres { 
> -iVptible to tong 
pe-A-tratc more d 
thrlioma. penctra- 
cancer, which is ii



A rm strong , a n d  Sehasticn  ;
i

*  interpreted to  imply an i
tory cancer o f about 1-3% j 
lativc exposure. ;
m the data in table 4  o f an > 
cancer less than lt> soars
: two cases tn the lowest - 
liavc been due to  work at 
was first employed at age 
- joined at 25 and died at 
.lie short latency category . 
i first employment. Both i 
jmulalivc exposure (470 ; 
xnhesis is less easily dis- -

exposure-response were 
coded to respiratory can- 
eight coded to  pneu- 
and (with some overlap) 
jits are presented in table 
inear relation was found 
respiratory cancer and 
s clearest in cases occur- ; 
rst employment (y2 (ldf) 
lup the linear increase in 
-0% per fibre year (95% 
rhis relation is described .
* +  0;0l0f/y. Although j, 
ative exposure were also ^ . 
iosis and with -roeso- i  
til. confidence intervals

levels o f . . statistical

large but sufficient to..- .. 
mine‘experienced.a.seri-|:|  
r. pneumoconiosis, and ; 
-•umably- attributable to’ !- 
tinant o f the vcrmiculite “ 
ions before 1974,'partic- 
isc comparison with the 
be made but the crude 
milar, 2-4 in this study. 
n a l*  and 3-2 in that bj

disk / '  lld flfo r
Cll H .:f -  0

3-08
1-23
7-04
749
242
(M0

C ohort s tu d y  o f  m o rta lity  o f  rerm icu lite m in ers exp o sed  to  trem o iite

■ Brown e la t*  Not surprisingly, the SM R obtained in 
the parallel study by NIOSH,10 2-2. was dose to our 
own. In ail these studies cases o f mesothelioma were 
reported.

flic findings in the NIOSH study, although dose to 
•.\n. were not identical for four main reasons. (1) 

cohort was larger and induded men first 
on.-,-toyed before 1969, but observation was termi­
nated 18 months earlier. (2) Their cohort was based 
on work history records, ours on computerised com­
pany work history files. Sixteen men (alive in 1981) 
who had started before 1963 according to  the former 
probably more correct records had not done so 
according to  tire latter, and were thus not induded in 
our cohort. Conversely, two men were induded in the 
McGill cohort, although their work history records 
indicated that they had started in 1963. (3) Although 
wr used the same basic exposure data, we did not 
- ■ >i o r interpret it in exactly the same way. (4) The

Jeath certificates were coded by the same noso- 
log»t but with some differences. As a  result o f  these 
various minor differences our risk estimates were 
higher than those o f  NIOSH. _

Our analyses o f  respiratory cancer mortality in 
relation to accumulated exposure do not in them­
selves establish a  linear relation. But, given the 

.^findings from other asbestos exposed cohorts,3 it 
seems reasonable to  expect a  similar exposure 

• 'response pattern in  this group also. O n  that assump­
tion, our findings suggest that the observed slope 
(abont -1% increase in Jung cancer per fibre year o f 

ire) is the same as that calculated by Doll and 
. - for chrysotile textile workers. This slope was 

substantially steeper than dial estimated for .Quebec' 
chrysotile miners and millers in whom the propor­
tional mortality, from mesothelioma was also much 

.loweri*?: Having regard forthe fact that ( a )  the Cana-, 
dian miners were also exposed to tremoiite fibres,, 

.'albeit m low concentrations, and ( b )  tremoiite is’
- present a t necropsy in  lung tissue o f  these miners in 
similar amounts to  chrysotile12 and in higher 
amounts in cases o f mesothelioma.'9 one is forced to 
question the relative carcmogetuc potency o f  chryso­
tile even in the mines and mills where it is produced.
' . rity o f mesothelioma (I case) in the South Car-

hrysotile textile plant where lung cancer was m 
great excess appears to  exclude any simple expla­
nation based solely on fibre type per sc . Nevertheless, 
whereas the textile process, carding in particular may 
well separate the chrysotile bundles into finer more 
carcinogenic fibrils, few o f which reach the pleura, 
amphibolc fibres (including tremoiite) are much less 
susceptible to  longitudinal division but remain able to 
penetrate more deeply than chrysotile. For meso­
thelioma, penetration is the prerequisite. For lung 
cancer, which is initiated in the airways, as indeed is
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asbestosts. length, thinness, and durability o f  the 
fibrils together with tobacco smoke and perhaps other 
carcinogens are more important parameters than 
ability to  penetrate.

If a  linear relation between the risk o f lung cancer 
and accumulated exposure be accepted a I % increase 
in mortality per fibre year has practical implications 
for control in this industry- At present airborne fibre 
concentrations, reported by the company to average 
about 0-1 f, ml the estimated risk o f lung cancer over 
a working lifetime might be increased by about 5%. 
This estimate, however, is associated with consid­
erable statistical uncertainty and could vary in either 
direction by a factor o f  peritaps two or three.

From the viewpoint o f  epidemiological meth­
odology. U may be worth noting that the exposure 
response conclusions from this study confirmed the 
preliminary case-control analysis o f incomplete data' 
made in 1983 mentioned in the introduction. As 
exposure levels had been underestimated, however, 
the slope o f  the line proved less steep than it had then 
appeared. Rapid analyses o f  this type2* deserve to be 
used more often for immediate assessment of 
occupational hazards.

This research was supported by a  grant to  McGill 
University by W R Grace & Co with whose help the. 
cohort was identified and past exposures estimated. 
We received help from several agencies in the 
follow up period and in particular we acknowledge 
the invaluable contribution o f  M r Earl Lovick in all 
aspects o f  the study.
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