moking,

Asbestos insulation workers, as a group, have a high
risk of dying of bronchogenic carcinoma (about seven or
eight limes expected). We have observed 370 such work-

-men from Jan 1, 1963 to April 30, 1267. Our findings
indicate that asbestos exposure aione is not the entire
explanation. Of 87 roncigarstte smokers, none died of
bronchogenic carcinoma. Of 283 workmen with 3 history
of regular cigaretie smoking, 24 died of broachogenic
carcinoma, alihough only three were expected to die of

-~ this disezse. Calculations sugzest that asbastos workers

who smoxe have sbhout 922 times the risk of dying of
bronchozenic carcinoma as men who
asoeslos nor smoke c:garatles. \We conclude that asbestos
expozure should be minimized, that asbestos workers who
do not smoke shouid rever start, and that those now
smoking should stop immediately.

T n 1864, we reported on deatis occurring between
1 Jan 1, 1943. and Decc 31, 1962, among 832
members of the International As:zociation of Heat
and Frost Insulators and Asbestos Workers.! All
of these men had been occupationally exposed to
asbestos dust for many years. Their death rate
from lung cancer was jound to be 6.8 times as high
2s that rcnor ed lor the zeneral vwhile male popu-
lation of the Unrited States during the same yezars,
with acge inken into consiceration. Three of the
men died of diffuze pleural mesniheiioma and vne
died of a neoplasm histolegicaily suzzestive ot peri-
tonea! miesothelioma.- This was of interest since
mcsothelioma is a very rare disease in the gencral

population but is reported to be associated with
cxpc»ure to asbestos duse.’ In addition, thzir death
rate frora cancer ¢f the stornach, colon, and rectum
was higher than expected; but this may have been
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due to chance. the number of such deaths being
small. During the latter part of the study, we co-
tained information on the smoking nabits of most
of the survivors, but we couid not obrain reliable
information on the smoking habits of those wno
had died at an carlier date. Therefore, we could
not at that time investigate death rates .in reia-
tion to smoking habits and exposure to asbestos
dust which were considered both cepamtew and
jointly.

There is abundant evidence that cigarette smok-
ing ieads to 2 ‘ngh raie of death irem lung cancer
in the ..o~.ence of uccupationai exuosure to asbestos
dust.** Our findings outlined above as;e-ted (but
did not prove) that exposure to asbesics dust may
lead to a high rzte of death from lung cancer in
the absence of cigarerte smoking. I the latter be
so, then the combined eSzct of both types of ex-
posure might or mizht not be ecual vo or greatsr
than the sum of the two eflects. On.the other hand,
it was possible that exposure to asbestos dust in-
creases the risk of lung cancer among cizaretie
smokers but does not Iead to Jung cancer amoag’ .
ronsmokers.

The present study was undertaken primarnly
to investigate these possibiliiies. In additien, we
wished to obtain more iniormation on the occur-
rence of mesothelioma and zastrointestinal cancer
among ashestos workers.

' Material

From records of New York Local 12 and Newark,
NJ, Local 32 of the International Associstion of
1leat and Frost Insulators and :Ashesios Workers,
a list was made of every man who was a mcmbcr
of either one of these locals on Dec 31, 1942,
who joined between that date and Dec 31, ]‘\o-.
No enc was omitted regardless of his subscquent
work history.

Tersonnel data from union records indicated that
of 1the 632 on the union rolis on J:n 1, 1943, 3a¢
—n"" v.\;‘(\-d

1922 an d an additionad

&U--'

to asbesios dust prior to

.
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223 men had Arst been ex-
posed between the be-

Table 1l.~Subjects Clase:lied by Are as ¢! JOn 1. 1S53, and by Years From First Ozcugatonat
Exposure ta Asbestos Cust up to Jan 1. 1963

ginning of 1923 and the

Totat No. of Years Since First Exposure to Asdestos No. ot

::3“0(‘11942' A::lC:f ?l;ﬁ)e A::. N S:;k::' 2024 25-29 30-34 a5-29 T 40-44 4549 S04 o D;Z"::
‘eTe su S 4 15-29 2 ) 2 con seo cow . Ty Y PYTIN ese
traced through Dec 31, 4348 13 12 1 or ver vee 1
1962, and 262 of them %, .5 N 7 w0 I I a
were found to have died  ssse ) H 15 M [ 1 .. xz
up to that time. Of the :g_: & - x : :: g x: - :7
262 deaths, seven oc- 300 P ot e 3 12 . 17 18
curred prior to the 20th 579 21 ... aee . 1 s 15 s
anniversary of the man's %% it = o 2w R 2 2
Yotal 370 R 33 [ 4 113 1 13 59 39 36 4

first exposure to asbestos

dust and 233 occurred

after the 20th anniver-

Table 2.—Subjects Classified by Age and by Smoking Hatits on or adout Jan 1, 1583

sary. Thus, of the 632

Current Cigarelte Smokers®

men, 370 were stiil Lkving y Never ine, CEr -
on, Jan 1, 1953. MW oEmnOS amm N, NN,
ese 370 men were 3539 2 1
the subjects of the pres- (it 5 - 2 “ 2 - = - 4
ent investigation. Tahle 1" so.s¢ 109 12, € 26 Y 5 » 2¢
i ietel £5.
chows their age dxs..nliu- 832 f: ; s ig o5 3 :: 12
tion as of Jan 1, 1993,’ §5-59 49 3 M 17 oo - & . s
and the lapsed time from 7024 38 7 Ty 12 1 N 4. 3
first exposure up to that 137 an 3 ? ¢ oee 1 3y
date. All of them have — = - —_ iy et phd S AL
been traced, and 24 of Jotat 379 i 3 1o+ - s 17 7 - 63
themn were found to have *inciyces cigaretle SMOhars who 3110 3Mohed pipes or LIZArs. .

died during the four-vear :
and four-month interval from Jan 1, 1263, to April
30, 1967. ) . '

Beginning in October 1952, we mada arranye-
ments to examine tliese men periodically, once
every six to twelve months; the interval depended
upon aye and physical condition. The examinations
include chest x-ray films as well as physical ex.
emnination and cover past and present smoking
bakits, occupational kizrory, medical history, and
current physical compiaints. Altagether, we hava
examined 338 (§1.4=) of the men atr least once
and have repeatecly cxamined most of those who
are still living. . :

Information on smoking habits was obtained by
personal interview with the 338 men who were ex-
amined. Of the 32 men who were not examined,
six toid us their smoking habits by teleniione and
five gave us the infornnation by mail. Tre local -
union sccretaries (who personajly knew these men
well} ascertainzd the simokinz habits of 18 men,
znd fumily members suppited the information on
the remaining three men. This aceounts for all of
the 370 men. Table 2 shows their smokinz habits
on or about Jan 1, 1953, the men being classified
by their ages on that date, even though some
changed their smoking habits between 1963 and
1267,

£ the 370 nier, S never smoked rezularly, 39

smoked or had smeked pipes or cizars but never
sracked cizarettes recuiardy, and 283 had smoked
cigarettes revularly, Somg of those vith histary of
cigaretic smoking alsw smoked pipes or cigars, Of
the 253 witit a history of regular cigarette smoaning,

JAA Azl 8, 1860 » Vol 283, N2 2

101 were excigarette smokers, five currently srcked
one to nine cigarettes a day, 17 smoked 10 1o 19
cigarettes a day, 97 smokad 20 to 39 cizarciies a
day, and 63 smoked 40 or more cizareites a day.

Tre smoking habhits of the 370 subjects were
compared with the smoking habits of a larze num-,
ter ¢i men selected from the general population.”
There were proportionally more cigarette sniciers
among the 370 subjects than were fourd in the
general population sample; age was taken into
consideration. _

Causes of Dz2ath.—A copy of the death centiicate
was obtained for each of the 94 deatns. In addi-
tion, we examined hospital records, posimoriem
findings (41 cases), as well as the surzical and
pathologic reports when surgery was perisrmad {39
cases). We also reexamined histolozic specimens.
It was found that the death certificate was inac-
curaie in 14 instarces. However, this did rot alter
the picture as much as might have been expectad
since there were several comgpensating errors. For
example, in one instance the death certificate in-
dicated bronchogenic carciroma as the cause of
death while a review of the histolozic specimen
showed that death was due to pleural mesothe-
lioma; but in another instance exactly the. reverse
was found. Likewise, review in one insrance re-
sulted in changing the revorted cause oi death
from brunchoseaic carcinoma to cancer of the
stomach with metastasis to the lunzs while review
ir another instance resulted in exactly the apasite
ciange. The 03 doaths were ascribed to the olow.
ing causes: bronchogenic carcinoma, 24; pleusal
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[T SRR TN LIS S A 141 ] fhiumoer ot G2y 'S A Cr-
370 Asbestos VWorsers Duning tne £2-1°cn1h S2noa

Cbserved  ECipecies
Cavse of Death Deaths Daaths™
Total, cancer (all sstes) 49 6
. brongh
e veaghas oV Bronchus. 27 23
Bronchogenic carcinoms 24 ¢
Plewral mescthelioms 3 3
Feritoneal mesotneloms b ] 3
Cancer ef stomach 3 . 0.6
Cancer of colon and rectum S . 12
Cancer of all gther sites combined ? 43
Astasiesis .18 . eee
ircuiatory ohsasse includi X
e ppe srevhtor © . m o us
All other causes of death 3 104
Totsl, all causes [ 1] 0s

*Based LDON US monakity i1 21nregsrong smoung Rasts.
tUnced States €ata NoL 3viilame. Sut HZUTE INOWIC D& only slightly

less than 2.3.
TUnite Strtes 2323 nOt availabie, but these are rare causes of ceath

in zensrsl population,

mesothelioma, three; peritoneal mesothelioma, sev-
en; cancer of the coion, four; cancer of the rectum,
one; cancer of the. stomach, three: cancer of the
pancreas, two; cancer of buccal caviiy 2nd pharynx,
two; cancer of bladder, 6ne: cancer oi undeter-
mmed primary site, two; asbestosis, 15; cor pul-
monale, one; cornary heart disease, 17; congestive
heart failure, one; cerebral vascular lesion, two;
aortic aneuvrvsm. one; cirrnosis of the liver, three;
brenchopneumonia, one: encephalopathy, ~one;

_acute pancreatitis, one: Wegener's granuiomatosis,

one; and accidental iall, one.
pc::ea‘ Dezths.—For purposes of con:a'i.'cn,
we wizhed to ascer:ain how many of the 370 sub-
jects would have died curing the 32-month period
(Jan 1, 1963, to Aprii 30, 1“0.) if thair a:e-specmc
death rates had besn exzctiv the same as for the
general white mzle popuiction of the Unitsd States.
For this purpose. we made use oi the Unizzd States
1954 life table for white males: this provided the
most stabl: basis jor comparisva. It shouid be
noted that for white males total death r2tes and
death rates from respirazory cznecer were slizntly
higher in the industrial siates of New York and
KNew Jersey than in the United States as a whole**
On the other hand, respiratory cancer ceath rates in
white rnen age 20 to 64 are reported 1o te a trifd
lower than averagze zinong l.mo"e.a. no: e‘s he"e
clzssifed emploved in construction wosk.! |

From the life tzble we determined for e:ch of the
370 men the pros:c::zty oi his dvingz within a pe-
riod of 52 inonths, considering his age on Jan 1,
1833, and assuming that tie life table prosability
applied to him. Summing these probabiiiiies for the
370 men yielded an estimate of the “expecied”
numter of deaths under the null hypothesis that

the aze-speciiic d::uh rates of these asbestos work-

ers are the same as for United Stares wirize males
in general. The cum;)u:::inn indicated that 47.5
deaths weuld have been expected.

‘\'o\'t we wishued 10 esiimate the expected num-
ber of Jdeaths from vach of several cavve: or this,
we made use ol the purcentage distrit
deaths by cruse of death ameong Uni

w

P
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white males ol various ages duning the ve:
as reported by the National Center jor Beal
tistics. These percentages were then stans:
for age according to the age distributica =
ol the 47.5 expected deaths. The resuits are
in Table 3.

Ezxpected vs Observed Deccths.—As sho
Table 3, there were 94 observed deaths (e,
the 370 asbestos workers died) as comparec
" 47.5 deaths expected on the basis of the = oe-=
death rates of all white males in the Unite
in 1964. Thus, there were 94 minus -17.5 =
excess deaths. The excess deaths were cue <o
chogenic carcinoma, mesotheiioma oi the
and. peritorieum, asbestosis, and cancer o
stomach, colon, and rectum.

Cencer of Lung, Pleure, ecnd Trochez.—In
lished mortality data for the United Stztes
ing deaths each )ear irom various cavsss dy
sex, and race, the following dizeases are coxt
cancer of the lung (including sarcoa of t..e)
cancer oi the bronchus, cancer of the pievra
cancer of the trachea. For this group ¢f cis:
there were 27 observed deaths and oniy 2.

-pected dezths, a ratio of neariy 12 to 1.

it is well known that, for the United S:a:
a whole; all except a very {ew of the dez:h
porzed in the combined catefory are Gue 10 !
chogenic carcinoma. Thus, it may be aszumed
there were close to 2.3 expected 'dc:m:s irsms
cause o§ comgared with 24 observed d ae:.:::;, a
of cver 10 to 1.

Mesothelioma.~Ten of t‘xc €1 obser.-ed W
were due 0 mesotpelioma, three ware cw
pleu:al mesothelicma, and seven were cue 0 °

ea] mesotreiiomas. This is such a rare dis
na. if the 370 subjects had been seieszicd ¢
randem sample from the general ,.c:'.:: ten.
would not have expecied zny of them to dir
mesothelioma within a period of 32 meoztias.

All three of the men who died of pizural =
thelioma had a history of regular cigarezz2 smox
Of the seven who died of peritoneal mesoinetic
one never smoked regul..rl, , One smoked oziv o
and cifar.. znd five had a history of zegular ¢
rette smoking.

Cancer of Stomach, Colon. and Rec:::t-z -in
earlier study of asbestcs workers,' ihere wore =
deaths than expected from cancer o‘ the sieme
coion, and rectum (9.4 expected, 20 shierved).
compared with a totai of 1.8 expuected Czails it
these causes, there were eight observed Ceaihs
this study, due to cancer of the ioliowing =i
stomzch, three; colon, four; and recium. one. .
though this bears out our earlier findings, 13'.& nu
ber of ccam from these causes was &2
we still reirain from drawing any con
this time.

Asbestosis.—Asbestosis accounted for 15 of ¢
G4 deaths. While it is not surprising that et
from this diseose occur among men L‘\,—a:“‘
asbestos dusi, attention must be cailied 1o 1o o

3 ~
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that these subjects were
primarily insclation work-

Tabie 4.—Estimatec Number of Lun~ Cancer Ceaths Expected to Cccur Dunnz 3 Fanisg
of £2 Months par 10.000 Men Livir3 at the Starz of Perizd: by A-e and Dy Smokiny MHadds®

ers. While all of them

were occupationally ex- Are. Yr ST
posed to asbestos dust,  Ganl.1563) Reguiany
their degree of exposure o -
was light as compared 4549 2
5054 7

ith the degree of ex- oo
posure of asbestos miners, 064 "

processors, and weavers €5.69 14
in earlier times. on 2
Bronchogenic Cerei- toss - 28

Current Cigarette Smoherst

Pive. - ——
Cirar Extinarette 19 10-19 20-39 40e
Qaly Smohsrs$ alay & Day a Day 2 Day
PR 4 S ove eve cos e
T8 eee . ees 1s .15
2 10 oo Py 3 <6
12 2 28 44 69 9
15 3 coe [ 2 117 188
n n 80 PN 150 256
2 7 oo 187 305 350°
52 100 103 208 288 450
33 10 ves 138 41 39
32 148 .ces oo eve eesn

noma.—Bronchogenic car-

deaths while only about

2.3 were expected on the $Rates -

basis of general United States mortality data for
white males. However, as previously mentioned,
evidence at hand suggests that there were propor-
tionally somewhat more cigarette smokers among
the 370 subjects than among white males in the
United States as a whole. age being taken into
consideration. This might have partially accounted
for the high bronchogenic carcinoma death rate of
the subjects. For this and other reasons we made
cslimates of the expected number of bronchogenic
carcinoma deaths, the smoking habits of the men
being tzken into consideration. This was done as
{ollows: ) ‘

Data zre available on lung cancer deaths in re-
lation to the simokinz hahitz ¢f 440,000 men en-
rolled by American Cancer Sceicty volunteers in
a prospoctive epidemiological study berween COc-
tober 1939 and Mareh 1966 and traced through
Sept 30, 1964. Causes of death were ascertained from
death certificates, but whenever concer was nen-
tioned on a death certificate inquiry was made of
the phyvsician whe sigred the certificate. In case
of disagreemant betwveen the two sources of infor-
mation, the physician’s statement was accepted.
TFor the purpoze at hand. we only made use of data
covering the 52-month period beginning on June 1.
1960, and endine on Sept 30, 1284. Tre number of
lung cancer deaths occurring during the 52-month
period was divicded by the number of men alive at
the beginning of the pericd. This was done by five-
year age greurs isr men.in each of the following
emoking catzzories: (1) never smoked regulariyv
(rnonsmoxers 2nd occasional smokers being com-
Lined); (2) hiszory of regular pipe or cigar smok-
ing, past or prescat, but never smoked cigarettes
regularly; (3) excizarette smokers (including thoze
who had smoked or currentiy smoked pipes or
cigars); and (4) current regular cicaretie smokers
(including those who also nad smoked or currently
cmoked pipes or cizars). The last of these cate.
goties was fursher dividad by current aumber of
cigarettes smeked per day: (42) one o nine ciga-
rettes a dav; (4b) 10 20 12 cigareties a day: (dic)
20 to 33 cigareties a day; and t4d) 40 or more
cigarcites 2 day. Swuce the men were divided into

g2ven groups by smoking habits and further sub-

JELA Aot B, 123 @ VoI 204, Ko 2

*23sed voon datd from a Brotestive StuZy =ith AZ)usiment tor US monsidty erdenence,

TEHIDSes indicate rates Omilies 137 2T L2Nes with RO SuLSIS IN tieg Siuly. Sae Tadie 2.

Zinciudes Cigaresie $rmaners who 3isd smoaed 03¢ OF CIZAr. Men wuh 3 fistory of only cigaretite
smokeng have Mgher IURT cancer ‘;':‘us tRan snown ners.
2 oata.

divided into many Sve-vear aze groups, some of the
subgroups contained only a smail number of men.
In consequence, the lung cancer death rate was
statistically unstable in some of the very small sub-
grougs. In three instances where the observed rate
in a small subgroup appeared to be badly out of
ine, we aroitrarily made an 2djustment to bring it

- more into line with adjacent figures in the able.

.

life table and the 1964 distribution of dea

A1794C

These adjusted figures which are indicated with
symbols in Table { carry very little weighs in tre
final calculation. All of the rates were then ad.
justed as follows:

Lung cancer death rates in the Uniied States
bave risen steadily vear by vear and were hiche
in 1964 than during the period 1940 to 1934 25 a
whole. Furthermore, in the study described 2bove,
we avoided enrolling seriously iil penple and. 25 =2
the cui-ofi date for creparing the computer tzpe,
we had not yet received death certifcates for ail
oi the men now known to have died during ihe
specified pericd of tizie. For these reasons, l'ing
cancer death rates in the study population were
appreciably lower than those recorted for whize
males in the United States in 1964, To compenza:
for this, we raised the raze of each individual smok-
ing category so that the total lunz cancer death
rate (disregarding smoking habits) in each rve-
vear age group would be the same as that of all
United States white males (based upon the 1934

ths by
causes of death). The results of these computations
are shown in Table 4. (It should be noted that
Tzble 4 shows oniyv such rates as were required ior
further caiculations.)

Tre ratzs shown in Table 4 were then applied to
the number of ashesios workers shown in cach of
the corresponding internal cells of Table 2. This
yielded sn estimate of the number of lung cancer
deaths expected to occur during a 52-month neriod
among the 370 asbesios workers classijied by their
smoking habits. By “expected” number, we here
mean an eztimate of the number of lunz canter
deaths which would have occurred under the nuil
hvpotiiesis that asbestos workers do nes diiler fien
othier min in respect to their lung cancer death
rates, hoth age and smcking habils being takien

-
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Table 5.=C5eerced 2n¢ Excezted Brenzhogesic Carenema
Desths by Smoking Hadits® for 370 Aspestos Viorkers

- Observed Erpectea
Smobing Mabits Deaths Deatns
Never smehed regularty -] 0.08
History of pize. ¢:gar smohing only [ . Q.13
History of regular cigareite smoningt 24 298
Total 24 .16

*B3a3ec uUDON Cata »n Tazie 2 3na Tadie 4. )
{inciudes €i1garet:a 3mahers who 3130 smoked pIDe OF CIEAT.

Ta2bdle 6.—Exzectes and Chserved Ceaihs Among 652 Asbes-
tos Workers Expased to Asbesto Dust 20 years or Longer

Total
1943-1962 1963-1967 194)-1367
Totsl deaths: alf causes
Eapacted

! 20358 478 251
Observed . 255 94 349
Tolal canver: all sites
pected 355 8.6 453
Observed 95 49 144
¢ of lung. traches, pleyra
o sacieq nE traches. Blew 66 - 23 39
Observed - N 45 2 2
Cancer of st A, eolon, r
Expecled B 9.4 18 112
Observed 29 ] 37
r all e i smbine
c;ac:"a“‘olhe sites combined - 208 45 25
Observed . 21 14 35
Asbesicsis .. .. .
Expected ] (4] (-]
Odserved - 12 - 18 27
All cther cayses
Expected 167 38.9 2058
Observed 143 30 78

into consideration. The results are summarized in
Table 5 which shows ihe expacted and obrerved
number of lung cancer deaths in each of three
smoking categeories.

Taking smokirg habits as well as age into con-
sideration (Tz35ie 3) a total i 3.2 bronchegenic
carcinoma dcaths were =xpected whereas taking
only age into consideration 2.3 desths were ex-
pected from this czuse (Tabdbie 3). Thus, perraps
one of the excess bronchogenic carcinomz deaths
might be atiributed to the {zct that there appear
to have been proporiionzily semewhat more ciga-
rette smokers among the 370 subjects than among
men of the same 22es in the generai population.

The followinz stztements are based upon the
data shown in Table 5. Twenty-jour deaths irom
bronchogzrnic caiciroma occurred among the 379

subjects compared with oniy 3.15 exnaered, a ratio

of about 7.8 to 1. This is slizhtly hizher than foun
in cur ezrlier stedy which indicaied a ratio of 6.8
{o 1 (not takinz smoking habits into considera-
tion). It should be noted in this connection that the
370 subjects in this study had heen exposed i
asbestos dust semewhat Jonzer than the subjects of
cur previous study {ihe present 370 subjects are
survivors as of Jan 1, 1963, of subjccts in the
previous studyv). ’

Of the subjects who never smoked reguiarly and
those who smeokead only pipes er cigars, nore died
of brenchozenic carcinoma whereas 0.18 of these
men were expecied o die of jens cancer, This sug-
gests that expusure to asbiestos dust docs not in-
crease the tisn el Lienchogenic cuicinoma among

Ai7941
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men Who never smoked cigarettes rezularly,
ever, considerinz the small number of such st
in this study, we cnly conclude that expnzc
asbestos dust does not grectly incresse the
bronchogenic carcinoma amonz men. who :
‘smoked cigarettes regularly.

Twenty-four of the men with a history of e
cigarette smoking died of bronchogenic carci:
whereas only 2.9S were expected to die of it. a
of 8.05 to 1. From this it appears that expos::
asbestos dust greatly increases the risk of
cancer among cigarette smokers.

Now we may ask how greatly is the risk of t
chogenic carcinoma increased by the combine
fects of cigarette smoking and exposure to z:3:
dust. To answer this question. we -appiied :
shown in Tabie 4 for nonasbestos workers
never smoked regularly to the number ¢f sub:
with a history of regular cigarette smoking as sh
in Table 2. This indicated that cnly 0.26 of
subjects with a history of regular cizarette smo.
would have been expected to die oi bronchoz
carcinoma if they had never smoked rezulariy
had never been occupationaily expesed to asse
dust. Since 24 of them actualiy dizZ of this ez
the ratio of observed o expected deaths is &3
(ie, 24 divided by 0.26=92). Tkis appears 0
dicate that cigarette ¥moking plus occupatir
exposure to asbestos dust increases the risk
bronchogenic carcinoma by a faciod in the orde
magnitude of 92 1o 1. It should te noted tha
estimata does rot tzke<current amoun: of cigari
smeking into consideration.

Comgerison With Leriicr Sincings.—As explair
we started with a cohort 0f €32 astestos ingnia’
workers, the entire membership of the urion loc
on Jan 1, 1243. We have now izaced =2
thrrough April 30, 1957, Table € shows tre chser
and expected numter of deaths for each of @
periods (the first. 1943 fo 1982, being previe
reported') and for the entire period. In respe
respiratory cancer (lung, trachea. and pieura)
in respect to cancer of the stomach. ccioa.
rectum, the findings in the two periocs are in ¢
agrecment.

3]

vy ey 0 (T

Comment

genic carcinoma and mesoticiioma) among insu
tion workers reporied here shouid be evaiuaicd
the knowiedge that these men have comparaiiv
light exposure as asbestos trades zo. rrimariiy ¢
ployved in construction work, mzny of the mater
they use contain little or no ashestos and ¢
have only 5% ito 15¢. Cunditions of werk va:
these men eften work outdoors uniile
opecraters in factory work, Comparativaiy few cu
expesure surveys iave been miade in this 1ond
their resulis have generaily Leen witd :
lion particles per cubic jvol pernnizsi
resitly aceepted by the American
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" sdditional potentially carcinogenic sybstances been

identificd among the other materials wsed."”
Heavier or even lizhtcr exposure may result in

different dc;rees of risk of ncoplasia. Heavy factory
- exposure in the past has in some instances

resulted
in considerable Jung cancer risk." In others, para-
doxically, little lunz cancer was seen bocause as-
bestosis was so common and so sévere 35 to cause
death of the expnsed workers before they could live
long enough to develop lung cancer. Once exposure

. was :educcd by imgroved industrial hygicne prac-

tices, early death trom asbestosis sharply dimir-
ished and lung cancer became common.**

In any case, heavy exposure is not likely to be
the most important problem in the future, unless
there be sheer carelessness or unconcern. Rather,
light exposure, similar to that in insulation work,

_.will be much more commonr, both in direct asbestos

working trades and as the result of indirect occupa-
tional exposure, as in the construction and ship-
building industries.

There is another type of *light exposure” which
may affect many more peopie than those industrial-
ly exposed. In the past several vears, it has been
demonstrated that asbestos bodies can be found in
the lungs of 255 to 50 of acults examined at
autopsy in larve cxtxes. sx.ch as Belfast, Northern
Ireland, Capet ~n, Repubiic of South Airica,

Miami, Tla, Piusburgh, and Montreal. This is

presumably due to “‘a2sbastos air péllution” by
fibers derived irom incdustrizl “spiilover” {(as dust
from construction sites or iaciory wastes) or from
end-product use. Such commuaity asbestos air
pollution may be imporrant sinze there is already
evidence that in ccrtain circumstances, as living
within hali mile of an asbestos plan: or in the
houszhold of an asbestos worker, iniimate environ-
inental contamination can be as:zociated with some
risk of mesothelioma.’ Whai is not now known is
whether the mizimal amounts inhaled by the gen-
eral public carry a similar nisk.*

Nor do we know whsather inhalation of the very
small amounts of asbestos presont in the air of some
communities is associated with a special lung
cancer risk in cizarette smokers (or. converscly,
whether ciga:ette smoking makes the inhalation of
very small amsents of ashestos garticularly hazard-

ouns). It will be imporiant to ascertain whether such
cotarcinsganic or potentiating or precipizating rela-
tioaships exist Beczuse. with the rapid grov \th of
askestos use (500.000 tons per vear workd produc-
tion in 1930 has rizen 1o over 4.000.000 tons per
year r a-.) it may be diicult {or cicarette smokers
to zveid inzaling air contaminated with ashestos.

It max nat lc easy to ungavel the interrelation-
ships which misnt exist betwsen community as-
bestos air poliution and cizzretie smoking. Both
asbestos expasure and cicarerze smoking have a
loag-lapsed perivd berween onset of exposuie and
occurnience of neapinsa. vel ior eurreni amokers
(hose two exposures may not have beaun simulia-
nceusly; there was much less asbestos used 20 to
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40 years ago.-Youngsters who start smoking now
have a much greater chance of having both ex-
posures simultanenusly.

Significcnce of F mdmvs for Asbestos Workers.—
The import of the data reported here seems clear.
There is an extraordinary risk of developing and
dying from lunz cancer for asbestos workers wha
smoke cigarettes regularly..In the group studied,
the combination of asbestos exposure and cigarezte
smoking increased the risk approximately 90 times
corapared with men who neither work with asbestos
nor smoke!

Of 283 asbestos workers who had a hxstorv of
cigarette smoking, %8 died within a period of 52
months where2s only 32.4 wouid have been ex-
pecied to die within that length of time if their age
specific death rates had been the same as for tre
general white male population of the United States.
Of the 78 deatks, 24 (31%) were due to broncho-
genic carcinoma. It is estimated that if these men

. had smoked cigarettes but had not been expesad to

asbestos dust, only 2.9§ wouid have died oi bron-
chogenic carcinoma within the same lenz:h of time.
If they had neither smoked nor been expssed to
asbestos dust, only 0.26 would have been expected
to die of the disease within a period of 52 months.

Of 87 asbestos workers who- never smoked ciga-
rettes regularly, none died of lung cancer witnin the
52-month ceriod (2ithough three died of 2shestosis
and one died of peritoneal mesothcliomz). This
finding, beinz based vpon the experience of only
§7 men, dous nct prove that exv-sure 0 asbestos
dust has-no infisence cn the risk of lung czncer
among nonsmokers. However. it suggzests that ex-
posure to asbestos dust does not lead 0 an ex-
tremely high risk of lung cancer among nonzmokers.

The conclu;nons are evident:

1. Occupational exgosure <0 asbestcs da should
be reduced to as low a level as possible: but there
may be an irreducible minimum jevel if ashestos. a
very useful material, is to be used at al Such
reduction in exposure will benefit asbestos workers
oi the fu:iure. However, we are 2150 concerred. with
workers who have already been exposzed at siznis-
can: levels jor many years. .-\st-esm; fibers wiil re-
rram in their tissues for the remainder of their lives.,

2. Al peoule incur a great increzse in rizk of lung
czncer if they smoke cigaretizs: ior asbestos work-
ers the increase in risk is tremendous. Astestes
workers who do not now smoke cizarettes should
never begin. Those who do smoke, shoild stop
imniediatzly. We may hope that the decresze in
risk which results from cessation of smakinz amaony
the general pu sblic® will be the good fortune of the
asbeszons workers as well.

This investiranon was supported by the Health Beseareh Coune
ol ol the City ol New Yorx.
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Many, possibly most, of the words in the dictionary .
stand there as representatives of 3 whole family of forms.
Not even the timidest of the linguistically timid will run
to the dictionary for encouragement when, for instance,
they want to refer to a spell of "“hiccuping,” provided they
‘ are certain that Webster does know “to hiccup.”
All the tense forrns, the participles. the serunds are assumed to be authorized .
. by implication the moment the infinitive is known to exist. The plurals of nouns -
are similarly taken ior granted, and the forms of comparison and the adverbial
forms of adjectives.
This phenomenon is generally covered by the asseriion that a dictionary is not
a grammar and that each individual entry in a dictionary stands simultancously
for 21l its grammatically possible forms. (For details, consult your grammar.) -
But is a gerund a grammatical jorm? Or is it a sufix-derived noun? .
I am not rezally lcokiag for an answer. I tsk those questions to suzzest that the
- S dividing line between gramematical form and derived neoiogisn is both hard to de-
] fine and artisicial. I7 I distingzuish—amonz men—the “huntingz” f1iomn the “hunted,” -
I have dene ro rere than form (srammatically) two nouns from two adjectives
which zre forms (zrammatically) impiied in the existence of “to hunt™ But if
“hunting” is implied, why not “hunter”? Why not “huntee” and “huntable” and
*“huntabilize”?
The question of when a new word is a new word and when it is merely an “im-
plizd” form of 3 con.cn;ional term is indeed more complex than is gressly ap- .
. paveat. Take "Jehzirabil’ty™ =s an example. Can I claim the word is implied in
the cxistence of “hair,” or must I assume the responsipility for having spawned
. * a monster? -
Or tzke ‘unequivoczbly,” which indeed was the starting point of all this rea-
coning and woncering, for it was spotied 25 a bold neviogism in JAMA in the
sentence, “Researcly at the Public Health Service Hospiwl at Lexington, Ky, has
unequivocably proven that methadone has all of the ‘eughoric prop rties of
morghina. . .. "
Now, clearly, the adverb “unequivocably™ is grammatically implied in the z¢-
jective “uncquiveczhie.” and this in turn is implicd—rrammaticaliv of somi-gram-
matically or otherwise~in “equivoczble.” If we grant furiker that formations in
“.able’” of “-ible” are likewise legitimate without special dispensation, we shall
) conclude that “u:nequivocably™ is in no scnre a bold departure since “to equivo- .
s cate” is a firmly estzblizhed, standard English word.
But fiere:is a hitch and a flaw in 1he argument. “To equivocate” means “to
- use ambizuous lanzuzge” and (by extension) “to render ambiguous.” Ience,
“equivocable” can only suzgzest the trait of “being apt or able to te made ambig-
uwous,” and that, 1 fc;r was not intended. Which means. by t(nongrammatieal)
implication, thut the dizcrepzrcy between the obviously intended meaning of “un- .
equivocably™ and iws structmally supporied sipnisicance was the cause of the un-
pleasant jolt exporienced by the spotting reader. . : :
38~ is of course posticle, and even likely, that *uncquivocably”
typo for “cquivomally.” :
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