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INTRODUCTION

It has been estimated that lung cancer will
kill approximately 77,000 men and 28,000 women
in the United States during 1981 (16). This ac-
counts for 34% of all types of cancer deaths in
males and for 15% in females. It is expected that
122,000 new cases of lung cancer will occur in
the United States in 1981, This will account for
a total of 22% of deaths in males and 8% of
deaths in females. The age-adjusied lung cancer
death rates have increased steadily in men from
5 per 100,000 deaths in 1930 to about 70 per
100,000 deaths in 1980. In females, the rate did
not climb as steadily: from 2 to 3 per 100,000
deaths in 1930 to about 7 to 8 per 100,000 deaths
in the mid-sixties. However, from the mid-sixties
to 1980, the rate has increased rapidly to approx-
imately 18 per 100,000 deaths. It has been sug-
gested that the rapid rise in lung cancer among
females is because of the increasing number of
women in the work force and because many
more women have taken up smoking (128).

ASBESTOS

Occupational Exposure—Historical Studies

In 1935, 55 years after the usage of asbestos
was introduced on a large-scale basis in industry,
suspicion of an association between asbestosis
and lung cancer was reported by Lynch and
Smith (75) in the United States and by Gloyne
(38) in the United Kingdom. About 10 years
later, case reports of pleural and peritoneal
tumors associated with asbestos began to appear
{144)(145)(149). Epidemiologic evidence from
Doll showed a tenfold risk of lung cancers in the
U.K. asbestos textile workers who had been em-
ploved from 1930, that was prior to regulations
that were written to help workers improve dust
conditions in factories (27). Similar findings were

reported in the United States in 1961. Meso-
theliomas were also dctected, but this fact was
not published until later (81)(119). Paossible
variations in risk with other types of asbestos
fibers were rarely considered in the earlier re-
ports. Since 1964, following the recommenda-
tions of the UICC Working Group on Asbestos
Cancers (UICC 1965)(136) for new studies, there
has been an expansion of epidemiological studies
in many parts of the world.

Epidemiologic Studies—Lung Cancer
Mixed Fiber Types

In most industrial processes different fiber
types are mixed, so that pure exposures to a
single asbestos type are rare. Mortaliry studies
of defined populations of asbestos manulactur-
ing, insulating, and shipyard workers have pro-
vided the most concrete evidence concerning the
association between bronchial cancer and ex-
posure to ashestos. Reports received from several
countries: England (30)(92), Germany (12), the
United States (118), the Netheriands (129), and
Italy (112) have confirmed this cvidence.

Elmes and Simpson (31) have extended their
earlier report (30) to include deaths occurring
since 1965 through 1975. The mortality trend has
shifted from a preponderance of asbestosis and
gastrointestinal deaths to malignancies from lung
cancer and mesothelioma, (diseases associated
with longer latent periods). These authors report
that their findings would suggest any standard
based “‘on the prevention of asbestosis, may not
provide adequate protection against neoplasia.”

A sevenfold excess of lung cancer was [ound
in a group of insulation workers who had been
exposed to chrysotile and amosite asbestos, but
not crocidolite (121). Enterline and Henderson
reported a 4.4 times increased risk of (respiratory
cancer) mortality among retired men who had
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worked as production or maintenance employees
in the asbestos industry and who had been ex-
posed to mixed fibers (32). Among men with
mixed fiber cxposure (crocidolite and chrysotile)
in the asbestos cement industry, the rate was 6.1
times the expected rate, In a British naval dock-
yard population, Harries showed that there had
been an increased rise in mesotheliomas since
1964 (43). However, the full biologic effects of
asbestos in shipyard workers would not have
been expected to be detected unti! the 1970’s and
thereafter (117).

Edge reported that shipyard workers with
mixed asbestos exposure and pleural plaques
{without evidence of pulmonary fibrosis) had a
2.5 times increased risk of developing carcinoma
of the bronchus, when compared with matched
controls without plaques (29). In a study of sheet-
metal workers with measurable and mixed as-
bestos exposure, an excess of deaths from malig-
nant neoplasms (24.7% of the deaths for two co-
horts, selected for 5 or more years, who worked
in the trade; with 19.1% of deaths for a group
where 14.5% was expected) was largely at-
tributed to an excess of malignant tumors of the
respiratory tract (21). Of the 307 deaths in the
first cohort, 32 lung cancer deaths were signifi-
cantly in excess (1.7 times the expected level).

Weill et al. reported on the mortality experi-
ence of a cohort of 5,645 men employed in the
production of asbestos cement products and who
had at least 20 years since first exposure {146).
These workers were exposed largely to ch rysotile
with some crocidolite and amosite. Among this
group, 601 persons were identified as deceased
by the Social Security Administration. The vital
status of 25% was unknown, and were assumed
to be alive, which probably resulied in under-
estimation of the true risk. Death certificates
were obtained for 21% of the known dead. Dust
exposures were estimated, using each worker’s
employment history in conjunction with histor-
ical industrial hygiene data.

Weill et al. observed increased respiratory
cancer mortality only among those with exposure
in excess of 100 mppcf-vear, where 23 cases werc
observed vs. 9.3 expected (146). The unusually
low SMR for all causes in the low-exposure
groups suggests the possibility of a selection bias
and any interpretation of risks at low exposurcs
should be done with caution. Separating the
cohort by fiber type exposure, the authors con-
cluded that the addition of crocidolite to chryso-
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tile enhanced the risk for respiratory malignancy;
however, an excess risk was observed among
those naot exposed to cracidolite with cumulative
exposures in excess of 200 mppcf-months. Both
average concentration of exposure and duration
of exposure were found to be related to cancer
risk.

McDonald and McDonald studied the mor-
tality of 199 workers exposed o crocidolite dur-
ing gas mask manufacture in Canada from 1939
to 1942 (84). This cohort was followed through
1975, when by this time 56 deaths occurred. Out
of these 56 deaths, 4 {7%) were from mesa-
thelioma and & (14%) from lung cancer.

Chrysotile

McDonald ct al. reported an increased risk
of lung cancer among men employed in Quebec
chrysotile mines and mills (85)(86). The risk of
lung cancer among those workers most heavily
exposed was five times greater than those least
exposed.

Kogan et al. investigated the cancer mortal-
ity among workers in asbestos mining and mill-
ing industries between 1948 and 1967 (54). The
total cancer mortality rate among workers was
1.6 times higher than that found in the general
male population; for female workers the rates
were 0.8 times higher for those in mines and 1.
for those in mills. The lung cancer risk for maj2
miners and millers was twice that of the general
male population. For females in mines and mills,
the risks were 2.1 and 1.4 times that of the gen-
cral female population, respectively. For workers
over 50 years of age, the risk of lung cancer was
greater: for men in mining, 4.0; those in milling,
5.9; for women in mining, 9.5; and those in mill-
ing, 39.8 times that found in the general
population.

Wagoner et al. reported on the cancer risk
among a cohort of workers in a major manu-
facturing complex utilizing predominanily chry-
sotile asbestos in textile, friction, and packag-
ing products (143). An excess of respiratory can-
cer occurred among asbestos workers in each
duration-of-employment category down to and

including one through nine years. They observe
statistically significant standard mortality ratios
of 122 for all malignant neoplasms of the res-
piratory system. The asbestos workers in this
study were located in the area of predominant-
ly Amish dutch population with known low fre-
quencies of smoking. The authors, nevertheless,



used the general white male U.S. population as
a control group, which most likely resulted in
an undercstimation of the degree of risk.

Robinson et al. (106) reported an additional
8 years of observation and 385 deaths to the
Wagoner ¢t al. {143) study of mortalily patterns
of workers among one facility manufacturing
asbestos textile, friction, and packing exposed
predominately to chrysotile. Except for 3 years
(during World War II), chrysotile constituted over
99% (per year) of the total quantity of asbestos
processed. During those 3 ycars, amosite was
selectively used to a limited extent because of
Naval specifications and accounted for approx-
imately 5% of the total asbestos used per year.
Crocidolite and amosite (for the other years) ac-
counted for less than 1% of the total usage in
very selected areas. Exposures to these two Lypes
may have played a role in the etiology of disease;
however, due to the overwhelming exposure of
ihe cohort to chrysotile, it is likely that the other
exposures played a minor rolc in the overall mor-
tality patterns. Robinson et al. confirmed the
observations of Wagoner et al. that statistically
significant excess deaths were due to bron-
chogenic cancer.

Weiss reported no unusual mortality ex-
pericnce over a 30-year period for a cohort of
workers employed in a paper and millboard plant,
reported to be using only chrysotile (147). The
author concluded the study rcsults were suggestive
of a minimal hazard from chrysotile. This con-
clusion must be viewed in light of the limitations
inherent in the study. First, the population studied
was small (n = 264) and only 66 workers had died
at the time of the analyses. Moreover, the
unusualty low SMR for many of the contrasts in
the Weiss et al. paper suggests the possibility of
a selective bias greater than usually seen when
contrasting industrial populations arc contrasted
with the general population.

Enterline and Henderson found that retired
men who had worked as production or main-
tenance employees in the asbestos industry, and
had becn exposed only to chrysotile, and who had
reached 65 years of age, had a respiratory cancer
risk 2 to 4 times greater than that cxpected (32).
Among men within the asbestos cement industry
exposed only to chrysotile, a one- to four-fold
excess of respiratory cancer was found.

Anthophyllite

In Finland, anthophyllite mining has been
associated with an excess bronchial cancer risk

of 1 to 4 times the overall expected and about
double this figure for those with more than 10
years’ exposure time (33X87)}88).

Synergism

There is marked enhancement of the risk
of lung carcinoma in those workers exposed to
asbestos who smoke cigarettes (11)(25). Hammond
and Sclikoff interpret the excess lung carcinoma
risk from asbestos in nonsmokers to be small
(41). No link between cigarette smoking and
mesotheliomas has been observed in a prospec-
tive study by Hammond and Selikoff (41). A pre-
liminary study on female workers employed be-
tween January 1940 and December 1967, in a
predominantly chrysotile asbestos textile plant,
revealed 7 lung cancer deaths among 580 women
when only 0.63 dcaths were expected (p<0.01)
{(64)}. One lung cancer death was observed in a
smoker, two in women of undctermined smok-
ing history, and four in women who “‘never”
smoked cigarettes {as determined from hospital
admission charts).

It is important to note that the historic docu-
mentation of cigarette consumption patterns is
lacking for most retrospective cohort studies
done on asbestos workers. It is also important
to note that a sizable portion of the general
population, the group usually selected for com-
parison in these studics, are cigarette smokers.
Therefore, the risk of lung cancer demonstrated
for these industrial groups exposed 10 asbestos
is of such magnitude that it prectudes the idcn-
tification of an independent etiologic role for
cigarette smoking.

Hammond ¢t al, have attempted to correct
this methodological problem by comparing 12,051
asbestos insulation workers having complete smok-
ing historics to a control population, with no
smoking histories {42). Their control population
consisted of 73,763 men from the American Cancer
Society’s prospective cancer prevention study who
were similar to the asbestos workers in that they
were white males; nonfarmers; had no more than
a high school education; a history of occupa-
rional exposurc to dust fumes, vapors, gases,
chemicals, or radiation; and were alive as of
January 1, 1967. Non-smoking asbestos workers
showed a five times greater risk of dying from
lung cancer than their smoking controls. Both
smokers and nonsmokers exhibited a fivefold
relative risk: however, the attributable risk was
greater among the smokers. This higher at-
tributable risk can be accounted for by the large
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number of smokers in the asbestos-exposed
poputation and the comparison population.

Liddell et al. has also studied the smoking
patterns among asbestos workers through ad-
ministering questionnaires to living workers or
refatives of deceased workers, who died after 1951
(68). The authors report SMR’s of 48 and 46 for
nonsmokers and ex-smaokers, increasing to 206
for heavy smokers. This study is unreliable
however, because specific smoking death rates
were not used for the caleulation of expected lung
cancer deaths, and this underestimated the risks
among nonsmokers,

ARSENIC

Lung cancer was first observed to be ex-
cessive in a proportionate mortality study of
workers exposed to sodium arsenic in the manu-
facture of sheep dip (45). Roth reported that 18
of the 47 autopsies done on German vinegrowers
exposed to arsenical insectides, died of lung
cancer (111). Roth then compared Iung cancer
mortality rates of six rural and urban districts
of the Moselle and one district of the Ahv (110).
He found that the vineyard districts of the Moselle,
using arsenical insecticides, had a higher propor-
tionate mortality rate from lung cancer than did
the urban and nonvineyard areas, The district
of Ahv, however, had a lower incidence of lung
cancer which Roth attributed to the non-use of
arsenical insecticides. The autopsy results and
the comparison of the vine-growing districts
caused Roth to suggest an etiological link existed
between arsenic insecticide exposure and an
excess of lung cancer,

Pinto and Bennett studied 229 active cop-
per smelter workers and pensioners (97). The
pensioners were at least 65 years of age with 15
years or more of service in the plant. The authors
concluded that there was no excess lung cancer
in the smelter population. However, there was
some indication that the nonexposed group had
arsenic exposure because the urinary arsenic
levels reported by Pinto et al. (98) and cited by
Pinto and Bennett {97), indicated such exposure.
Even though the overall cancer mortality rate
was not statistically significant, the lung cancer
mortality rate in the smelter group, 18 of 229
deaths or 7.9%, was greater when compared to
the state as a whole, 518 of 13,759 (3.0%).
Milham and Strong, in an examination of death
certificates from the county where the smelter
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was located, found 39 deaths due to lung cancer
among county residents who had been employed
at the smelter and 1 lung cancer death in an
employee who was not a resident (50). Based
upon the general United States population, the
40 deaths were statistically higher than the ex-
pected death rate of 8.

In anather study of 8,047 white male U.S.
copper smelter workers exposed to arsenic tri-
oxide during 1938 to 1963, Lee and Fraumeni
found that observed deaths ranged 6.0 times as
high as expected when compared to their ap-
propriate statewide population rates (63). The
sk was also greater in those workers exposed 1o
sulfur dioxide. In Japan, a case controlled study
of 19 males who died of lung cancer, and of con-
trols dying of other than lung, urinary, bladder,
or skin cancer, Kuratsune et al. found that 11
of the lung cancer deaths occurred in men
formerly employed at copper smelters—which
was statistically in excess—compared to only 3
deaths in former copper smelter workers in the
controlled group (60). Another study of 965
deaths, based on records at a Utah Copper Com-
pany, indicated that the smelter workers had the
highest percentage of lung cancer deaths, 7.0%
as compared to 2.2% among other employees
or 2.7% when compared to the state as a whale
(105). The authors concluded that both smok-
ing and nonsmoking smelter workers experienced
a higher frequency of lung cancer deaths than
other workers in the company. The average dura-
tion of employment at the smelter was approx-
imately 29 years. Although no in-plant arsenic
measurements were taken prior to 1959, stack
emissions for each vear back to 1944 indicated
levels three times those measured in 1959.

Baetjer ct al. (9), Mabuchi et al. {76), and
Ott et al. (94} also found excess lung cancer in
workers handling arsenic in the manufacture of
pesticides and herbicides. This information is im-
portant because, unlike the copper smelter, work-
ers’ contact with arsenic was not associated with
additional expostre 1o other substances such as sul-
fur dioxide. Newman et al. indicate that in at
least one study of copper mining and smelting
communities, the predominate lung cancer cell
type in persons exposed to arsenic was poorly
differentiated epidermoid carcinoma; the second
most common cell type was adenocarcinoma
{93). Wicks et al. (148), however, suggests that
the predominate cell type is in fact adenocar-



cinoma, a finding inconsistent with the hypo-
thesis of Kreyberg (58) which states that small
cell undifferentiated and epidermoid carcinomas
are the only cell types that increase with exposure
to inhaled carcinogens. Hood et al. (46) and Fern
(33) were unable to demonstrate that arsenic was
carcinogenic in the animal species they studied.
Arsenic did, however, have teratogenic effects
in this study.

BIS(CHLOROMETHYL)ETHER (BCME)

Alkylating agents have been used increas-
ingly in industrial processes as intermediates in
organic synthesis, organic solvents, bactericides,
fumicides, and cross-linking agents. During re-
cent years, alkylating agents have come under
intense scrutiny because of their mutagenic and
tumorigenic activities.

One such alkylaling agent is bis(chlorometh-
vljether (BCME). It is also known as dichloro-
dimethy! ether and is frequently encountered as
a contaminant of chloromethyl ether in concen-
trations up to 7%,

The carcinogenicity of BCME was first dem-
onstrated in 1968 with skin painting in mice and
subcutaneous injection in rats as the bioassay
system. It was observed that of 20 mice treated
with BCME, 13 developed papilloma, 12 of
which progressed to squamous cell carcinoma.
This was confirmed by additional experiments
using subcutaneous injections of BCME in
newborn mice (37).

Because industrial exposure to BCME is more
likely to be respiratory than cutaneous, several
animal inhalation experiments were undertaken.
In 1971, Laskin ¢t al. reported on 30 rats sub-
jected to inhalation of BCME for 101 exposures
at a concentration of approximatcly 0.1 ppm
(61)(62). Five of the 19 rats autopsied revealed
squamous cell carcinoma of the lung and five
revealed esthesioneuropithelioma arising from
the olfactory cpithelium.

Epidemiologic Studies

Lemen et al. studied the sputum of workers
expused to BCME and compared it to above
ground uranium miners since this group was
known to experience no unusual lung cancer risk
(65). At the time of sputum collection from the
115 workers, a questionnaire was completed to
obtain infurmation on the history of tobacco
usage. Occupational histories were obtained on
all current and past employces at the same time.

Beeause of the association between age,

tobacco usage, and degree of atypia in the sputa,
it was deemed necessary to control for these con-
founding variables in evaluating the role of
BCME in the etiology of lung cancer. Because
the abnormal epithelium induced by cigarettes
undergoes repair only after a substantial period
of nonsmoking, an interval of five years or more
of nonsmoking was defined as “*former smok-
ing.” Cigar and pipe smoking was regarded as
“nonsmoking’ because their role in the etiology
of lung cancer is very small, as compared to cig-
arctie smoking.

BCME workers were matched sequentially
with the use of a random list of surface miners
based on similar cigarettc usage (6 cigarettes/
day, age at time of sputum collection, for five
years).

Evaluation of cases and martched controls
was undertaken separately for itwo groups: 1)
male office employees and production and main-
tenance operation employees exposed less than
five years; and 2) males employed for five or
more years in the production and maintenance
of anion-exchange resins,

The dichotomization was based on the ob-
servation that the prevalence of abnormal spu-
tum rises with increasing years of exposure to
a carcinogen, and on the theory that there is a
latent period after exposure to a carcinogen
before abnormal cells appear, although it ap-
pears to be shorter than the latent period before
the induced carcinama appears. This dichoto-
mization was made after observation of the in-
dustrial hygiene survey was conducted at the
facility.

Table VIII-1 shows the distribution of spu-
tum cytology among those anion-exchange
employees with the least or no exposure to
BCME. So far, there is no association between
type of work and degree of abnaormal cytology
{(17% anion-exchange workers vs. 13% controls).
Lemen et al. (65) also evaluated the incidence
of lung cancer among BCME cxposed workers.

By contrast, however, Table V111-2 demon-
strates the statistically significant association of
abnormal cytology associated with exposure to
BCME for five or more years. As listed in Table
VIII-2, 34% of anion-exchange workers in this
group had abnormal cytology, in contrast to only
11% for uranium surface miners.

Table VIII-3 shows that whercas only 0.54
cases of lung cancer would have been expected
to occur in the plant population, five cases actu-
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Table VIII-1

DISTRIBUTION OF SPUTUM CYTOLOGY
Sputum Cytology: All Male Office Employees and Those Males Employed Less Than Five Years

in the Production-Maintenance of Anion-Exchange Resins as Contrasted

with Age-Cigarette-Matched Uranium Surface Emplovees

Uranium Surface Employees

Normal, Moderate
Metaplasia, to Total
Mild Marked
Atypia Atypia
Normal, Metaplasia,
Mild Atypia 49 10 59 (B3im)
Anion-Exchange
r Moderate to
Resin Employees 0 1ed Atypia 11 1 12 (17%)
Total 60 (85%) 11 (15%) 71
*x'¥ = Naot significant.
Source: Lemen et al. {65)
Table VIII-2

RETROSPECTIVE COHORT INVESTIGATION OF LUNG CANCER INCIDENCE

Sputum Cytology: Males Employed Five or More Years in the Production-Maintenance
of Anion-Exchange Resins as Contrasted
with Age-Cigarette-Matched Uranium Surface Employees

Uranium Surface Employees

Normal, Moderate
Metaplasia, to Total
Mild Marked
Atypia Atypia
Normal, Metaplasia,
Mild Atypia 13 2 15 (34%)
Anion-Exchange
. Moderate to
Resin Employees 4 1ed Atypia 26 3 29 (66)
Total 39 (89%) 5 (11%) 44

*x? = Significant p <.025,

Source: Lemen et al. (65)
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Table VIII-3

PRODUCTION AND MAINTENANCE WORKERS WITH FIVE YEARS EXPOSURE
TO BIS(CHLOROMETHYL) ETHER IN AN ANION-EXCHANGE RESIN OPERATION*

Age Person-Years Expected Observed
20-29 64 .01 0
30-39 198 .01 1
40-49 237 .09 2
50-59 106 .16 1
60-69 82 .23 1
70+ 15 .05 a

Total 702 55 5

SIR = 5 x 100 = 924 p<0.0l

.54

*Expectation based on respiratory cancer age specific incidence rates for white Connecticut males 1960-1962,

Source; Lemen et al. (65)

ally occurred, representing a significant excess
(p<0.01), and a ninefoid increased lung cancer
risk.

Pertinent data on these five cases are given
in Table VIII-4. Since the exposure of all cases
was intermittent over a period of time and the
actual point of time when induction of the car-
cinomas occurred cannot be knewn, the pericd
between first exposure and development of can-
cer is termed the induction-latency period.

DISCUSSION

The results of both the sputum cytology in-
vestigation and the lung cancer incidence study
indicate that the workers of the plant studied by
Lemen et al. have an unusually high cancer risk
(65).

The distribution of sputum classes among
production and maintenance workers with
greater than five vears’ exposure is definitely
different from the nonexposed group. The distri-
bution of cytology findings in the nonexposed
group is very similar to that in the control pop-
ulation. Since the controls do not differ sig-
nificantly in other parameters such as age, sex,
or cigarette smoking habits, it may be presumed
that persons in the exposed group were exposed
to a pulmonary irritant to which the controls and
the in-plant contrast group were not. It is reason-
able to attribute this risk to airborne BCME.

In the Lemen et al. study, three of nine
recorded deaths were due to respiratory cancer,
with four of nine recorded deaths due to malig-
nancies (nodular histiocystic lymphoma and
respiratory cancer) (65). This-appears lower than

the number reported in 1973 by Thiess et al. (133)
{Table VIII-3), who reported 8 of 14 deaths were
due to respiratory cancer, and 12 of 14 deaths
were due to all malignancies {cancer of bladder,
testes, respiratory system, and stomach). Six of
Thiess’ reported cases occurred among 18 experi-
mental technical department workers, a group
known to experience very high exposures, as op-
posed to the group in the present study. When
looking at only manufacturing workers, two lung
cancer cases among 50 workers were reported
by Thiess, a finding similar to the present study
where 4 cases occurred among 136 manufactur-
ing workers.

Examination of the data in Table VIII-6 in-
dicated that the reported cases of bronchogenic
cancer were among relatively young persons with
a mean age of 47 vears and that the induction-
latency period had a mean of 15 years and is con-
sistent with that of other reported cases of oc-
cupational lung cancer. The predominant histo-
logic type of carcinoma found was small cell un-
differentiated, and exposure ranged from 7
years, 7 months to 14 years with a mean of 10
years. The majority had smoked cigarettes. Con-
sidering that less than 40% of the person-years
at risk of developing lung canccr amang study
cohort members occurred after 10 years since
onset of employment, and indeed only 8% oc-
curred after 15 years since onset of cxposure, a
vast majority of these workers have not yet
developed sufficient latency for disease manifes-
tation.

As shown in Table VIII-6, Figueroa et al.
(34) reported that among 125 workers in a
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Table VIII-4
BRONCHOGENIC CANCERS AMONG BCME WORKERS

, Induction
Case éﬂg;c::, YPT;;?I;]]: Late'ncy Cigarette Histologic
; \ Perind Usage Type of Cancer
(vears) Experience .
(vears)

1 61 Llyr, 13 10/day-40 yr large cell —
3 mos undifferentiated

2 35 7 yr, 8 unknown small cell —
7 mos undifferentiated

3 48 @ vyr, 10 40/day-25 yr small cell —
5 mos undiflerentiated

4 40 12 yr, 16 current smoker small ceill —
10 mos undifferentiated

3 50 11 yr, 26 heavy smoker small cell —
2 mos undifferentiated

Source: Lemen et al. (65)

Table VII-5
BRONCHOGENIC CANCERS AMONG BCME WQRKERS

Induction
Age at Year§ of Latency Cigarette Hislologic
Case ancer EPDSS.'b]e Period Usage Type of Cancer
(years) xperience {years)
1 39 6 8 Smoking histories Five of them were
2 53 6 10 not given reported to have
3 31 8 8 small cell undiffer-
4 52 g 9 entiated carcinoma.
5 65 & 15
6 42 6 16
7 58 6 16
2 60 6 16

Source: Thiess et al. (133)

Copyright by Zentralbl Arbeizmed. Reprinted with permission by the Department of Health and Human Services. Fur-
ther reproduction prohibited without permission of copyright holder.

chemical plant participation in a program de-
signed after the Philadelphia Pulmonary Neo-
plasm Research Project, (13) 4 cases of lung
cancer occurred during the first S-year period of
observation. Considering that age, sex, and
smoking habits were not significanily different,
his observation of a 4.54% occurrence among
the workers vs. only 0.57% among participants
of the Philadelphia Pulmonary Neoplasm Re-
search Project, is significant because it represents
an eightfold excess. After further retrospective
observation, 10 additional lung cancer cascs
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among individuals working in the plant were
identified. No population figure or time period
was given (0 determine the incidence.

Table VIII-7 shows that in 1973 Sakabe
reported 5 cascs of lung cancer among 32
employees exposed to BCME in a dvestuff fac-
tory in Japan (114). Four of the workers expos-
ed were involved in the synthesis of onium
dyestuff, but the fifth case was exposed only in
the laboratory.

In the present study, as well as in the studies
completed by Thiess et al. (133} and Figueroa



Table VIII-6
BRONCHOGENIC CANCERS AMONG BCME WORKERS

Age at Years of Induction . . .
Case Cancer Paossible Il,)ate‘m(:ly Cﬁareue T Hlst?lgglc
(vears) Experience 'erlo Sage ype of Lancer
(vears)
1 37 7 none unknown

2 33 20/days-20 yrs. small cell—
undifferentiated

3 39 8 20/days-20 yrs. small cell—
undifferentiated

4 47 10 20/days-0 vyr. small cell—
undifferentiated

5 32 4 20/days-10 yrs, small cell—
undifferentiated

6 47 3 20/days-21 yrs. small cell—
undifferentiated

7 43 14 20/days-20 yrs. small cell—
undifferentiated

8 53 10 40/days-20 yrs. small cell—
undifferentiated

9 48 5 20/days-33 vyrs. small cell—
undifferentiated

10 50 0-1 20/days-30 yrs. epidermal

11 335 12 20/days-40 yrs. small cell—
undifferentiated

12 43 12 pipe only small cell—
undifferentiared

13 37 14 none small cell—
undifferentiated

14 44 12 none small cell—
undifferentiated

*Source: Figueroa et al. (34)

Reprinted by permission of the New England Journal of Medicine, (Vol. 228, 1096-1097, 1973). Further reproduction

prohibited without permission of copyright holder,

et al., (34) the incidence of lung cancer among
manufacturing workers, approximately 3 to 3%,
were similar. This is contrasted with more than
12% found in Sakabe’s study (114}. His obser-
vation probably reflects the nature of the dye-
stuff plant, where those at risk could be specifi-
cally identified. In the other studies it was ex-
tremely hard to determine those workers actually
exposed to BCME: the entire production force
had to be considered al risk, thus making the
incidence conservative. In all four studies the
ages, years of exposure, and induction-latency
periods are not significantly different as tested

by an analysis of variance.

The predominance of small cell-undiffer-
entialed or oat cell carcinomas noted in all four
reports is noteworthy. A similar predominance
af this histologic type has been naoted for bron-
chogenic cancers associated with radon daughters
(113) and with nitrogen mustard (150}, a radio-
mimetic substance. Since the same histologic
type is associated with BCME exposure and since
there are similarities in the properties of BCME
and nitrogen mustard, this predominance sug-
gests that BCME may also be radiomimetic.

It is also noteworthy that most, but not all,
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Table YIII-7
BRONCHOGENIC CANCERS AMONG BCME WQRKERS

Induction
Case é:::ci: if)?;;!i;h(l‘;‘ Latency Cigarette Histologic
) . Perind Usage Type of Cancer
(years) Experience
(years)

1 47 9 14 moderate unspecified
2 37 S I2 moderate oat cell
3 4] 9 13 moderate unspecified
4 38 7 9 heavy unspecified
5 43 4 13 modcrate adenocarcinoma

*Source: Sakabe. (114)

of the men who developed lung cancer had
smoked cigarettes. This suggests that cigarette
smoking may interact with the primary carcin-
ogen in a promolional or synergistic fashion just
as it does with asbestos (120) and radiation
cancers (4). The fact that some nonsmokers are
in the group and that the lung cancers ocecur at
much younger ages and are of a different cell
type than normally found with cigarctic-induced
lung cancers, provides further evidence that
BCME is the primary agent, rather than cigarette
smoke.

COKE OVENS

The iong delay between the first observation
of human cancers induced by the combustion
products of bituminous coal and the develop-
ment of evidence describing the cancer risks
among men employed at coke plants in the steel
industry has covered a period of two hundred
vears.

In 1962, the United Stales Public Health
Service, in collaboration with the Department
of Biostatistics, University of Pittsburgh School
of Public Health and three major steel firms, in-
itiated a study to analyze the mortality experience
of men emploved in the steel industry in 1953.
The purpose of this study was to dctermine
whether particular patterns of mortality among
workers employed at certain trades or at certain
work processes might provide leads to causative
agents for occupational diseascs. The method-
ological approaches to this study and many of
the findings have been presented in a series of
papers published in the Journal of Occupational
Medicine (52)(108).

Using detailed work histories, going back
to original employment with the steel firms, it
was possible o determine cause-specific rates of
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mortality for more than 60 work areas within
the industry and for a great variety of trades.
As shown in Table VIII-8, unusual pattcerns of
site specific cancer have been noted for several
work areas. Because of the unusually high lung
cancer risk obscrved among coke plant workers
and the variety of cancer sites in excess for men
employed in this area, morc detailed analysis of
this experience was undertaken. As seen in Table
V111-9, the greatest risk is noted for those with
the longest exposure and those employed where
exXposure to emissions is greatest on the topside.
The Uniled States Department of Labor has now
proposed a standard to protect workers from
these emissions. The detailed evidence indicating
the high risk of specific cancers among men em-
ployed at the coke plant, and the demonstration
of a relationship between the level of disease
response, was crucial in reaching this decision.

As noied previously, the initial evidence
suggesting thar carcinogenic agents are produced
during the carbonization or combustion of bi-
tuminous coal was presented by Percivall Pott
in 1775, Since that rime, a great amount of in-
formarion indicating excess cancer of several
sites among workers in other coal combustion
or carbonization occupations has been noted
and, in fact, a report of official statistics from
England and Wales for the years 1921 to 1938
showed an excess lung cancer mortality for gas
producermen, chimney sweeps, and several cate-
gories of gas works employees (52). The excess
indicated for gas stokers and coke oven chargers
was approximately threefold.

ALUMINUM

In trying 10 assess the extent of the lung can-
cer problem in the aluminum industry, a similar
situation as seen for gas workers and coke oven



Table VIII-8

OBSERVED AND EXPECTED CANCER AND RELATIVE RISKS BY CANCER SITES
FOR WORKERS EMPLOYED FIVE OR MORE YEARS IN SPECIFIED WORK AREAS
ALLEGHENY COUNTY STEELWORKERS, 1953 - 1966

1.C.D Relati
Site List Work Area Obs, Exp. ;i.“l]:e
Numbers 5
All Cancers 140-205 Coke Plant 119 g1.9 1.51#%*
Digestive Qrgans 150-159 Stainless Annealing 6 2.3 2.80*
Esophagus 150 Open Hearth 13 6.6 2.41*
Stomach 15] Blast Furnace 17 12.3 1.45
Large Intestine 153 Coke Plant 12 7.8 1.77
Rectum 154 Machine Shop 6 2.5 2.55
Respiratory System 160-164 Coke Plant 43 24.9 1.8)**
Mason Department 17 11.0 1.57
Blacksmith Shop 8 3.8 2.156
Machine Shop 24 16.6 1.48
Genito-Urinary 177-181 Coke Plant 17 10.4 2.01*
QOrgans Janitors 7 14 2.28
Prostate 177 Janitors 6 23 3.11*
Kidney 180 Coke Plant 6 1.5 15.200%%
Leukemia & Lymphoma  200-205 Heat Treating & Forging 5 2.2 2.87

*Significant at 5% level.
**Significant at 1% level.

Source: Redmond {100}

workers thirty years ago, is observed. That is,
a review of death certificates shows that persons
employed in the industry are at a high risk of
developing cancer. Furthermare, men employed
in certain work areas with exposures related to
those found at the coke plant appear to be at
the greatest risk.

During the electrolytic reduction of alumina
to aluminum a variety of toxic substances are
releasced which may contaminate the workroom
air. Among these substances are: hydrogen fluo-
ride, fluoride fume, dust, and carbon monoxide
which arc potential contaminants whose bio-
logical effects are recognized. In addition, coal-
tar-pitch volatiles arc also released in the process,
either in the anode preparation area for pre-
baked anodes, or in the pot lines where Soder-
berg self-baking cells are used.

Investigators from the Soviet Union have
reported a significantly higher mortality for all
cancers and for specific sites such as lung, bron-
chi and pleura, and have reported an increased
incidence of skin cancer among workers in the
aluminum *‘electrolvzer shops™ in comparison
with the general population in the same cities

(57)(69). Unfortunately, neither of these studies
is sufficiently documented to allow firm conclu-
sions.

Milham has reported an increase in pro-
portionate maortality from total cancer, cancer
of the pancreas, respiratory system, and malig-
nant lymphomas among aluminum workers in
Washington State (Table VIII-9) (89).

The National Institute for Occupational
Safety and Health (NIOSH) has conducted en-
vironmenltal surveys of aluminum reduction fa-
cilities in the East and Northwest United States,
monitoring for coal tar pitch volatiles and a
variety of other potentially hazardous substances
(125). These surveys included reduction plants
using pre-baked anodes, the vertical pin
Soderberg anodes, and horizontal pin Soderberg
anodes. The findings indicate that the concen-
tration of coal-tar-pitch volatiles (CTPVY}, as
measured by the benzene soluble fraction tech-
nique, were almost all elevated above the cur-
rent OSHA Standard of 0.2 mg/M CTPV for
an B hour time-weighted-average. The levels were
highest in the Soderberg potrooms, presumable
because the pitch is heated and ‘‘baked off™ the
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Table VIII-9

PROPORTIONATE MORTALITY RATIOS (PMR’s)
WHITE MALE DEATHS IN WASHINGTON STATE, 1950-1971

Aluminum Workers

Cause of Death

All Malignant Neoplasms
Cancer of Lsophagus

Cancer of Pancreas

Cancer of Respiratory System
Cancer of Testis

Cancer of Brain

Malignant Lymphoma
Hodgkin's Disease

L.C.D. Number*

Deaths
Obs. Exp. PMR
140 - 204 129 103 126%*
150 5 2 232
157 13 6 204 %%
160 - 165 40 31 128
178 3 1 251
163 6 4 155
200 - 202 10 4 250
201 4 2 164

*[.C.D. = Interpational Classification ol Diseases, Tth Revision.

Hpg 05
Source: Milham (39)

Copyright by New York Academy of Sciences, 2 East 63rd St., New York, New York 10021. Reprinted with permission
by the Depariment of Health and Human Services. Further reproduction prohibited without permission af capyright holder.

anode in these potrooms. In contrast, the lowest
measurements were in the potrooms using pre-
baked anodes. This type of carbon anode already
has the pitch “*baked off’’ before being used in
the reduction area.

In a 1976 study of chronic respiratory dis-
ease among aluminum reduction workers,
sputum cytology was utilized to determine the
degree of abnormat cells in the respiratory tract
as an early indication of cancer {24). Because of
certain limitations of that study, the authors were
unwilling to draw any conclusions regarding the
carcinogenic risks among the study group as
compared to matched controls. However, review
of the results from that study leads us to con-
clude that the evidence of potential carcinogenic
risk for potroom waorkers is certainly quite con-
sistent with the previously mentioned mortality
observations. When consideration is given to the
sputum cvtology classification of moderate
atypia or higher, a significant (p<0.01} difference
is observed between the study group (30/390)
and the contral group (5§/195). Mareover, when
consideration is restricted to causes of suspicious
and positive cancer, there are §/390 meeting such
criteria in the study group, compared to 0/193
in the control group. It also should be noted that
the control group in this study had a greater cx-
posure to known carcinogens, according to prior
work history, so thar difference in cancer risks
are underestimated. Other studies on workers ex-
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posed to recognized pulmonary carcinogens have
used spurum cytology and demonstrated its va-
lidity as an early indicator of cancer (35)(65).

CHROMIUM

In 1946, an early association of lung cancer
with exposure too chromium was made by
Alwens and Jonas, when they noted an excessive
frequency in workers involved with the heavy
chemical industry in two German towns (2). It
was concluded that the causal agent wuas chro-
mate dust, These observations were followed by
Machle and Gregorius in the United States where
a study of 6 chromate plants revealed 32 cases of
cancer of the bronchis and lung an estimated rel-
ative risk of 25% (77). Looking at 290 lung cancer
patients from two hospitals near a chromate-
producing plant, Bactjer found that 3.8% were
chromate workers, a rate significantly higher
than among a random sample of other hospital
admissions (8). Mancuso, looking at a chromatc-
producing plant in Ohio, found a ratio of lung
cancer deaths to all deaths of chromate workers
approximately 15 times greater than that of the
general population of the same county (78). In
another study of chromate workers over an
I1-year period, based upon deaths reported for
those enrolled in sick benefit associations, Brin-
ton et al. reported 29 times as many respiratory
cancer deaths as would have been expected from
the general population (15). A United States



Public Health Service survey by Gafafar of death
claims submitted to the sick-benefit plans of
seven U.S. chromium manufacturing plants,
found for white employees an excess of 10 lung
cancer deaths observed as compared to 0.7 ex-
pected (SMR = 1429) (36). Black employces had
16 observed lung cancer deaths as compared to
0.2 expected (SMR = 8000). In the cross-sectional
medical portion of this study, 897 workers were
examined and 10 were found to have bron-
chogenic carcinoma. When compared to another
cross-sectional x-ray survey in Boston, the 10
cases of bronchogenic carcinoma among
chromium workers accounted for a prevalence
rate of 115 per 100,000 compared to that in the
Bostan survey of 20.8 per 100,000,

Continued evidence has accumulated from
epidemiologic studies in the chromate-producing
industries around the world as can be seen in
Table VIII-10. Work has also continued to look
at various other types of exposure to chromium
in the pigment industry, plating industry, ferro-
c¢hromium industry and other industries where
exposure to chromium compounds occur and are
summarized in Tables VIII-11, VIII-12, VIII-13,
VIII-14.

In conclusion, the data are sufficient proof
that respiratory carcinogenicity does accur in ex-
cess in men exposed during chromate production,
and sugpestive of excesses during other exposures
to chromium or its compounds. The data from
rat studies tend to incriminate chromium as the
causative agents (47). The data appear inade-
quaie at the present time to evaluate the car-
cinogenic potential of the other chromium
compounds,

NICKEL

In 1932, the first human evidence of an
association of nasal cancer among workers ex-
posed to nickel was described in the report of
the Chief Inspector of Factories (18). In this
report, 10 cases of nasal cancer were described
in refinery workers in Wales. Further follow-up
from this same refinery in 1950 reported 52 cases
of nasal cancer and 93 cases of lung cancer (19).
In 1970, Doll et al. studied 845 men employed
in the same refinery who had been employed 3
years or more and had been hired prior to 1971
(28). In men hired prior to 1925, deaths from
lung canger were 5 to 10 times higher than ex-
pected when compared to overall British Mor-

tality rates. The deaths from nasal cancers were
100 to 900 times of that which was expected. This
was in comparison to men employed afier 1925,
who showed no signs of excess from these can-
cers, These results suggest that the carcinogenic
hazard in the refinery had been removed by 1925
(26)(91). Doll, ct al. observed that by 1970 nasal
cancer still persisted essentially unchanged even
after the carcinogen was climinated whereas the
lung cancer incidence had decreased over a
period of time (28).

Nasal cancer excesscd have also been re-
ported in nickel refineries in Canada (20)(82)
{137), in Norway (73) {(95), the German Demo-
cratic Republic (35)(56)(109), Japan {135), in the
USSR (115)(116)(131)(132)(151), and in New
Caledonia (67).

Kreyberg (59) further evaluated the lung
cancer deaths, including those reported by Loken
{73) and Pederson et al. (93), with specific em-
phasis on tobacco consumption, occupation, and
cell type. He confirmed that Nickel refinery work-
ers experienced an excess of lung cancer when
compared to a reference population not so expos-
ed. In addition, he showed rhat the majority of
lung cancers were of the small cell anaplastic car-
cinoma and cpidermoid carcinoma cell types and
that the victims had a history of tobacco con-
sumption. Kreyberg concluded that nickel induced
lung cancer is higher than the risk found in the
general population, but that the true risk of
nickel exposure alone will not be known until a
suitably large number of nonsmokers exposed to
nickel can be studied. He did not attempt to
estimate the magnitude of the synergism, if any,
between tobacco and nickel in inducing Tung
cancer.

Doll et al. indicate that the exact nature of
the carcinogenic agents in nickel refineries are
not known and that the cancer risk 1s associated
mostly with the earlier stages of nickel refining
(28). Some suggestions are that respirable parti-
cles of nickel subsulphide and nickel oxide are
most suspect (20).

Recently, Cosla and Mollenhouer have
demonstrated that particles €3 um of crystalline
nickel subsulfide were actively phagocytized by
cultures of Syrian hamster embryo cells and
Chinese hamster ovary cells (22). While cells did
not take up significant quantities of similar sized
particles of amorphous nickel monosulfide, this
does suggest Lhat carcinogenic activity is associ-
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ated with cellular uptake. Animal studies sup-
port inhaled nickel subsulfide has produced lung
cancer in rats. Inhalation exposure in rats to
nickel carbonyl was also associated with several
pulmonary malignancies (49). Three case reports
of lung cancer occurred in workers during nickel
plating and grinding operations {14)(130)}134)}.

BERYLLIUM

It has been shown that beryllium is car-
cinogenic in many animal species (48). Mancuso,
in a study of 1,222 white male beryllium pro-
duction workers employed between 1942 to 1948
in Ohio and Pennsylvania, found an excess of
lung cancer when compared to the United States
white male population (80). In Ohio, 25 lung
cancers were observed as compared to 12.52 ex-
pected for a statistically significant excess, and
in Pennsylvania, even though not statistically
significant, there was an excess of lung cancer
{40 cases observed vs. 29,11 expected) when
followed through 1977. In 1980, Mancusc com-
pared the mortality experience in a beryllium
cohort of 3,685 white males employed between
1937 and 1948 and followed through 1976 with
viscose rayon workers and found a statistically
significant cxcess of lung cancer (80 observed vs.
57.06 expected) (79,

According to the Beryllium Case Registry,
421 white males suffering from berylliosis be-
tween 1952 and 1975 had excess cases of lung
cancer (7 vs. 3.3 expected based upon the United
States whife male rates) (50). Wagoner et al., in
a retrospective cohort study of 3,055 white male
workers employed between 1942 and 1948 and
followed from 1968 through 1975 in the beryl-
livm refining industry, found an overall
statistically significant excess rate at the p<0.05
level for lung cancer {47 observed vs. 34.29 ex-
pected, based on U.S. white male rates)(142).
When locking only at white male workers with
25 years or more after initial exposure, Wagoner
et al. found 20 obscrved and anly 10.79 expected
(p<0.01).

MUSTARD GAS

Respiratory tract cancer has been observed
in workers manufacturing mustard gas. Wada
er al. determined that 33 deaths from respiratory
tract carcinoma had occurred in mustard factory
workers since 1952 (138). The 30 historically con-
firmed neoplasms appeared centrally rather than
peripherally and were squamous or undif-
ferentiated in cell type. These findings tend to
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strengthen the inconclusive results obtained in
the 1914-1918 study which show that mustard
gas may have been responsible for the lung
cancer deaths among those soldiers exposed
(10)(17).

FLUORSPAR

Fluorspar, the mineral calcium fuoride, is mined
commercially in various parts of the world.
However, the only study of health effects asso-
ciated with miners on fluorspar was that done
by de Villiers and Windish in Newfoundland (23).
Their results show that, since 1952, two or three
deaths from primary lung cancer have occurred
each year among males living in a small fluorspar
mining community. After comparison of these
deaths with a control community of similar size
in the same geographical region and with the
population of the rest of Newfoundland, the
observed death rate from lung cancer was about
29 times more than expected. This confirms the
probability of an associated occupational fac-
tory. The most likely associated etiological fac-
tor was the finding of radon daughter products
in concentrations similar to those found in
uranium mines. It is of interest that no radioac-
tive ore bodies have been found in the mine.

RADON DAUGHTERS

As early as 1557, fatal lung disease was og-
curring in miners of uranium-bearing ore in the
Erz Mountains of Europe (1). In 1879, this lung
disease was later identified as malignant neoplasia
(lymphosarcoma) by Harting and Heese (44). By
1913, the miners from the Schneeberg mines were
found to be dying of lung cancer at a ratc of 40
percent of all deaths (6). In Czechoslovakia, 9
of 17 deaths were observed between 1929-1930,
among mincrs of uranium-bearing ores, which
were due to lung cancer (99). Further study by
Peller in 1939 indicated that the rate of lung
cancer among miners of uranium-bearing ores
in the Czechoslovakia mine was 9.77 per 1,000
which was much higher than that reported
among nonmining males living in Vienna, Austria
(0.34 per 1,000) (95).

In 1950, the Public Health Service began
looking at hazards to U.S. uranium miners in
1950. Between 1954 and 1960, 5,370 miners and
millers submitted to pulmonary function and
chest radiography tests as part of complete phys-
ical examinations. Demographic, sacial and past
occupational history data was also collected. In



1964 Wagoner ¢t al. demonstrated that the mean
cumulative radiation exposure of the U.S,
uranium miners with respiratory cancer was sig-
nificantly greater than miners with nonrespiratory
disease (139). In addition, Wagoner et al
demonstrated a statistically significant excess of
respiratory cancer among underground uranium
miners which could not be attributed to apc,
ciparette smoking, heredity, self-selection,
diagnostic accuracy, prior hard-rock mining or
nonradioactive ore constituents, including silica
dust. In another study by Wagoner et al., it was
demonstrated that a statistically significant ex-
cess of lung cancer did occur in an exposure-
response relationship with airborne radiation
even after cigarette smoking was excluded as a
confounding factor (141). Lundin et al., using
data gathered during the U.S. Public Health
Service study projected that exposure at 4 work-
ing level months (WLM) per year for 30 years
could be expected to double the respiratory can-
cer risk over a 40 year period {74). Epidermoid,
small cell undifferentiated, and adenomatous his-
tologic types were all increased among uranium
miners, with the small cell undifferentiated type
showing the greatest increase (5). With relation
to cigarette smoking, in 1976, Lundin et al.
hypothesized that if the latent period of
radiogluic lung cancer were longer in nonsmokers
as compared to smokers (due to the
predominance of promoting agent in cigarette
smoke) then it is probably too early to cxpect
lung cancers among the nonsmoking uranium
miners (74). Both Wagoner et al, (140} and
Archer et al. (3) tested the Lundin et al. hypo-
thesis and found that nonsmoking or Indian
uranium miners smoking lightly had a mean
latent periodd of 19,1 years as contrasted with 13.7
years for a group of heavy smoking white
uranium miners dying of lung cancer. Recently
Gottlieb and Husen reported that, among 17 lung
cancer cases in Indians diagnosed during 1965
through 1979, 14 were nonsmokers and that 10
had small cell undifferentiated histology as
previously shown to be predominant among
white underground uranium miners in the United
States (39).

Reports from Canada (40); Czechoslovakia
(122)(123)(124) and Sweden (7}51){(104H)(126)(127)
each have shown an excess of lung cancer
associated with radon daughters exposures.

10.

11.

. Archer,
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