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o 1. INTRODUCTION
&;" The relationship of lung cancer and mesothelioma of the pleura snd peri-

toneum with asbestos exposure has been well documcnted by numcerous epi-

= demiologic studies in various countries, The swareness of this risk has
led to concern re&-rdzng relatively low-level and/or short-term asbestos

%x exposure, especislly since expcriences with "'neighborhood” and “household”

ﬁ‘; exposures have been reported to result in mesothclioma {Newhouse (1),

; Wagner(2), Anderson(3).

Cancer of the lung, while less specific for the asbestos carcinogenic
effect is, nevertheless, several times wmore frequent a cause of death in
asbestos-exposed workers, Definition of the minimum asbcestos exposure

that would lead to a significsnt increase in lung cancer 18 an unanswercd

question of high theoretical and practical importance.
| 11. MATERIALS AND METHODS

ﬁ The requirements of the U.S. Navy for asbeatos insulation for pipes,
botlers and turbines of fts ships led to the establishment of an amosite

asbestos factory in Paterson, New Jersey just before the entry of the

Unjted States into World War Il1., From 1941 through 1945, 933 men were
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recruited to work in this plant which continued in opcration through 1954.
’ . Though non-whitea were employcd in the latter ycars of the plant's opera-
‘ tion, the initial group was almost entircly white., Wartimo conditions had
a marked influence on the composition of this work force, Younger and
fitter men having been siphoned off by thc Armed Services, thcse men
tended to be older than is usual for men entering a new line of work,

‘ There were very few "carcer” men and only 19 had worked with asbestos pre-
' viously; they have been omitted from the prescnt analysis. In contrast

to other groups of asbestos workers that have been studied, composed
largely of those who continued to work in the industry once they started,
a large proportion of the remaining 914 men driftcd off to other employ-

ment after a while, and others left to onter the Armed Services, as the

need for men increased,

This resulted in s unique body of data; expcricnces of men with a very

limited duration of asbestos work cxposure. Thus, there werc €5 who

worked in the plant less than a month; 101, worked onc month; 103, two

j months; 165, 3-S5 nohthl; snd 131, 6-11 monthé. We know that this plant
had poor ventilation as detailed by review of conditions with workers and
l“ management, and examination of ventilation enginecring plans, Examination
H of tissues obtained at autopsy (A M. Langer) has shown that even short
periods of exposure sufficed to lecave the men with a -1ifetime burdon of a

large number of asbestos fibers in their lungs.

' Our approach in this study has becn to cxaminc the mortality experience
, of these men in each year through 30 years after onset of work, in com-
i parison with a hypothetical group of men of identical age at outset, sub-
Ject to age specific death rates prevailing for white males in the general

population of New Jersey in each relevant calendar year 1941-1974,

1 Table I shows the status of the 914 men at various intervals subsequent

;' to entry. We took 1943 as the average starting point, 1948 as the S year
!1 point, etc, The setting in time has gresat significance for many reasons
ih including the kinds of cigarettes available at the particular time.

: Age 40 may be taken a# roughly thc age at which the frequency of cancer

! begins to be of apprecisble magnitude. Dcspite the dwindling total number
of men, we can see that for nmuch of the pcriod of observation there was
sctually an increase in the number of "effcctive” men (i,e,, thosc 40 or

f over) at risk, as the younger men became older,

r: ‘ | 944
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The "withdrawals alive” include 32 men lost to followup, mostly in the
early yesrs of the study, 17 men terminated from observation in this study
at & time at which they accepted asbestos work clscewvhere, snd 36 men who
had begun work in 1945 but who had not yet finished their 30th year of
observation by December 31, 1974,

The “expected” number of men at risk are the number of survivors from the
original group of 914 men depleted on the basis of mortality for white
males in New Jersey,® allowing for "withdrawals alive.” Subtracting the
actual number of men at risk from the "expected’ number ytelds what we
have termed "net susceptibles”, or more precisely “net susceptibles ‘at
.the level of asbestos exposure experienced.” [Iicsides being a measure of
the excess mortality among the ssbestos workers, the fact that these
"susceptibles’” were not availnble for observation in subscquent time
periods means thst some understatement was likely in such periods in the
cunulative probabilities of death data we will show for the asbestos

workers,

We have used followup study life table methods to estimate the probabili-
ties of death {n various parts of the first ycar after onsct of work, and

son a1 yecar by year thereafter, To obtain these probabilittes we adopted the

S
Ay

approach by Chiang(ll) and Littel (12) in which Py, the probability of

surviving a small time interval t was computed from A, the dcath rate

NI

) per man-year for the interval, through the rclationship Ptrc-fx. Chain
*; : mult&plicition of these probabilities gave the cumulative probability of
:_; surviving from some initial point of time to some later point of time.
'f.“: Subtracting the cumulative probability of surviving from 1 resulty in the

-al : cumulative probability of dying from all causes.

.; The cumulative probabilities of decath for cancer and lung cancer were
;Z :* derived by swunming over thc various intervals the products obtained by
multiplying the part of the probability of death durtng that tntorvel
attributable to cancer or lung cancer by thc cunulative probubility of

surviving to that interval,

*The depletions were cualculated by intcrpolation and extrapolatton wf
} single ycar of age ly from published life tables for New Jersey white
males for 1940(4), 1950(3) and 1960(G6). The 1970 life table 1s not yet

PO SO

avajlable so we developed one(7,8) from mortality data for the years 1969-

1971(9) and population data from the 1970 census(10).

. 945

ABS-028357




1
i
{
'
)
i
]
1)

= —— —-

e 2 —

.

In order to start the cumulative probabilities of dcath for all subgroups

from the date of onset of work, each subgroup was glven the mortality
experience for all men during the period less than one month after oniet,

Subgroups which worked one month or more were given the mortality expe-

rience of all such men for month 1., Subgroups which worked two months or

more were given the mortality experience of all such men for month 2.

Through 197) mortality data for New Jersey were available from the annual
vital statistics publications of the National Center for Health Statistics
(9). Annual populations were estimated by interpolating and extrapolating
decennial population data(l0,13-15). Tho kind coopeoration of the National
Center for Health Statistics provided us with unpublished ;ortlllty data
for 1972-1973(16). The 1974 data not yet being available, we extrapolated

tor 1974 from 1967-1973,

-

The coding for cause of death in this study is that of th; VI through
VII1 revisions of the International List in use in thc United States from
1949 on. The observed deaths were coded in two ways, First, according

to death certificate information but then also according to verified
diagnosis, established from additional information available for the dece-
dent from autopsy, surgical specimens, x-ray films and clinical informa-
tion, For this analysis we have utilized the verificd diagnousis, To
obtain total cancer death rates om a consistent basis for New Jersey prior

to 1949, we extrapolated from rates for 1949-1955,

For New Jersey white males, age spccific death ratcs werc availsble for
total cancer of the respiratory system but not for lung cancer specifi-
cally, although this neoplasm constitutes the major part of the category.
However, the all ages total for lung cancer were at hand, We estimated
the age-specific lung cancer rates as follows: For cach age groun, to
the United States lung cancer death rates for 1949 on, we applied the
ratio of New Jersey to United States total respiratory cancer rates in
order to obtain first estimates of lung cancer rates for New Jersey.
These first estimates were multiplied against population figures for New
Jersey and the resulting implied numbers of deaths werc summed to obtafn
the totals. These were then comparcd with the actual total numbers.

There was excellent agreement and only small adjustments were required

between the firat and final estimatcs,
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IXI., RESULTS

The results for small subgroups are subject to substantial sampling varia-

e

tion, Even so, for the 65 men who worked less than a month, the indics-

tions were for favorable mortality for all causes of death during the 30
year period of observation(Fig. 1). No cancer death was obscrved until
the 22nd year and no lung cancer death until the 25th year but in the

probabilities thereafter there is the hint that even in these men the

LA

time bomb of “residence asbestos exposure” (residual retained asbestos in

tissues) was ticking away,

Yhen we proceed to the findings for the men who worked a month or more,

the mortality after a number of years was consistently unfavorable

(Figs. 2-7),

-

Table Il provides a summary for all causes of death st various points of
time after onset of work, of the absolute and thec relative differences
between the observed and expected cumulative probabilities of decath for
the several subgroups, Underncath the lincs and 1n the unshaded arca, the
observed mortality ia consistently unfavorable. For those who worked 1,

2 and 3-5 months, this became evident at 20 years while for those who

:;‘ worked longer, it 18 evident esrlicr.

Table III provides a similar summary for totsl cancer.’ The absolute dif- !
ferences were smaller and the relative differences larger than those for
all causes of death, The smaller absolute differences for cancer compared ;

:j with all causes mcans that cancer did not account for all of the excess

mortality i{n these ansbestos workers. For thosc who worked 1-11 months it

took longer for cancer than for all csuses for the excess mortality to

o

become evident,

In the summary for lung cancer {n Toble 1V the relntive differcences are

clearly much larger than those in Tables II ond II}J. As compared with the

d. respective absolute differences for total cancer, lung cancer sometimes

accounted for all of the excess cancer mortality and sometimes for only

a part of the exccss,

Figure 8 shows the relative differences 30 ycars after onset of wark in

A
]
the observed compared with expected cumulative probabilities of death ‘!
from all causes for the various subgroups, HKclative differences of ob- :

served to "expccth'or 1.3, 1.4 and 1.5 may not scem impressive, but it

947 !
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must be rememberced that as "expcctcd” cumulative probability of death ap-
prosched 50%, the largest possible relative difference was 2. Figure 9

shows these data for all cancer and Figure 10 for lung cancer.

1V, DISCUSSION

The fact that direct asbestos exposure of short duration (less than one
year), results in significsnt excess risk of lung cancer, together with
the development of mcsothelioma after minor (ncighborhood or hbnsehold)
asbestos exposure, is of considerable intercst for the evaluation ot_the

“minimum carcinogenic dose’ for asbestos.

It 45 also evident that the asbcstos exposurc in ~residence” is immensely
importsnt. Calculstions of asbestos dose which consider only the initial
direct exposure dose deal with the visible tip of the iceberg and jgnore
the bulk of the mass which is out of sight(17).

Since tissues continue to be exposed after cessation of the tndividusl's
direct exposure, the disease outcome is influcnced by the duration of
post-employment tissue exposure ( residence time™); epidemiologically,

this becomes evident only with long post-employment observation.

The lengthy interval between the dircct dosage and the emergence of cancer g
poses the challenge to use this time in some way to intervenc snd sbort
the cancer process in those we know to bec high risk persona. To date, the
opportunity msy be there, but not the know-how of how to take advantage

of it,

In coding cause of death using all of the information compiled for the 494

decedents among this group of 914 men, we clussified 142 deaths in the

" category ''total cancer” including 76 as lung cancer. Jissed on death cere
tificate information alone, 135 denths would have been classificd as can-
cer and 65 as lung cancer, Some investigators assert that for greater
comparability only death certificate information for coding causes of
death should be used. Of coursc, it would be uptimal tf causes of death
in the general population were also to be coded with all of the relevant
records at hand, This not being fcasible, we believe our spproach is
well justified becsuse of the untique problems in asbestos workera. For
t instance, vtsh careful effort it {s not unusunl to detect n;sothellom- in

an asbestos worker, mesothelioma which was probably unrecorded on desth

‘ 948
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certificates. In the general population with cqual offort it would be
rare to detect mesothelioma becausc it simply is only rarely there to be

detected and recorded,

V. SUMMARY

Workers exposed to amosite asbestos for mercly a month showed s clear ex-
cess risk of cancer. With longer direct cxposure (i.c., 2 months, 3
months, 6 months, etc.) the cancer risk became greanter. Moreover, with
very brief direct exposure, increascd cancer risk was found only sfter 25
years. Longer employment resulted 4n cancer after shorter pout—cxposure.

observation.

Thus, brief asbestos employment (less than one ycar) resulted in importsnt

excess cCancer mortality,

In evaluating cancer hazards of asbestos exposure, it is necessary to
include post-cmployment observation of adecquate duration, since the re-

tained asbestos results in tissue exposurc long after employment ccases,

Acknowledgements: We wish to thank Stephen L, Smith, Ashley Bodden and
Edwin Silverberg of the American Cancer Soclety,
for their assistance in processing the data of
this study.
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65 MEN WHO WORKED UNDER ONE MONTH

H
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Elapsed Yeors Since Onset Of Work
Cumulative observed and expected probability of dying from all

causes, all cancer, and lung cancer for 65 men who worked less than 1 month,
: through 30 elapsed years since onset of work in an amositc asbestos factory,
1941-3945.

101 MEN WHO WORKED ONE MONTH

e 60
“u 55
50
4s
40

35
30

15
10

Cumuiotive Probability (%)

“ g

25}
20t

All Couses

Deaths, K0-29 years
alter onset of work
Observed 39 !
Eapected 2957 !

All Concer

Deoths, 10-29 yeors
alter onset Of wOrh
Observed 8
Crpected 61}

tung Concer

Deotns, 10~29 years
o'ter onyet of work'
Ubserved 5
Crpecred 174

YEY

Ouserved ~ -+
Eapecied —

-
-

(A

FIG. 2.

1945.

B TR . eyt
TR e -

I

1

05 10 15 2025 30

O 5 1015 202530 O 5 1015 ‘202530
Elapsed Years Since Onset Of work

Cumulative observed and expected probability of dying from all

954

causes, all cancer, and lung cancer for 10l men who worked one month, through
30 elapsed years since onset of work in an amosite asbestos factory, 1941-
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103 MEN WHO WORKED 2 MONTHS

e el

60
All Couses / All Cancer Lwng Cancer
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FIG. 3.

Cumulative observed and expccted probability of dying from all
causes, all cancer, and lung cancer for 103 men who worked 2 months,
through 30 elapsed years since onset of work in an amostie asbestos
factory, 1941-1945.

165 MEN WHO WORKED 3-5 MONTHS
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FIG., 4. Cumulative observed and expected probability of dying from all

causes, all cancer, and lung cancer for 165 men who worked 3-S5 months,
through 30 elapsed years since onset of work in an amosite asbestos

factory,

1941-1945.
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¥ | 151 MEN WHO WORKED 6-11 MONTHS
] 60 All Couses All Concer Lung Concer
! SSE [Deoths, 10-29years s Oerths 10~ 29 years Deatns, 13 29years
: alter onset of work. / affer onset of work otter onsel of work !
SO | Observed 56 [} OUserved 18 Otserved 9 f
Espected 3913 Vi Expected 797 Eapected . 2 &9 .
~ 45} !
& !
40+
>
= -
§ 3?’ KEY
Observed - - -
E 30r I(.pcmc —_ }
25F
[ 4
2
= 20t
€ 15 4
A ~1
10+ 7
- -
‘ r / : : a
0 I .‘..r'":‘ N I - —L/’L
05 1015202530 0 S 1015202530 O S 1015 20 25 30
Elopsed Years Since Onset Of Work
FIG. 5. Cumulative observed and expccted probability of dying from all
causes, all cancer, and lung cancer for 151 men who worked 6-11 months,
through 30 elapsed years since onset of work in an amosite asbestos
factory, 15941-194S.
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Cumulative observed and expected probability of dying from all

causes, all cancer, and lung cancer for 130 men who worked 1 yecar, through
30 clapsed years since onset of work in an amositc asbestos factory,

1941~1945.
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199 MEN WHO WORKED TwO OR MORE YEARS
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FIG. 7. Cumulative observed and expected probability of dying from all

causes, all cancer, and lung cancer for 199 men who worked 2+ years,

through 30 elapsed years since onset of work in an amosite asbestos
factory, 1941-1945.
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