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Asbestos Exposure,
Smoking, and Neoplasia

Iruing j. Selikofl, MD: E. Cuyler hHmnmond, SeD; and Jacob Churg, MD .

Asbestos insulation_workers, as_a_group, have_a_high
risk_of_dying ot bronchogenic_carcinoma_(about seven_or
eight times_expected). We have observed 370 such work-
men from Jan 1, 1963 to April 30, 1967. Qur findings
indicate that asbestos exposure_alone_is_not_the entire
explagation, Of_87_noncigarette smckers, none died oi
bronchogenic carcinoma. Of 283 workmen w«th a hlstory

ql,regular tigarette smokmg, 24 dced al bronchoggm

ﬁ

‘his_diseass, Calculations suggest that asbestos workefs

bronchogenic carcinoma as _men who neither work wnth

ashestas nor smoke cigarettes. . We conclude that asbestos

. exposure should be minimized, that asbestos workers who

+ _ do not smoke should never start, and that those now
~. -smoking should stop immediately.

%
.. .

n 1964 we reportcd on deaths occurring between
Jan 1," 1943, and Dec 31, 1962, among 632
members of the Iaternational Association-of Heat
and Frost Insulators and Asbestos Workers.' All
—of-thesamen had-bsen—ocecupationally-exposed to
asbestos dust for many_ vears. Their death rate
from lung cancer was found to be 6.8 times as high
as that reported for the general white male popu-
lation of the United States during the same years,
with age taken into consideration. Three of the
men died of diffuse pleural mesothelioma and one
died of a neoplasm histologically suggestive of peri-
toneal mesothelioma. This was of intcerest since
= mesothelioma is a very rare discase in the general
population but is reported to be associated with
exposure to asbestos dust.” In addition, their death
rate from cancer, of the stomach, colon, and rectum

\was hlgher than expected; but this may have been
—tpa. ..

"\‘Q From lhc Departiment of ('mnmumly Mml:cme \lnunk Smm

-hool of Medicine (1ex Selikoff and Chueg), and the Depart.
ment of -Fpulemiolocy and Statistics, I\mcncnn Cancer Sociely
¢ Or. ‘tlammondd), New York.

itead hefore a jownt mecting ol the Sertion an Divease< of the
*Chest with the Section on ['reventive Medicine and the Ameriean
Collexe of Chest §thysicimns at the 116t annunt conventiun of the
American Medicul Aswcition, Attantie City, NI, June 19, 1967,

Heprint requents 1o Maunt Sinai Sehonl of Midieine, 100th
Street rarl Filth Avenus New Vark [ for Soihndd

£arcjnpma,_although only t three were expected to die of [*, dust which were considered both separately and

lead to a high rate of death from lung. cancer in:.

due to chance, the number of such deaths hc..
small. During the latter part of the study, we c,b- <
tained information on the smoking habits of mos: -
of the survivors, but we could not obtain reliakic
information on the smoking habits of thuse whos,

had died at an carlier date. Therciore, we could,’
not at that time investizate death rates in relsiZ
« tion to smoking habits and exposure to asbestz,

jointly.
There_is abundant evidence that cisucette smow

ing, leads to a high rate of death from luag cance: . |
n che absence of occupational exposure ta ashestns.
dust **'Qur. findings. qm‘hned abaye suggested. {buts
did" did niot prove) thatesposure. ta.asbestos dust maye.

the absence of cigarette smoking, If the—lutier bei
so, then the combined ellect of Duth types of-es-2
posure might or might not be equal to ar greaters
than the sum of the two cifects. Qn the other hand,..:
it_was possible that exposure lo asbestos dust, in-&:
creases..the risk of luny cancer among cigarcties:
qmokc.rs but does not lead to lung cancer amoag:-
nonsmokc rs. i

“The present study was undedaken primarily
to investigate these pmsdnhtws [n a(lrhtwn. wess
\Hshed to obtain more information on the (-uux-
rence of mesolhelivma and gastroinlestinal cancs,:
amony ashestos workers. o

Material 2
From recores uf New York Locs, 12 and Newatke:
NJ, Local 32 of the [ntermational Assaciation vl
Heat and Frost Insulatoes and Asbestos Waorkess
a list was made of every man whn was a rembess
of cither one of these locals on D¢ 31, 1942 Oﬂ’;
who joined between that date and Dec 31, 19523

No one was omitted regardless of his subwluenl-o
work history. o
Personnel data from uaion records indicated ln:lf
of the 632 on the union rolis on Jan 1, 1943, 3J9-*
of the men had first heen occupativnally exioatdy

to ashestos di-r piles 1. 1AM senl sl iR
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293 men had first been ex-
posed between the be-

Table 1.—~Subjects Classihnd dy Age as of Jon 1, 1963, and by Yedrs ¢#ro.n
Exposure to Asbestos Dust up ta Jan 1, 1963

Fiest Oceupatie -

amning nf 1923 and. the

T N N . "
end of 1942, All of these AY.'. sgu:;:ézg — 25;_;0 ":‘E‘:':M. F;r;: €xposure to Albnu;‘ —— D,,-:_‘::'
men were successfully s 2 2 JH B deds 4 foe 524
rraced through Dee 31, 4044 12 12. ! » - 2
1962, and 262 of them (3¢ 2w 2 ao Lok 2
were found to have died  sss9 60 . 1 16 34 s N - 13
up to that time. Of the  §2% 2 1 2 1 19 b 16
262 deaths, seven oc-  ja7e 38 e 1 A 18 e 18 ;2 u
curred prior to the 20th 7871 21 1 s 15 8
anniversary of the man's %08 A e i3 o o 2 = 2 3
first exposure to asbestos Total 370 i s 113 8 9 3% 6 91

dust and 255 occurred

alter the 20th anniver-

Table 2.—Subjects Classified by Age and by Smoking Habits on or about Jan 1, 1963

sary. Thus, of the 632

men. 370 were still living Never Pice, Err e COITEMI Cizaratte Smokers®
on Jan 1, 1963. A o' Reguiety Oy Seene oy A2 om0 ek

These 370 men were 3539 2 1 1
the subjects of the pres- T4 3 : o 2 s 4
ent investigation. Table 1  sosse 109 12 s 26 3 s 33 2 -
shows their age distribu~. 5559 € s 5 16 3 20 10
tion as of Jan 1, 1963, 2‘;2; P : e 13 ! . " p
and the lapsed time from 7074 33 7 7 12 v + ¢ 3
first exposure up to that  [>7 2 3 7 6 ) 3 1
date. All "of them have — 2 . PO L.
been traced, and 94 of Total 370 a2 3 10 J a7 o7 i
{hem were found to have *includes cigaratte s who 3iso d pipas or c1gars. .

died during the four-year
and four-month interval from Jan 1, 1963, to Aprl
30, 1967.

Beginning in QOctober 1962, we made arrange-
ments- to examine these men periodically, once
every six to twelve months; the interval depended
upon age and physical condition. The examinations
include chest x-ray fims as well as physical ex-
anination and cover past and present smoking
habits, occupational history, medical history, and -
current physical complaints. Altogether, we have
examined 338 (91.4%) of the men at least once
a4 have repeatedly examined 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 told us their smoking habits by telephone and
ﬁ"? gave us the information by mail. The local
unian secretaries {who personally knew these men
%ell) ascertnined the smoking habits of 18 men,
and family members supplied the information on
the remaining three men. This accounts for all of
the 370 men. Table 2 shows their smoking habits
on or about Jan §, 1963, the men being classified

Y their ages on that date, even though some
d“{gged their smoking habits between 1963 and

i,

Of the 370 men, 48_never_smoked regularly, 39
Imaked_or had_smoked pipes or cigars but never
smoked cigazettes_regularly, and 283 hid“smoked
Sgarcttes regularly. Some of thosé with hisfary™of
“garetle smoking also smoked pipes or cigars. Of

¢ 283 with a history of regular ¢ inarctte unoling

101 were excigarette smokers, five currently smoked
one to nine cigarettes a day, 17 smoked 10 to 19
cigarettes a day, 97 siggked 20 to-39 cigarettes a
day, and 63 smoked-48. or more cigarcttes a day.

The smoking habits of the 370 subjects were
campared with the smoking habits & a large num-
her of men selected from the general population,®
There were proportionally more cigarctte smokers
among _the 370 subjects than were foundd in the
general population_sample; age was taken into
consideration. N

Causes of Death.—A copy of the death certificate
was obtained for cach of the 94 deaths. In addi-
tion, we cxamined hospital records, postrortem
findings (41 cases), as well as the surgical and
pathologic reports when surgecy was performed (39
cases). We also reexamined histologic specimens.
It was found that the ceath certificate was inac-
curate in 14 instances. However, this did naot alter
the picture as much as mizht have heen expected
since there were several compensalting errars. For
example, in one instance the death certificate in-
dicated bronchogenic carcinoma as the cause of
death while a review of the histologic specimen
showed that death was due to pleural mesothe-
lioma; but in anether instance exactly the reverse
was found. Likewise, review in one instance re-
sulted in changing the reported cause of death
from bronchogenic carcinoma to cancer of the
stomach with metastasis to the lungs while review
in another instance resulted in exactly the oposite
change. The 94, deaths were ascribed o ti o follow.

06291

I LARELY

448060

—y



k] ot

\ . - K
| - ¥
1l e

, 108 ASBESTOS EXPOSURE-—SELIKOFF ET AL Ly

|

| Tabie 3.—Observed and Expected Number of Deaths Amang white males of various ages during the year jor ('

N\ 370 Asbestos Workers Duning the 52-Month Period as reported by the National Center for Heaith S -5

v N 1 < . 3 . . th

< - brere tioecea Uistics. These percentages were then standardizeg =

Gause of Death o-:;... ce;n;s' ior age according to the age distribution ap tir. <

Tatal, cancer (3l sites) K AT E e , e . e

Cangaer ot wyng, pleurs, branchus, Pf the 7.3 "xpecth dedthb' 1}10 l&Sult& are Shr""")

and tracnes . 27 2.3 in Table 3. N

8r NE CAr ol 24 ¢ . , ) DY

Pleural maosothelioma 3 t E:C[)L:Cted us Qbsefued Deaths.—As sl.\own fne%

Peritoneal mesathelioma ? t Table 3, there were 94 vbserved deaths (ic, 04 of »

g:"“' °" m«m“'"a . : ?': the 370 ashestos workers dicd) as compared Wiy !

ncer of color and rectum o j R e RN

. Cancer of all other sites combined 7 s 47.5 deaths expected on the hasis of the age-spociig

Asbestosis ts death rates of all white males in the United Staier.s

H-:‘:tc::d circulatary diseass including 22 205 in 1964. Thusz there were 94 minus 47.5 = {6.5%

All ather causes of death 3 10.4 excess deaths. The excess deaths were due to brog.s

Total, al causes 9 s chogenic carcinoma, nesothelioma “of the pleuraiy

*Basad uoon US mortality duts disregarding smoking habuts. and peritoneum, asbestosis, und cancer, of_ tnust

'.‘r‘t{:'-‘:‘t'e‘azs;axos data not available, but higure should be only slightly stomach, colon, and rectum. i '.5?\"

in t‘Umudl él'auls ?n- not available, but these are rare causes of death Cancer of Lung' Pleura, and Trachea.—~In pub —~

in ganera ation, R TR . - . =3

pond ) . lished mortalizy’ data for the United States scow...,

roesothelioma, tf_ll'e_e:‘_p_gngﬂ9;3,1_,m£,59th9119.f££‘:.§?"'. ing deaths each ycar from various causes by age;: :

en:-cancer. of thé c6lon, four; cancer_of the rectum, sex, and race, the folluwiny diseuses are combinen:..

ane; cancer of the stomach, three; cancer of the  cancer of the lung (including sarcoma of tae lung):=

pancreas, two; canceér 6 biiccal cavity ‘and pharyn2,  cancer of the bronchus, cancer of the pleura, ard *

two;_cancer of }215@?_5 one; cancer of _undeter-_ cancer of the trachea. For this_group of diseases,:;

mined_primary_site, two; Q_ng_esmg'oéy.,lﬁ; .cor, P}II' there were 27 observed deaths and only 2.3 ox..%

monale, _9!39}_59!1139':1!9@.‘1 disease, 17; congestive, / pected deaths, a ratio of nearly 12to’1. — T°

heart _failure, one; cerebral gascular__lgangi two, 8 It is well known that, for the United States z2...

L aortic aneurysm, one; cirrhosis of the liver,_three; | g whole, all except a very few of the deaths re-

' bzgnchop_nggmw}l_a_._“_gqe: ] ence;’)f_yxlopathy, one;  ported in the combinerd categury are duc to hranst

acuté pancreatitis, orié; Wegener's granulomatosis,  chogenic carciroma. Thus, it may be assumed that ¢

N one; and accidental fall, one. there were close to 2.3 expected deaths from this ¢

“Expected Deaths.~For purposes of comparison,
we wished to ascertain how many of the 370 sub-
jects would have died during the 52-month period
(Jan 1, 1963, to April 30, 1967) if their age-specific
death rates had been exactly the same as for the
general white male population of the United States.
For this purpuse, we made use of the United States
1964 life table for white males; this provided the
most stable basis for comparison. It should he
noted that for white males total death rates and
death rates from respitratory cancer were slightly
. higher in the industrial states of New York and
’ New Jersey than in theé United States as a whole.™’

On the other hand, respiratory cancer death rates in

white men aged 20 to 64 are reported to be a trifle

lower than average among laboress, not elsewhere
classifiecd employed in construction work.”

From the life table we determined for cach of the

370 men the probability of his dying within a pe-

riod of 52 months, considering his age on Jan 1,

1963, and assuming that the life table probability

applicd to him. Summing these probabilities for the

370 men yielded an estimate of the “expected”

number of deaths under the null hypothesis that

the age-specific death rates of these asbestos work-

ers are the same as for United States white males

N in general. The computation indigated that 47.5
! deaths would have heen expected. \N$. t(

Next, we wished té Ustimate the expected num-

ber of deaths from cachi of several causes, For this,

! we made use of the perccntage distribution of

deaths by causc of death among UUnited States

~

. tette smaking.

"\ 4-aTR52. Jthis time.

cause-ascompared with 24 observed deaths, a ratio |
of over 10 to 1. "L
Mesothelioma.—Ren of the:94 observed deaths
were due _to—merothelioma, three. were _due, 10 %
pleural mesothclioma, and scven were due to peri—4
toneal mesotheliomas, This is such a rare disease »
that if the 370 subjects had bLeen sclected as a -
random sample from the general population, one
would not have expected any of them to die of =
mesothelioma within a period of 52 months. o
All three of the men who died of pleural meso---
thelioma had a history of regular cizarette smoking. -3
Of the seven who, died of peritoneal mesothelioma, .-
one never smoked regularly, one smoked only pipes
and.cigars, and five had a bistory of ruegular ciga--y

Cancer 'of Stomach, Colon, and {ecium.—1n our”-
carlier study of asbesios workers,' there were moress:
deaths than expuctud (rom cancer of the stomach,
colon, amd rectum (9.4 expected, 29 observend), Aa
compared with a Lotal of 1.8 expecterd deaths (rom ¢
these causes, there were cightl observed deaths ..
this study, due to cancer of the following sites: =X
stamach, three; colon, four; and rectum, one. ¢ l-‘.};‘.
though this bears gut our earlicr findings, the num-3%°
ber of deaths from these causes was so small that7s
we still refrain from drawing any conclusion nt-_r:."

g

Asbestosis.~Asbestosis accounted for 15 of the "t
94..dcaths, Whilé it is not surprising that deaths- 2.
from this disease occur amony men exposed 0
ashestas dust, attention must b calle-d to the fwee sl
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that these subjects were
cimadly insulation work-
ers. While all of them
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Table 4.~Estimated Number of Lung Cancer Deaths
of 52 Months per 10,000 Men Living at the Start of Per

Expected to- Occur Ouring a Perigy
100; by Aze and by Smaking Habits®

]

e

" . Current Cigarette Smokerst

ere  occupationally ex- Never Pige, ——— e —
wele p Y dust Are, Yr Smoled Ci.g:l Excizareite 1.9 10-19 2037 40
pOSed lo asbestos dus N (Jan 1, 1963) Regutarly Qnly Smakers$ » Day s Day a Day a Dry
their degree of exposure 33:3 g ot ; .
was light as compared 4549 : § 15 1s

g s \Y; 10 . 48
with the degree of ex- 50.54 7 12 22 8 44 69 20
posure of asbestos miners, S50 M i3 "33 9 117 135

’ 60.64 16 3 n 80 ves 170 256
processors, and weavers 6569 14 32 97 157 08 350°
in earlier times. ;g;; ;: :z 100 103 208 83 asge
° : . . 1 100 188 381

Bronchogenic Carci 3086 b 12 148 329

aoma.—Bronchogenic car- -

cinoma accounted for 24

deaths while only about

$inel

§Rates by

2.} were expected on the-
hasis_of_ceneral .United.States mortality data for
white_males. However, as previousiy 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 branchogenic carcinoma death rate of
the subjects. For this and other reasons we made
estimates of the expected number of bronchogenic
carcinoma deaths, the smoking habits of the men
be_ilng taken into consideration. This was done as

ows:

Data are available on lung cancer deaths in re-
lation to the smoking habits of 440,000 men en-
rolled by American Cancer Society volunteers in

. .3 prospective epidemiologicat- study—between Oc-
. .tober 1959 and March 1960 and traced through

Sept 30, 1964. Causes of death were ascertained from
t{enth certificates,-but whenever cancer was men- ..
tinned on a death certificate inquiry was made of—

. the physician who sitned the certificate. In case —

of disagreement between the two sources of inlor-
mation,, the ‘physician’s statement was accepted.
For the purpose at hand, we only made use of data
tovering the 52-month period beginning on June 1,
1960, and ending on Sept 30, 1964. The number of
lung cancer deaths occurring during the 52-month
pedod was divided by the number of men alive at
the beginning of the period. This was done by five-
¥ear age groups for men in cach of the following
smoking categorics: (1) never smoked regularly
Inonsmokers and occasional smokers being com-
inedd); (2) history of regular pipe or cigar smok-
g, past or present, hut never smoked cigarettes
fegularty; (3) excigarette smokers (including those
*ho had smoked or currently smoked pipes or
Ggars); and (4) current regular cigarette smokers
hnc}uding those who also had smoked or currently
' “ed pipes or cigars). The last of these cate-
b-.es was further divided by current number of
O%arettes smoked per day: (4a) one to mine ciga-
:ettes a day; (4b) 10 to 19 cigarettes a day; (dc)
0 to 39 cigarcttes a day; and (4d) 40 or more
fitarettes 8 day. Since the men were divided into
“ven groups by smoking habits and further sub-

*Based upon data trom a grospective study with adjustment for US mortal
tEuiFul indicate rates omitted lor 'l 4 g NP

103 vith o 3 sn Lhis study, See Tadle 2,

udes cigarette smokers who also smoked pipe of Sigar., Men with 3 Pust
smoking have higner lung cancer ;'mu than shown here. @ oy of only cigaretie
g the data.

divided inlo many five-year age groups, some of the
subgroups contained only a small nuinber of men.
In consequence, the lung cancer death rate was
statistically unstable in some of the very small sub-
groups. [n three instances where the oliserved ‘rate
in a small subgroup appeared to be badly out of
line, we arbitrarily made an adjustment to bring it
more into line-with adjacent fizures in the table.
These adjusted figures which are indicated with
symbals in Table 4 carry very little weight in the
final calculation, All-of the rates were then ads
justed as follows:

Lung cancer death rates in the United States
have risen steadily year by year and were higher
in 1964 than during the period 1960 to 1964 as a
whole. Furthermore, in the study- descritied ahove,
we avoided enrolling sertisly ill pédple and, as of
the cut-off date for préfaring thE computer tape,
we had not yet received death certificates for all
of the men now known to have died during the
specified period of time. For these reasons, lung
cancer death rates in the study population were
appreciably lower than those repocted for white
males in the United States in 1964. T'o compensate
for this, we raised Lhe rate of cach individual smok-
ing category so that the total lung cancer death
rate (disregarding smoking habits) in each five-
year age group would be the same as that of all
United States white males (based upoa the 1964
lile lable and the 1964 distribution of deaths by
causcs of death). The results of these computations
are shown in Table 4. ({t should be noted that
Table 4 shows only such rates as were required for
further calculations.)

The rates shawn in Table 4 were then applied to
the number of asbestos 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 accur during a 52-month period
amonyg the 370 ashestos workers classified by their
smoking habits. By “expected” number, we here
mean an estimate of the number of lunz cancer
deaths which would have oceurred under the null
hypothesis that asbestos workers do not differ from
other men in respect to their lung voncer death
rates, both age and smohine habib, beipe taken
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Table 5.—Obscrved and Expected Bronchogenic Carcinoma
Oeaths by Smoking Habits® for 370 Asbeastos Warkers

5 Qbserved Eapvcted
Smoking Habits Qaeaths Oeaths
Never smoked regularly Q 0.03
Mistory of pipe. c1g3r smoking only [+] 0.13
Histary of regular cigarettn amokingt 24 2.98
Tolsl 24 118

*Basad upon data in Table 2 sad Table &,
tincludes cigarette smokers who alsa smoked pipe or cigar.

Table 6.~Expected and Ohserved Deaths Among 632 Asbes-
tos Workers Exposed to Asbesto Dust 20 years ar Longer

Total
1943.1962 1963-1957 1943-1967°
Totsl deaths: all causes

Exoected 203.5 47.5 251

Observed 255 94 49
Tatal canzer: all sites

Exnecte 36.5 8.6 45.1

Observed 95 49 144
Canzer of lung, trachea, pl

Exnc:t.du & traches, pleura 6.6 23 8.9

Qbserved 45 27 72
Cancer of stamach, calon, rectum

Exoected 9.4 1.8 11.2

Observed . 29 8 az
Cancer 3il ather sites combined *

£xpected 20.8 4.5 25

Observed 21 14 35
Astestosis

Expected ] ] ]

Observed 12 15 27
All olher causes

Expected 167 Ja.9 2059

Observed 148 30 178

into consideration. The results are summarized in
Table 5 which shows the expected and observed
number of lung cancer deaths in each of three
smoking categories. )

Taking smoking habits as-well as age into con-
sideration (Table §) a total of 3.2 bronchogenic
carcinoma deaths were expected whereas taking
only age into consideration. 2.3 deaths were ex-
pected from this cause (Table 3). Thus, perhaps
one of the excess bronchogenic carcinoma deaths
might be attributed to the fact that there appear
to have been proportionally somewhat more ciga-
rette smokers among the 370 subjects than among
men of the same ages in the gencral popniation.

The following statements are based upon the
data shown in Table 5. Twenty-four deaths from
bronchogenic carcinoma occurred among the 370
subjects compared with only 3.16 expectiud, a ratio
of about 7.6 to 1. This is slightly higher than found
in our carlier study which indicated a ratio of 6.8
to 1 (not taking smoking habits into considera-
tion). It should be noted in this connection that the
370 subjects in this study had been exposed to
asbestos dust somewhat longer than the subjects of
our previous study (the present 370 subjects are
survivors as of Jan 1, 1963, of subjects in the
previous study).

Qf the subjects who never smoked regularly and
those who smoked only pipes or cigars, none died
of bronchogenic carcinoma wherenas 0.18 of these

gests that exposure to ashestos dust does not i
crease the risk of bronchogenic carcinoma amon

men were expected to die of lung cancer. This su«al- ,

ns

\. Governmental Industrial Hygienists."

ASBESTOS EXPOSURE—SELIKOFF ET AL o

men who never smokerd ¢iynrettes regulacly. How. -
ever, considering the small number of such subjects .
in this study, we only, conclude that_ exposura_to
ashestuy dust does not gzeatly increase che, risk of-

anchogenic carcinoma. wnong. men . who_.never
smoked cigarcttes rogulacly.

‘Twenty-four of the men with a history of regular
cigarctte smoking died of bronchogenic carcinoma --
whereas only 2.98 were expected to die of it, a ratia

-of 8.05 to 1. From this it appears that exposure to
ashestos dust greatly increases the risk of lung
cancer among cigarette smokers, .

Now we may ask how greatly is the risk of bron--
chogenic carcinoma increased by the combined of. -
fects of cigarctte smoking and exposure to asbestos . .
dust. To answer this questidn, we applied rates -
shown in Table 4 for nonashestos workers who. -
naver smoked regularly to the number of subjects .«
with a history of regular cigarette smoking as shown .
in Table 2. This indicated that only 0.26 of the
subjects with a history of regular cizarette sanving |
would have been expected to die of bronchozenic.’
carcinoma if they had never smoked rcgularly and .
had never been occupationally exposed to ashestos - -
dust. Since 24 of them actually died of this cause, -
the ratio of observed to expectud deaths is 92 to 1
(ie, 24 divided by 0.26=~92). This appears to in-
dicate that- cigarette smoking plus occupational
exposure to ashestos dust increases the risk of -
bronchogenic carcinoma by a factor in the order of
magnitude of 92 to 1. [t should be noted that this
estimate does not take curtrent amount of cigarette
smoking into consideration. .
. Comparison With Earlier Findings.—As explained,
we started with f®ohort of G322 asbestos insulation
workers, the entire membership of the union locals
on Jan 1, 1943. We have now traced ecach man
through April 30, 1967, Table 6 shows the observed
and expecied nwnber of deaths for each of two
periads (the first, 1943 to J962, heing previously
reported’) and {or the enlire period. In respect to
respiratory cancer (lung, trachea, and pleurn) and
in respect to ciancer of the slomach, colon, and
rectum, the findings in the two periods are ia close
agreemant.

Comment

The increased visk ol neoplasia (imainly broncho-
genic carcinoma and mesolhelioma) among insula-
tion workers reported here should be evaluated in
the knowledge thal these men have cotsparatively
lisht exposure as ashestos trades o, Primarily em-
ployed in construction work, many of the malterials -
thoy. use contain, little or no ashestos and othiers
have _only.5% .to_15%5. Cunditions of work vacy;
these men often work outdnors unlike asbestos
operators in factory work. Comparatively few dusl-
exposure surveys have been inade in thus trade but
their vesults have generally been within the 5 mil- - -
livn particles per cubic foot pemmissible limits cur-
rently accepted by the American Conference of
* Nor have
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alditional potentially carcinogenic substances been
identified among the other materials used.!®
Heavier or cven lighter exposure may result in
dilterent degrees of risk of neoplasia, Heavy factary
exposure in the past has in some instances resulted
in_considesable lang cancer nsk.” La_others, para-
dosicully, little lung” cancer was seen because_as-
Bestosis was_so_common and S0 severe_as_tb_cause
death of the exposed workers Géfore they. could live
fong enough to develop lung cancer. Once exposure\

was_reduced by improved industrial hygiene prac~-

tices, early_death from “asbestosis sharply-dimin-
ished and lung earncer became gommon.'

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 common, both in direct asbestos
working trades and as the result of indirect occupa-
tional exposure, as in the construction-and ship-
building industiies.

There is another type of “licht exposure’ which
may affect many mote people than those industrial-
ly exposed. In the past several years, it has been
demonstrated that asbestos hodies can be found in
the lungs of 25% to 509 of adults examined at
autopsy in large cities, such as Belfast, Northern
Ireland, Capetown, Republic of South Africa,
Miami, Fla, Pittsburgh, and Montreal. This is
presumably due to “asbestos air pollution” by

{:fibers derived from industrial “spillover” (as dust

from construction sites or factory wastes) or from
end-product use. Such community asbestos air
pollution may be important since there is aiready
evidence that in certain circumstances, as living
within half mile of an asbestos plant or in the
household of an asbestos worker, intimate environ-
mental contamination can he associated with some
risk of mesothelicma.'? What is not now known is
whaether the minimal amounts inhaled by the gen-
eral public carry a similar risk."

Nor do we know whether inhalation of the very
small amounts of ashestos present in the air of some
communities is associated with a special lung
cancer risk in cigarette smokers (or, conversely,
whether cigarctte smoking makes the inhalation of
very small amounts of asbestos pacticularly hazard-

cus). [t will he important to ascertain whether such

corarcinogenic or potuntiating or precipitating rela-
tionships exist because, with the rapid growth of
ashestos use’ (500,000 tons per year world praduc-
tion in 1930 has risen to over 4,000,000 tons per
vear now), it may be difficult’ for cigarette smokers
to avoid inhaling air contaminated with asbestos.
It may not be casy to unravel the interrelation-
ships which might exist between community as.
bestos air pollution and cigarette smoking. Both
ashestos exposure and cigarette smoking have a
long-lapsed periad between onset of exposure and
occurrence of neaplasia, yet for current smokers
these two exposurcs may not have begun simulta-
negusly; thete was much less ashestos uged 20 to

40 years ago. Youngsters who start smaking now
have a much greater chuace of having buth ex.
posures simultancaously,

__Sizruficance of Findings for Asbestos Wirkors.—
,L he import of the data reported here seemns cliar
['-h.ere_xs an extraordinary risk of develapinzg and
dying _frpm lung cancer {av asbestos workars who
smoke cigarcttes “regularly. In the group studied.

- the combination of asbestos exposure and cigarette

smoking increased the risk approximately 90 times
compared with men wha neither work with asbestas
nor smoke!

Of 283 ashestos warkers swho had a histury of
cigarette smoking, 78 died within a period of &2
months whereas only 32.4*would have been cx-
pected to die within that leagth of time if their aze
specific death rates had been the same a3 for the
general white male population of the United States.
Of the 78 deaths, 24 (31%5,) were due to broncho--
genic carcinoma. It is estimated thal if thess men
had smoked cigarettes hut had not been expuaerd to
asbestos dust, oaly 2.98 would have &ed of bron-
chogenic carcinoma within the same length of time.
If they had neither smoked nor been ecxpuscd to
asbestos dust, only 0.26 would have heen expected
to die of the discase within a period of 52 months.

Of 87 asbestos warkers who never smoked ciga-
rettes regularly, none died of lung cancer within the

'52-month period {although three died of asbesiosis

and one dicd of peritoneal iesothelioma). This
finding, being based upon the experience of anly
87 men, does not prove that exposure to asbestos
dust has no influence on the risk of lung cancer
among nonsmokeeC However, it sugpests that gx-
posure to ashtytos ~dust does not lead—to- an ¢x-
tremely high tisk of Jung cancer among nonsmokers.

The vonclusions are evident:

1. Qccupational exposure to asbestos dust should
be reduced Lo as low a level s possible; but thy're
may be an irreducible minimum lével if ashestos, a
very .useful material, is to be usedlat all. Sucnn
reduction in exposure will benefit asbestos warkers
of the future. Hawever, we are also concerned with
workers who have dlready been exposes] at sipali-
cant levels for many venes. Asbestos fibers will ro-
main in their tissues {or the remainder of their Bves.

2. All people tncur a great incivase iy risk of funyg
cancer if they smate cigarettes: for ashestos work-
ers the incrense in risk is trememclous. Asboestos
workers who do nat now sinoke cigarettes should
never begin, Thase wha do smoke, should stwp
immediately. We may hope that the duecrease in
rick which results from cessalion of smoking amonyg
the general public' will be the good fortune of the
asbestos workers as well. .

Thic investigation was supposteil by the [{eaith Hesensch Coune
cil of the City of New York.
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e ess

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, for instance,
they want to refer to a spell of “hiccupiny,” provided they
are certain that Webster does know “to hiccup.”

All‘the tense forms, the participles, the gerunds are assuined to be authorized s
by implication the moment the infinitive is knawn to exist. ‘The plurals of nouns .
are similarly taken for granted, and the forms of comparison and the adverbial
forms of adjectives,
§l This phenomenon is generally covered by the assertion that a dictionary is not
’ a grammar and that each individual entry in a dictionary stands simultancously
h . for all its grammatically possible forms. (For details, consult youe grammar.)

'\ But is a gerund a graommatical form? Or is it a suflix-derived noun?
[ am not really looking for an answer. I ask those questions to supest that the
dividing line between grammatical form and derived neclogism is both hard (o de-
~—  fine and artificial. If I distinguish~among men—~the “hunting” from the “hunted,”
I have done no more than form (grammatically) two nouns from {wo adjectives
. which are forms (grammatically) implied in the existence of “to hunt.” Rut if
“hunting” is implied, why not “hunter”? Why not “huntee” ggd “huntabls” and
“huntabilize”? - —ta. - .
‘The question of When a new word is a'new-word. and when it is mercly an “im. e e
- plied" fomm ofT~conVéntional term is~indced=mese~camplux-than is-grossly ap-
parent. Take “dehairability” 78 an example. Can’ Febrimthe word is implied in
the existence of “hair,” or imust I assume the responsibility for having spawned
. a monster? — e .
o Or take “unequivocably,” which indeed-was thestacting paint of all this rea-
soning and wondering:--for it-wmx=spotted-ns a bold neologism: in JAMA-n-the o ——
sentence, “Research at the Public Health Seevice Hospital at Lexingtun, Ky, has— .
. unequivocably proven that methadone has all of the cuphuric propecties ol
morphine. . . . "

Now, clearly, the adverb "unequivocably” is prommatically implied in the ad.
jective “unequivacable,” and this in tugn is implied —geummatically of femi-graun-
matically or othenwise—in “equivocnble,” If we grant furthee that formations in

. ‘table” of "-ible” are likewise legitimate without special dispensatidn, we shall
1 conclude that “unequivocably” is in 1o sense a hold depacture since “lo equivo-
cate” is a firmly cstablished, standard nglish word.

But there is a hiteh and a flaw in the argument, “To cquivoeale” inens “ta
use ambiguous langunge” and (by extension) “to render ambipuous.” i{ence,
“equivacable” can only supgest the trait of “being apt or able to be made :unbig.
\ uous,” and that, I fear, was not intended. Which means, by (nongrammatical) v
: implication, that the discrepancy between the ¢bviously intended meaning of “un-

ecquivocably” and its structurally supperted significance was the cuuse of the un-
. pleasant jolt experienced by the spotting reader
/ PS.~It is of course possible, and even likely, that “unequivocably” wus just a o
typo for “cquivocally.” )
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