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Mortality of a Cohort Exposed

To Chrysotile Asbestos - .

William Weiss, M.D.

A 30-year historical cohort mortality study was made of 264
men hired during 1935-45 who worked ina chrysotile ashestos
products factory for one year or more and were alive fanuary
1, 1345. Follow-up was 94% complete. The overali standardized
martality ratio (SMR) was aunly 0.61 while the SMR for all can-
cets was 0.75, for lung cancer 0.93, and for gastrointestinal
cancer 1.05 Two men died of asbestosis. The overall SMR was
higher for men whe worked five years or more than for men
who warked one to four years but the 30-year mortality rates
were the same after age adjustment. For asbestos-refated
diseases the differences in work duration had no effect on
mortality. The data show a favorable mortality exparience far
men exposed to chrysotile alone.

That asbestes 1 a serious health hazard has bean well estab-
whed hut the intluence of fiber type and kind of exposure has not
roen weguately: defineated.! On a human fevel the study of these
et hae been difficult because exposures to a single fiber type
e taree +ad usually fimited to minung. Most workers manufactus-
12 wnestoss products have been exposed to 2 mixture of fiber
tvpes. Ruaever. the information that is available suggests that
Jitvsatti s nut a5 dangerous 3s cracidolite.? While it is difficult to
drae tunclusons from compatisons between studies of different
puruiations in which exposure conditions are not exactly the
«ime something mav be learned by recarding abservations of ac-
_patiunat cohorts exposed to pure forms of asbestos with the
nope that contounding variables may be kept to a minimum,

Selhoti et at* ¢ have reported obsetvations of mortafity in a co-
wit of men emploved m an amosite asbestos factory. The oppot-

ity to do a similar study of mortality in a cohort of men em-
aoved i 3 factory wsing only chrysotile asbestos provided data
fyr this report

Meltiod
An asbestos manufacturing plant opened in 1896 has used only
.arysote abestos throughout its history. The emplayee records
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for the period 1935-45 were reviewed. There were 332 male pro-
duction workers who worked one year or mare in this perod: 267
were first hired during the period 1935-45 and three of these men
died before january 1, 1945. Thus, there were 264 men who were
first hired in 1935-45, worked at least one year. and were alive on
January 1, 1945: this was the cohort for the study, Its age distribu-
tion in 1945 was: under 20, 6%; 20-29, 50%; 30-39, 20%; 40-49.
9%; 5059, 10%; 60 and over. 6%. The distribution of work dura-
tions from hire was: 1-4 years, 56%; 5-9, 16%: 1019, 11% 20 or
more, 17%.

Deaths were determined through the Social Secunty Ad-
ministration as of December 31, 1974. Vital status at that time was
known for 94% of the total group. There were 16 men whose
social security records revealed no information for vanable
periods prior to December 31, 1974; these men were assumed to
be living throughout the follow-up period. There were 66 deaths

- and death cestificates were obtained for all but four. No smoking

nformation was available Causes of death were coded by the
author.

The number of man-years of observation was computed for
each five-year period from 1345 through 1974 {or each of two
work duration groups: 1-4 years and S years or more, The number
of observed deaths was compared with the number expected and
the standardized mortality ratio (SMR) calculated, The expected
number of deaths was obtained by applying the martaiity fates of
US. white males (almost all of the workers were white} for the
middle year of each five-year period by five-year age groups to the
man-years in each cell and cumulating the results. The statistical
significance of differences between observed and expected
deaths was estimated from the Poisson distribution.®

from 1935 to 1960 the plant praduced chrysotle asbestos
papers and millboard, bound with starch or occasionally Portiand
cement. The fiber was received from the mine in loosely packed
jute bags. Rail cars were unloaded by hand and bags stored in a
warehouse, Stock was prepared in beaters. each bag being emp-
tied into the tub, the bag shaken to recover as much fiber as possi-
ble, and stacked for later return to the mine or sale. Stock was
formed on multi-cylinder wet machines. finished paper was con-
verted to rolls. corrugated paper, corrugated sheets or blocks, or
aircelt pipe.Y»suhtiin Papet products and millboard were cut by
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saws with fimited ventilation. Loose fiber was cleared by airhose.
fiber could be seen in the air throughout the plant except in the
finished goods warehouse. boiler house. and maintenance shop.
Fiber and dust were visible on the floor, work surfaces. and in-
terfor structural surfaces. Cleaning was done by dry sweeping. At
the end of each shift emplovees used an airhose to remove fiber
from hair and clothing. Work clothes were usually worn home,

After 1960 the mune began to compress fiber into blocks
shipped in paper bags, and dust in fiber handling was much re-
duced. The principal stock preparation unit was changed from a
beater to a pulper. The paper hags were slit at the edge of the tub
and the block broken mnto chunks which were dropped into the
pulper. For certain products the bag was pushed unbroken into
the pulper. More and more praducts were bound with syathetic
latices and resins, producing fess dusty tems. Converting opera-
tions declined. Production of arcell pipe insulation ceased in 1968
and miliboard production was discontinued. All saws were re-
moved. As a result, no dust is visible in the air, on surfaces. or on

clothing. Plant floors are cleaned by vacuum or wet sweeping. ~

Mast employees change clotiwag and shower at the end of the
work shift,

Fiber counts were not made until 1972, so that no exposure in-
formation of 2 quantitative nature is available for the years when
dust concentrations were obviously high Fiber counts in recent
years have been generally under 2/cm®, Use of an exposure scale
was not feasible from the available records.

Resuits

The duration of follow-up from the date of hire was 30-39 years.
In the fast decade of observation 45% of the men had attained the
age of 50 or over. Twenty-five percent of the men died (Table 1).
The group that worked S+ years had a crude rate which was
about 50% higher than that of the men who worked less than five,
years but this was due to a difference in age distribution. Using the
total group as the standard population, the age-adjusted rates
were the same.

Table 2 gives the number of man-years and Tahle 3 abserved
and expected deaths as well ac SMRs. The overall SMR was only
0.61. During the first 10-vear period it was 0.56 and rose to 0.62
for the remaining two 10-year periods. The SMR for the men who
warked five or mure years was higher than that for men who
worked less than five years but hoth were statistically significantly
lower than 1.00. The difference hetween the two groups was large
duning the first 20 years but almost disappeared in the last ten
years.

Cause-specific SMRs for diseases of interest are given in Table 4
for the 30-year period The number of deaths for each cause were
o0 small to provide reliable ratios in each 10-year period. The
SMR for all cancers was stightly higher than the all causes SMR but
the SMRs for lung cancer and gastrointestinat cancer wete close to

Ly Tabls 1. == 30:Year Mortaiity Rates.
L fn 8 Cohert of 268 Men from 1945 through 1974 by Nombee of
Yazrs Worked 0t 2 Chrysotite Asbestos Manubscturiag Plast.

Ko, of Ho st Ocaths
Years- Worked LIy Crede Agt-Adpusted
Ke. L3 %
4 g 3 08 n2
5+ 115 3 302 254
Tetal % - £ %59

1.00. relatively higher than the alf causes SMR Thore wiie tan
deaths attributed to severe pulmanary fibrosis on the deatt vortif.
icates; for the purpose of this analysis both were categonized &
due to asbestasis. Since asbestosis does not occur in the theence
of exposure to asbestos. SMRs could not be calcuaited

Table 5 shows asbestos exposure periods, date of death. age a1
death. and cause of death in ten men who died of diseases which
might have been related to the work exposure at the plant. Al
though tha duration of expasure was short (one yeart in ane case
of lung cancer and the elapsed time from onset of exposure to
death was shart (17 years) in another, asbestos could have been a
factor in the causation of alf four cases of lung cancer. fa nne of
the two cases of gastric cancer, the elapsed time frofn anset of exs
posure to death {four years) makes ashestos uniikely as a rause
and the same might be true of one of the two cases of colan can-
cer in which there was only 12 years between the anset of ex-
posure and death, However, information is lacking on whether
there was asbestos exposure elsewhere before or aiter the ume
worked at this particular plant, making the total duration of ex-
posure in these cases uncertain.

Discussion

Methodologically. it should be emphasized that this 1915-45 co-
hort was established with men who began work in 1935-45 tn
avoid bias. if men who started work before 1935 and were wark-
ing n this period had been included, this would not have taken m-
to account those men who might have left the company for
reasons of diness prior to the periad in which the cohort was de-
fined.

Although Wagner et al are of the opinion that chrvsntle r the
least dangerous farm of ashestas with respect to advesce health of-
fects. the evidence s very scanty and there are a number of

methodologic problems in developing a well-founded judgment .

among the cohort studies in the literature.

A minor problem in almost all investigations of thic nature is
exemplified by the current study: 6% incomplete follow-up and
6% failure 1o obtain death certificates to allocate cause of death
However. these deficiencies are so small that even i all the in-
dividuals whose vital status was unkaown at the end of 1974 had
died and all the deaths for which certificates were unobtained
among the known deaths were due to asbestos-related discase
the conclusions would not change.

More serious problems are inherent i differences between and
deficiencies in studies reported in the literature. These make ¢om-
parisons difficult. ideally one would like to have data on large
groups of workers exposed to different forms of asbestos under
-conditions in which all other factors related to the hast the en-
vironment, and the agent are held constant. Such utopian condi-
tions do not exist. however.

Pethaps the most important problem lies in confounding the
factor of asbestos type by the factor of wark conditions. #t is

Tatle 2. ~ Number of Men and Man.Yeare of Observation.
$n 9 Codort of 264 Men fram 1945 through 1S74 by Numbue of Yosrs
Warked at & Chaysatily Asbettos Manutasctuting Plast b 10.year Panoés

Ma. of Yun No. of Men No. ul ManYears
Worksd Jan 11948 194554 1955864 198574 Tetad
i4 148 1456 139 12 a3t
54 H 1127 1022 81 3100
Totsi W 5 42 2w 7151
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Table 3. — Standardized Martality Raties {All Causes).
1o @ Cohort of 368 Men fram 1945 through 1974 by Humber of Yesrs Warked at a
Chrytotie Asbestos Manutacturing Plant in 10-Year Pasiods.

No. of Puriod Total
Yours 1945.54 1935.64 196574
Worked Obs. Exp* SHR Oby. Exp® SMR 0be Exp* SHR Obs. (172 SMR
14 $ 1220 o4 9 1972 046 1) 2.5 6$3 1 €068 051y
S+ L] 119 [} n 151 083 1 2114 066 hi] 4804 ont
Totat 13 213 0%6 2 1548 062 k1] 89 g62 66 10878 3]
*Eapected number of desths denved from US while mate moitahiy Stalistcs dy age and penied
1P < G001
TP < 008
Tabls 4, — Standardized Mortality Ratios for Mbems-flﬁmd Diseases.
In » Cohort of 264 Men from 1945 through 1978 By Numbe of Years Worked 3t a Chrystolile Asbeatos Manutecytring Punt,
Cause of Death Period Totst
and No. of 1945.54 1958.64 196574
Yesrs Worked Obs, €xp. 0bs. E1p. Obs. £1p 0bs. €10, SMR
S caneet 3 3 H $9 ] 866 13 et 0
14 H 156 H 281 3 469 - 1 M on
Tr t 167 k) 266 2 397 6 810 012
Lang cancet 0 052 b 12 1 25 4 432 LEH
14 0 [¥3 2 058 [ 138 H 216 093
S 1Y 030 ] 085 1 121 2 218 033
Gl cancer 2 095 2 ta 0 161 4 382 105
14 2 045 ] (13 8. 087 H 200 100
S+ Q 049 2 060 0 an 2 18?2 110
- Asbestoses [} -_— 1 -— 1 - 2 - -
I [ - 1 — 1 ¢ — 2 —_— -—
S 0 - 0 - 0 -— 0 - -

Nate Evpected oumber of deaths dewved f‘mm US while male mortatity statistics by 2ge and penod

probabh, not ustifiable to equate expasure conditions of mining
with these in manufacturing or those in use of asbestos products.
fven in manufacturing. conditions vary. Enterline and Kendrick?
<udied three cohorts in asbestos manufactaring operations of dif-
terent types: building products, friction materials. and textiles. The
tans ot death trom asbestosis increased in the otder given. In com-
aaron with U S. white male mortality rates n the same pericd,
the SMR tof at} causes was elevated only in textile workers and this
wohart expenenced the highest SMRs for lung cancer, digestive
tract cancer and chronic respiratory disease. Unfortunately the
cohorts were composed of people with varying durations of ex-
posure prior 1o registration and follow-up was himited to 165
vears arter registration. The duration of exposure and of follow-up
are both wmportant risk factors.* 8 ¢

Additional methodologic discrepancies between studies ac-
count tor sume of the wide vanation in mortality risks among
ashestas workers. These include differences in the populations
used to calculate the expected number of deaths, and limiting cor-
section of causes of death on death certificates by means of ad-
ditionar medical information to the study population without
simifar correction of the certificates of the reference population.
Recenuy Enterline®® adjusted the results of six studies for dif-
ferences in length of follow-up. the reference populations, and
catrdctiun of death certificates, and found that much of the varia-
tion disappeared in the SMRs.

‘A very serous problem is the lack of dose information in most
studtes, There are few investigators (for example, Rewhouse.* En-
terhne ot al¥ and McDonald et al'l who have attempted to
develop axta‘tor degree of exposure and some of the effort is

Sournzl af Occupational Medicine/Vol. 19, No. 11/November 1977

based on semiguantitative estimates rather than quantitative
measurements. Changing processes over time may have a-pro-
found effect on dose, making for additional uncertainty in the ab-
sence of systematic determination of dust or fiber concentrations.

Finally, seldom are the results of investigations corrected for
variations in smoking habits, although smoking is now known (0
be an important risk factor. Selikoff et al** and Berry et al*$ have
shown the importance of cigarette smoking in the risk of lung can-
cer among asbestos workers and Weiss™ has reported its in-
fluence in the prevalence of asbestosis among textile workers.

Despite all these difficulties, there is a fittle infarmation suggest-
ing that chrysotile asbestos may not be as hazardous as other
forms of asbestos or mixtures of chrysotile with amosite or

Table 8. — Exposurs of Men whose Deaths might have been
Dus to Asbestes.
Cre Atbastos Expatare ' Duth
Ne. [T Yurs Caute Ats Yoars frem
Fist Exposura
1 Ot 1, 1936 1 g cnc §2 F )
2 Sepb W4, 1936 4 lung cncer 38 k<4
1 0 17,1933 10 keg tarce 51 i
4 o0u 2 1999 17 g Gy [ 7
§  HNov. 24, 1942 4 gasuic cancer 62 4
. 6 Oct 26, 1342 §  guslc ame 85 20
? I 1S5, 1840 1 oin axe 4 12
T Mev. 18, 1902 t kn cnar 6 0
§ Ot 1, 1936 1 gubmonsty hbrosis 53 2 -
10 Sest. 1. 1937 4 puimonwry fbrow 62 k74
N {
1 1
. 19
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crocidolite. or both. Data from the Quebec chrysotile mines and
mulls have shown mnimal influence on mortality and the effect is
limited to heavily exposed people,

A better comparison with the present study is an investigation
by Elwood and Cochrane!* who studied 1,165 men irom 1936 to
1962. These workers were exposed only to chrysotile. making
asbestos sheeting for six months or more. In the analysis of men
who were followed 15 or more years after first exposure, the
overall SMR was 0 95. that for all neoplasms was 1,10, and that for
pleural and pulmonary cancer was 2.32. Unfortunately the
majority of workers were followed for little more than 15 years.
Nevertheless, the risk of respiratory cancer was much less than the
SMR of 15.38 recorded 10-14 years after first exposure by Selikoff,
Hammond. and Seidman among 326 insulation product workers
who were exposed one year or more to amosite.*

Enterline and Henderson? provided valuable comparisons with
regard to type of asbestos and mortality in 1,348 retirees. The lung
cancer SMR for workers exposed to chrysotile alone was 2.4, to
amosite alone 3.9, and to chrysotile plus crocidolite 5.6. In the
cement industry thev were able to separate those who were ex-
posed to chrysotile from those exposed to chrysotile plus crocido-
lite; the SMR was only 1.4 in the former and 6.1 in the tatter,

While the dearth of pertinent information makes for an un-
satisfactory state of affairs. the favorable experience of the cohort
reported in the current study suggests that the hazard of chrysotile
in asbestos products manufacturing is minimal. The results are
consistent with what is known of the relative dangers of chryso-,
tile, amosite, and crocidolite.
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Unemployment and Health

. A study analyzing the effects of the economy on social problems was recently completed. It

d e —a s

is entitled “Estimating the Sacial Costs of National Economic Policy: Implications for Mental and
Physical Health, and Criminal Aggression” by Dr. Harvey Brenner of Johns Hopkins University . . .

According to Dr. Brenner’s study, a 1.4% increase (about 1-1/2'million people! in the number of
unemployed, sustained over the six-year period between 1970 and 1975, resulted in 20,240 heart
and kidney disease deaths, 495 liver cirthosis deaths, 920 suicides, and 648 homicides. In afl, the
study cited that there were 36,887 deaths (27% were of blacks) from various causes. in addition,
there were 4,227 state mental hospital first admissions and 3,340 state prison admissions . ...

We naust make it clear that unemployment rates ... are not just isolated. meaningless,
theoretical abstracts. but that they indicate a reality of human stress, illness, and death. Full employ-
ment, therefore, is a healthy concept for our society. More people would live healthier and longer
lives, during which they could do more work longer, that in turn would beef up the economy so
that more people could work,

« From Editonal by Theeman £, Evans, MD. i inumnal of the Amencan Medical Asocaion Mav 2. 1977
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