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Mortality from Lung Cancer and Other Causes among Workers
in an Asbestos Textile Factory
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University Collage Hospiral Modical School, London, W.C.

An account is given of work in an ssbestos testilé factory and of the sieps tsken to reduce exposure
to dust since the incroduction of the Asbestos Industry Regulations in 1931.

Measurements of the amount of dust to which men were exposed in the scheduled sreas have been made
by various methods since 1951, but the data obisined by these methods are not directly comparable.
Messurements made since 1960 show that the mean yearly dust level has been fairly consuant from year
to year and has varied from place to place between & and 8 particies (5 to 100 microns long and at lesst
lh:een‘maulon;ut.beymmde)pcc:.dm

at all relevant

Mmhﬁbﬂmﬂhﬂh:stmvhmmbyﬁhuuwmmme
scheduled aress since the first man completed 20 years' exposure in 1916, and for the §38 men and 220
women who were employed for at least 10 years in the scheduled aress but were never employed in these
areas before 1933.

The results show & substantially incressed mornality for men who were exposed for 10 or more years
before 1933 (48 deaths from all csuses against 17-1 expected).

The incressed mortality amoag these men can be sccounted for by an increased mortality from cancer
of the lung (12 desths sgainst 1-2 expected) and from diseases of the respiratocy and circulatory systems
associsted with asbestosis.

Men employed before 1933, but for less than 10 years, showed an incressed mostality from lung cancer
(s deaths against 2-6 expected), but o significanr incresse from other causes. Men and women who were
exposed only since January I, 1933, have had a mormality experience close to the national average.

Analysis of the trends in mortality shows (1) 8 decrease in mortality from lung cancer and other desaths
associated with asbestosis with reduction in length of employment before 1933, and (2) an increase in
mortality from lung cancer and ocher deaths without asbestosis with sge.

Twenty-three cases of lung cancer occurred in men who had been employed in the scheduled aress
for st least 20 years. One was regarded as s pleural mesothelioma and the rest (spproximately 18 in
excess of expected) sppear to hsve been ordinary broochial carcinomas.

Four other mesotheliomas have been diagnosed since 1963, all in men and women with less than 1o
years’ exposure, one with only seven months’ exposure, and one in 8 man who had been employed in the
scheduled sress only since 1937.

The results provide grounds for believing that the occupstional hazard of bronchial carcinoms has been
largely eliminated, but the dats are insufficient to estimate the extent of the risk which may remain.

Many studies of the mortlity of asbestos workers shown that some groups of workers have suffered
have been reported in recent years and it has been  substantial risks of disability and death from cardio-
&mmphwty disesse secondary to asbestosis and

Rectived for publicaton March broachial carcinoms and pleural and peritoaeal

! o 12, s mescthelioma (New York Acsdemy of Sciences,
m“’"w"m "3"’“,““"“"‘""‘" 1965 ; Gilson, 1966). ln one such study Doll (195$)
Howpical Medical Schoat, 113 Gower St Loades, reported the morlity in a group of 113 men
wer who had worked for at least 20 yesars in the
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‘scheduled areas’ of a lsrge asbestos textile factory.
In that study the mortality experience was reported
to the end of 1953. Subsequently the period of
observation was extended to the end of 1961 and the
scope was broadened 0 include men and women
who had been employed since 1933 and had worked
in the "scheduled areas’ for at Jeast 10 years (Knox,
Doll, and Hill, 196s; Hill, Doll, and Knox, 1966).

In the present study we have extended the period
ofoburvnmtomeeadofjum l966.ldde¢

mortality arcributed to different causes with age and
with the durstion and period of exposure. We also
report, in relation 1o these findings, che extent to
which it has been possibie to limit exposure to
asbestos dust in the factory.

Places of Work

currents, arrives in bags.
downf\mh«nmcbuddnm—like

material is converted into a2 gossamer-like web

. which is divided into tapes and rubbed into stiver
consisting of strands of short fibres made peralle!
to each other (0'7 to 10 cm. in length). Much
dust is produced, and ventilation at a rate of
spproximately 2,500 cu. fi. of air per minute
{71 m.? per minute) per carding machine is required
to carry it away through ducts, s rate which pro-
duced the levels of fibre count at the front of the
machine that are shown in the last two columns of
Table 1. Different grades of sliver are produced,
some of which are used in other manufacturing
processes without further preparstion.

(3) Spianing Most sliver is spun into yarn.

{4) Weaving Preparstions of warp (beaming)
and of weft (pirn winding) are preliminary to weav-
ing on looms. A vasiety of woven materials are

Y. F. Knox, S. Holmes, R. Doll, and 1. D. Hill

produced from vamms ranging from fine tapes
(listing wesving) to wide cloths and including
webbing and brake linings.

(s) Plaiting Ropes are produced of different
specificacion | which are sometimes impregnated
with gnphm or other lubricant for the manufacture
of

'§cheduled aress’ are the parts of the factory to

forpncocal
levequdunpmdwionmwcepzednmbuis

Tbepmpdmthodalnddownmuh:ﬂedun
control are:

(a) spplication of exhaust drsught at dust-
producing points;

(0) installstion of enclosed mechanical methods
for hand conveyance;

(¢) effective enclosure of dust-producing mactunes
and plant; snd

(d) substitution of wet methods for dry. In
situsuons where these methods cannot be spplied,
respirators must be womn.

The regulstions were made in 1931 to come into
force by stages during 1932; we have, therefore,
regarded January 1, 1933, as the commencing date
for workers whose mortality can be related to the

GAF 19563




Moruality from Lung Cancer and Other Causes amorg Workers in an Asbestos Texnle Factory 295

improved conditions. The technical developments
necessary for effective dust control wete not immed-
- istely available, and much research and experiment
were needed. Comprehensive accounts of the
development of dust control have been given
etsewhere by Bamblin (1959; and Hills (1965).

Measurement of Exposure

The type of asbestos that has been used pre-
dominantly is chrysotile, which has been imported
mainly from Rhodesia and Swaziland. No workers
in the factory were exposed exclusively to crocidolite
for any considerable part of their working life. It
cannot be affirmed that any were not exposed to it
at all, but the amount of exposure must have been
relatively small.

It is not possible to obtain a single evaluation of
the tota]l hazard to which the workers have been
exposed by relating time of exposure to dust level
in the working ares. One man began to be exposed
st the end of the nineteenth century and dust
records are not available until 195t. The changes
made since 1931 have resulted in a steady improve-
ment in working coaditions, and the dust con-
centration has pot been constant in any aref.

In 1933, ventilation systems were introduced in
carding and wesving. In 1939, damping techniques
were established in addition in the weaving process;
the improvement was considerable and the comn-
ditions of this process have remained reasonsbly
coastant from that time to the present dsy. In
19432, the dust settling chambers in the ventilation
system were replsced by cotton fabric sleeve filters.
This immedistely removed the need for the
hazardous operation of cleaning out the chambers.
The years immediately following the war saw many
other changes, Damping was extended to varn
doubling, and in the period 1953-§7 the design
of the card extraction system was improved. During
this period, oiling of the fibre was introduced at
the mixing stage to suppress dust during its

processing.! Before 19¢8, fibre had
been blended on an open floor under dust exhsust
hoods, but st this ume an entirely new and totally
enclosed system, covering the whole fiberizing
process before carding, came into operation; and it
became possible to sdd the optimum amount of
oil necessary for dust suppression, which had not
been possible on the old mixing floor.

"The oif used is a whute ! textle oil (B Shell},
slvent refined with low aromatic conent; viscomry
(Redwood) 30-60 sec. st 70°F., specific gravity o §85 31 60'F.

Various methods of dust sampling were used at
irregular intervals untl 1951 when routine dust
sampling in the principal parts of the factory was
introduced. The Casella Thermal Precipitator
instrument was used and the samples were
incinerated before being counted at a magnification
of « 1,000; all visible particles were counted. This
system was in use until 1960, and was invaluable in
assisting the engineers in the many improvements
then being made. Unfortunactely, while particies
were included down to the limit of visibility
(0'2 micron), the instrument was not efficient in
capturing the large fibres (above 10 microns long),
and these fibres were not generally seen in the dust
deposited on the counting slides. The Long
Running Thermal Precipitator, which collected the
sample by a combination of settlement and thermal
precipitation, was therefore adopted. Counting
was done without incineration at a magnification
of - 500 and oaly those fibres were counted which
were berween § and 100 microns long and whose
length was at least three times the diameter.
Correlation between the two sets of resuits proved
difficult because the new fibre count was in a sector
of the dust spectrum only partly inciuded by the oid
sampling method. A subsequent change in 196s
from the Long Running Thermal Precipitator to
cellulose membrane sampling did not introduce
any further complication, as the results, when the
new method was property established, were directly
comparadle with those obusined previously.

Table 1 shows average dust levels in parts of the
factory where different processes were carried out
at the beginning (1952) and the end (1960) of the
Casella Thermal Precipitator period, at the begin-
ning of the Long Running Thermal Precipitator
period, and with the cellulose membrane fibre
counters at the end of the period under observation.
There were considerable deviations from the mean
figures from time to time, 3 typical figure for the
coefficient of variation in the 1966 data being 40"...
The location of the process itself was in some cases
changed during the period under review, and
sampling points have also changed over the vears.
It should be noted that sampling, in the past, was
geared to the engineering work in progress and not
specifically directed towards an assessment of the
biological hazard.

The fibre count figures in the Table have been
rounded off to the nearest fibre per c.c. These show
that considerable improvements were made i1n the
period 1952 to 1960, during which time the factory
was modernized. Since then conditions have
remained fairly steady, although work oa dust
control has continued. In particular, engineenng
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TABLE }
Dust Livers accomranying Dirvmnayr ToxrTiig PROCRISES, 19521966

Yearly Mean Dust Levels
Casells Thermai Long R-w Thn-l
Depertment Proces? Precipurater
(particles per c.c.) Celluose M’“

(fibres per c.2.)
1953 1960 1961 1986

Mixing ficoe s00 - - -

. Opening 40 now totslly enciosed

Fibenzing .. Bag shirting - 110 s .
Mechanical bagging - 130 4 s

Fine cards '&D 200 [ [

y Medium ards 10 400 ] ]
Carding .. Coarse cards 1,140 20 7 s
Electrical shiver cards Mo 360 s 3

Fine spinning 170 130 ' 3

Spinniog .. Roving frames sto0 150 s [
Intermediste frames 530 10 H ]

::lm . 190 230 1§ .

. winding 3% 130 3

Weaving Cloth weeving 100 140 3 H
Listing wesving 130 1o 2 1

Plaiting Plaiting 140 % 4 P

1 all the p in the 'scheduled srese’

obtained at Weaving, and the levels st Listing
Weaving have been the lowest in the scheduled
aress of the factory.

Mortality Experience

The study has been confined to observations on
men and women who were empioyed in the
scheduled aress. All men are included who were
employedumaeumformemnzoymn

after January 1, 1933. Altogether 878 workers have
been studied, sad the observations extend over &
so-year period from 1916 to the end of June 1966.
The numbers of men and women studied and the

-hw.(x,ss)mmmdmm
lnnuu. mehmm ont

20 yeary' in what were rub-
MWu—n 1916.

number of persopn-years observed are thown in
Tabie 11, grouped sccording to the tota) duration of
exposure, and durstion of exposure before January 1,
1933. Men in group ¢ (10-19 years’ exposure, none
before 1933) were transferred to group 3 (20 or
more yeary’ exposure, none before 1933) when they

TABLE 11

Nuassn 0f WORKERS AND NUMIER Of PRRION-YRARS AT
Rugx p¢ Dorrmawy Exrosvma Carsoonrss

Dwation | Dwratisn

o o Ne. of

Group | Sex! Espemws Expensrs | No.of | Person-
) befors Workars| yoars

Schoduled 193y ot Rish

Areas (yre) Cyrs)

t M | 20 or more | 10 ot move $7 (11 ]
3 M | 20 0¢ more | less than 10 6 [ A
3 M | 20 or moce | acoe 136 631
4 M| 10-19 ac0e FY1 ©338
s F | tocemore | nowe 220 3,363

Hincheding the 136 men in group ) before they had worked
for 30 yesrs in the scheduled srees.
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had completed 20 years in the scheduled areas. The
person-years that they contributed while in group 4
. remmain with group 4, but as from the date of transfer
they start contributing to group 3 instead. The
" person-years in Table 11 are therefore additive,
but the number of workers is not additive since all
the 136 men of group 3 have passed through group
4, and are included in ics total of §38 men.
mmndmdmemymmed
to decide who fulfilled the criteris fot inclusion,
and the Personne!
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employees st Somerset House, and for the purpose
of the present analysis they have been assumed to
be alive.

For each of the five groups a three-dimensional
wble of person-years st risk was coastructed, the
dimensions being age of the subject, calendar year,
and duration of time since the subject entered the
survey, uting & five-year grouping for each scale.
The numbers of person-years were then multiplied
by the corresponding national death rates for various
causes and the products summed to give the
numbers of deaths expected for comnparisor. with the
aumbers observed.

‘The computer program i
written in Hill’s (1968) ‘Man Years Computer
Language’ and the calculations were made oa the
Loadon University Atlss, National death rates for
selected causes for quinquennis up to 1956-60
were maken from Case and Pearson’s (1957, 1963)
tabies. Outside the range of these tables, quin-
quennial desth rates were compiled from the annual
reports of the Registrar-General; 1961-65 rates were
used to estimate the numbers of desths expected
in the first half of 1966.

In previous studies the causes of demth were
mostly obtained from post-mortem reports and the
records of the medical department of the company.
Death cervficstes were obtained only when the
cause was in doubt or not known. In the present
study death certificates have been obtained i
to all desths but cne (which occurred sbroad), and
the causes of death have been classified in two ways:
first, accoeding to the cause given on the desth

certificate using the metbod of classification in use
by the Registrar-Genersl st the relevant period,
and, secondly, according to the best information
obtainsble from all sources.

Table 111 shows the observed numbers of desths
dmﬂedwcnrdm.wrhecuﬁﬁednmm com-
parison with those cxpected from nstional rates.
As previously reported, the men who were exposed
for 10 or more years before 1933 (group 1) are shown
to have had o highly significant excess of deaths
ﬁvm lung cancer ud tlso from diseases of the

certificate; these deaths have not been attributed
to lung cancer as it is not now possible to discover
whether the information was reported to the
Registrar General.! The small excess of deaths
due to other neoplasms is not statistically significant.
It may be noted, however—in view of the finding of
an excess mortality from gastro-intestinal cancer in
insulation workers who were regularly exposed w0
abammtthmedSmuolAmu(Sd&oﬂ.
Churg, and Hammond, 1964)—that the five deaths
were uu-ibured respectively to cancer of the

stomach (1), colom (2), pall-bladder (1), and
me(x)

A significant excess of deaths from Jung cancer
is recorded also among men who worked in the
scheduled sreas before 1933 but for less than
10 years (group 1). The ratio of observed two
expected deaths (3-2:1) is, however, much amaller
than for men who were exposed for 10 or more
years (10-2:1). In sddition to the five men whose
desths were attributed to lung cancer, one other
man, whose death was certified as due to myo-
cardial degenerstion, was found 10 have cancer of
the lung post moriem.t The oumber of deaths from
diseases of the circulstory and respiratory systems
(11) is omly slightly greater than the expected
oumber (7-94); asbestosis was, however, mentoned
on nearly half of the desth certificates (s out of
1333

Amoag men snd women who have worked in the
scheduled aress only since 1933 (groups 3, 4, and )
the observed mortality from all causes is close to
the expected (79 sgainst 8t-05), The total observed
experience is substantial, and the result provides
grounds for believing that the occupstional hazard
has been largely eliminated. Four facts, bowever,

SThese deaths were srributed o lung cancer in
repoets (Doll, 19355; Kooz o al., 1965; Hill or ol., 1966).

SDesth artributed to lung cencer ia previows reports.
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TABLE 111
Numszrs of Dsaris OsszRvED AND ExpscTen, sy EXrOSURE Catacory anD Caust

Observed No. of Dearhs No. of
Espected Probabulicy
Canse of Death [1.C.D. code mumbers) Group | Asbestosis | Asbestens | . Deaths from of finding
om Death not Total National Obsrved No.
Cernficats | mentroned Retes o More
[ s 4 13 [ ] <0001
2 3 3 s 187 [T+ +
Cancer of lung or pleurs (162, 163) 3 1 T 3 138 0-391
'] ] ) é 642 o618,
s ° 2 3 024 o-02§
t ] s s 2461 [ 3+ 7Y
3 o 3 3 338 0435
Other neoplesms (140-239, cxcepe 163 and 163) ] ° 1 1 158 ot
4 ° 4 L3 913 o981
s ° 1 ] 73 0934
1 7 L3 13 533 0-003
3 3 [ s 66 o-31t
Disesse of circulatory system (400-468) 3 ° 9 [} 49) oox
4 1 23 24 33-60 0433
s ° 3 3 i3 0'343
1 1 3 14 37 <0001
3 3 ] 3 238 0399
Disesse of respirstory system (470-327) 3 o 1 T 143 o-76¢
4 3 [] L} 839 0636
s © 3 : o33 0433
E 1 3 3 .4 558 o307
2 1 3 4 429 o-6ar
All other causes 3 ° 3 3 36 o-660
4 1 144 ta 1538 o8¢y
s 1 3 4 itz 0313
4 38 20 I 177 <000t
3 [} 14 a3 1618 ¢ 0y
All causes .. .. . 3 1 | 7Y 18 1062 ©-130
4 s » e 63-28 o868
s 1 [] 10 [ 211 0-303

suggest that it is necessary to suspend judgement
sbout the extent of the risk that may still remain.
First, asbestosis was mentioned on the death
certificate in seven instances.  Secondly, the
observations oo men who have worked in the
scheduled areas for more than 20 years (group 3)
are few, and previous experience has shown that the
risk of lung cancer is relatively small until after
20 years' exposure. Thirdly, the ratio of all
observed to expected deaths in men in group 3
(1°4:1) is the same a1 in men who were exposed
before 1933, but for less than 10 years (group 3).
Fourthly, two deaths from lung cancer occurred in
women--an observation in view of the
rarity of the disease in women in the country as 2
whole (P = 0-029).

One explanation of this last finding may be that
women who work in factories smoke more than
other women of the same ages, so that the national
mortality rates provide an unsuitable standard for
assessing the existence of a specific occupational
hazard. One of the two women who died of lung

cancer, however, was & noo-smoker.

Theonlymhcmbhﬁndm'uthemof
deaths from diseases of the circulstory system in
men who had worked for 20 years in the scheduled
areas, but only since 1933 (9 desths against 4-03
expected). Nooe of the men were known to have
had ssbestosis and the group showed no correspood-
ing excess of deaths from respiratory disease. It
nemprobsbl:.dunfm.thuthmuuchm
finding of po medical importance (P = 0013,
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one-tail test), but the possibility of a continuing
hazard must be borne in mind.
Oneof:hedtﬂimlnummupmmgtheumultl
is that durstion of employment before 1933 is
closely correlated with the duration of observation
and the individual worker's age, both of which may
be relsted to the risk of developing disease. An
analysis has, therefore, been made of the trends in
mortality in relation to each of these factors after
standardizing for the other two. The analysis has
been limited to men who were employed for 20 or
more years (groups 1, 3, and 3) and the expected
numbers of desths have been calculated for each
cell of the three-dimensional tble formed by three
exposure groups (more than 10 years before 1933,
some exposure before 1933 bur less than 10 years,
and no exposure before 1933); six duration of
observation groups (0-4 years 10 2§-29 years after
completing 20 years’ exposure); and 10 five-year
age groups (30-34 years to 75-79 years). The
analysis has been made separately for three
categories of death (lung cancer, other causes with
asbestosis, and other csuses without asbestosis),
and for this purpose—since the comparisons are
entirely within the series and oot with nstional
mortality data--we have classified desth as being
due to lung cancer whenever the disease was
diagnosed at necropsy, irrespective of the diagnosis
on the certificate. The toml aumber of lung cancer
deaths available for analysis is, therefore, 33. In
these Tables, it will be poted, the ‘expected’
numbers are derived from the experience of the
workers studied as a whole and bear no relation to
the ‘expected’ numbers in Tsbie 1II which are
derived from national death rates. The results show:
(1) a statistically significant reduction in mortality

from lung cancer, and other discases with asbestosis,
with reduction in length of exposure before 1933
(Table 1V); (2) a highly significant incresse in
mortality from lung cancer and other disesses
withous ssbestosis with increase in age at exposure
(Table V); and (3) po evidence of a change in
morulity for any causes of desth with the passage
of time after completion of 20 years’ work in the
scheduled areas (Table VI).

These results are, in large part, those that would
be expected if exposure to asbestos dust was
responsible for & substntial proportion of the deaths
from lung cancer and from othe? ‘disesses with
asbestosis but was unrelsted to other diseases with-
out asbestosis. They confirm that there has been s
nm:ﬁcmt dectemse in the occupational hazards
since 1932.

Two other findings call for comment. Firse, the
trend in the mortality from Jung cancer with age
At exposure sccords with some other human data,
but is contrary to the conclusions that have been
drawn from snimal experimenns (Doll, 1964). In
part it msy be due to the inclusion of four or five
cases due to other and pon-occupational csuses.
Secondly, it is surprising to find that, after standard-
ization for age, neither the morulity from lung
cancer nor the mortality from other discases with
asbestosis increases with the passage of time after
the completion of 30 years' work in the scheduled E
sreas. It must be remembered, however, that . ’
exposure to asbestos dust has changed at irregular
intervals throughout the whole period of observa-
ton and the crude classificstion of exposures
into three groups according to the length of
employment before 1933 cannot adequstely allow
for these changes. How this has biased the results

TABLE Iv

DsmanuTion of Deatis wrte Exrosuse siroms 1933
STANMDARDIEED POR TIMB SINCE COMPLETING 20 YIARS' EMPrLovmant anp Ace

Lung Cancer
Exposwre befove 1933 (yrs) Deaths

Diveribution of Destribunca of
Other Deathr- Other Desths
wuh Ashestosis withows Asbestons

Observad Ezpected Observed Expeciod Observed Expected
Over 10 (group 1) .. .. 18 [ 3} 37 12 318 16 16 91
Uproso{group3) .. . [ 841 ] to7 12 12 98
None (group 3) . 2 478 [} 388 (31 1112
All groups .. .. .. 3) 23 00 s 1300 41 41 01
o =67 ' =eé) ?eosa
Test of significance of trend . . nwg aeg [ ER

P =00l

P = o002 P ooy
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TABLE Vv
DsTRBUTION 0F DaaTis witi AGE
STANDARDLIED rom Prxio0 oF EXPOSURE AND Timg s0oc8 COMPLETING 20 YiaRs' EMPLOYMENT
Distribution of Distribution of - Diseribucion of
Lang Concer Ocher Doaths Other Deaths
Age (yry) Desths with Asbestons without Asbestons
Qbserved Expecied Odserved Ezpected Observed Expectad
30~34 ° 093 ° 003 © [ 211
3539 ° o'y t 37 ° o268
4044 ° 143 2 1-53 o 1-80
43~ 3 400 : LN ] 3 436
so-54 s s 1 453 s §-43
55-39 4 466 ? 443 10 ys3
o-64 1 d 313 L3 348 L4 L3 od
b35-69 3 343 3 370 1o 557
7074 3 109 3 133 3 159
7579 ] 004 ° 030 a 037
All ages 23 2300 a3 3200 42 4099
™ 1313 P14 P = 3048
Test of ugnificance of trend .. amg asg amg
P <o-o01 P=oa) P <ot
TABLE VI :
Distamurion or Deatss wite Tixs stes CoMpLsTING 20 YEARS” EMPLOTMENT
STAXDARDIZED FOR PrRco 00 EXrceuns A Acs
Diseribusion of Distriurion of Dissribucion of
Lung Concer Ozher Deosths Other Deaths
Years after Deaths with Asbestens wichout Asdestosis
20 Yeurs' Empl
Observed Expected Observed Expectad Cbsorved Expected
Ll 4 508 4 47 13 1398
9  § (2] (] 40 L 337
10-14 7 503 4 5o s 7:36
15-19 ' 336 3 4ob 6 668
30~24 1 338 3 3t 446
28-39 3 133 H 078 ' L3t
All periods .. .. .. 23 2300 13 2300 &1 299
* =097 =030 O =07
Test of significance of oend . . awmg LR n=y
P=oy P=oté Pwoi3s

it ot clesr, but it emphasizes the peed for caution
in interpreting the trends with age and duration of
observation.

Types of Lung Tumour
Detzils of the occupational histories of the 23

men who had been employed for 20 or more yeans
in the scheduled areas and who developed lung

tumours are given in Table VII, along with the
pathological diagnoses. Twenty-cneof the cases were
confirmed at necropsy and 22 by histological exami-
naton. All but one of the tumours were regarded
as bronchial carcinomas, indistinguishable from the
type of tumour that has occurred commenly in the
general populstion during the last 30 years. The
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TABLE VII
Occuunouuml’amlw DaTa ROATING TO MEN DYING WITH LUNG Cancan: Ma EMPLOYED 702 30 YSARS OR Mosg
IN SCHREDULED ARBAS
Peried Duration of Exposwe (yr1® Necropay Death Cervificase
(o]
Year | Age | Ocoupotion o : Before | From | From Asbest- | Asbest Histology of
of |(yrs) Exposere | Total | Jan. 1 qu.' Ead | Per- | oms osis Attrdeced Tumowr
Death 1933 o | formed | Present| Men- Coum of
M Death tioned Death
1935 | 54 | Wesver 1909-33 | 13 23 36 3 + + + &tdne failure and | Epithelioma
. pericasditis
1936 | &3 | Fiberizer 1913-36 | 22 19 a3 <3 + + + Endothels of | Endothels of
1950~1. Carcinome e(
.. 4 . .
1939 | 49 | Disintegrezor { sg19~29 | 33 87 ) <1 + + ° pless Carcinoms
1911-18
1940 | $3 | Disintegrator [{ 1939~21 | 32 1$ ) <t + -> + c‘::“ of Carcinoms
1933 -39
1942 | 53 | Weaver ::2_‘;: a s ) 3 + - + C;:au o Out-cell carcinoma
1942 { 59 | Bag casrier 1913-41 | 38 19 29 <t + -+ - Pnlnany Out-ceil carcinoma
arcinoms -—
1913-14 ) .
1948 | 59 | Waaver { 19t8-g8 [ 33 16 3s <1 + - + | Asbestosis ‘wm
1948 | 48 | Spinner 1923-48 | 326 10 26 <3 - - ° Carcinoms of Carcinoma
1948 | 65 | Maintenance | 1919~43 | 29 13 9 <t - - - ‘Tuberculosts Out-cell carcinoms
1951 | 74 | Fiberizer 1917-¢3 | 26 18 3 - - + Caccinoma of Adenocarcinoms
lung
1953 | 60 | Weaver {:3:;: 26 9 b 13 3 + + + Myocarditis Carcinoms
1954 | 53 | Weaver 1933-09 | 238 ] 3t [ - - + Carci B )
. o h“ Ad L— N
1936 | 67 | Spinner 191548 | 33 17 © 7 + - s of
1956 | 63 | Weaver :;::'_: 4 | 18 “ s | -~ + + Ccmo-m of Carcinoma
. 1914-19 Broachogenic
1956 | 55 | Braider 1933-56 9 [ P <1 + ° ° carcinome Out-cell carcinomna
1956 | ss | Fibexizer H 4 ] 33 ] + - [+ o of C
1956 | 61 | Weaver 1933-93 | 38 9 33 4 +* - - C:::nl of Ont-cel) carcinome
1911=19 of
1957 | 74 | Beamer {::;?3: L) 3t o 6 + + + mhﬂl ot eura Caranome
1958 | 71 | Wenver 1911~¢7 | 33 31 r 1} ° NA ° Cn:;e- of
1930-33 Carcinoma of Large-cell
1960 | 623 | Weaver ' 7l »® 12 ®» £ + + + N tung d a i .
1963 | 54 | Weaver :”"‘l '; 3 3 3 <t o | NA ° » (oropey)
1935-37 Carcinome
1963 | 58 | Besmer 1939-39 | ' ° ” 3 + + + bronchus Caranoms
1966 | 61 | Weaver 1939-66 | o6 ° 2% <t + ° ° C of Car
beoachus

‘lnmmhuﬁm?:&:nbonn(nns)m
ed years; ss a result the sum of the rotal exp and the durstion from last exp to death msy be Jess than the durstion from
frnt exposure to desth, even if the period of exposisre wes unbroken.
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umours is estimated to have been sbout four
(Table I1I) or perhaps somewhat more as & high
ptopomcnolmawbodsedmthmpuum
symptomsamww(m ‘mortality experi-
ence’ pege 296 and Doll, 1955). The excess sumber
of desths from this cause is, therefore, about 19,
of which one ¢can be attributed to a pleural mesothe-
lioms and about 18 to bronchial carcinoma.
Awareness of pleural mesothelioms as a separate
oacologicsl enmyhuwdpudymw
yesrs, particularly since Wagner, Sleggs, and
Mnmhnd(xgﬁo)dmmmmmm
istic associstion with exposure to crocidolite
asbestos., The possibility must, therefore, be con-

our view this is unlikely to have occurred. In

nearly every case the tumours classified as bronchial

carcinomas were found to have their origin in the

sublumd:hemnlltwmdmmdﬂy

identified by their microscopic sppearances.!

Moreover, it may be noted that the distribution of
of

and Frost Insulators and Asbestos Workers who had
first been exposed to asbestos dust more than 20
years previously. In the study by Selikoff and his

colleagues, which covered the period 1962-67,
24 deaths were artributed to bronchial carcinoms
against 33 expected and 3 were attributed o
leurdmao:b:lmuoutofctoﬂldﬂda&h
from all causes.

Since 1935, when the first death from lung cancer
in our series was reported, records have siso been
kept of all coroners’ necropsies on men and women
known to have been employed st the factory.t
Review of these records revealed four other cases
which have been accepted as mesothelioma of the
pleurs by Dr. J. C. Wagner. Occupstional histories
snd ocher daea relating to the five men and women
who developed mesothelioma are summarized in
Tsbie VIII. Only one man among these had been
employed in the scheduled ares for more than to
years. Three died more than 40 years after first
exposure to asbestos and one of these had been
employed in the factory less than one year. From
previous experience (Doll, 195$), it appears that
the specific risk of beonchial carcinoma is relatively
small with less than 20 yesrs’ exposure 3o that the
contrast with pleural mesothelioma in these dawa
is marked. Follow-up informstion has not been
obtained for all men and women who have ever
been employed in the scheduled aress, so that it is
not now possible to make any sccurate estimates of
mortality. It is known, however, that over 12,000

™ : . - Lawad

aciuding the man shown in Table VIl as dying of
arcnoma of the hung snd pisers i 1937,

on by the
coroner whenever there iy, in his opinios, s question of sn
industrial origin of desth.

TABLE vIII
OccUPATIONAL AMD PaTNOLOGICAL DATA RELATING TO ASBESTOS WORKERS DyING wite PLIvsal MEsoTHELIOMA:
. AL Eunovins
Dwrarion of Expenae( yvs) Nocropry Death Corrificats
Year Peried
of |Ses| Ags | Ocupanem .of Before | From | From | Pee | Asbest~ | Asdess-
Death (yrn) Expomwrs | Total]| Jom. 5 | Bagin- | End | formed| ouis ons Arsrriduted Cause
1933 | mng 0| e Prosemt | Mon- of Doash
Death | Death rioned
1936* | M | 63 | Fiberiner 1913~ | 33 19 3] <1 + + - Endochelions of
pleurs
1964 | M | s7 | Carder, 1933-33* | 14 1h Pty 'y + ° + Malignant pleural
paner tunour
1966 | F | ss | Carder, 19236-33 9 [ » 31 + o o Carcinoms of lung
spinner .
1966 | M 39 | Weaver Il ° » s | o+ + + | Carcinoms of lung
1967 | M| 72 | Weaver ::::_” od| ok | s3 o7 + ° Mm
lung associsted)

1Also included in Table V11.

'Ahcnphyedfu‘gmmmwwuwr“)uduymnm-u&onn(:m;

h 192p~30.
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workers were employed ip the scheduled aress st
some period between 1930 and 1952.
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