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Relative Risk of Mesothelioma Among Railroad
Machinists Exposed to Chrysotile

Thomas F. Mancuso, MD

Thi< study challenges the assertion of law relative nsh of chnsontle in the causation of
mesotheliome Dato are provided on the time peniod use of vanous types of ashestos i
the United States and in insulstion mateniale The focus of the study 1+ on mesotheliome
among railtoad machiniic emplosed in the steam locomontine erz whe were eaposed to
chnsotile Wathin a cohort of machinicts alne Januany | 1935, 3 sub.cohont method
was applied 10 all <wycesane machimets hired In each of the respectne vears
(1920-19241 folicwed through 1986 The 133! cohort was 18! and the number of death-
156, with 14 mesotheliomas 1dennfied among 41 cancer deathy The findings demon-
strated an extremely high relative nish for machimists eaposed to chnsotile for the
induction of mesothehomy in the individual sear of hire cohorts A similar abservation
wa noted for other crafts hired in the same time penod One mesothehoma occurred for
eveny 13 machimists hired in the succeeding vears 119201929 and constntuted 33% of
all cancer deaths It s concluded that chrnysotike 18 far more huzardous in the induction
of mesothehiomaes and tha: the asbestor cancer nsh In the steam locomotve eras wa
much higher thar hsd been previousiy estmated

~

Key words: railroad. mesothelioma. chrysotile. machinists. epidemiology, crafts

INTRODUCTION

The direction of this brief paper is to focus on a specific time period of asbestos
exposure in the U'nited States ax a bacic means 1o 1dentify the type of asbestos used
in the railroad industn 1n the steam locomotive era. which is the subject matter of this
study .

Chrysotile represents approvimately 95% of the total world producuion of i
forms of asbestos. with Canadz 1« largest producer [Rosats, 1959]. Itis contact with
this type of ashestos. according to Hueper-[1965]. that furmishes the chief cause of
asbestos preumomovoniosis and cancer. especially an the United States, because
contact with amostte and crocidohite have been comparatinely munor. and thess
varieties represen: but a smalt fraction of the tota! amount of ashestos produced and
used. Estumated U.S ashestos consumption of 1920-1930. which includes the tme
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TABLE ). Estimated 1'.S. Acheston Fider Contumptinn (Tonu
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*Soprce U'S Depanmen: of Commerce

period of this paper (1920-1929:. 1+ shown in Tzble 1 as well as consumpuon
estimates for amosite and crocidelite combined by year from 1930-39. -

The question of relatise nsk in the induchion of mesotheliomas among railroad
machinists relates 1o the form of chn sonle asbestos that has been provided from the
Canadian chnysotile mines for many decades for commercial use in the United States.
th is this form of chnsonle athestos. to which exposure has occurred and |
mesothehiomas developed. that is addressed in this investigation.) -

The foundation and exploration of the employee-specific year of hire approach
in the evaluation of the use of different 1y pes of ashestos in insulation materials 1n the
United States was provided by Sehhoff. who has conducted the most extensive work
in this area [Selikoff et al.. 1970) The basic information on asbestos type relative to
the time periods derived from sanous reports and communications. are as follows.

® The Jargest ashestos manufacturer in the United States first used crocidolite
in 1929 (for sheet paching. nor insulation) and never used crocidelite for the
manufacture of insulatom at any time (1928-1968). employing it in only two
products tasbestos cement pipe and pachinge) {Pundsach. quoted by Selikoff et al..
1970].
® The venn small amount of imported crocidolite in the United States was used
for valve packings and woven braid {Pundsach. quoted by Selihoff et al.. 1970}

® Untl approaimately the early 1940%. chnsotile was pnmanly unlized in the
manufacture of asbestos insulation products [Sehikoff er a) | 1973)

® The limited amoun! of rimponed amosie distnbuted throughout the United
States had 1ts most extensive use i the mariime industry L an shipbuilding and repair,
(in particular in naval yesselst. with the first apphcation of pipe covenng in 1927

{Fleisher et al.. 1946},
#® During the 1950s. amosite was the predominant type of ashestos in insulation

materials [Cooper and Miedema. 1973) _
® Smither [1963). referring 10 one of the world’s largest producers of amosite.

stated that as far as he was able to ascenain, “"The only asbestos not implicated in |
association with mesothehoma 1s amosite. ™
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In terme of the historical perspective of eaposure to asbestos in the railroad
industry . the princips! and mou eatensive exposure in volume and dimenuons
occurred in the apphcation and remaon al of asbestos Jagging on the boilers of steam
locomotives A descniption of these work practices has been provided by Mancuso
11983). Chny sotile was the 1ype of asheston used since the first apphication of asbestos
in the steam Jocomotine erg for the lagging of the Jocomotive boilers. and this
continued through the succeeding decades.

In addition to chrysoule. if some other potential eaposure to amosite or
crocidolite as paching or other material accurred al some point in time. the actual
exposure would have been comparativels fimited in nature and scope.

From the evaluation of data relative 1o the t1ype of asbestos. vear and amount.
and the ime-penod use of vanous types of asbestos, it 18 reasonable 1o conclude that
the type of asbeston uted for lagging insulanon for steam Jocomotives for railroad
company A wa¢ almost exclusively. if not solels chnsotile during the 1920-1929
period. This would alse apply 1o 193(-1939 and inte the 1940+ and later. The last
steamn engine repair for railroad company A occurred in 1957,

The nature and extent of the relative risk from exposure to chnsotile asbestos.
in terms of the subsequent development of mesothehomas. constitutes the main
emphasis of the present study of railroed machiniste hired during the vears
1920-1929. The methodology used is the concept of individual year-of-hire cohorts
of the same craft mn succeeding years exposed to the same asbestos conditions and
each observed since date of hire

The concept of reproducible effects has been well established in animal
expeniments Exposure to the same carcinogenic agent. for a specific number of the
same animal species. under the same conditions. absened for the same length of
ume. provides the basis for esumation of relaine nsh. The results of the present
epidemiological study represent the equnalent of a successive series of human
experiments on the occupational exposure to chnysotile asbestos among machimists
tired 1920-1929 1n the steam Jocomotive era of the railroad industry. It is not the
purpose of this inmvestigahon to evaluate the vanous theones involved in the
development of the actual cancer process. but rather to focus on the disease itself. the
occurtence of mesothehoma following eaposure to chnsotile ashestos.

MATERIALS AND METHODS

In a previous study. data were presented on z cohont of white male railroad
machimsts alive on Januan 1. 1954 who had been employed before 1935 [Mancuso.
1983). This paper is based on s similar but earlier senionty list prepared by railroad
company A. as a regular employmeni procedure of ratlroad machinists and other
crafts, alive January 1. 1925, who were emploved before 1935 Within ths cohont,
successive sub-cohorts were established representing those machinists hired in each
of the specific sears 1920-1929. inclusive. followed through 1986, The study is
unique 1n using an internal control comparison rather than the general population.

In this respect. the method differs from other epidemiologicat stwdies by
focusing on the individual vear of hire and relanng the cancer nsk soleh 1o those
hired duning that specific sear. In essence. the successive cohort method provides the
means for internal comparisons and for the investigation of reproducible effects in

terms of relative nsh.
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TABLE 1. 9niori|y Cohort of Railroad Machinici in Railraad Company A Alise in 1945 and
Subcohort Hired 19201929

Total numbcr

Cohan of whie males hired

before 1938, alne in 1938 K&
Dxaths with causes of death information 282

- Subvohon white males hired
1920-1929. emploved an 1948 18]
- Deaths with causes of death information 156
28

Not known 1 i deceaced in 1940

J1 is recognized that the 1945 semuority hist represents a sunvivor group and that
other machimists could have left or reured before 1935, The identificatuon of the
deccased was dernved from the desth claim records of the International Union of
Machinists and Aeraspace Workers Death cenificates were coded by an eaperienced
nosologist according to the &h Revision of the Imernational Classification of
Diseases. Injuries and Causes of Death '

RESULTS

The analvses are confined to those machinists hired 1920-1929 for railroad
company A. Table 1] refates 10 the description of the successive cohorts. There were
18) white males alne and employed in 1945 who were hired from 1920-1929,
inclusive. Among this group. 156 were 1dentified as dead in 1986.

Table 111 1¢ a presentation of the successive cohoris representing machinists
hired for each of the successive vears 1920-1929. In railroad company A, the table
shows for each year of hire. the number in the cohon and the number of deaths. Also
shown is the distribution of mesotheliomas. lung cancers. and other typet of cancer
in the respective vear of hire by age at hire

Among the 156 deaths. 36 pnman sites in the 41 cancer deaths were idenufied:
14 (35%) of all cancers were mesothehomas The same employer railroad company
A wasdentified on 13 of the 14 mesothelioma deaths. As a point of reference on the
ranty of mesotheliomas in the general population. Selikoff et al. [1965] ciie the
absenvation of 2 mesotheliomas of the pleurs and no mesothehoma of the peritaneum
among 31.652 deaths in & study of 1.(84x. 183 men and women reponed by the
American Cancer Societ

= Table 11l ilustrates the extremsziy small uze of the successine cohone of
machintsts in which deaths due 1o masothehome occurred -The basic obsenation
from this simple anals s1¢ show s that for each hire year from 1920 through 1929 (with
the exception of 1921 and 1928. with only G and 1 hired in those vears. respectively ).
mesothehoma incidence was rephcated. for ealh of the successive cohorts of
machinists hured in the same vear. at comparable age at hire. emplosed at the same
workplace. exposed as a specific craft to the same asbestos working conditions in the
_Steam jocomative era.

In terms of relative nsk in the development of mesathelioma from exposure to
chrysotile asbestos. what is most striking is the occurrence of mesothelioma in such
a sma}] number of deaths and cohorts 1n each respective individual year of hire. On

<
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TABLF 111, Successive Cohorts by Year of Hire and Apgd From 1920 10 1929 Among Railrosd

Machinists by Cancer Cause of Ihath

Year o Rure

U TR RS RS E bl NG TR Dl S L S s [l S DAl PR

Numher o cohon 12 L v ) 28 e 14 i° ] 12 1M
Numne nt deathe 10 > 1 2¢ e W 12 i 0O ] 186 -
Can. ety Agc & hire
Mesothe honias [k (2 e 2% 4280 24— 129, 14

121y 2h 129 25

(24r ey

Lurs (19— I 20 3 S8 20 3% — 3 g

QI 2a (33 3
Mootk 129 f
Stomuch (Bl 1
Cisbor G v -
Ce.um £33 |
Restun (20 Lty 1
BladJdut ) e i
Prosuse [E TR 3 R (R N
Adreny’ h {
Retculum celi satcome 126 |
Sit¢ unknwr [
Prinan can.cre 4 ! & & 3 # 2 4 - 2 k1
Towst caniers 3 I 7 7 N ¢ 2 3 N 43

MRS LN TENTN
"Endothzlome: of pleurs
‘Hospata! record

°Pan 11 oi death ceruficate 100 ealh cat .ot of Tother sicmificans condiions” aot inciuded 11 1otal

Same Case

the a\'crage./ésne mesothelioma death occurred for each 11 deaths. or if one referred
1o all 181 of the cohon. the relatne nsk would bevone mesothelioma in evenn 13

_machimsts hired

The precision of the reproducibihity is furthetr demonstrated for those hired in
specific vears In 1922 of the 19 muchimists hired. 2 mesothehomas occurred in men

hired 6 months apan

In 1923, of the 27 machiniste hired. R mesothehiomas occurred. 2 were hired in

the same month, 10 dayve apuri. ar ages 20 and 21}

The third case. hired 6 monthe

earlier. at agc 23 glvo had avbestous A machinis: hired within 2 months of the third

mesothehoma case. 8t age
J925. among the * mesothehomas.

Rk
-

-

ahso had asbzstosis Disted on the death cemificate In
were hired 2 months apant at ages 25 and 29,

and 1n 1927, the 2 mesatheliomas were hired & months apant at ages 24 and 25,

It 1s recognized that other caves of mesothzhoma may have occurred amang the
machinists who revred or left before 19430 the sear of the semority hst. Thas s
iHlustrated with the folowing case (St s machims<t who retired 1n 1943 and died 1n
1946 tage 691 with a pleural endothzhioma. with prior employment an 1916 with

railroad company A at the same facihity .
The medical repont of thiv case is included because 1l represents the earliest

-~
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death 119461 and the earhest eaposure that would be related 10 the use of chrysetle
ashestos by workers emploved by raslroad company A

The post mortem examination showed that was suffering from a
mahignant tumot which had its onigin in the walls himing the Jung surface
and the inside of the chest wall. This had staned in the Jeft chest and had
progressed so amolve the cells and hining of the abdominal organs
{peritoneurn’ and 1o a lesser extent the sac surrounding the heant and the
hning of the night Jung It became clear that the tumor had exatended
through the chest wall in the front inie the tissue which we had cut into on
Tuesday morning which was indeed part of the tumor.

This i¢ a ven unucwal type of cancer since it had spread so widely
1 of course was ynapproachsble by any type of treatment We regret that
we were unable to establish the disgnosis during hfe.”” Signed by Medical
Directos-Internist of railroad company A hospital. 1This information was
obtained by chance from the vicum's family )

Hochberg [1951]) considered endothelioms as mesothelioma in his review of
histological ongins of tumors :

The probability that other case« of mesothelioma had occurred was confirmed
from communications with former physicians of the same railroad hospnal serving
employees of company A In reconutructing a senes of obserations during the
follow -up investigation. it was determined that a presentation of mesotheliomas had
been made to the local medical society . In terms of histoncal perspective. it appears
that Quo [1986] was the first chinician in the United States to reponi. in 1967. the
occurrence of mesotheliomas among railroad workers 1o a medical sociers . There was
no publication. The presentation was directed at a senes of 10 mesotheliomas
(195719661 in which 9 were male emplorees of railroad company A. The
occupatians at the time of chmcal evaluanon were: executive {(engineer). track
foreman. 3 machinists. 2 boilermakers. shop foreman. engine carpenter. The duration
of hfe from diagnosis for § cases was 9 months. Otio {1986] beliesed that other cases
of mesotheliomas may have occurred but were not recorded on the death certificates.

Within thic conteat (n the group of mesotheliomas in our study) was 2
machinist hired 1n 1922, who had s mesothelioma of the pleura diagnosed in 1965 and
died in 1966. Despite the established dizgnosis. the death centificate was signed a1
vme of death by a physician other than the treating medical attendant. whoe recorded
lung cancer as the priman cause of death Obviously. the phy sician signing the death
centificate was upaware of the prior disgnosis of mesothehoma This case represents
either the extension of the origina! mecothelioma into the lung. or constitutes two
priman tumors. and ha~ been wdentified in both categones in Table 1]

Further. it was learned [Otto, 1986) that the thoracic surgeon for the same
railroad hospital sening emplovees of company A ““had operated on more than 20
mesatheliomas in 15 vears.”” No details are available on these cases. Another
physician [Baur. 1983] confirmed that approaimately 20 cases of mesothelioma had
been diagnosed among empioyees of company A from 1957-1971 who had been
eaposed 10 asbestos insulation in production and repair of steam engines at the same

facility.
These additional cases of mesothchioma are very imponant because, based on
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the mesothehioma deaths tn the present study for that penod. they would have had an
interval between hire and vcar of death of 38-46 years and therefore would have been
hired duning the 1920-1929 penod of this present study Mancuse [1983] hud access
to only 7 mesothchomas for the speaific ime peniod of 1957-197) for company A

In reference 10 Jung cancer. Table HI also shows that there were 1 deaths due
10 cancer of the lung among the 3¢ pniman cancer deaths. compared to 14 cases of
mesothelloma Lung cancer deathe occurred in each of the repective vear of hire of
machinist cohons from 192(1-1929 (with the same exception of 1921 and 192&. with
9 and } hired). In 1923, a Jung cancer was noted in Pan 1l of a death ceruficate

The most striking obsenation was the closeness of the dates of hire between
some of the cases of cancer of the lung and those of mesothelioma which relate 1o the
variation in human response  For the 1929 cohort of machinists with 2 carcer deaths
tonc cancer of the lung. and the onc case of mesothehomas. each was hired on exactly
the same day. at comparahle ages (31 and 291 The fung cancer patient died 9 sears
later (19801 than the mesothchoma patient (19711, For the 1925 cohon. the hire dates
of & patient who died of cancer of the Jung and another of mesothelioma were £ dus
apan. at ages 32 and 2% The lung cancer patient died 4 years before (1967) the
mesothchoma case 119711 The other pair of Jung cancer and mesothelioma patients
were hired one month apart 1in 1925, at ages 28 and 29 The lung cancer patient died
10 1972 and the mesothchome pantient died 1n 1985, 13 vears later In 1922, the hire
dates were one month apan for the deaths due to lung cancer (with pleural plaques
cited on the death certificale) and mesothehoma: the emplovees were hired at ages 22
and 20. The lung cancer patient died in 1952 and the one with mesothelioma 26 years
later. in 197& In another closely maiched pair. cases with Jung cancer (Pan 11 and
mesothelioma were hired on: month apan at ages 28 and 21: the lung cancer pauent
died 1n 1972 and the one with a mesothshomas 1n 1977, § years later.

In Table M. for year of hire 1920, a rare 1y pe of cancer. reuculum cell sarcoma.
occurred among 10 deaths and 1~ mentioned because. in ammal experiments by Gibel
et al. [1976]. retuculum cell sarcomas were induced by chnsotile asbestos (oral
admunistration). Wagner | 1962) produced such neoplasms by intrapleural inoculation.

For vear of hure 1922, there wa« one death categonzed 'as due to cancer of the
adrenal. in a cohort of 19 Thic s cited because another death due to cancer of the
adrenal occurred in the 1945 cohon. a machinist hired in 1918 (There were 11
machmists hired 1n 1918 1 Schepers [1968] cited his own obsenation of many years
before—of a case of pnman carcinome of the adrenal in which asbestos bodies were
demonsirable in the adrenals Thes 1xpe of cancer warrants further investigaion.

Table IV shows the distnibution of the mesothehomas by vear of hire. year of
death. age at death. and vear~ from first employment to death For the 1920-1929
cohont of machin s, the patterr of prolongzd fatensy continued 1o be seen in the
succeeding decades

The evidence that mathed vanatior in humar responee can and does occur in the
latency penad for the deselopment of mesothehomas following the same type of work
exposure to dust containing asbestos is providad not only in the successive indinvidual
vear of hire cohoris a< shown in Table 1V, but also within the respestive vear of hire
as previously cited A strihing illustration is the 1925 year-of-hirc cohort. The two
mesothelioma cases that were hired 2 months apant (October and December) had a
date of death difference of 13 vears (46 and 60 vears) For the two cases that had the
same age ai hire. 29 vears. the intenal difference was 23 years (37 and 60).
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TABLFE IV, Mewthelinmas in Successive Cohorts of Railroad Machinicts Hired 1920-1929 by
Year of Hire. Ape at Death. Intersal in Years. Year of Death and Type

Hire dat Agc 3t hire Interva’ or vears Apc 2 doath Yeur of death Tip
1920 o [ [ 19n3 Pieurs
1922 2 4¢ 64 toe" Pleura
1922 S 4 [ {96t Pieurs”
jan1 2 ) - 1977 Picurs
Q03 n &L T 19°% Picura
Jo2 M el 82 Jana Picurs®
TR v R [N 19875 Pieuts
19248 2v i o toel Pleura
1928 2N [a e {0r8 Pieure
1924 2% 4 o 107 Pieusa
192 Q¢ 3t t) Jo62 Pleurs’
HC e s < [ 1968 Pleure

[ L% o2 o = [ Unapecsficd
192¢ v 4l " 1971 Pieura

193121929
1020 i 2w 72 1974 Pieura' ™)

*Years from fira employmen® 1o deatd Clatent or lgpsed penad
FAL hud Tung canve: spedified on death centificate
‘Endothehiomz of pleurs

Mtk ashesioss

Similarlv. tn a comparatine study on insulation workers. among the 22 deaths
due 1o mesothelioma {Selihofi et al.. 1970). for the 15 emploved 1n 1920-1929
exposed to chrsotile. the inten al between year of hire and death varied from 25 10
42 years An illustrauon of a relatinvely short Jatency period following exposure to
chrysotile was cited by Scansetts et al _|1984]. who reporied on the development of
pleural mesotheliomas in a worker imohved in opening chrysatile asbestos fibers (on
an intermittent bays) 10 increase the surface ares for filler purposes in the wine |
industny . Symptoms developed 7.5 years after first exsposure to the chrysotife
asbestos.
Table V shows the lung cancer deaths by successive coborts (1920-1929) by
vear of hire. age at death. year of death. and elapsed years between first employ ment
and death. (The table also includes the obsenations on the 1930-1939 successive
cohonts ) For the 1920-1929 cohon. the interval in vears from first employment and
death was 27-5) vears. There was marked vananhon in the latency penod even for
those hired in the sume vear. for example. 1923

If one compares the mesothzhomas and the fung cancers hired in the same year,
the age at hire for the merotheliomas, with ust & few exceptions, 18 Jess than that of
the lung cancers. It one compares the intenval in years from first employ ment 1o death
between the mesotheliomys and lung cancers for those hired in the same year. in
general. the latency penod of the mesotheliomas was longer than that of the Jung
cancers.
The fact that there were 6 mesotheliomas. an extremels rare cancer identified
from 1972, and only 2 lung cancer deaths for a cohon (1920-1929) of machinists
with the same medical and hospital facilities and care during the same penod of time.

’ strongly suggests that other cases of Jung cancer may have occurred and were not

cee— revr— Tr——r
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TABLE V. Lung Cancers in Succescive Cohorts of Railraad Machinists Hired 1920-192¢ by
Year of Hirc. Apt ot Ixath. Interialin Years. Year of Iath

Hire Apc at Inten ! Apc at Year of
Gt Bty I sean’ decath death
1920 & 47 [ 190"
19232 21 P 4" [RL
162 N = 6 rons’
jezt o2 2 St 1942
1623 ok 44 76 9T
1924 a3 N ” T
[ K 4" KO 1971
1928 o< 47 7 TR
A i 42 74 1963
e oy : W b 1986
el 2= kR 70 1962
16w K} hE! 82 1980
JUal Uiy
103 v R 6k (x|
1@ i: 30 5> i :019
IR i1 k1N 7 16~3
19ty == L 4 1971
Q3w S a¢ 74 192 ¢

Year~ from Lira employmeni to Svath Clarint o dapsed penad’i
"Alsw had mesotheliome

Nty large pleyta’ plague

4QOn Par 11 0t death ceruficaty

recorded on the death ceruficates Higher death rates from lung cancer following
exposure to chrvsotile have been previous]y reported The possibility exssts that the
criteria used by some railroad doctors in the diagnosis of lung cancer. asbestosis. and
sihicosis may have Jessened the recording of such diseases on death ceruificates. For
company A. the cntenion for one of the physicians was that a diagnosis of silicosis or
ashestosis could not be made without hiopsy and examinatiori of the tissues by a
pathologist. :

Table V] provides data on the following 10-year penod by a successive
vear-of-hire cohont (193( -1939: Thie 1< shown as supplementany infarmation to
provide a visual display of how economic conditiont (the Depression that occurred
after 1929: influenced the number of workers exposed For five rears no railroad
machinists were hired and onhy a few were hired in the other vears Excluding 1939,
this meant that only 1& machimists had been hired through 1938

For the 7 hired 1n 1932, there was ane death due 1o lung cancer at age 64, afler
anintenal of 20 vears mince firstemploament In 1939, there were 4 lung caniers and
one mesothehioms among 26 deaths 10 e cohort of 33 The 1939 sub-cohon wae of
particular interest 1n termes of reprodusibility and range of latency period because 24
of the 34 machinists were hired on the same day - Within this group. hired on the same
day at the same age. there was one mesothehoma and two lung cancers. One
machinist hired the day before tage 291 alo developed lung cancer. as did a machinist
hired at age 23 one month later The latency penod for the lung cancers of the 1929
subcohort (Table V) ranged from 23 10 36 vears. For the 1930-1939 cohon there were
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TABLE V1. Successive Cohorts by Vear of Hire and Age From 1930 to 193¢ Among Rsilroad
Machinists by Cancer Cauwe of Ieath

Year of hure
VW UGS 1Yl 192 fYRe 93T [UB [UY Torg!

Aumbcr n cohon K] 1 ? 0 ) N 0 W &
Numbe: of doaths N - T - 4 I - 26 an
Cau~e of deatt Agc 3t hire
Afesotheliomas kX 1
Cancer of jung 39 Kk}

31 <

~3

2Q
Cancer of pancreas k] }
Cancer of bladder KR 2
Cance: of prosian a8
Mielagenous lcukemiz s 1
Carcinomatosis” ipnman unknownt kY s 22

2 i ! 9 12

Tota' caniers

*Pan It or Deatk Cenifican
Fincludes Melanoblestoms: with enlarged Tner

TABLE VII. Caces of Mesothelioms Among Railroad Craft Workers. Employed 1920-1929 for
Compan: A 1945 Cohart

Yea: of Numbhet Age at Intenal Ape at Year of

Cave Cralt hire hired hire yean deart death
I Boiermaker heiper 1ol ! 3¢ 40 78 198
2 Mashinisi helper 1oz2 6 K 36 7 1944
: Baulermaker helper f92% 14 21 82 7 1974
4 Boilermaler heiper 198" 13 23 $9 3] 1982
Emplavees compary A not in cohon |
s Machimst 1926 2 o 6" 19720
€ Executine tengineery 192¢ 19 39 53 1968
7 Boilermaler 69 19%¢
& Engine caenter 66 1959

"identified by Otte
*Achestosns

also two cancers of the bladder and a melanoblastoma. The three caser of
carcihomatosts. pnman unhnown. out of 13 cancers represent a cnitical Joss of
information.

Table Vil provides information about mesotheliomas among different worker
crafts of company A that relate to our study by vear of hire (no special study was
conductedi. The occurrence of cancer in a boilermaker helper hired in 1921 (onh 1
_ was hired for the yvear) complements the successive cohorts among machinists.
g providing a conunuity for § successive vears, 1920-1927. Data on workers in the
other crafis hired in 1922 and 1925 who developed mesothehoma supplement the
machinists” observation for those vears.

©een = ey .
imadhed - v —p—
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The moast strihing obsenation was the indication of relative nish to size of
pumber hured for that ycar amoeng the boilermaker helpers (case 3. 33 The 2 deathe
due 10 mesothchomas were dernved from only 14 hired in that categon in 1928 4n
companm A ai that facihiy One of the death certificates. in addition to mesothelioma.,
specified “"asbastosie many scars””in Pan | of the underlving causes of death

Case 5. an emplovec machimist of company A in the work facibty of the
adjoining statc. had been hired 1n 1926 The diagnosis wa« made at the same company
A hospital Hc died in 1970 a1 agc 68

Case 6 was emploved at the same location and facility of company A ir 1926,
first a« a laborer and subsequently a< a machinist heiper. In 19261932 he war
lagging boilers of the steam locomotines From 1933 on. he was acaigned to nonshop
work at vanous peographical locations of company A. with a continual nise anto
management pocitons Afier war service (1943-19461 ke returnad to hic ongewnal
place of employment as an executine engineer until 1963, Case &6 1+ of pariicular
interest hecause 1 sllustrutes two bavic principles. First, 10 epidemuinlogical studies.,
the Jast job 11n thiv ingance. execuine) can be musleading because 5t does not reflect
the early rvears of expoiure to hazardous and carcinogenic matenz! (asbestos) that
occurred in the work environment Second. that the carcinogemic nsh continues afler
the expasure 10 the carcimogen has ccased

Two chnivians for compamy A hospital attended and signed 11 of the
mesathelioma dzath cemticates. & for machinists and 2 for other crafis The eaxposure
and nsh of all crafts and workers to asbestor inwlaton material. including
boilermakers in the stcam locomotive era. have been previousty described [Mancuso.
1953). Lieben [1967] cited the occurrence of a mesathelioma 1n 2 railroad boiler-
maher who had apphed ashestos insulation on steam engines for 23 vears.

The identification of the mesothehiomas among the vanious crafts demonstrated
again a basic public health pnnciple known for decades. that the discase follows the
trail of the exposure. whether to infectious. toxic. or carcinogenic agents. regardless
of the jocation of the exposure. the job title. or type of industnn. Selihoff [1964)
referred 10 this concept. ~“floating fibers do not respect job classifications —insulators
share therr eaposure with other trades. ¢.g.. electricians. plumbers. sheet metal
workers. sieamfitters, carpenters. boilermalers. foremen and ever the architect.””
Similarly. beyond the workplace. children and family members of asbesios workers
have developed mesothehomes and ashestos related dineases following himited and

intermitient exposure.

DISCUSSION

In the examunanon of reiatne risks from vanious forms of avhzaios, there 1K a
need to put ipto proper penpectne  the references which have beern made to ore
contaminants. which have been idennfied a< derived from the chnosonfe mines The
epidemiological imvestigations of health effects that pertain to chrysetile are salely
directed at the form of chrnisoule thut has been provided in prior decades from the
Canadian chn sotfe mines for commerciai distribution and use in the United States
and elsewhere. The chnsotile. as supphed and distnbuted throughout the United
States. was not processed 1n any way to remove any ore contaminant before use and
human exposure occurred In essence. the mesothehomas which have occurred and



650 Mancuwn

arc the subject of epidemiological studies relate to the form or type of chny sonle that

was provided for commersial use
On on¢ occasion Wagner, who reponted the magor study on mesothchomas.,

<tated ‘‘all mesothehiomas caused by commercial ashestos have been duc to
crocidolite.”” 11979) although he did not always espouse this view {Gilvon and

Wagner, 1967).

Experimental Observations
- Wagner et al. |1980] conducied extensive experimental studies on animals with
all types of ashectos. by intrapleural innoculation and by inhalation. Wagner obsened
in summary. ' These eaperiments produced some surprising resulis, an paruicular,
although the crocidolne sample had produced more mesothehomas than did the
chnysotile afier intrapleural injecuion. after inhalation. the sample of chnysotile from
Canads produced as many mesothchomas ac did crocidobite. this was an spite of the
fact that the retention of chnsonle dust in the fungs was venn much jess than that of
cracidolne. This eapenment has cast some doubt on the epidemiclogical evidence
that crocidoine is much more hazardous than chnsotile as far as mesothehomas are
concerned. ™ .

Subsequent)y. Wagner LO8&] referred to a series of cases (12) of mesothehoma
in a prelimman investigation of the chn sotile mine and the production of commercial
chrysotile in Cyprus which had occurred among individuals exposed to the chnv sotile
min¢ dust with ore contaminants (containing tremohte) similar to those obser ed from
the chryvsotile mines of Canada

A sgrigs of eapenments have consistent)y demonsirated that chrysotile. maore
than any other form of asbestos, gels 1o the plevrs and s retained.in the pleura as the
basis of subsequent disease
- Le Bouffant [1950]. 1n a study of human tissues. noted a preferential migration -
of chrysotile fibers 1o the pleura. with a ngmficant increase and accumulation in the
pleura. in comparison with the lung parenchyma “*The median percentage of
chrysotile fibers was 3% in the lung and 33% in the pleura.” In one senes of cases.
the median concentranion in the pleura was 3000 fibers tchrysotile) per gram of dn
tissue.
Sébastien et al. }1979. 1980]. in similar studies on human tissues. also
demonstrated that the retention of ashestos fibers in the parietal pleura was type- and
size-related. that inside the parietal pleura most of the fibers were shon chnsotile
fibers. and that lung retention was not a good indicator of pleural retentuon

Viallat ¢t al _{1936]. with intratracheal injection of small amounts of UICC
chrysotile. demonstrated that the shortest fibrids reach the pleura very rapidly and can
be retneved from the plevral flnd of rais wiythin one month
+/  Hanngion J1981}. 1n s review on anima!l studies. cited that large numbers of
short Jower aspact fibers may induce mesothehiomat and that superfine chrysotile was
the most carcinogenic of all the matenals used
.7 Mowé e al. 11983] found that there was no correlation between fatency and the

total lung fiber concentrationin malignant mesothchoma.

identification of Mesotheliomas

Of panicular significance are the obsenations by Chyrg et al. [1984]) who
identified. in onc hospital.”6 cases of pleural mesatheliomas in 90 consecutive
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autopsses in the perind of Jute 1980 10 1983, of long-term waorkers + the Theslard
munes of the Quebes ¢hnisouic indusin tin contraxlfHo:hhcrp [1951] had estimated
that there had heen between |oper 1w and | per 10N autopxs.ed 0 thc‘ ¢ y c]
population ) The nuncral content in the lungs of S of the 6 deaths wath mcxoth‘g! m‘f'd
identified by Churg had only chnsoule and ore components These obsc:\ K:md‘
concerning chrysonle n the lungs were found even after 22 allowing for ¢ »n?'mn\
n ca&)e No. 2y vears uince last work eaposwre to chrysotile. and aflc:r an m‘i *r:"llm?
3]-48 rvears between inmisl employment and dcath  Easher. Gibhs |19;8 dh'o
spectfically cited the need for such a study of “"autopsy matenal fromi JE¥ 3 ;d
died at vanious penoads after exposure to chnveotile 10 sce how long the flt;':c .r . ‘0
in the Jung = has evident that chnyvotile remains and that the c:m:er risk ;ma!md
cease after exposure stops The Churg caves and the mesothehoma cases that o?c'\ m:ﬂt
after the age of 65 1n this senes. av well av in those workers who céa\ed é ;U"e
expoasure at earher ages. alvo demonstrate this point . oo
The Churg et al. obswenvanon of 6 mespthehomas 1n 90 avtopaes during |
than 4 ycars among the Thettord ashestos workers s alvo Sgmficant ;'»:‘ e
NMoeDonald et al 198G had reported onby 43 mcsotheliomahx‘amc:nf' Tt::?u‘c
chn sotle miners in Quebec during 19 years (1960119751, These fmdms::c ;! e
the necessity of ascentaining other casee of mesothellomas which may hay o omred
before. duning. and after the McDonuld et al. and Churg et al un 910“‘0!796
obserration A few instances will be cited ) ¥ pertod o
Idenufication of mesathehomes 1s baacally difficult, but this may have be

more dlffncull for some of the mining and surrounding rural areas iﬁ Canad a:e e
of hmited professional resources This wan referred 1o by Selihoff et af ?l%:au?e
discussing the vanious areas of the ¢hrsotile mines in Canadi | b

In Asbhestos. a town with onz of the Jargest chry sotile mines in the world

there 15 no pathologrt. ne hospital laboraton . postmonems are almo&i

never dqne. Montreal and Quebec City are al léast 75 miles from lﬁe are:;&

in question and are not commonly utihzed by the local populauoen Serimfx

cAas;: are sent to Sherbrooke 00 males away. The only hoepn#l in thé
3 i : i N ]

ag.m.stos area is a small one used for maternity purposes (at least 2 vears

. Camer. ph)'sxcian for the ashestos companies” chmical facility in the Quebec
rea.—‘m reporung on deaths befo;e 1950, 1dentified 2 cases of pleural mesothehomy
:ssdouale_d with Thetford chry <otile mumng operations [1952] One ashestos worker
f hbecn emplored for 26 sears Tne second adentified by autopsy 1n 194V ireferred
t\r\onsulxam pathologict Vorweld i the Unied Siziesi. was that of a company
o lmal. the treasurer of the Ashestos Company Thetford Mines, whosz exposure Wi
;é;on;led as office work from 192021939, with 2 latensy period of 29 years
astleman. 1986] (Waencreta! {1967 5¢ ¢ romas b
£ ! &t referred 1o the 2 cases of mesothehiome
M . ‘ - sothehomae by
'Car.ner from the Canadian Chnysoule mines Vs apparent that unless reqdents of the
:rea near chn son}e‘mmes were avcorded simitar exceptions] medical assistance of
p::}(:g:;es‘ lan‘d 'spe:ial] :HCF(",\COPIJ examination of the tissues by a comulting
ogist. it is veny hhely that mesothehomas w : ‘ J
£ 3 A o » would not he
Patholoes ot have been detected and
Braun and Truan [195&]. in a study of ashestos miners {Thetford and Asbestos)
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0 Canada. cited ¢ death duc to mesothehioma between 19561957 The identification
as 10 whether 1t was from the Thetford or Ashestos mines was et ginen

Drxath ceruficates arc not an accurate reflecnon of the full number of
mesothehomas which have occurred. for several well-known reasons Mesothelhiomas
may have been idenntificd at some point 1 ime by diopsy 10 hospital records but not
tecorded later on the death certificate at another location with a different doctor, as
previouss mentioned  Similarly . ainformation denved from autopsies may not be
recorded on the death cerificates . (International Classification of Discace. Injunies.
and Causes of Death did not include malignant mesothehoma unul the erghth
revision. ) All of thas 1s related 1o the bacc problem of the infrequency of autopsies in
various rural and urban areac. and the need for the particular services of pathologists
Further. cancers which have been reponed on the death cenificate a« pnman site
unknown. or attributed to some other site, have been found on subsequent review of
the micrascopic slides by consultant pathologists to be mesothels:omas Selikoff er al
{1979}, in a senies of reponts utilizing all medical resources, demonstrated that the
number of mesotheliomas was far greater compared 1o what wa< recorded on the
death ceruficates among workers exposed 10 asbestos. and similar eapeniences have
been reporied by Newhouse and Wagner [1972]). Nevertheless, death ceruificates in
research are ven impontant A comphcating factor in Canada was the policy of the
Quebec Mintan of Social Affairs. which has insisted on permission of the next of hin
before providing a death cerificate. with cause of death. even for research purposes
INicholson et al . 1979]. Concequently. death certificates which could be critical in
s research studs could not be obtained from the appropriate relative if they had
moved. died. or could not be found. Death registration 1in Quebec first became
compulson in 1626 [McDonald et al.. 1970},

The most imponant fundamental difficulty in prior decades has been the proper
diagnosis and idenuification of mesothehomas. and the underreporuing that occurred
for this type of rare cancer. This was one of the major considerations of the JUCC
Working Party on Ashesios and Cancer [1965]. which was directed at the interna-
tionai coordination of research on asbestos. A senies of recommendations was made
which proposed that reference panels of qualified pathologists (who would review the
cases of other pathologists) be set up on a regional. national. and international basis
10 assist in the diagnosis of mesothelioma and other tumors assaciated with exposure
10 asbestos.

i In view of the uniqueness of the pathological services required. as well as the
other factors. it 18 reasonable 1o conclude that the magnitude of undenidentification of

thesatheliomas in some penod~ of imé may have been far greater than realized in the
rural chn otile mimng areas of Canads and would 1end to underesumate the relative

Lnsh of chnsotlein the indusuon of mesothehomas

Dust Estimations

In the consideration of dust estimates and dust exposures in the early years
relative 10 chnvsoule ac well as other forms of asbestos, a considerable number of
questions have been raised as 10 the appropnateness of such guesses and extrapola-
tions about exposure levels in prior decades tas they may relate to subsequent
development of lung cancer and mesothelioma). Selikoff [1978] was doubtfuf about
the validity of the dose-dust esimate in the Quebec Study in view of the infrequent
and fragmentary dust measurements made in earlier years. Wright [1978] was also
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ven much concerned with the attempts at ““reconstrucuion of expoure 30 years ago—
hecause thes has o ligh degree of uncenamty — conaderable variations occur in plants
from day to dav. and even hour to hour and that intermitient exposures that aught be
ven significant biologically . mught appear in the dats 2« low exposures if presented
as time waighted averages 7 Further. extensive problems exist relatine 1o dose
estimates because of the markhed dificrences and changes sk air sampling instruments.,
and the degrec of effectiveness of vanous methods and evaluation techmigues over the
past decades The problem of dust csutmates in prior decades i compounded by the
Anown marked human ‘aniahon an biological response 1o asbeston and other
carcinogens  This hay been demonstrated an the present study and a series of

. illustratons cited 1n the recults

a A panel of soientists of the U.S Gevernment (NJOSH-OSHA) Achestos Work
Group [ 1980) concluded “that there was ne evidence for a threshold or for a “safe’
level-of asbestos exposure.” after citing that “*human occupational eaposure 1o 2]
nanons have tegn associated wath high rates .ol aubestoss, dung cancer__and

, Lm:*solhc‘lmmaf‘"

Problems in Epidemioiogical Studies

In terms of montality expenience. the basic concept of monality surveillance of
worhers emploved 1n specific sndustries has been hnown and apphied for decades by
insurance companies. Hofiman [1918] cited increased rish of asbestos workers.,
leading Amencar and Canadian Iife insurance companies 10 deny insurance coverage
for such persons. Continued evidence of this nish was a 1930 survey of asbestos
mrners in Asbestos and Thetford mines in Canada. in which 42 caces of asbestosis
were found among 195 ashestos miners. and an imvestigative repont [1949] which
cited extensive effects of asbedtoss, the deaths. and air pollution from chnsotile
mining operanions {Castieman. 1986, Trudeau. 1974].

Of particular interest 1¢ the Braun-Truan study [1958] of fung cancer among
miners of the Asbastos and Thetford mines in Canada. which provides illustrations of
some of the problems of design. analhvsis. and reponting of results, which can
understate the cancer risk These are cited 1n broad terms. as necessan bachground
in any evaluation and estimation of cancer rish from chnysotile. The study consisted
of a combined cohort of 8,958 16,091, less 132 Jost to study ). all of whom had at least
5 vears or more employment. were alive in 1950, and were followed for 6 vears
through 1955, Thes avtomancally excluded the mesotheliomas of the Thetford
opzarations that died before 1950121, a~ cited by Carier [1952). Other basic problems
affected the evaluaion Enterhine {1964} poinied ow that an inappropriate stanistical
denvanon of the eapected rate for Jung cancer was used. which submerged the
posine lung cancer findings. that the sume comparable diagnostic cniteria (of
confirmation) essential 1o the anz!ysiv wius not used both for the study group and the
control group. Mancuse H1963) cined the ven shon pened of obsenvauen. which
substantially hmited the extent of th: denufication of the lung cancers. that the

designated exposure categories were basically not tenable and therefore inappropriale
for correlanon Selikoff 1964} alvo cited the dilution factor 1n the cohort. relatine 10
age. duration. and lung cancers: the imitations of the availability of medical senices:
and problems with both the diagnostic and exposure ¢nitena.

Sabournin [1937]. in refeming 1o the prepublication Braun-Truan repont for the
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Quebee Asheston Miming Acwociation. noted that cancer statistical data “"was ven
poot in the Province. as the repont of cancer as cause of death is not compeiiabic by
law. v.g . tuberculoss must e reported 7 in fuct. occupational cancers when they do
occur may not be reported in the hiterature. Hueper [1961]. citing the pubhshed anicic
119581, pointed out that the Braun-Truan data “*had missed 34 cases of asbestonn
cancer of the lung studied at Saransc Lake Laboratones.” Despie all these
consiraints. the prepublicanon Braun-Truan data adentified a positne staticucal
association between lung cancer and ashestosis, but this unfortunately did not appear
in the published paper. Another problem was that the marhed differences between two
groups 1n a stwdy can be submerged when combined and used as a single cohont,
which affect the analyses and nicrpretations that can be made Thas related to the
differences n the eaposure categones for the Ashestos and Thetford miners as
recorded independenthy an the prepubhcanon report These were then combined and
the differences in the lung cancer rates werc averaged in the published repon.
fesseming the stawistical sensitinity in control comparisons.

Epidemiciogical studies have the complicating problem of competing causes of
death. in which individuals. workers. or residents may die of other causes. whether
of asbestosis. or other disease or injurses. before the latency period has been met for
the development of lung cancer and mesothelioma. Similarly, it is also recogmzed
that monahty per se. although important. is onls a ven gross indicator of health
effects; significant diccases may be suctained in prior years by those exposed. but not
identified or reflected on the eventual death certificates. A further fundamental
problem hac been the use of the general population. with higher actuarial death rates
than emplosed workers. as 3 control to derive the eapected rate. This can be
misleading and mash positive cancer findings among the worhers studied.

Chrysotiie Exposure
Mesotheliomas have also been reporied following exposure 1o chrysotife in the
manufacture. remosal. and installation of brake linings: these commonly have been
made with chnysotile asbestos. The penvasiveness of the astomotive industry. with
associated repairs and the ven large population of workers who may have been
eapased in prior vears. represent 3 major area of concern. The senousness of the
problem is reflecied in 2 review by Castleman e1 al. [1970, 1986] on asbesios disease
among brake repair worhkers that documents a series of repons in the United States.
Canada. and Europe. The following citations represent illustranons of particular
aspects.
Langer.and AfcCauchey 11982) reponed a pleural mesothehoma in an auto
repair man who had worked for mam years. often replacing brahe hnings The
latency period since first exposure and death was 27 years Chrysonle was idennfied
and confirmed by electron diffraction analssis and no amphiholes fibers were found
I was esumated that | pg of chrisonle was present per § ¢ of wet lung parenchy ma
Teta et al, [1983]. in a report on mesothelioms in the Connecticut tumor
registny . cited 2 caces of mesothehoma (pleural and peritonealt in women ¢clerical
waorhers: who were emplored at 2 friction products plant that manufactured brake
linings using only chrysatile asbestos Of particular epidemioiogical significance was
the fact that the mesotheliomas were not cited on the death certificates and therefore
were not included in the death certificate analysis of 122 women who died in a cohort

study of thar plant [McDonald. 1986].
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P Vianna and_Polun [1978]). 0 & study of spouses with andirect. nunimal.

intermitient exposure to ashestos. aited 3 mesotheliomas that had occurred in women
a1 ages 40, 77, 78, whose husbends were brahe himing workers.

e McDonald et al 11970]1dentificd two cases of pnmary malignant mesothehom:

tumors 1n Canada. 10 persons whao had been brake hining sastalless, and onc who had
worked in brake hining munufacture.

Godwin and Jagutic L1968] reponed a case of peritoncal mesothehioms in &
worher who wove brake hinings made from chnysotile for three ycars and who died at

apc 43.
Mancuso | 1983] reported a pleural mesothehioma in an auto mechanic who died

in 1969 at age S&.

Clinical Epidemiology and Medical Economics

The findinge of thiv studs demonsirate a2 venn high relative nisk for those
exposed 1o chrasonic ashestos in the development of mesathelioma with one
mesothelioma eventualhy ovcurnng for evers 13 machinists. bured in-the vears
1920-1929 by rairoad company- A

The human eapenence. the manifestation of the disease. and the conmistent
repcated development of & specific rare cancer such as mesothchioma in successive
cohorts following prior exposure to commercial chn sotile asbestos illustrate the basic
principle that the nature of the asbestos exposure was sufficient for the induction of -
the mesotheliomas. regardless of the theoretical discussions and posturings surround-
ing the development of the cancer process

This investigation also demonstrated again the imponance in medicine of
**clinical epidemiology ™" 1n the adentification of occupational cancers by chnicians
Historicalhy, vinualhy even oxcupational cancer was first identified by a chinician or
surgeon. In this instance. physicians ascociated with the same railroad hospatal of
company A consistently dizgnosed mesothehomas. a rare type of cancer among
workers emploved by the same company in a small cits. The chnicians and the
thoracic surgeon unfortunately did not publish their findings of mesotheliomas that
had occurred among the railroad workers. This illustrates” the basic fact that
occupational cancers and diseases can and do occur in specific industnes and may not
be reporied in the medical Iiterature the absence of such repons does not mean that
the specific occupational diseacc or cancer has not occ.rred. 11 is hoped that this paper
will encourage phisicians in indudina! medicine in the apphcation of *“chinical
epidemialogy ™" and in the publication of their findings in the medical literature.

A final basic medical obcen ation and concern is the accurrence of occupation:]
cancer among the elderls . Of the 13 mesothehbomas in the cohort study. 12 died at
ages 65 and over. as well ac 7 of & in the ¢raft designasi.ons The occumence of cancer
in the older age group. because of the latendy penod. has been obsened in vintuglly
all occupations] epidsmiological studies of a wide range of indusinial carcinogens
The substantial imphcastions for medical economics. the interrelationship of govern-
mental medical care and costs. and the imporiance of environmental controls of
presention in the early work vears of Iife warrant @ major national investigation.
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