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Building trades insulation warkers have
relatively Jight, interoiitient, exposure to
asbestos. Of 632 iosulation worlers. who
entered the trade before 1943 and were*
traced throuzh 1962, forty-five died of
eancer of the lung or pleura. whereas only
6.6 such deaths were cxperted. Three of
the pleural tumors were mewtheliomas:
there was also one peritoncal mesothelie-
ma. Four mesotheliomas in a total of 253
deaths is aa eaceedingly hizh incidence for
such a rare tumor. ]z addition. a2 unex-
peciedly larze number of men died of can-
cer of the stomuach, eolon. or recium {29 <
compared with 9.4 cxpected). Other can- -
cers were not increased: 20.5 were expected.

21 Qecuned. Twelve men died of asbestosis.

LTHOUCH PULMONARY CARCINOMA had

been observed in the earliest studies of asbes-
tosis, association between the two conditions was
Zial suppEaen Uy mouth wid Stuth 1 1339, ade
disicual repors of such association followed. Fer.
haps the most stiking data was precented in the
sanual repont of the Chief Inspector of Factories
of Great Britain for 1933, Every death with as-
-bestosis in the Sies of the Factory Department,
from the first recognition of asbestosis as a disease
catity, was studied. Altogether 365 such deaths
‘were recorded (1924.1953), Sixtv-Bve or 17.8% were
found to be accompanied by cancer of the lung or
pleurz, Doll.? after reviewding the problem and add-
ing daw of his own. concluded that lung cancer
~=as a specific industnal hazard of heavily exposed
asbestos workers.

Nevertheless, some iavestigators bave held that,
~while these observatons might be suggestve, they
did not establish ao increased incidesce of warei-

-poma of the Jung in pulmonary asbestosis, and
- FRurther, that the association was unproved.
“The factor of selection was considered s poten-
‘#Hal wealpess in evaluating reports of autopsy
~-serics. It was noted that complicated and unusual
cases would be more likelv to come to autopsy,
-thus raising the apparent {requency of associated
hung neoplasems. Further, it was argued that au-
topsy statistics, which dealt with particular groups
-of those who died. do not reflect tatal papulations
of asbostus workers.? Additional reservations were
based on the frequent absence of data regarding
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exposure, smoking hahits, and peronal history, on
the size of series, and on inudeyuate jusiciogical
veriBcation in some cases.

Within the lust few vears a number of sdditional
problems connected with ashesioy expaswire have
appeared, making clarification and resolutiun of the
foregoing statisticnl uncertainty a2 matter of con-
siderable concern. Fint, there has been gruatiy
increased use of the various types of asbestos (2
Eve-fold increase in world utilization of this group
of minerals, from 500,000 tans to £.3500.000 tons per
year in the lust 30 veans), as well & a greatiy in.
creased pumber and variety of industrial applica-
tions of asbestos (over 3,000 sucli uses now re-
corded). Second, suspicion has been growing that
malignancy nssociated with ashestos evposuze may
ioclide neoplasms other ‘thm carcinoma of the
luag. Thus, a significunt’ relutionslnp has been
claimed between difuse mesotheliomi of the pleura
and peritoncum and wbestus caposure.”

This communication it concerned with investi-
ginnos undertaken to study the jollowing tactors:
{1) the incidence of deaths due to pulmonary car-
cinoma among a group of workers cxposed to ase
bestas under Ugited States industria]l cunditions
in the past several decades, {(2) whether or not
such individuals would also be found to have an
increased risk of other neoplasis, and (3) whether
such risks would be present in an industry other
than the asbestos-pioducing or asbestos-produsts
industries, with which most reports in the past
have beez concerned but which would not pec-
essarily represent the most important areas of as-
bestos exposure at this time. Further, 1t was hoped
that studv of an industry with ashestos exposuse
of limited extent and intensity would throw some
light oo the potential problems assouiated wath
minimal exposure to asbestos.

"Materials and Methods

Our investigations have been concernud with
1,522 members of the Asbestos Worlers Union in
the New York metropolitan area, memben of New
York Local 12 und Newark, NJ, Local 31 of the
International Association of Heat and Frost Insu-
lators and Asbestun Warken. As the Inll btle un-
plies, thoe men ure insulation workers. Although
the wnion is comsiditet) vne of the buldmgstrades
unions, its members do inxulatiun wark it a va.
rigty of industries, indduding shiphnildine Called
“laggers™ in Great Britain, they are often dossg-
nated “pipe cuveren,” “insulstun.” or “wbestos
worken in thiy country.

* ) ava of e alidint in thie countoy.
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The New Yark local, as the *Salamander Ao
«Tivn of Builer and Dipe Felters.” was the first unwm
of insulition warkers in the United States. It amal.
gamated with pther Jucake ae the current Asbestos
Waiken Uion in 1912, The stability of the union
has been reflected in the sabilitv of its ﬂ'\.ﬂ'ﬂh(‘?-
<hip rolls, "Onee g pipecoverer, always a pipeeos -
erer” has heen of epidemialagica] importance ta us
and Las made this group of men particularly <.
sble for the study of long-term eBects of acbes-
tos jnhalation. Unlile unslilled workers exposed
to asbestos inhalation in poorly paid industries,
there is httle labor turnover among insulation
worbers. Accurate emplmment records are main-
tained by the unien, which has also been con-
cerned with health problems in the industry.

The trade was badly hit during the depression:
some men had to drap out and very few were
added during the 1930%. By the end of 1842 the
union rolls consisted mainly of men with consid-
erable experience, plus 3 few who joined in 1940,
1941, and 1942. Benveen 1946 and 1962 union
membership increased substantially,

Source of Data.~From umon records, a list was
prepared of every individual who was a2 member
of either of the metropolitan locals on Dec 31,
1842, or who joined between that date and Dec 31,
1962. No one was omitted, whatever his subse.
quent wark history. The 1942 list included 632
men; 890 men joined after 1942.

Personal data were obtained from union records,
and the work history of each man was detailed.
including withdrawal from emniovment (war <er.
vice, other empiovment, retiremnent, illness ). These
data gave the baseline {or calculation of the onset
and duration of e\posure. For members who had
died. records of the Health and Welfare Fund pro-
vided date and place of death. Copies of death
certiScates were obtained on all but one of them.
Autopsy protocels, histological specimens. and hos-
pital records were obtained and reviewed 1n those
deaths, appronimately one hali, in which the ter-
minal illness had occurred in a hospital.

Ciatisticel Analysis.~Previous studies have sug-
gested that neaplasia associated with asbestosis sei-
dom occurs until 20 years after first exposure to as-
bestes dust. Therefore, we decided te limit the
present analysis to men with such an expesure
history, Our complete records cover all members
of the union (including active and retired mem-
bers, both dead and alive) during the 20-vear

* period from Jan 1, 1943. through Dec 31, 1962
However, with few esceptions, the only men with
& history cf 20 yvears or longer since first exposure
-to asbestos were the 832 men on the union rolls as
of Jan 1, 19H3. (The evceptions were a few men
-who joined the union after Jan 1, 1943, but whe
had been emplaved previoush ay asbestos worlers

elsewhere.) Of these 632 men, 235 died before Jan
1, 1983 'q
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Table § =Man Years of Cxsevience of €37 Atzeutss
Workers E21p0sed to Asbestos Dust 20D Years or Longer

Yoars
p————

1943 194n. * b1}
1947 1982 ’l"!’? P’&)
0 1850 1.0 110
23058 4849 s 00
3398 Itan 8300 314 8
918 i ¢ Jos o 5029
382.0 pLl-3] 3160 2885
121.0 M1y 3440 235 0
1300 e 7”60 2800
3.0 1139 1370 195
a8 7Q¢ s 150
3.5 188 338 238
38 20 $0 135

9020 2.478.8 22355 20110

Of these 632 men, 339 had been evposed to as-
bestos dust prior to 1924, In other words, as of Jan
1. 1943, 20 vears or longer had elapsed since these
339 men were first e\posed. The remammng 293
men reached the 20-vears-since-first-expesure point
at some time after Jan 1, 1943, and befare the cnd
of 1962. The 3% men who were first exposed prior
to 1924 were counted in each of the 20 years ‘or
up to the time of death of those who died). The
293 who were first exposed in 1924 or later were
counted only after they reached the 20-vears-since-
Brst-eaposure point (those who died being drepped
at the time of death). \When the stanstics were
completed, we found that we had records covenng
s toral of §,737.3 man.years of experience of men
with a history of 20 years or longer since Brst
eaposure.to asbestos dust.

Of the §,737.5 man-years, 1812.0 were in the five-
vear period 1843-1847; 2.478.0 were in the period
3335-18532; 2.3365 were in tiie period i333.1537;
and 2,011.0 were in the penod 1935-1562. Table 1
shows the age distribution of the man-vear; in
each of these five-year pericds. Table 2 shous (1)
the average age-specific death rates of ali US
white males during each of these periods, and {2)
the average age-specific death rates from cancer of
the lung, pleura, mediastinum, and trachea among
US white males during each period, as reporicd by
the US National Office of Vital Statistics.

The man-vears were then multiplicd by the cor-
responding reported US death rates to ascertain
the expected number of deaths under the nuil
hypothesis that the death rates of asbestos workers
do not difer from death rates of all US white
males (both age and date being taien into consid-
eration). The results are summarnzed in Table 3.

Results

Total Deaths.~Dunng the first five vears (1943
1947] only 25 deuthis occurred among the asbestos
waorkers, whereas 39.7 deaths would have occurred
had their age-specific death rates been the same
as for all US white males during these vears (Ta-
ble 3). In other words, at the start of the study,
the usbestos workers had below averzge desth
rates. This is by no means surprising Indeed, such
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Tabdle 2.=Total Deatns and Deaths From Cancer of the Lung, Bronchust, Pleura, Meduastinum, and Trachea
per 10.000 wWhute Mares per Year®

19431947 19431942

13331987 19581962
Age " Tetsi Lung Cancees Yetal Luag Cancors Totst Lung Ganmcert Tetnt Lung Concert

L [ { pum——— T —— 30 o~ 36 ) i
L1 LI, £ b <8 1 43 H 42 1
I L1} 2 ki b] . ) 3 k) 1

T p—— 133 N 174 S 118 (3 134 7
[ 1 3] S 1M 1 [ 4 178 10 17 1
[ -2 7] 298 ki 281 10 276 34 272 1?
P 3% T 17 1) 16 37 ) 3]
7074 (11] $ &0 3t st 16 [ -4 21
ISTS ocone ) s 919 i) A 1 86t 17
[ 13 gt W7 | St AR ¥ T} s 1346 13 T.383 s
| 1 O, 242 3 32 14 2017 ’ 1.148 1

*Desin rates oy reserteg snnuaily Dy tRe U5 Natigap: Oce 02 YA S1atsied A Give yaBr aversge i govan Aece 182 S3CR PerOS Average

for 1958 19€2 15 & wrojecnion of 1968 1960 vince 1961-1902 rares are na 7ot Sepilabie
1Desih 7108 \ACIVER LINCT? B INE WAL, MIONCAUE, PIOUTS. MERENINUM, SNE (FSCAEE, FSEALE (8 (NETABLIONS! 1131 COES Ne. 4TR! prige

10 1949 sng 1o Na. 160 164 thersaiter,

{s almost always found in the 8rst few years of a
prospective epideminiogical study of this type. The
explanation is almest certainly as fallaws: The 632
men io this analvsis were actively employed as as-
bestus workers in 1942 Since disability from illncss
or other causes preciudes employment in a irade
of this tipe, thesc men were presumably well (or
at least not disabled) at the start of the study pe-
riod Almost any group so selccted as to exclude
the ill and disabled has a lower death rate during
the ensuing ‘ew years than does the genersl popu-
lation, since ill and disabled persons have extreme-
Iy high death rates. A selective effect ot thus type
pdually wears of with time and largely disap-

. pears within five to ten years from the time of in.

ital selection.

During the second Bve-vear period (1545.1933)
the death rate of the asbestos workers was slight.
ly higher than the death rate of all US white males,
ie, 5 observed deaths compared with 50.5 ex-
pected deaths. In later periods, the death rute of

. the asbestos workers was proportionately higher.

For the period 1933-1937, there were S5 observed
deaths compared with 56.6 expected deaths, and
for the period 1835-1962, there were 83 obscrved
deaths comnpared with only 54.4 expected deaths.

“Table 3.~Observed and Expected Number of Deaths
Among 632 Asbestos Workeny Expesed 10
Asbesios Dust 20 Yeasrs or Longer

Yeare

-~ Tots!,
1043 1945 1953 3955 3943
Causa of Duath 147 1992 1987 1962 1982
Toal, oM VIOV e 2O ) s as 238
Obitrves (20063t01 worsory}
Lapecind (U miwte maien) .. 307 SO8 386 44 2039
Tots! cancer, it srtet . ... .. 1} 3? 26 b 13 %
Brerved (20D03I08 weorhery)
Lavecies (VS whie maiess .. 5.7 81 9 97 33
Cancer of lung 204 Blourd ] s 13 18 Ty
Ohsarsed (53080100 worners)

Capeciog (US mMie matess ... &8 1.6 20 26 .8
Cancer ¢! slomath. soion, sng
rettum . s 4 ? 14 29

ONrered (sibert01 weoraers)
Capecies (US shuie maies). . 2.0 23 34 23 L 24
Cancer of sU SiRer SHEL gom-

ned ... . . 3 s ¢ ? 23

Wserved (S20€3l08 weveers)

1petied (US white maws), . 2.9 42 4 30 203
Asbestesy . L] 1 4 7 32

Ohstived (srdevias woraersi

Cancer of the Lung, Pleurs, and Trochea.~1In
each of the four &ve-vear peniods, far more deaths
from cancer of the Jung and pleura occurred
among the asbestos worlers than would have oc-
curred had their death rates from these diseases
been the same as for all US white males (Table 3).
Altogether 45 of the 632 asbestos workers died of
cagcer of these sites, whereas only 6.6 such desths
would be expected from general US experience.
Of these 43 deaths, 42 were recorded as due to
bronchogenic carcinoma and 3 te neoplasms of the
pleura. The pleural neoplasms were all recorded
as mesotnenomas.

Thus it was found that the death rate from can-
cer of the bronchus and pleura was 6.5 tmes as
high among these asbestos workers as in the gen-
eral US white male population (both age and cdate
being taken into consideration!.

It may be asked whether the high rate of lung
@ancer among these asbestos workers could pos-
sibly be attributed 10 an unusually large proportion
of cigarette smokers among them. We cannot an-
swer this question directly, since we have not vet
been able to ascertain the smoking habits of the
men who died However, the following pieces of
evidence indicate that unusual smoking hahnts cin-
oot account for the high death rate from lung can-
cer among these workers:

We have interviewed 320 of the 377 surviving
wembers of the 1342 group. Table 4 gives 2 sum-
-mary of the smoking habits in this group compared
with s sample of men drawn fiom the general
population of 1121 counties in 25 states.’ The un-
jon sample is somewhat inadequate uince it does
oot include the men who died and does not in-
~lude all of the present living membcrs of the
uninn. Nevertholess. it shows that a substantial
propurtion of ashustus Workers never smahed e
rottes resulariy, Certainly the 632 men in our anale.
sis of death rates were pot all heavy agarene
smokers. .

In the general pule popolativn. hing<aner
death rates are about ten tunes as high amone
cigarette smobers as among nonsmolers, and the
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Table 4. =Smoing Matis of 320 Abestos worsers £rposed 18 Atdestos Dust 20 Yeary or Lange’
Campared With Sampie of Men Fram tne Genera) Popurat.on®

Never Smoney

Reguiary

Srmoace
Proe, Cigor, Mistery of
Neeer Cigerenes Ciparone Smesing

i . — - - e e —— . ¢ cetetre— - .-
Asbesteon Conerst Asposioe Cenerat Asserins Gemeorat
Werarry, Popuisiea, weraere, Popuistion, Weosters, Popuistion,
Age % % % b (") .
4041 [ p— 183 4.6 7.8 86 ) 737
1131} 14.3 199 (X (K] 796 107
[%X1) 202 24 10.4 162 (13 667
70~ LX) 3. ii E %) €. 198
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death rate from lung cancer increases greatly with
the amount of cigaretie smoking.® However, a large
proportion of all men in the United States have &
history of regular vigarette smoling. From data in
a prospective study on smoking.* it may be esti-
mated that if all men smoked a pack or more of
cigarettes a dav (ie, if all the nonsmokers, cigar
smokers, pipe smokers, and light cigarette smok-
ers had, instead, heen heavy cigaretie smokers) the
lung-cancer death rate would be approximately
3.4 times as high as it is at this time. :
From this we may conchide that even if all our
asbestos workers had smoked a pack or more of
cigarettes a day (and, indeed, from our sample we
know they did not), and if exposure to asbestos
were of no significance, then their Jung cancer
death rate would have been about 34 times as
high as the rate in the general US male popula-
tion. Clearly, the smoking habits of the asbestes
workers cannot account for the fact that their lung-
cazomy dooth sats wwas 29 Smos 2z high as shar
white males io the genera! population.
Castrointestinnl Cancer.—~Rather to our surprise,
the death rate from cancer of the stomach and the
death rate from cancer of the colon and rectum

were higher among the asbestos workers than
would be expected from the rates reported for the
US white male population, caleulsted in the same
way as for ung cancer. Twelve deaths from gastric
cancer occurred among the asbestos workers, as
compared with only 4.3 expected. Seventeen deaths
from cancer of the colon and rectum occurred
among the asbestos workers, as compared with 32
expected. *

Cencer of All Other Sites.The combined death
rate from cancer of all sites other thas lung and
pleura, and stomach, colon, and rectum was not
increcased. Twenty-ene such deaths occurred among
asbestos workers, as vompared with 20.5 expected.

Asbestosis.—~Of the 255 deaths, 12 were due to
asbestosis  (pulmonary insufficiency, cor pulmo-
nale}. The lapsed time from first asbestos exposure
to death from asbestosis averaged 45.8 years, with
arange of 32 ta 59 years. '

" Comment

Carcinoma of the Lung.~The results with regard
to aarcinoma of the lung are clear. Industrial ex-

posure to asbestos by insulation worlers, as stud-

ied here, results :n 8 marked increase in the inci-

dence of cancer of the lung, approzimately six to

seven times the expected inuidence. Aliogether,

45 (17.6%) of 255 men with ‘more than 20 years

elapsed since the onset of exposure died of eancer
of the lung or pieura.

These datu de not give the “incidence of cancer
of the lung in «sbestasis.” They relate to the spe-
tific conditions of our investigation: to a group of
men with only intermittent exposure to materials
containing limited amounts {often 2% to 20%) of
asbestos -under working conditions vaning from
very dusty, as in extracting old insulation in closed
quarters, to those with little dust exposure, as in
building construction in open air, Morecver, they
selate to the relatively recent past, in a trade with
the shorter work week of the strong building trades
unions, it an era when industry has been aware
9:’ pc:epml 'asb‘esms hazard and the wor_king popu-

MBIV BMAD i8S  JMMseC 4 228 e g
risk associated with dust exposure. These dats
would not necessarily apply to asbestos expasure
in other industries, such as the factory production
of asbestos products, the asbestos textile indusery,
ete, where conditions of employment might be
quite diferent. Our results do not contradict the
even higher incidence of lung cancer suggested in
other studies *; they are merely a shade less strik-,
ing.

Diffluse Pleural and Peritoncal Molignsncy—
Alesothelioma.—Detennining the incideste of dif-
fuse pleural mesothelioma is comphcated by the

* insecurity of its histologicnl \erification. \While
some pathologists will so categorize 3 high propor-
tion of difuse pleural tumors, in the experience of
others it is a very rare tumor and may be oum-
jched by anaplastic peripheral earcinoma of the
lung and diffuse Sbrosarcoma of the plewra. It is
difscult to evaluate completely the published re-
ports of difuse pleural mesothelioma in asbestonis
in the absence of complete details of each case.

“To thc present time, there has been no informa-
tion converning the incidence of difuse pleural
.mesntheoma in asbestosis, since the published
cases are reported without reflerence to a total pop-
ulation in which they ocvur. Nevertheless, the

DUP 0930303
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growing number of reports of individual caxes
supgests that these tumors are perlups becoming
relanvely frequent complicatiuns of asbestos cx-
pusure.

Our observations in this scrics are similariy sug.
gestive. In three of the 253 deaths among the men
whe had worked for 20 vears or mare, the esum-
ining patholegist considered the death due to dif-
fuse pleural mesathiclioma, and in the two ecases in
which we have heen able to review the fistological
wmaterial, the histolizical appearance was that of-
ten so categorized. and ashestos bodies were pres-
ent. This incidente of more than 1% of deaths
from pleural mesothelinma is stnkingly high for a
turnor which is generalls contidered to be extreme-
Iy rare. In one case in our serivs pathological ex-
amioation sugnested difuse peritoneal mesotheli-
oma. This singie experience is too fragmentary far
evaluaticn,

Castrointestinal Carcinoma.=Isolated instances of
gastrointestinal carcinoma in the presence of as-
bestosis have been known, but there have been no
data to indicate that these were more than coinci-
dental findings. Among the asbestos worlers
studied here, cancer of the stomach, calen, and
rectum was three times as {requent as expected.
These data suggest that there mav perhaps be an
etiolocical relationship henveen industrial asbestos
exposure and carcinomi of the gastointestinal
Tact.

Enviraamental Asbestos Ezposure.~The recent

" demonstration, by South African * and British * in.

vestigators of pleural and peritoneal neoplasms
among individuals who had chance emvaronmental
erposure to asbestos mdny vears before raises the
very important questien of possible widespread
carcinogenic air pollution. The possibility of en-
vironmental exposure has long been known. Sooa
afier the initisl clariBcation of asbestosis as a clinic
entity, Haddow '* demoostrated asbestos bodies is
a man not emploved in the industry but living next

JAMA, Apeil G, 1964

door to 2n ashestos fuctory. This fnding was later
murrored in the finding of chromie berviliom dis-
esse amnng residents of a community aesr a bervi-
linm factury.” \What s new, however, 15 an npp}e-
ciation of the potential otent of the problem.
Tliomson and associates '’ have reported the fre-
quent Andings of ashesies Badies in the jungs of
urban dwellers. Among 6,312 individuals x-raved
in an area abmut an asbestos mine in Finland,
Kiviluoto *? found 499 cascs of pleural ealeification
of the type charactrnistically seen among asbestos
workers, without obvious cause. In 1 comparable
area without anv Jsbestos mine. no cases were
found among 7.J01 persons a-rayed. It should be
noted that these were not people wlho worked in
the mine—none did-but, rather, were farmers.
huusewives, and otlers wha lived in the gencral
location. In one subjcet whe came to autopsy.
polarized-light microscopy demonstrated asbestos
Ebers in the lung. Similarly, the lung of a cow graz.
ing near the mine also showed the presence of
asbestos.

A particular variety of environmental exposure
may be of even greater concern. Ashestos exposure
in industry will not be limited to the particular
craft that utilizes the materiul. The foating Ebers
do not respect job classifications. Thus, for ex-
ample, insulation workers undoubtedly share their
exprure Wit lhied? wuihinetes s udier Ledes,
intimate contact with asbestos is possible for eiece
tricians, plumbers, sheet-metal workers, steamfit.
ters, laborers, carpenters, boiler makers, and fore-
men; perhaps even the supervising architect should
be included.

1 E JO0th S8, New York 10029 {Dr. Seidof).

This study was supported by the Health Research Coun-
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