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Asbestos insulation workers, as a group, have a high
risk of dying of bronchogenic carcinoma (about seven or
eight times expected). VWe have observed 370 such work-
mean from Jan 1, 1963 to April 30, 1267, Our findings
indicale ihat asbestos exposure alone is not the entire
cxplanation. Of 87 noncigarette smokers, nons died of
bronchogenic carcinoma. 0f 283 workmen with 3 history
of regular cigaretie sinoking, 24 died of bronchogenic
carcinoma, although only three were expecied to die of
this dise2se. Calculations sugzest that asbestoc workers
who smexe have zbout 92 times the risk of dying of

broncheoganic carcinoma as men who neiiher work vath -

\!1

asbeslos nor smoke cigaraties. Ve conclude that asbestos
expocure should be minimized, that asbestos workers who
do not smoke shouid rever start, 2nd tha! those now
smoking should stop immediately.

Tn 1¢64, we reported on deaths occurring between
I Jan 1, 1943. and Dec 31, 1962, among 632
members of the International Association of Heat
and Frost Insulators and Asibestos Workers.! All
of these men had been occupationally exposed to
asbestos dust for many vears. Their death rate
from lung cancer was found to be 6.8 times as high
2s that reporied for the zeneral white male popu-
lation of the United Sizates da.i*xg tne same years,
with age t:ken into consiceration. Three of the
men d er of diffuse plearal mesnthelioma and one
dieG of a neoplasm n';tn‘o.,xcu]\ -.._gc.sme ot peri-
tonea! moesothelioma.~ This was of interest since
mcsothelioma is a very rare disease in the gencral
population but is reported to be associated with
exposure to ashestos duse’ In addition. their death
rate frora cancer ¢f the stomach, colon, and rectem
was higher than cvnected; but this may have been
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of the men had first been occupatin
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due to chance. the number of such deaths being
small. During the latter part of the study, we o&-
tained information on the smoking nabits of most
of the survivors, but we couid not obrain reliable
iniormation on the smoking habits oi those who
had died at an earlier date. Therefore, wa could
rot at that time investicate death rates in reia-
tion to smokinz habits and exposure to asbestos
dust which were considered hoth separateiv and
jointly. .

There is abundant evidence that cigarette smok-
ing ieads to a ‘nsh raie of death {rem lung cancer
in the absence of occupationa: exposure 1o asbestos
dust.”* Our findings outlmea above s Jsge~tcd (but
did not prove) that exposure 1o asbesics dust may
lead to a high rate of death from lung cancer in
the absence of cigarette smoking. If the latter be
so, then the combined elzct of both type$ of ex-
posure might or mizht not be ecual 1o or grezter
than the sum of the two effects. On.the other hand,
it was possible that c.\'posure to asbestos dust in.
creases the risk of lung cancer among cigzarette
smokers but does not lead to lung cancer amongz -
ronsmokers. '

The present study was undertaken primanly
to investigate these possibilities. In udd:L.Oﬂ we
wished to obtain more iniormation on the occur-
rence of mesothelioma and gaatron..estmal cancer
among asbestos workers.

" Material

From records of New York Local 12 and Newark,
NJ, Local 32 of the International Association of
lleat and Frost Insulators and Ashestos Workers,
a list was made of every man who was a member
of either one of these locals on Dec 31, 1942, or
who joined between that date and Dec 31, 1862
No enc was omitted regardless oi his subscquent
work history.

Personnel data frem union rcfords indicated that
of the 632 on the union rolis on :m 1, 1943, 3a¢
:hl\ L\]‘(‘n\l

1922, and an additionad

dovany

to asbestos dust prior to
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223 meon had &rst been ex-
posed between the be-

Table 1.~Subjects Clastified by Are as ¢f Jan 1. 1553, and by Years From First Decugational
Exposure to Asbestos Custup to Jan 1. 1963

ginning of 1923 and the A Tohl' No. of Years Since Firat Exposure to Asbestos DNa. of
3 e, No. p— — eathg,
end of 1942. All of these ¥r -Subjects 2024 2528 3034 3539 4044 4549 50+ 52 me
men were successfully 1539 2 cee e
traced through Dec 31, pror B 12 ! "3 . e 1
1262, and 262 of them g, . 109 1 20 2 . - - 13
were found to have died  ss.59 60 1 16 ey [ 1 cee n
up to that time. Of the :‘s"'_:; o 1 : :; :: 1: - :;
262 deat_hs, seven 0C- g7 s ... o 4 12 p 17 18
curred prior to the 20th 7579 21 vom 1 5 15 s
anniversary of the man's %998 i = i 2 e 2 2 223
first exposure to asbestos Jotat 370 31 6 113 e 59 39 36 54

dust and 235 occurred

after the 20tn anniver-
sary. Thus, of t‘ne 632

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

men, 370 were stii]l living Mever
on Jan 1 ay 1963. . A&r& 1::' Rs:;.:lh::y
These 370 men were 3539 2 1
the subjects of the pres-  ;o%s » 2
ent investigation. Table 1~ so0.s4 109 12
spows their age distriliu- :;:2 fg ;
tion as of Jan 1, 1983, (s Y P
and the lapsed time from 7074 38 7
first exposure up to that 377 a 3
date. All of them have — -_—
been traced, and 94 of Total 370 e

Current Cigarette Smokers®

Pipe, Ex. - -
Cigar cigarens 1.9 10-19 20-33 <04
Oniy Smorers® a Day a Oay a Day s Oay
.oe d ves ves eoe s
cas 2 ese ver -3 4
1 H . ees vee 12 12
[ 26 3 H 33 24
- 16 aee 3 20 10
4 1s S § sen 11 4
8 17 cos - 4 9 H
7 12 1 4 4 . 3
7 [ 1 ves 1 3 1
1 1 [N P P 3 var
— — - — — : —
39 101 : H 17 97 - 63

them were found to have
died during the four-vear
ang four- movnh interval from Jan 1, 1263, to April
30, 1967.

Beginning in Octoker 1962, we mad2 arrz .g
ments o examine thiese men pariodically,
every six to twelve months; the interval ce*cnc.;a
upon age and physical condition. The examinations
include chest x-ray films as well as physical ex-
emination and cover pas: and present =mok1‘.,
babits, occupational hisrory, medical history, and
current rhysical compiaints. Altogether, we have
examined 338 (§l.4=) of the men at least once
and have repeatedly examined most of those who
are sti! living.

Information on smoli ing habits was obtained by
personal interview with the 338 men who were ex-
zmined. Of tke 32 men who were not exarmined,
six toid us their =r-ol'w.g habits by tczepnone and
five gave us the information by mail. The local
union sccretarias (swho per‘o..:u}\ knew these men
well) asceriained the samoking habits of 18 men,
znd f..lm.l\ members suopucd the information on
the remaining three men. This accounts for all of
the 370 men. Table 2 shows their smokinz habits
on or about Jan 1, 1653, the men being cl:zssiz‘:ed
by their 2ges on that date, even though some
chan sed their smoking habits between 1963 and
125

{ hc 370 ruen, 45 never smoked regularly, 39
emoked or had smeked pipes or cizars but never
srnchied ci::rc tes recviarly, and 235 hod smoked
cigareltes resularly, ¥ome af these with history of
sing also smoked pipws or cixars. Of
the ‘7\; witii o history of regular cigaretie smoninyg,

Cl,.“ le Em
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*Includes cigaretie smohers who 21L0 smohed Pipes Of LIZars. .

»
ar ett wokers, five curr e:‘)v smoked
one to nine cigare e; a day, 17 smoked 10 10 19
cizareties a day, 9" smokad 20 to 39 cigarciies 2
da), and 65 smoked 40 or more cizarsties a day.

Trne smoking habits of the 370 subjects were
compared with the smoking habits of a larze nur
bter of men selected from the zeneral ponula'iom‘
There were proporticnally more cigarette smeiers
among the 370 subjects than were found in ihe
general population sample; age was taken into
consideration.

Causes of D2ath.—A copy of the death certificate
was obtained for each of the 94 deaths. In addi-
tion, we examined hospital records, costmoriem
findings (41 cases), as well as the surzical and
path lmxc reparts when surzery was perxor....d {39
cases). Wwe u1=o reexa2mined histolozic specimens.
It was found that the dezth certificate was inac-
curaie in 14 instances. However, this did not alter
the picture as much as mignt have been expected
since there were several compensating errors. For
example, in one instance the death certificate in-
dicated bronchogenic carcinoma as the cause of
death while a review of the histologic specimen
chowed that death was due to pleural mesothe-
lioma; but in another instance exactly the. reverse
was found. Likewise, review in one insrance ree
sulted in changing the repoited cause of death

from bronchauenic carcinoma to cancer of the
a.ommh with metastasis o the lunzs while review
in anather mnstance resulted in exactly the aposite
change. The 04 deaths were asenibed 1o the ollow-
ing causes: bionchogenic carcinoma, 24; pleural

101 were exc g
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Table 3. —Ctserved 302 Evseciec Numser of D2aits Amcrg
370 Astestos Worvere During the 52:1°cntn Senog

Observed Expected

Cause of Beath Deaths Deatng*
Total, cancer (alf sites) 49 | ¥ 3
Cancer ¢f lurg. plevwrd, Bronchus,
ang trachea . 27 23
Bronchogenic carcinoms 24 [}
Plewral mescthehioma 3 3
Feritoneal mesotnelioms 7 ]
Cancer cf stomach 3 . 06
Cancer of colon and rectum H - 12
Cancer of all other sites combined 7 45
Asteslesis .15 . ees
art and circuiatory disease including R
H'nren .' . 22 285
All other causes of death 8 104
Total, all causes b 2 475

*Based vodn US mortally €uld Sinregaroing smosing RIS,
fUnied Stales Caia NOL avdiladie, Bul Ligure SNOWIC Dt oniy slightly

less ttan 2.3,
tUnites Sirtes 2323 rot avaiiabdie, Bul these are rare causes of Ceath

in general population,

mesothelioma, three: peritoneal mesothelioma, sev-
en; cancer of the coion, four; cancer oi the rectum,
one; cancer of the stomach, three: cancer of the
ancreas, two; cancer of buccal cavity and pharynx,
two; cancer of bladder, dne; cancer of undeter-
mined primary site, two; asbestosis, 15; cor pul-
monale, one; cornary hLeart disease, 17; ccngestive
heart failure, one; cereoral vascular lesion, two;
aortic aneurvsm, one; cirrhosis of the liver, three;
brcnchouneumonia, one: encephalopathy, ~one;
atitis, one: \Wegener's granuiomatosis,
one; and accidental {zll. one.

pc:.‘ ¢d Desths.—Ioy purposes of cor*—\a"i"m,
we wizhed to ascer:ain how many of the S70 sub-
jects would have mea c¢uring the 32-mon:h period
(Jan 1, 1863, to Aprii 30, 1“67) if theira --‘.-“.)ec"xc
death rates h"d been e:\..cuy the same zs for the
general white mzle popuir.tion oi the Unitzd States.
For this purpose. we made use of the Urniiec States
1954 life table for white males: this provided the
mo't stablz basis for comparisun. lt zhouid be

ted that for white males total death rztes and
death rates from respiratory cancer were shznily
hizner in the industrial states of New York :«md
I\e\\ Jersey than in the United States as a whole®
On the other hand, respiratery cancer ceath rates in
white men azed 20 to G4 are reporied 1o 2 a trifie
lower than averzge zimong laborers, not eisewhere
classified emploved in construction werk!

From the life table we determined jor each of the
370 men the probability of his dving within a pe-
riod of 52 months, consideninz his age on Jan 1,
1833, and assuming that tie life table prodability
applied to him. Summing these p:obabii:’z:’es for the
370 men yielded an estimate of the “expected”
numter of deaths under the null h,\'po:}.C‘xs that
the aze-specific death rates of these asbestos work-
ers are the samie as for United States wiite males
in gencral. The computztion indicated that 47.5
deaths weuld huve been expocted.

Next, we wished to esiimate the expected num-
ber of deaths from each of several causes. For this,
we made use of the percentage distribetion of
deaths by enuse of death umong United States

125

white males of various ages during the ve
as reported by the Nat tional Center jor Hez
tistics. These percentazes were then siand
for age according to the age distributicn =
of the 47.5 expected deaths. The resuits are
in Table 3.

Expected vs QObserved Deaths.—As sho
Table 3, there were 84 observed deaths (e,
the 370 asbestos workers died) as comparec
" 47.5 deaths expected on the basis of the zze-s
death rates of all white males in the United .
in 1964. Thus, there were €4 minus 47.5 =
excess deaths. The excess deaths were cue 1o
chogenic carcinoma, mesothelioma of the ;
and. peritoreum, asbestosis, a2nd cancer ¢
stomach, colon, and rectum.

Cencer of Lung, Pleure, end Trachez.—~1In
lished mortality data for the United States .
ing deaths each yvear {rom various cauvsss by
sex, and race, the follos wing disezses are comit
cancer of the iung (including sarcoma of el
cancer of the bronchus. cancer of the pleura
cancer oi the trachea. For this group of cis
there were 27 observed deaths and oniy 2.

-

-
]
1-
.

AN

-pected de:t"x a ratio of nearly 12 10 1.

it is well known that, for the United Sta:
a v.hole, all except a very lew of the de.....

ried in the combined catefory are due 0!
cno<'emc carcinoma. Thus, it ma} be azsumed
there vere close to 2.3 e::::ected Ceaths irs
cause &s comgcared with 24 observed deaihs, a
of over 10 to 1. -

Jlesothelioma.~Ten of the ¢4 observed &
were due 0 mesotnelioma, three were cu
pleu-al me~orhel.o....., and seven were ¢ue 0
toneal mesotheliomas. This is such a rare’ €is
that if the 370 subjects had been ~e.e::cc R

randem sample from the general pepuiztion.
\\ox.‘a not have e\p°c1eu any of them to di
mesothelioma within a nerod of 52 ment

All three of the men who died of pizor
thelioma had a history of regular cigare:i2 smox
Of the seven who died of peritoneal mesoinziic
one never smoked regularly, one smoked oziv e
anrd cxt'ar., and fve had a history of reguiar
rette smoking.

Cancer of Stomech, Colon. and Reciun, -in
earlier study of asbestes workers,' {here wete =
deaths than expected from cancer oi the s:::‘.:
coion, and rectum (9.4 expected, 20 chiorved).
compared with a totai of 1.8 expected dzaids
these causes, there were eight obsenved C'c-:'.'l“.
this study, due w cancer of the ioliowing si
stomzch, thuc; colon, four; and recium, cz: .
though this bears out our earlier findings, the su
ber of deaths irom these causes was sc smxl ¢
we stll reirain from drawing any conciusion
this time.

Astestosis.— Asbestosis accounted for 15 o
G4 deaths. While it is not sarprising thel wd
from this disease occur amonyg men ._\,,..:ux
asbestos dust, attention must be catied 10 e &8

.s
e -
i
s

o 1)

l..

-.'
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that these subjects were

pamarily insulation work-

Tabie 4. ~Estimateg Number of Lur= Canzer Deaths Expected to Occur During a Fencd
of £2 hionths per 10.000 Men Livira at the Start of Paricd; by A%e and by Smakin Hadist

ers. While all of them -

were occupationally ex- Ake. Yo shnuer

posed to asbestos dust,  Uanl.1561 Reguiariy
their degree of exposure o S
was hght as compared 4549 2

"with the degree of ex- :2:; 7

posure of asbestos miners, o '
rocessors, and weavers £5.69 14
processors.

in earlier times. 1074 12
B hogenic Cerci 7579 ]

ronchogenic Cerci- S84 - 28

Current Cigarette Smokerss

Pine. — —
Cirar Excizarente 19 10-19 20-3% 604
Oniy Smokers$ a Day a Oay a Day a Day
-qnt s sna e aoe . see
.ee 7% see . .ees 18 .
2 10 .es PN R 1] 46’
12 22 28 44 €9 )
15 3 eos N 117 188
b ¥ n 80 oo 190 256
32 97 ese 157 308 350°
82 100 103 206 288 450°
53 100 eon 188 341 9
32 148 “en s cew coe

nome.—-Bronchogenic car-

deaths while only about
2.3 were expected on the
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 whnite 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
csiimates of the expected number of bronchogenic
carcinomz deaths, the smoking habits of the men
being tzken into conaiderahon. This was done as
{ollows: .

Daca are available on lung cancer deaths in re-
Iation to the smokinz habitz ¢f 440,000 men en-
rol!cd by sAmerican Cancer Sceicty volunteers it

a prospective epidemiological study between Ce-
tober 1939 a2na March 1980 znd raced throuzh
Sept 30, 1954. Causes of death were ascertained from
death certificares. but whenever concer was men-
ticned on & death certificate inquiry was made of
the physician whe signed the cerufcate. In case
of disagreement between the two sources of injor-
mation, the phyvsician’s statement was accepted.
For the purpoze at hand. we only made use of data
covering the 32-month period beginning on June 1,
1960, and endine on Sept 30, 1884. The number ol
lung cancer deaths occurring during the 32-mconth
period was divided by the number of men alive at
tne beginning of e ;:c-::cd. This was done by five.
year age grouns ior men.in each ni the following
emoking c*t-:—g ries: (1) never smoked regulariv
(;.OnSanr.Lfa and occasional smolkers being com-
Linied); (2) hiszory of regular pipe or cigar smok-
inz, past or preseat, but never smoked cigarettes
regularly; (3) excizarette smokers (including those
who had smoked or currentiy smoked pipes or
cigars); and (4) current regular cicarette smokers
(including these who also had smoked or currently
cmoked pipes or cigars). The last of these cate-
gories was furcther dividad by curreat aumuer ol
cigarcttes smeked per dayv: (42) one to nine ciga-
rettes a day; (4bh) 10 to 10 cizar uuc: a dav: (-ic)
20 o 39 c:-'ar"t.n a day; and (4d dy 49 or more
cigarcltes a day, Since the men were divided into
£2ven groups b;. smoking habits and further sub-

JEICA, l.,ml E.13{3 ¢ V0t 204. No 2

€a3sed voon data from 3 DrosSective Siusy wilh 3% usimer: for US mortainty exoerience.
'Euu:us INGICIle TlES OIS 137 €T e With AD SUSESS N Lhes 3lWBY. S2e Tadie 2.
sinciudes cigareile SMoners wno 1is3 smzaes OISe Of Cigar.
SMSung have higner WWUNZ Cancer rites than shown Ners,
{Rates odtained Oy smoclnmg the cata.

Mea with 3 tistory of oniy cigareltls

divided into many fve-vear age groups, some of the
subgroups contained only 2 smail number of men.
In consequence, the lung cancer death rate wazs
statistically unstable in some of the very small sub-
groups. In three instances where the observed rate
in a small subgroup appeared to be badly out of
line, we arbitrarily made an acjustment to bring it
more into line with adjacent figures in the :able.
These ad) :sted figures which 2re indicated with
symbols in Table < carry very little weight in the
final calculation. All of the rates were then ad-

- justed as follows:

life table and the 1964 distribution of deaths be.

A1794C

Lung cancer death rates in the United Statss
bave risen steadily wear by year and were higrer
in 1964 than during the period 1940 to 1984 a5 a

whole. Furthermmore, in the study Jdescrined above,

we avoided enrolling seriously iil penple and. 25 of
the cut-ofl date ior preparing the computer tape.
we had not vet received death certificates for 2il
of the men now known to have died during the
specified pericd of tize. For +hese veasons, lung
cancer death rates in the study populm-m were
appreciably lower than those reported for white
males in the United States in 1964. To compenszaze
for this, we raised the raze of each individual smox-
ing category so that the tatal lung cancer death
rate (dxsreg:romv smoking habits) in each fve-
vezr aze group would be J'xe same as that oi all
Lnueu Stares whnite males (based upon the 1984
causes of death). The rasults of these comyn.:;nons
are shown in Table 4. (It should be noted that
Tzble 4 st.ows oniy such rates as were required for
further caiculations.)

The rarzs shown in Table 4 were then apphed to
the number of azhestos workers shown in cach of
the corresponding internal cells of Table 2. This
yielded an estimate of the number of lung cancer
deaths expected to occur during a 52-month neriod
among the 370 asbestos workers classified by their
smoking habits. By “expected” number, we here
mean an estimate of the number of lung eanter
deaths which would have occurred under the nuil
hwopotiiesis that usbestos workers do net diiter fion
otihwer men in respect to their lung cancer death
rutes, hoth ogze and smoking h:ﬂn., being talien

157



bewson

v memebim

YT

100 B ogp wm g

et .. .

RV

Table 5.—Cbearsed 2nc Excezied Sropsharcenic Carcincma
Desths by Smoking Hadits* for 370 Aspestos V/orkers

- Observed Erpeciec
Smoking Habdlts Deaths Deains
Never smeked regularty ] 0.0%
History of pize, c:gar smoking only (] - 013
History of regsiar cigarette smokingt 2 298
. Total 24 .16

*Based UPON C31a n TaSie 2 3and Tadle d,
{inciudes Cigaretie smokers who 3130 sMoked DiDE OF CIEAT.

Table 6.—Excecteg and Cheerved Cezihs Among 632 Asbes-
tos Workers Exposed to Asbesto Dust Z0 years or Longer

Total
1943-1962 1963-1967 19431967
Total deaths: all cauvses

Expected 2035 47.5 251

Observed . 255 84 349
Tola!l cancer: all sites

Expetted 358 8.6 451

Observed 85 48 144
Cancer of lung. trachea, pleurs

Eapectes 66 - 23 3.9

Observed * . 45 27 2
Cancer of stomach, colon, rectum

Expested 9.4 18 112

Observed 23 8 37
Cancer all other sites combined

Expected - 208 4.5 25

Observed . 21 4 35
Asbesizsis .- ) '

Expected 0 4] ]

Observed - 312 - 15 7
All cther causes

Expected 167 38.9 205.9

Observed 148 30 178

“subjects compared

into consideration. The results are summarized in
Table 5 which shows the expacied and obrerved
pumber ci lung cancer deaths in each of three
smoking cate :crnc~

Tzking sm as well as age into con-

sideration (Tz3Sie 3) a total cf 3.2 bronchegenic
 carcinoma deaths were expected whereas taking

only age into consi derauo'x 2.3 deaths were ex-
pected irom this czuse (Tabie a). Thus, pernaps
one of the excess b.’onchogcnic carcinoma deaths
might be attributed to the jzct that there appear
to have been preporienzily semewhat more ciga-
rette smokers “r:-.or" the 370 subjects than among
men of the same 2zes in the generzi population.

The following stztements are based upon the
data shown in Table 3. T\\'cmy-iour deaths from
bronchogznic carcinoma occurred among the 370

with oniyv 5.15 exnacted, a ratio
of about 7.6 to 1. This is :x..:‘m_\ hizher than found
in cur ezrlier study which indicated a ratio of 8.8
{0 1 (not taking smoking habits into considera-
tion). It should he noted in this connection that the
370 subjects in this study had bLeen exposed <
asbestos dust somewhat longer than the subjects of
cur previous stuuy (ihe present 370 subjects are
survivors as of Jan 1, 1963, of subjects in the
previous study).

Of the subiccts who never smoked reguiarly and
those who smoked only pipes cr cigars, none dicé
of brenchogenic carcinoma wherezs 0.18 of these
men were expoecied o die of Jung cancer. This sug-
gests that expusure 1o arbesios dust does not in-
creaze the ik of Lienchogenic cuitinoma among

163 - A 7__9 41

men who never smoked cigarettes rezularly.

ever, consicderinz the small number of such =it
in this study, we only conciude that exposu:
asbestos dust does not grectly increzsze the ¥
bronchozenic carcinoma amonz mea.who :

"smoked cigarettes regularly.

Twenty-four of the men with a history of rz:
cizarette smoking died of bronchogenic carcir
whereas only 2.98 were expected to die of it. a
of 8.05 to 1. F rom this it appears that expos:
asbestos dust greatly increases the risk of
cancer among cizarette smokers.

Now we may ask how greatly is the risk of t
chogenic carcinoma increaced by the combine«
fects of cigarette smoking and exgosure 10 &so:
dust. To answer this question. we -appiied
shown in Table 4 for nonzsbestos workers
never smoked regularly to the number ¢f sub:
with a history of regular cizarette STOKIng as sh
in Table 2. Tkis mdxcatec that enly 0.6 0"
subjects with a history of regular cizarette sm
would have been expected to die oi bronc..o-
carcinoma if they had never smoked regular
had never been occupanona:]y exoosed to as:
dust. Since 24 of them actually dizd of this ¢z
the ratio of observed to expecied deatns is &2
(1e, 24 divided by 0.26=92). This appesars io
dicate that cigarette tmoking plus occupari
exposure to asbestos dust mcre 1ses the r.:-k
broachogenic carcinoma by a fzciof in the orde
magnitucde of 92 o 1. It shoul d be moted that
estiinate does not tzke-current amoun: of cigar
simeking into con<2dc' -ation.

Comperison \Vith Lariicr Fincings.—As explair
we started with a cohort of €32 int
workers, t'nc c itire membersiip of the union icc
on Jan 1, 1943. We have now ¢ :
throuzh ..pnl 30, 1857, Table € shows i
and expected numbcr oi deaths for ez
pericds (the first. 1943 to 108682, being previen

respiratory cancer (lun-. uachea. and pleu a)
in respect to cancer of the stomach. ccio 1.
rectumn, the findings in the tvo periocs are in ci
agrecment.

Comment

The increased risk of neop asia (mainly by c:':':
genic carcinoma and mesctheliomn) among i

tion workers reporiced here shouid ne c\..z'.:::c :
the knowiedge that these men have comgarativ:
light exposure as asbesios trades zo. Frimariiy <

ployed in construction work, many of the mater
they use contain little or no ashestos and ciin
have only 5% to 15%. Cunditions of werk va:
these men often work outdoors uniilic nsbes:
oprcrators in factory work. Comparativeiy fvw Cu
expesure surveys have been made in this 1made
thair results have generaily Leen 'u finothe &gt
lion particles per cubic feot penmisribnye fimits o
renvly aceepted by the American Coilotanee
Governmental Industrial Hygienste™ ™"

ey
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" additional potentially carcinogenic substances been

jideatificd among the ether materials vsed.'”
Heavier or even hrvhtcr exposure rnay result in
different dcgrccs of risk of ncoplasia. Heavy {actory
© exposure in the past has in some instances resutted
in considerable lung cancer nisk." Ia others, para-
doxically, little lung cancer was seen because as-
bestosis was so common and so severe as to cause
death of the expnsed workers before they could live
long enough to develop lung cancer. Once exposure

. was reduced by improved industrial hygiene prac-

tices, early death from asbestosis sharply dimin-
ished and lung cancer became common.**

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

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

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

There is another type of “light exposure” which
may aflect 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 25 to 50¢, of adults examined at
autopsy in large cities. such as Belfast, Northern
Ireland, Capetown, Repubiic of Sout‘x Airica,
Montreal. This is
prcsum'xb'" due to ‘*‘asbostos air pol‘u ion" by
fibers derived from industrizl “spiilover” (as dust
from construction sites or factory wastes) or ‘rom
end-product use. Such commuairy asbestos air
pollution may be important since there is already
evidence that in certain circumstances, as hvx..,
vithin hali mile of an asbestos plant or in the
houszhold of an 23bestos worker, intimate environ-
mmental contamination can be associated with some
risk of mesothelioma.’® What is not now known is
whether the minimal amounts inhaled by the gen-
eral public carry a similar risk."

Nor do we know whszther inhalation of the very
small amounts of asbestos prezent in the air of some
communities is associated wit'n a special lung
cancer risk in cigarette smokers tor. cm\nhc‘\
whether c¢iga:ette smoiting makes the inhalation of
very small zmounes of ashestos particularly hazard-
ous). It will o imroriant to ascertain whether such
corarcinsg2nic ar ;.o‘mtiatin: or precipitating rela-
to.uh.;h gxist beczuse. with the rapid growth of
astestos us2 (300,000 tons per :.'e... world nroduc-
tion in 1930 kas risen to ou-' 4.000.000 tons per
year now), it may be diiicult jor cicarette smokers
to zvoid intaling air contaminated with asbestos.

It mav nnt 1c easy to uniavel the interrelation-
ships which mignt exist betwseen community as-
bestos air pollution and cizzretie smokine. Both
asbestos exposure and cigarette smokiny have a
long-lapsed period between onset of exposuse and
octcurience of neopinaa, yot inr curreng s:::ok'c
tnose two exposuras may net have beaun simulia-
ncc.:*x;,, wre was much less ashestos uw" 20 io

<
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40 years ago. - Youngsters who start smoking now
have a much greater chance of having both ex-
posures simultanenusly.

Significance of Findings for Asbestos Workers.—
The inport of the data rcported here seems clear.
There is an extraordinary risk of developing and
dying from lung cancer for asbestos workers wha
smoke cigarettes regularly..In the group studied,
the combination of asbestos exposure and cigare:ite
smoking increased the risk approximateiv 90 times
compared with men who neither work with asbestos
nor smoke!

Of 283 asbestos workers who had a hnstorv of
cigarette smoking, 78 died within a period of 52
mon:hs whereas 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 the
general white male population of the United States.
Of the 78 deaths, 24 (315 ) were due to broncho-
genic carcinoma. It is estimatad that if these men

- had smoked cigarettes but had not been exposed to

asbestos dust, onlv 2.98 would have died of bron-
chogenic carcinoma within the same leng:h of time.
I t‘)e) had neither smoked nor been expscsed to
asbestos dust. only 0.26 would have been expected
to die of the disease within a period of 32 m.mtha.

Of 87 asbestos workers who-never smoked ciga-
rettes regularly, none died of lung cancer witnin th
32-month ceriod (although three died of asbestosis
and one died of peritoneal mesotheliomza). This
finding, beinz based upon the experience of only
§7 men. does nct prove that exv-sure 0 asbestos
dust has-no infiuence cn the risk of lung eczncer
among nonsmokers. However. it sugzests that ex-
posure to asbestos dust doecs not lead o an ex-
tremely hizh risk of lung cancer among nonsmokers.

The conc!u;xons are e\'xdent.

1. Occupational exgosure <0 asbestes dust should
be reduced to as lo\" a level as possiple: hut there
may be an irreducivle minimum level if ashestos. a
vervy useful material, is to be used at all. Such
reduction in exposure will beneft asbestos wockers
of the future. Hoswever, we are 2lso concerncg with
workers who have zalready been exposed at siznis-
can: levels jor many years. Asbestas Sbers wiil ve-
main in their tissues for the remainder of their Hves,

2. All people incur a great increase in rizk of lune
czncer ii they smoke cigaret:as: 101 asbestos work-
ers the increase in risk is zrcmundpus Astestes
workers who do not now smoke cizareites should
never begin. Those who do smoke, siould stop
immediatsly. We may hope that the desresze in
risk which results from cessation of smoking amany
the general pu sblie® will be the gond fortune of the
asbesios workers as well,

This investizanion was sugported by the Health Beacareh Coune
ol uf the City uf New Yora.
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Many, possibly most, of the words in the dictionary
stand there as representatives of a whole family of forms.
Not even the timidest of the linguistically timid will run
to the dictionary for encouragement when,
they want to refer to a spell of “hiccuping,” provided they

for instance,

are certain that Webster does know “to hiccup.”
All the tense forrns. the participles. the gerunds are assumed to be authorized .

by implication the

noment the infinitive is known to exist. The plurals of nouns

are similarly taken jor 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 simultaneously
for 21l its grammatically possidle forms. (For detalils, consult your grammar.)
But is a gerund a grammatical jornn? Or is it a sufiix-derived noun?
I am not rez2lly lcokiag for an answer. I ask those questions to suzgest that the

dividing line between grammatical jorm and derived neoiozisn is both hard to de-

fine and artificial. Ii I distinzuish—amonz men—the
I have done ro mere than form (grammatically) two n
iinpiied in the existence of “to hunt.”
is impiied, why not “hunter™? Whay not “huntee” and “huntable” and

which zre forms ( zrammarically)
“hunting”
“huntabilize”?

hunt.ng" iromn the “huted,” .
ouns from two adjectives

- e
Bur if

The question of “when a new word is a new word and when it is merely an “im-
plicd” form of a conveniional term is indeed more complex than is gresslv ap- .

. pa-eat. Take “dehzirability”
the existence of “‘hair,

*  a moncter? '
Or take “unegquivoczoly,

=g an example. Can I claim the word is immplied in
" or must 1 assume the responsibility for having spawned

" which indeed was the starting point of all this rea-

coning and woncering, for it was spotted 25 a bold neviogism in JAMA in the

sentence, “Researclh: at the Public Heaith €

ervice Hozpiwal at Lexington, Ky, has

unequivocably provern that methadone has all of the ‘eughoric propemes of

morphine. . ..

Now, cleﬁrl}, the adverb "unequivocably”
and this in turn is implicd—crammaticaliy of somi-gram-
“equivoczble.”
are likewise legiiimate without special dispensati on we shall

ivocably™ is in no sense a beld departure since “to equivo- .
is a firmly c-t:bl:.ngd standard Encglish word.

jective “unequiveczbie.”
matieally or othenwvise~in
“.able"” of “-ible”
conclude that “1nequ
cate”

is grammatically implied in the z¢-

If we gront furiner that formations in

But. "mre -is a hitch :md a flaw in the arqument. “To equivocate' means “to

© use amb.;:v..ous lanzuzge”

and (by extensicn)

“to render ambiguous.” HHence,

“equivocuble” can on‘" suzzest the trait of “Leing apt or able to be made ambig-

uous,
implication, that the d
equivocably™

" and that, 1 fe:~_r was not intennded. Which rmeans, by tnon:rammatiml)
dizcrepancy between
and its siructuially supporie

the obviouwly intended menning of “un .
siynificunce was the cauce of the un-

pleusant jolt cxpuerienced Ly the spotting reader, .

PS—M1 is of cour
tyro for “equivocally.”

L '  AI79k3

s¢ postéicle, and even likely, that

i

"1mcquivocabl;," was just a

ALEXANDER GODE, PHD
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