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Relative Risk of Mesothelioma|Among Railroad
Machinists Exposed 16 Chrysotile

Thomas F. Mancuso, Mo

This study challenpes the assertion of low relative risk of chrysotile in the causation of
mesothelioma. Data are provided on the time period use of various t¥pes of ashestos in
the United States and in insulation materials. The focus of the study 15 on mesothelioma
among failroad machinists emploved in the steam locomotive era who were eaposed to
chrysotile. Within a cohon of machinists alive January 1. 1945, a sub<cohort method
was applicd lo all successive machinisis hired in each of the fespective vears
119201929 followed through 1986, The 10tal cohon was 18] and the number of deaths
156. with 14 mesotheliomas identified among 41 cancer deaths. The findings demon-
swrated an exuemely high relative risk for machinias exposed (o chrysatile for the
induction of mesathelioma in the individua) vear of hire cohorts. A similar abservation
was noted for other crafts hired in the same time penod. One mesothelioma occurred for
every 13 machinisls hired in the succeeding yean (1920-1929) and constituled 3% of
all cancer deaths. I is concluded that chrysolile is far more hazardous in the induciion
of mesotheliomas and that the asbesios cancer risk in the sieam locomotive eras was
much higher than had been previously estimated,
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INTRODUCTION

The direction of this brief paper is to focus on a specific time period of asbestos
exposure in the United States as a basic means to identify the type of ashesios used
in the railroad industry in the steam locomotive era. which is the subject matier of this
study.

Chrysatile represents approximately 95% of the total world production of wi}
forms of asbestos. with Canada its largest producer [Rosato. 1959]. It is contact with
this type of asbestos. according 10 Hueper |1965). that furnishes the chief cause of
asbeslos pneumonioconiosis and cancer. especially in the United Staies. because
comtact with amosite and crocidolite have been comparativeh minor. and these
varieties represent but a small fraction of the total amount of asbestos produced and
used. Estimated U.S. asbestos consumption of 1920-1930. which includes the time
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640 Mancuso
TABLE 1. Estimated U.S. Asbestos Fiber Consumption {Tons)

Canadian
Year Croidolite Amosite chrysaliie Other Tonal
1920 No data Nn data 152000 4,000 156.000
1925 No daia No dana 200,700 4. 100 204 200
1930 1.907 195200 B.500 208 607
Total amosne and crocidolite tCombined Tons)"

1931 g2

1932 2

1933 233

1934 152

1935 501

1936 1.432

1937 2028

198 1.

1939 6,129

ssaurce: U.5. Depanmen: of Commerce.

period of this paper (19201929}, is shown in Table 1 as well as consumption
estimates sor amosite and crocidolite combined by vear from 1930-39.

The question of relative risk in the induction of among railroad
machinists relates 10 the form of chrysotile asbestos that has been provided from the
Canadian chrysotile mines for many decades for commercial use in the United States.
(It is this form of chrysotile asbestos. to which exposure has occurred and
mesotheliomas developed. that is addressed in this investigation.)

The foundation and exploration of the eciﬁc year of hire approach
in the evaluation of the use of different types o in insulation materials in the
United Stales was provided by Selikoff, who has conducied the most exiensive work
in this area [Selikoff et al.. 1570). The basic information on asbestos type reiative to
the time periods derived from varjous reports and communications are as foliows:

@ The largest asbestos manufacturer in the United States first used crocidolite
in 1929 (for sheet packing. nor insulation) and never used crocidolite for the
manufacture of insulatio al any time (1928-1968). employing it in only two
products (asbestos cement pipe and packings) [Pundsack. quoted by Selikoff et al., -
1970].

® The very small amount of imported crocidolite in the United States was used
for valve packings and woven braid [Pundsack. quoted by Selikoff et al.. 1970}

& Until approximately the early 19405, chrysotile was primarily utilized 1n the
manufacture of asbestos insulation products. [Selikoff et al.. 1973].

® The limited amount of imported amosite distributed throughout the United
States had its most extensive use in the maritime industry. in shipbuilding and repair.
(in panicular in naval vessels). with the first application of pipe covering in 1937
[Fleisher et al.. 1946]. '

® During the 1950s. amosite was the predominani type of asbestos in insulation
materials [Cooper and Miedema. 1973]. ‘

@ Smither {1963). referring 10 one of the world's largest producers of amasite.

l_gm_;mus_w_u he was able 10 ascertain. *“The only asbestos not implicated in
association with mesothelioma is amosnc.l‘
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Relstive Rish of Mesothelioms Among Railrosd Machinists (7]

In terms of the historical perspective of|exposure ta asbestos|in the raitroad

industry. the principal and most extensive exXpoTore ) ume and dimcnsions

hee Towa) occurred in the application and removal of asbestos lapging on the boilers of steamn

0 - 156,000 locomotives. A descriplion of these work practices has been provided by Mancuso

100 204.800 11983]. Chrysotile was the 1ype of asbestos used since the first application of asbesios
O 208.607

n
12
n
32
o
2
IR
&2
el

Il as consumption
0-39.
1as among railroad
provided from the
the United States.
nas occurred and

- r of hire approach
on materials in the
st extensive work
i0s type relative to
s are as follows:
st used crocidolite

" rocidolite for the
g it in only two
by Sclikoff et al.,

. 2d States was used
ff et al,. 1970}
Aly utilized in the
1.
sphout the United
2ilding and repair.

covening in 1937

=505 in insulation

* Jucers of amosite,
not implicaled in

in the sieam jocomotive era for the lagging of the locomotive boilers. and this
continued through the succeeding decades.

In addition to chrysotile. if some other potential exposure to amosite or
crocidolite as packing or other material occurred at some point in time. the actual
exposure would have been comparatively limited in nature and scope.

From the evaluation of data relative 1o the type of asbesios. year and amount,
and the time-period use of various types of asbestos. it is reasonable te conclude that
the type of ashestos used for lagping insulation for steam locomotives for railroad
campany A was almost exclusively, if not solely chrysotile during the 1920-1929

period. This would also apply 10 1930-193% and into the 1940y and Jater. The last.

steam engine repair for railroad company A occurred in 1957,

The nature and extem of the selative risk from exposure 10 chrysotile asbesios.
in terms of the subsequent development of mesotheliomas. constitmes the main
emphasis of the present study of railroad machinists hired during the years
1920-1929. The methodolopy used is the concept of individual year-of-hire coharts
of the same craft in succeeding vears exposed to the same asbestos conditions and
cach observed since daie of hire.

The concept of reproducible effects has been well established in animal
expeniments. Exposure 10 the same carcinogenic agent. for a specific number of the
same animal specics. under the same conditions. observed for the same length of
time. provides the basis for estimation of relative risk. The results of the present
epidemiological study represent the equivaient of a successive series of human
experiments on the occupational exposure 1o chrysotile asbestos among machinists
hired 1920-1929 in the sicam locomotive era of the railroad industry. It is pot the
purpose of this invesiigation 10 evaluate the vanous theories involved in the
development of the actual cancer process. but rather 10 focus on the disease itself, the
occurrence of mesothelioma following exposure to chrysotile ashestos.

MATERIALS AND METHODS

In 3 previous study. data were presenied on & cohont of white male railroad
machinists alive on January 1. 1954 who had been employed before 1935 [Mancuso.
1983]. This paper is based on a similar but earlier seniority list prepared by railroad
company A. as a repular employment procedure of railroad machinists and other
crafis. alive Jamuary 1, 1945. who were emploved before 1935. Within this cohon,
successive sub-cohons were established representing those machinists hired in exch
of the specific years 1920-1929. inclusive. followed through 1986. The study is
unigue in using an iniernal control comparison rather than the general population.

In this respect. the method differs from other epidemiological studies by
focusing on the individual year of hire and relating the cancer risk solelv io those
hired during that specific year. In essence, the successive cohort method provides the
means for internal comparisons and for the investigation of reproducible effects in
terms of relative risk.
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TABLE I1. Seniorits Caohart of Railroad Machinists in Rallroad Company A Alive in 1945 and
Subcohort Hired 19201929

Toial number

Cohort of whie males hired

hefore 1935, alive in 1945 28S
Deaths with causes of death information rl ]
Subcohort white malkes hired

1920-1929. employed in 1945 181
Deaths with causes of death information 156
Not kpown o be deceased in 1986, as i

It is recognized that the 1945 seniority list represents a survivor group and thar -
other machinists could have lefi or retired before 1945. The identification of the .
deceased was derived from the death claim records of the International Union of '
Machinists and Aerospace Workers. Death centificates were coded by an experienced
nosologist according to the 8th Revision of the Internationsl Classification of
Diseases. Injuries and Causes of Death. *

RESULTS

The analyses are confined 10 those machinisis hired 1920-1929 for railroad
company A. Table I! relates to the description of the successive cohorts. There were
181 white males alive and employed in 1945 who were hired from 1920-1929.
inclusive. Among this group. 156 were ideniified as dead in 1986.

Tabk Il is a preseniation of the successive cohons representing machinists
hired for cach of the successive years 19201929 In railroad company A, the table
shows for each year of hire, the number in the cohont and the number of deaths. Also
shown is the distribution of mesotheliomas. lung cancers. and other types of cancer
in the respective year of hire by age at hire.

Among the 156 deaths ;36 primary sites in the 4] cancer deaths were identified:
i4 (35%) of all cancers were mesotheliomas. The same empiover raiiroad company-
A was identified on 13 of the 14 mesothelioma deaths. As a poimt of reference on the
rarity of mesotheliomas in the general population. -Selikoff et al- [1965}) cite- the-
observation of 3 mesotheliomas of the pieura and no mesothelioma of the peritoneum
among 3}.652 deaths in a study of 1.043.183 men and women reported by the
American Cancer Societys

Table II} illustraies the extremely small size of the successive cohonts of
machinists in which deaths due 10 mesothelioma occurred.-The basic observation
from this simple analysis shows thai for each hire year from 1920 through 1929 (with
the exception of 1921 and 1928. with oniy 9 and } hired in those years. respectively).
mesothelioma incidence was replicated. for each of the successive cohons of
machinists hired in the same year. at comparable age a1 hire. employed at the same
workplace, exposed a5 a specific craft to the same asbestos werking conditions in the
steam locomotive era.

In terms of relative risk in the development of mesothelioma from exposure 10
chrysotile asbestos. what is most striking is the occutrence of mesothelioma in such
a small number of deaths and cohorts in cach respective individual year of hire. On
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TABLE 111, Successive Caborts by Year of Hire and Ape-From 1920 to 1919 Among Railroad
Machinists by Cancer Cause of Death

Year of Hire
1970 1931 1932 1921 1923 1625 192 1927 1928 192Y Total
Number 1n cohon 12 L} 19 27 25 - 1% 17 1 12 W
Number of deuths 10 ] 1% . J k] w 12 4 0 9 156
Cancers Age a1 hine
Mesothehomas 21 = (X 20 29 2% 28 M — 29 i
20 2n 1291 125
124¢ 1297
Lung as — @b 2 @ (2% 2h 3% — Aan N
20 28 AR 1D
Maouth 19 1
Siomach “an 1
Colon (kR ' (e ] 2
Cecum 133) 1
Rectum 126) 136 ]
Bladder (22 40y [
Prosuate [EETINE 52 o X ] 2
Adrenial (2h ¥
Rewculum cell sarcoma (260 I
Site unknown 2T
Piman cancen 4 i 6 6 3 8 2 - 2 36
Toual cancers 4 1 ? 7 b} 9 2 4 2 41
“Asheslosis
*Endothelioma of picura

*Hospual record
*Pan 1t of death cenificate for each gan.er or ““other significant conditions™ pot n¢luded In total
*Same case

the average. one mesothclioma death occurred for each 1] deaths. or il one referred
1o all 18] of the cohon. the relative risk would be one mesothelioma in"every-13
machinists hired.

The precision of the reproducibility is further demonstrated for those hired in
specific years. In 1922, of the 19 machinists hired. 2 mesatheliomas occurred in men
hired 6 months apar.

In 1923, of the 27 machinists hircd. 3 mesotheliomas occurred: 2 were hired in
the same month. 10 davs apart, a1 ages 20 and 2. The third case, hired & months
earlier. at age 24 also had asbestosis. A machinist hired within 2 months of 1he third
mesothelioma case. a1 age 23. also had asbestosis lisied on the death cenificate. In
1925, among the 3 mesotheliomas. 2 were hized 2 months apart at ages 25 and 29.
and in 1927. the 2 mesotheliomas were hired 5 months apan a1 ages 24 and 25.

It is recognized that other cases of mesothelioma may have occurred among the
machinists who retired or lefi before 1945. the year of the seniority list. This is
illustrated with the following case (S). a machinist who retired in 1943 and died in
1946 tage 69) with a pleural endothelioma, with prior employment in 1916 with
railroad company A ai the same facility.

The medical repon of this case is included because it represemts the carliest
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) death (1946) and the earliest exposure that would be relaied to the use of chrysotile
asbestos by workers employed by railroad company A.

was _suffering from 3
had its origin in the walls lining the lung surface

malignant tumer which
and {
progressed to involve the cells and lining of the abdominal organs
{peritoneum) and 1o a Jesser extent the sac surmounding the heart and the
lining of the right lung. It became clear that the tumor had extended
through the chest wall in the front into the tissue which we had cul into on
Tuesday morning which was indeed part of the umor.

This is a very unusual type of cancer since it had spread so widely
it of course was unapproachable by any type of treatment. We regret thal
we were unable 10 establish the diagnosis during life.” Signed by Medical
Director-Internist of railroad company A hospital, (This information was
obained by chance from the vicum's family.)

Hochberg._11951) considered endothelioma as mesothelioma in his review of
histological origins of tumors.

The probability that other cases of mesothelioma had occurred was confirmed
from communications with former physicians of the same railroad hospital serving
employees of company A. In reconstructing 2 series of observations during the
follow-up investigation, it was determined that a presentation of mesotheliomas had
been made 10 the local medical society. In lerms of historical perspective, it appears
that Otto [1986] was the first clinician in the United States to report. in 1967. the
occurrence of mesotheliomas among railroad workers to a medical society. There was
po publication. The presentation was directed at a series of 10 mesotheliomas
(1957-1966) in which 9 were male employees of railroad company A. The
occupations at the time of clinical evaluation were; execulive (engineer}, track
foreman. 3 machinists. 2 boilermakers. shop foreman. engine carpenter. The duration
of life from diagnosis for B cases was 8 months. Ono | 1986] belicved that other cases
of mesotheliomas may have occurred but were pot recorded on the death cenificates.

Within this context (in the group of mesothcliomas in our study) was 2
machinist hired in 1922, who had a mesothelioma of the pleura diagnosed in 1965 and
died in 1966. Despite the established diagnosis. the death cenificate was signed at
time of death by a physician other than the treating medical anendant, who recorded
lung cancer as the primary cause of death. Obviously. the physician signing the death
certificate was unaware of the prior diagnosis of mesothelioma. This case represents
cither the extension of the original mesothelioma into the lung. or constitutes two
primary tumors, and has been idemified in both categories in Table IlL

Further. it was learned [Ono. 1986] thal the thoracic surgeon for the same
railroad hospital serving employees of company A ‘'had operaled on more than 20
mesotheliomas in 15 years.™ No details are available on these cases. Another
physician [Baur. 1985) confirmed that approximately 20 cases of mesothelioma had
been diagnosed among empioyeces of company A from 1957-1971 who had been
exposed 10 asbestos insulation in production and repair of steam engines at the same
facility.

These additional cases of mesothelioma are very important because. based on
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the mesothelioma deaths in the present study for that period. they would have had an
interval between hire and year of death of 35— 46 years and therefore would have been
hired during the 19201929 period of thix present study. Mancusa [1983) had access
to only 7 mesotheliomas for the specific time period of 1957-1971 for company A.
In reference Iahie 11) also shows that there were ) deaths due
to cancer of the lung among the 36 primary cancer deaths. compared to 13 cases of
mesothelioma. Lung cancer deaths occurred in each of the repective year of hire of
machinist cohorts from 1920-1929 (with the same exception of 1921 and 1928, with
9 and ] hired). In 1921, a lunp cancer was noted in Pani 1l of a death centificate.
The most striking observation was the closeness of the dates of hire between
some of the cases of cancer of the lung and those of mesothelioma which selate 1o the
variation in human response. For the 1929 cohort of machinists with 2 cancer deaths
(onc cancer of the lung. and the one case of mesothelioma). each was hired on exactly

the same day. a1 comparable ages (31 and 29). The lung cancer paticnt died 9 years

later (1980) than the mesothelioma patient (1971). For the 1925 cohon. the hire dates

of a patient who died of cancer of the lung and another of mesothelioma were 5 days

apart, at ages 32 and 25. The lung cancer patient died 4 vears before (1967) the
mesothelioma case (1971). The other pair of Jung cancer and mesothelioma patients
were hired one month apart in 1925. at apes 25 and 29. The lung cancer patient died
in 1972 and the mesothelioma patient died in 1985. 13 years later. in 1923. the hire
dates were one month apan for the deaths due 10 lung cancer iwith pleural plaques
cited on the death centificale) and mesothelioma: the employess were hired a1 ages 22
and 20. The lung cancer patieni died in 1952 and the one with mesothelioma 26 years
later, in 1978. In another closely matched pair, cases with lung cancer {(Part 1) and
mesothelioma were hired onc month apart at ages 28 and 21: the lung cancer patiem
died in 1972 and the one with a mesothelioma in 1977. 5 years Jater.

In Table 111. for year of hire 1920. a rare type of cancer. reticulum cell sarcoma.
occurred among 10 deaths and is mentioned because. in animal experiments by Gibel
et al. [1976). reticulum cell sarcomas were induced by chrysotile ashestos (oral
adminisiration). Wagner [1962] produced such neoplasms by intrapleural inoculation.

For vear of hire 1922, there was onc death categorized as due to cancer of the
adrenal, in a cohort of 19. This is cited because another death due to cancer of the
adrenal occurred in the 1945 cobort. a machinist hired in 1918. (There were 1)
machinists hired in 1918.) Schepers [1965] cited his own observation of many vears
before—of a case of primary carcinoma of the adrenal in which asbestos bodies were

. demonstrable in the adrenals. This type of ¢ancer warrants further investigation.

Tabie IV shows the distribution of the mesotheliomas by year of hire. year of
death. age at death. and vears from first employment to death. For the 1920-1929
cohon of machinists. the panern of prolonged latency continued to be seen in the
succeeding decades.

The evidence that marked variation in human response can and does occus in the
latency period for the development of mesotheliomas following the same type of work
exposure 10 dust containing asbestos is provided not only in the successive individual
year of hire cohonts as shown in Table IV, but also within the respective yvear of hire
as previously cited. A striking illustration is the 1925 year-of-hire cohor. The wo
mesothelioma cases that were hired 2 months apan (October and December) had a
date of death difference of 14 years (46 and 60 years). For the two cases that had the
same age at hire, 29 years. the interval difference was 23 vears (37 and 60).
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TABLE 1V. Mesothelinmas in Successive Cohorts of Railroad Machinisis Hired 1920-1929 b}
Year of Hire. Age a1 Death. Intersal in YVears. Year of Death and Type

Hire dawe Age at hire Interval n vean® Agc at death Year of death Tvpe
1920 k] o 8- 1954 Pleura

1922 0 4% 6 1967 Pleura

1932 kal 44 6% 1964 Pleura”
1923 p3| b} 14 1977 Pleura

1921 20 55 75 1978 Pleura

1923 b2 6) j 21 1984 Pleura’
1924 n 33 62 1957 Pleura

1925 29 37 [ 1962 Pleora

1928 29 &0 .13 1985 Pleura

1924 i) &0 71 197) Pleun

1926 s M 6! 1962 Pleora®
1927 24 41 5 1968 Picurs .
1927 a4 4% ” 1978 Unspecified
1929 29 42 n 1971 Pleura ’

1941-1939
1939 1 39 7 1978 Pieurath

*Years from first emplovment 1o death (-latem or lapsed penad’s
*Also had lunp cancet specifed on death centificate
‘Endothelioma of pleura

“With ashestiosis

Similarly. in a comparative study on insulation workers. among the 22 deaths
duc 10 mesothelioma [Selikoff et al.. 1970). for the 15 employed in 1920-1929
exposed to chrysotile, the interva} between vear of hire and death varied from 25110
43 years. An illustration of a relatively shon latency period foilowing exposure 10
chrysotile was cited by Scansetti et al. [1984}. who reponed on the development of
pleural mesothelioma in a worker involved in opening chrysatile asbestos fibers (on
an intermitient basis) to increase the surface area for filter purposes in the wine
industry. Symptoms developed 7.5 years after first exposure to the chrysotile
asbestos.

Table V shows the lung cancer deaths by successive cohorts (1920-1929) by
year of hire, age at death. year of death. and elapsed years between first employment
and death. (The table also includes the observations on the 1930-1939 successive
cohorts.) For the 1920=1929 cohon. the interval in years from first employment and
death was 27-51 years. There was marked variation in the latency period even for
those hired in the same year: for example. 1923,

If one compares the mesotheliomas and the lung cancers hired in the same year.
the age at hire for the mesotheliomas. with just a few exceptions. is less than tha of
the fung cancers. If one compares the interval in years from first employment 1o death
between the mesothelioma and Jung cancers for those hired in the same vear, in
general, the latency period of the mesotheliomas was longer than that of the Jung
cancers. .

The fact that there were 6 mesotheliomas. an extremely rare cancer identified
from 1972, and only 3 lung cancer deaths for a cohort (1920-1929) of machinists
with the same medical and hospital facilitics and care during the same period of time.
strongly suggests that other cases of lung cancer may have occurred and were not
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TABLE V. Lung Cancers in Successive Cohorty of Railrosd Machinists Hired 1920-1929 by
Year of Hire. Age at Death. Interial in Yeary, Year of Death

Hire Agc o tmenat Age 2 Year of
vear hire . in vean® death death
1920 1% 47 65 1967
1922 by} he) 47 1949
1972 2) & LAl 1966"
1923 2 29 M) 1952
1923 2% 44 76 19724
1924 a4 h}] n 1952
1924 kL 47 B0 1971
1938 pd 47 ! 1972
1928 a2 42 74 1967
1926 X 3 b 1956
1927 s s 70 1962
1929 ki 5 B2 1980
19301939
1934 39 30 68 1964
1939 n 40 72 1979
1939 3 M T 1977
1939 2 1 5 191
1939 29 L k2] 1985

Near from first emplovment 1o death (‘latemt or Japsed penod’ s
FAlso had mesothelioma

“Wah large pleursl plaque

“Om Pan )l of death cenificate

recorded on the death centificates. Higher death rates from lung cancer following
cxposure 10 chrysotile have been previoush reported. The possibility exists that the
crileria used by some railroad doctors in the diagnosis of lung cancer. asbestosis. and
silicosis may have lessened the recording of such diseases on death cenificates. For
company A. the criterion for one of the physicians was that a diagnosis of silicosis or
asbestosis could not be made without biopsy and examination of the tissues by a
pathologist.

Table V) provides data on the following 10-vear period by a successive
vear-of-hire cohort (193(:~1939). This is shown as supplementary information to
provide a visual display of how econbomic conditions {the Depression that occurred
after 1929 influenced the number of workers exposed. For five vears no railroad
machinists were hired and only a few were hired in the other vears. Excluding 1939,
this meant that only 18 machinists had been hired through 1938,

For the 7 hired in 1934. there was one death due to Jung cancer a1 age 66. after
an interva) of 30 years since {irst empiovment. In 1939, there were 4 lung cancers and
one mesothelioma among 26 deaths in a cohort of M. The 1939 sub-cohort was of
panticular interest in terms of reproducibility and range of laiency 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 mesotheiioma and two lung cancers. One
machinist hired the day before tage 29) also developed lung cancer, as did a machinist
hired at age 22 one month later. The laiency period for the lung cancers of the 1939
subcohort (Table V) ranged from 23 10 46 years. For the 1930-1939 cohor there were
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TABLE VI. Successive Cohorts by Year of Hire and Age From 1938 10 1935 Among Railroad
Machinists by Cancer Cause of Death

Year of hire
1930 1931973 oM 1934 936 1937 1938 193 Towl

Number in cohort 4 0 7 [}] 5 2 ] M 82
Number of deaths 2 - 7T - 4 I - % a0
Cause of death Age at mire
Mesatheliomar k I
Cancer of lung 39 i3

LX) 5

n

')
Cancer of pancreas Ay 1
Cancer of bladder s .
Cancer of prastate aa
Myelogenous leukemia 53 1
Carcinomatosis™ (primary UNAROWR) 3 51 a3
Total cancers 2 1 1 9 13

‘Pant I} on Death Cenificate
*Inciudes Melanoblasioma with enlarped liver

TABLE V1. Cases of Mesothelioms Among Raliroad Craft Workers, Employed 1920-192% for
Company A 1945 Cohort

Yearof  Number  Ape s Interval Ape at Year of

Case Crafi hire hired hire years death death
1 Boilermaker helper 192 i 35 40 75 198}
2 Machinist helper” 1922 [ 38 3 76 1958
3 Boilermaker helper 1925 14 2) 5 74 1978
4 Boilermaker helper 19280 14 23 59 81 1984
Emplovees compamy A not in cohon
3 Machinist 1926 24 Ad 67 1970
6 Exccutive (engineer)® 1926 19 » 57 1965
7 Boilermaker* &9 1958
8 Engine carpenter’ 66 1949 .
*ldentified by Ono
*Asbestosis

also two cancers of the bladder and a melancblastoma. The three casas of
carcinomatosis. primary unknown. out of I3 cancers represent a critical loss of
information.

Table VII provides information about mesotheliomas among different worker
crafts of company A that selate to our study by year of hire (no special study was
conducted). The occurrence of cancer in a boilermaker helper hired in 1921 {only 1
was hired for the year) compiements the successive cohons among machinisis,
providing 2 continuity for 8 successive years, 1920-1927, Data on workers in the
other crafts hired in 1922 and 1925 who developed mesothelioma supplement the
machinists” observation for those years.
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The most striking observalion was the indicatton of relative risk 10 size of
number hired for that year among the boilermaker helpers (case 3. 41, The 2 deaths
due to mesothelioma were detived from only 14 hired in that category in 1925 in
company A at tha facility. One of the death cenificates. in addition 10 mesothelioma,
specified **asbostoms many vears™ in Pan 1 of the underlying causes of death.

Case 5. an emplovee machinist of company A in the work facility of the
adjoining state, had been hired in 1926. The diagnosis was made at the same company
A hospital. He died in 1970 a1 age 68.

© Case 6 was emploved a1 the same location and facility of company A i 1926,
first as a laborer and subsequently as a machinist helper. In 1928-1932 he was
lagging boilers of the steam lacomotives. From 1933 on. he was assigned to nonshop
work at various peographical Jocations of company A. with a continual rise inlo
management positions. Afler war service (1943-1946) he returned to his onginai
place of employment as an executive engineer uniil 1963. Case 6 is of particular
interest because i1 illustrates two basic principles. First. in epidemiological siudies,
the last jab tin this instance. executive) can be mislesding because it does not reflect
the early vears of exposure to hazardous and carcinogenic matenal ashestos) thal
occurred in the work environment. Second. that the carcinogenic risk continues after
the exposure to the carcinogen has ceased.

Two clinicians for company A hospital attended and signed 1] of the
mesothelioma death cenificaies, 8 for machinists and 3 for other crafis. The exposure
and risk of all crafis and workers to asbestos insulation material. including
boilermakers in the steam locomotive era. have been previously described [Mancuso.
1983}. Lieben {1967] cited the occurmrence of a mesothelioma in a railroad boiler-
maker who had applied asbestos insulation on sicam engines for 25 vean,

The identification of the mesotheliomas among the various crafts demonstrated
again a basic public health principle known for decades: that the discase follows the
trail of the exposure. whether to infectious. toxic. or carcinogenic agents, regardless
of the location of the exposure. the job title. or type of industry. Selikoff [1964]
referred 10 this concept: **floating fibers do not respect job classifications—insulalors
sharc their exposure with other trades, e.p.. electricians, plumbers, sheet metal
workers. sieamfiniers. carpenters. boilermakers. foremen and even the architec:.™
Similarly. bevond the workplace. children and family members of asbestos workers
have developed mesotheliomas and asbesios related diseases following limited and
imerminent exposure. ‘

BISCUSSION

In the examination of relative risks from various forms of asbesios. there is a
need 10 put into proper perspective the references which have been made w ore
comtaminants. which have been idemificd as derived from the chrysotile mines. The
epidemiological investigations of health effects that penain 1o chrysotile are solely
directed at the form of chrysotile that has been provided in prior decades from the
Canadian chrysotile mines for commercial distribution and use in the United States
and elsewhere. JThe chrvsotile, as supplicd and distributed throughout the United-

States, was nol processed in any Way 10 FemOve any ore conlaminant before use and .

human exposure occurred. In essence, the mesotheliomas which have occurred and-
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are the subject of epidemiological siudies relate 10 the form or tvpe of chrysatile that
. was provided for commercial use:

On one occasion Wagner. who reported the major study on mesotheliomas.
stated “all mcsotheliomas caused by commercial asbestos have been due (o
crocidotite.”” 11979) although he did not always espouse this view [Gilson and
Wagner, 1967].

Experimental Observations

Wagner et al. [1980] conducted extensive experimental studies on animals with
all types of asbestos. by intrapleural innoculation and by inhalation. Wagner observed
in summary: **These experiments produced some surprising results. in particular,
although the crocidolite sample had produced more mesotheliomas than did the
chrysotile afier imrapleural injection. after inhalation. the sample of chrysotilc from
Canada produced as many mesotheliomas 25 did crocidolite: this was in spite of the
fact that the retention of chrysotile dust in the fungs was very much Jess than that of
crocidolite. This experiment has cast some doubt on the epidemiological evidence
that crocidolite is much more hazardous than chrysotile as far as mesotheliomas are
concerned.”™ :

Subsequently. Wagner [1986} referred 10 a series of cases (12) of mesothelioma
in a preliminary investigation of the chrysotile minc and the production of commercial
chrysotile in Cyprus which had occurred among individuals exposed to the chrysotile
mine dust with ore contaminanis {containing wemolite t similar 1o those observed from
the chrysotile mines of Canada.

A series of experiments have consistently demonstrated that chrysotile. more
than any other form of asbestos. gets lo the pleura and is retained in the pleura as the
basis of subseguent disease.

Le Bouffant {1980). in a study of human tissucs. noted a preferential migration
of chrysotile fibers to the pleura. with a significant increase and accurnulation 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 serics of cases.
the median concentration in the pleura was 3000 fibers (chrysotile) per gram of dry
tissue.

Sébastien et al. [1979. 1980}, in similar studies on human tissues, also .
demonstrated that the retention of asbestos fibers in the parietal pleura was type- and

size-related. that inside the parietal pleura most of the fibers were shon chrysotile

fibers. and that lunp retention was nol a good indicator of pleural relention,

Vialigt et al. [1986]. with iniratrachesl injection of small amounts of UICC
chry’sotile. demonstrated that the shortest fibrils reach the pleura very rapidly and can
be retrieved from the pleural fluid of rats within one month.

Harington ]1981]. in his review on animal studics. cited that large numbers of
short lower aspect fibers may induce mesotheliomas and that superfine chrysotile was
the most carcinogenic of all the materials used.

Mowé et al. |1984] found thai there was no correlation between latency and the
total lung fiber concentration in malignant mesothelioma. '

identification of Mesothellomas

Of particular significance are the observations by Churg et al. {1984] who
identified, in one hospital. 6 cascs of pleural mesotheliomas in 90 consecutive
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aulopsies in the perind of late 1980 10 1983, of Jong-rermr workers in the Thedord
. mines of the Quebec chrysotile industry. (In contrast, Hochberg [1951] had estimated
that there had been berween | per 10 and 1 per 10.000 aulopsied in the general
population.) The mineral content in the lungs of 5 of the 6 deaths with mesotheliomas
identified by -Churp had only chrysatiie and ore components. These obscrvations
concerning chrvsolile in the lungs were found even afier 22 (allowing for correction
in case No. 2) years since Jase work exposure 10 chrysotile, and afier an incrval of
31-4% years between initial employment and death. Earlier. Gibbs {1978} had
specifically cited the need for such a study of “*autopsy material from persons who
died at various periods afier exposure 1o chrysotile to see how long the {ibre remained
in the lung.”" h is evident that chrysotile remains and thal the cancer fisk does not
cease afier exposure siops. The Churg cases and 1he mesothelioma cases that accurred
afier the age of 65 in this series. as well as in those workers who ceased ashestos:
exposure a1 earlier apes. also demonsirate this point.

The Churg &1 al, obhservation of 6 mesotheliomas in 90 amopsies during less
than 4 years among the Thetford asbeston workers is also significamt because
McDonald. et al. [1980] had reporied only I3 mesotheliomas among Thetford
chrysotile miners in Quebec during 19 years (1960~1978). These findings emphasize
the necessity of asceriaining other cases of mesotheliomas which may have occurred
before. during. and afier the McDonald et al. and Churg et al. time periods of
observalion. A few instances will be cited.

Idemification of mesotheliomas is basically difficult, but this may have been
more difficult for some of the mining and surrounding rural areas in Canada because
of limited professional resources. This was referred 10 by Selikoff et al. [1964) in
discussing the various areas of the chrysotile mines in Canada:

In Asbestos. a lown with onc of the largest chrysotile mines in the world.
there is no pathologist. no hospital laboratory. postmortems are almost
never done. Montreal and Quebec City are at Jeast 75 miles from the areas
in question and are not commonly utilized by the local population. Senous
cases are sent 1o Sherbrooke 40 miles awav. The only hospital in the
Asbestos area is a small one used for maternity purposes (at least 2 vears
ago).

Cartier. physician for the asbestos companies” clinical facility in the Quebec
area, in reporting on deaths before 1950, identified 2 cases of pleural mesothelioma
associated with Thetford chrysotile mining operations [1952). One asbestos worker
had been employed for 26 vears. The second. identified by autopsy in 1949 (referred
ta consultant pathologist Vorwald in the United States). was that of a company
official, the treasurer of the Ashesios Company Thetford Mines. whose exposure was
recorded as office work from 1920-1949, with a lalency period of 29 years
|Casileman, 1986}, (Wagner et al. | 1960) referred 10 the 2 cases of mesotheliomas by
Cartier from the Canadian Chrysotile mines.) It is apparent that unless residents of the
area near chrysotile mines were accorded similar exceptional medical assistance of
autopsies and special microscopic examination of the tissues by. a2 tonsulting
pathologist, it is very likely that mesotheliomas would not have been detected and
recorded.

Braun and Truan [1958]. in a study of asbesios miners (Theiford and Asbestos)
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in Canada. cited a death due 1o mesothelioma between 1956-1957. The identification
as 10 whether it was {rom the Thetford or Asbestos mines was not given.

Death certificales are nol an accurate reflection of the full number of
mesatheliomas which have occurred. for several well-known reasons. Mesotheliomas
may have been identificd a1 some point in time by biopsy in haspital records bul not
recorded later on 1he death certificate at another jocation with 2 different docior. as
previously mentioned. Similarly. information derived from autopsies may nol be
recorded on the death certificates. (International Classification of Disease. Injuries.
and Causes of Death did not include malignant mesothelioma until the eighth
sevision.) All of this is related to the basic problem of the infrequency of autopsies in
various rural and urban areas. and the need for the panticular services of pathologists.
Further. cancers which have been reported on the death cenificale as pnimary site
unknown. or anributed to some other site, have been found on subsequent review of
the microscopic slides by consultant pathologists to be mesotheliomas. Selikoff et a).
{1979]. in a series of reports utilizing all medical resources. demonsirated that-the
number of mesatheliomas was far greater comparcd 10 what was recorded on the
death certificates among workers exposed 10 asbestos. and similar experiences have
been reponied by Newhouse and Wagner [1972]. Nevertheless. death cenificates in
research are very imponant. A complicating factor in Canada was the policy of the
Quebec Ministry of Social Affairs. which has insisted on permission of the next of kin
before providing a death cenificate. with cause of ceath. even for research purposes
[Nicholson et al.. 1979]. Consequently. death centificates which could be critical in
a research study could not be obtained from the appropriate relative if they had
moved. died. or could not be found. Death registration in Quebec first became
compulsory in 1926 [McDonald et ai.. 1970].

The most important fundamental difficulty in prior decades has been the proper
diagnosis and identification of mesotheliomas. and the underreporting that occurred
for this 1ype of rare cancer. This was one of the major considerations of the 1VCC
Working Party on Ashestos and Cancer {1965]. which was directed a1 the interna-
tional coordination of research on asbestos. A series of recommendations was made
which proposed that reference panels of qualified pathologists {who would review the
cases of other pathologisis) be set up on a regional. national. and international basis
10 assist in the diagnosis of mesothelioma and other umors associated with exposure
10 asbestos.

In view of the uniqueness of the pathological services required. as well as the
other factors. it is reasonable 10 conclude that the magnitude of underidentification of
mesotheliomas in some periods of time may have been far greaier than realized in the
rural chrysotile mining areas of Canada and would tend to underestimate the relative
risk of chrysotile in the induction of mesotheliomas.

Dust Estimations

In the consideration of dust estimates and dust exposures in the early years
relative to chrysotile as well as other forms of asbesios. a considerable number of
questions have been raised as 10 the appropriateness of such guesses and extrapola-
tions about exposure levels in prior decades (as they may relate to subsequent
development of lung cancer and mesothelioma). Selikoff [1978] was doubtful about
the validity of the dose-dust esumate in the Quebee Study in view of the infrequent
and fragmentary dust measurements made in earlier years. Wright [1978) was also
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very much concerned with the atiempis at " reconstruction of exposure 30 years ago—
because this has a high degree of uncenainty—considerable vanations occur in plants
from day to day. and even hour to hour and that intermittent exposures that might be
very significant biologically, might appear in the data as low exposures if presented
as lime weighted averages.™ Further. exicnsive problems exist relative 10 dose
estimates becausc of the marked differences and changes in sir sampling instruments.
and the degree of effectiveness of various methods and evaluation lechniques over the
past decades. The problem of dust estimales in prior decade is compounded by the
known marked human variation in bialogical response to asbestos and other
carcinogens. This has been demonsiated in the present study and 2 series of
itlustrations cited in the resula.

A pane] of scientists of the L'.S. Government INIOSH-OSHA ) Asbestos Work
Group | 1980] concluded ““thal there was no evidence for a threshold or for a "safe’
level of asbestos exposure.”™ after citing that **human occupalional exposure o all
forms of commercial asbestos fiber 1yvpes. both individually and in various combi-
nations have been associated with high rates of asbestosis, lung cancer. and
mesothelioma.™”

Problems in Epidemioclogical Studies

In terms of mortality experience. the basic concept of monality sunveillance of
workers employed in specific industries has been known and applied for decades by
insurance companies. Hoffman {1918) cited increased risk of asbestos workers.
Jeading American and Canadian life insurance companies 10 deny insurance coverage
for such persons. Continued evidence of this risk was a 1930 survey of asbestos
miners in Asbestos and Thetford mines in Canada. in which 42 cases of asbestosis
were found among 195 asbestos miners. and an investigative report [1949] which
cited extensive effects of asbestosis. the deaths. and air poliution from chrysatile
mining operations {Castleman. 1986: Trudezau. 1974).

Of particular interest is the Braun-Truan swds [1958] of Jung cancer among
miners of the Ashestos and Thetford mines in Canada. which provides itlustrations of
some of the problems of design. analysis. and reponting of results, which can
understate the cancer risk. These are cited in broad 1erms. as necessary background
in any evajuation and estimation of cancer nsh from chrysotile. The study consisted
of a combined cohort of 5.958 16.091_ less §33 Jost 10 study). all of whom had a1 least
5 years or more emplovment. were alive in 1950. and were followed for 6 years
through 1935, This automaticalis excluded the mesotheliomas of the Thetford
operations that died before 1950¢25. as cited by Cartier | 1952]. Other basic problemns
affected the evaluation. Enterline [1964) pointed out that an inappropriate statistica)
derivation of the expected rate for lung cancer was used. which submerged the
positive Jung cancer findings: that the same compurable diagnostic criteria tof
confirmation) essential to the analysis was not used both for the study group and the
control group. Mancuso [1965] cited the very shon period of observation. which
substantiaily limited the extent of the idemification of the lung cancers: that the
designated exposure caiegories were basically not tenable and therefore inappropriate
for comrelation. Selikoff |1964] also cited the dilution factor in the cohort. relative to
age. duration. and lung cancers: the limitations of the availability of medical services:
and problems with both the diagnostic and exposure criteria.

Sabourin | 1957}, in referring 10 the prepublication Bravn-Truan report for the
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Quebec Asbestos Mining Association. noled that cancer statistical data ““was very
poar in the Province. as the repan of cancer as cause of death is not compellable by
law. v.g.. tubercuiosis must be reported.”” In fact. occupational cancers when they do
oceur may not be reported in the literature. Hueper [1961]. citing the published anicle
(1958). pointed out that the Braun-Truan data **had missed 34 cases of asbestosis
cancer of the lung siudied a1 Saranac Lake Laboratories.” Despite all these
constraints. the prepublication Braun-Truan data identificd a positive statistical
association berween lung cancer and asbestosis. but this unfortunately did not appear
in the published paper. Another probiem was that the marked differences between two
groups in a study can be submerged when combined and used as a single cohort,
which affect the analyses and intcrpretations that can be made. This related to the
differences in the exposure categories for the Asbestos and Thetford miners as
recorded independently in the prepublication report. These were then combined and
the differences in the lung cancer rates were averaged in the published report.
Jessening the satistical sensitivity in control Comparnisons.

Epidemiological studics 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 injuries, before the latency period has been met for
the development of lung cancer and mesothelioma. Similarly. it is also recopnized
that monality per se. although important. is only a very grass indicator of health
effects: significant discases may be sustained in prior years by those exposed. but nol
identified or reflected on the eventual death cenificates. A further fundamental
problem has been the use of the general population. with higher actuarial death rates
than emploved workers, as a control o derive the expected rate. This can be
misleading and mask positive cancer findings among the workers studied.

Chrysotile Exposure

Mesotheliomas have also been reported following exposure 1o chrysotile in the
manufacture. removal, and instaltation of brake Jinings: these commonly have been”
made with chrysotile asbestos. The pervasiveness of the awiomotive industry. with
associated repairs and the very large population of workers who may have been
exposed in prior vears. Tepresent 2 major arca of concern, The scriousness of the
problem is reflected in a review by Castleman et al. [1970. 1956] on asbestos disease .
among brake repair workers thal documents a series of reports in the United States.
Canada. and Europe. The following citations represent illustrations of panicular
aspects.

Langer and McCaughey [1982] reported a pleural mesothelioma in an auto
repair man who had worked for many years. often replacing brake linings. The
latency period since first exposure and death was 27 vears. Chrysotiie was identified
and confirmed by electron diffraction analysis and no amphiboles fibers were found.
11 was estimated that 1 pg of chrysotile was present per 5 g of wet lung parenchyma.

Teta et ai. [1983). in a report on mesothelioma in the Connecticut tumor
regisiry. cited 2 cases of mesothelioma (pleural and peritonsal) in women {clerical
workers) who were employed at a friction products plant thai manufactured brake
linings using only chrysotile asbestos. Of parnticular epidemiological significance was
the fact that the mesotheliomas were not cited on the death centificates and therefore
were nol included in the death certificate analysis of 122 women whe died in a cohon
study of that plant [McDonald. 1986).
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_ \"ianna and Polan [1978). in a stdy of spouses with indirect. minimal
Intermitient expasure to asbestos, cited 3 mesotheliomas that had occurred in womcr;
al apes 40. 77, 78. whosc hushands. were brake lining worker.

McDonald ¢1 al. [ 1970} identified two cases of primany malignant mesothelioma
tumors in Canada. in persons who had been brake lining inst I} W
worked in brake lining manufacture. § mslllen. and onc whe had

Godwin and Jagatic [1968) reponed a case of peri i i

G lic | L pentoneal mesothelioma in a
worl;:: who wove brake linings made from chrysolile for three years and who died at
ape 41.

Mancuso [1983) reported a pleural mesothelioma in ic who di

0 1969 ot nee 56 an auio mechanic who died

Clinical Epidemiology and Medical Economics

The findings of this study demonstraie 2 very high relative risk
exp;;drlo chrysalilc"asbesws in l?c devek:pmel?; ofg mesolheliorr:: \‘:‘:hth:::
mesothelioma eventually occurming for eveny ini i i
21539 by e pdtiel Ag. ry 13 machinists hired in the vears

The human experience. the manifestation of the disease. and the consistent
repeated de\'cl_opmem of a specific rare cancer such as mesathelioma in succ-csi\'c
cqhm_-ls foliowing prior exposure 10 commercial chrysotile asbestos itlustrate the hasic
principle that the nature of the asbesios exposure was sufficient for the induction of
the mesotheliomas. regardless of the theoretical discussions and posturings surround-
ing the development of the cancer process. ‘

] jhis ipvesl'igalion also demonstrated again the imporance in medicine of
"Fhmf:al epidemiology ™" in the identification of occupational cancers by clinicians
Historically. vinwally every occupational cancer was first identified by a clinician or
surgeon. In this instance. physicians associated with the same railroad hospital of
company A consistently diagnosed mesotheliomas. a rare type of canccr. amon
wmke.rs employed by the same company in 2 small city. The clinicians and lhf
thoracic surgeon unfortunately did not publish their findings of mesotheliomas that
had occurred among the railroad workers. This illustrates the basic Iacx- that
occupauona! cancers and diseases can and do occur in specific industries and may not
be repos:led in the medical literature: the absence of such reports does not mean that
xh_: specific occupational disease or cancer has not occurred. M is hoped that this paper
will encourage physicians in industrial medicine in the application of "clinil::I
epidemiology™* and in the publication of their findings in the medical literature

A final basic medical observation and concern is the occurrence of occupati.nnal
cancer among the elderly. Of the 14 mesotheliomas in the cohon study, 12 died at
ages 65 and over. as well a5 7 of § in the craft designations. The occurrence of cancer
in the older. age group. because of the laiency period. has been observed in vinually
all occupational epidemiological studies of 2 wide ranpe of industrial carcinogens.
The substsn!ial implications for medical economics. the interrelationship of gofen-'n:
menta] .me@ca} care and costs. and the impontance of cnvironmental controls of
prevention in the early work vears of Jife warrant a major national investigatior;
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