










Table 8 Mortality among white auto workers in the engine plant, by site ofmalignant neoplasm and year offirst
employment, 1970-9

Underlying cause of death, cancer site (8th rev, ICD) Year offirst employment

During or before 1950 After 1950

Obs Expt PMR Expt PMR Obs Expt PMR Expt PMR

(140-149) Buccal cavity and pharynx 1 1-8 0-54 2-4 0-41 1 1-6 0-62 2-2 0-44
(150-159) Digestive organs and peritoneum 27 15-0 1.79** 17-7 1-53** 14 12-2 1-15 14-4 0-98

Oesophagus (150) 1 1-4 0-71 1.1 0-91 2 1-2 1-68 0 9 2-08
Stomach (151) 3 2-4 1-23 2-7 1-09 1 1-9 0-51 2-4 0-41
Large intestine (153) 9 5-2 1-73 6-6 1-36 5 4-2 1-20 5-2 0-97
Rectum (154) 4 1-6 2-47 2-4 1-69 - - - - -

Liver (155, 156) 2 0-9 2-35 1-2 1-71 2 0-7 2-94 0-9 2-27
Pancreas (157) 8 3-2 2-50** 2-5 3-19** 3 2-6 1-14 2-1 1-45

(160-163) Respiratory system: 24 21-5 1-11 19-8 1-21 27 18-7 1-45** 17-3 1-56**
Larynx (161) - - - - - 3 0-8 3.95**
All lung (162, 163) 24 20-5 1-17 18-4 1-31 24 17-8 1-35 16-4 1-46**

(172-173) Skin 1 0-8 1-21 - - - - -

(185) Prostate 2 4-0 0-49 4-3 0-46 5 2-6 1-95 2-8 1-81
(188) Bladder 6 1-8 3-37** 2-3 2.66** 1 1-3 0-77 1-5 0-67
(189) Kidney - - - 4 1-3 3-16** 2-0 1-97
(191, 192) Brain and other central nervous

system: 1 1-4 0-72 1 1-4 0 70
(200-209) Lymphatic and haematopoietic

tissue 4 5-0 0-81 4 4-4 0-91
All other malignant neoplasms 2 4-5 045 3 3 9 0 77

(140-209) All malignant neoplasms 68 57-3 1-19 60-1 1-13 60 48-1 1-25** 50-8 1-18

** Significant at the 0*05 a level.
t Expected deaths based on proportionate mortality for US white men, 1970-9.
t Expected deaths based on proportionate mortality for Erie County white men, 1975.

PMRs for cancers of the respiratory system. Inter-
estingly, workers employed for under 20 years had a
raised PMR for cancer of the kidney, although this
finding was not significant when the Erie County
standard was applied. Individuals whose employ-
ment began during or before 1950 (table 8) showed
increased mortality ratios for cancers of the diges-
tive organs and in particular of the pancreas. The
PMR for cancer of the bladder was also raised and
significant for this group. Workers whose employ-
ment began after 1950, on the other hand, exhibited
higher PMRs for cancers of the respiratory system
and cancer of the kidney.

Discussion

FORGE PLANT
Excess mortality among the forge workers in this
study was limited to benign neoplasms and motor
vehicle accidents. These raised PMRs were based on
very small numbers and must be interpreted with
caution. In Long Term Mortality Study of Steel
Workers' forge workers exhibited less than expected
mortality when compared with the general popula-
tion. Cause specific mortality was not reported,
however. In an unpublished study (CK Redmond et
al) findings indicated an excess incidence of stroke
associated with oil mist or heat stress or both; the
present study did not confirm that finding. Indi-
vidual studies of forge workers to date have been

limited in the capability to determine excess risk due
to the small numbers of workers at risk and there-
fore the small numbers of observed deaths.

FOUNDRY PLANT
Compared with workers in the other plants, both
white and non-white foundry workers showed a
much higher percentage of deaths before age 50.
None of the cause specific PMRs for white men in
the foundry plant was significant, however, and only
the PMR for diseases of the circulatory system was
slightly raised and significant for non-white men
when the Erie County standard was applied. The
most detailed mortality study of iron foundry work-
ers to date showed an excess of lung cancer mortal-
ity that was highest among moulders and casters.6 A
recent case control study nested in a proportional
mortality study suggests a particularly high risk of
lung cancer for men under 65 working in iron found-
ries.7 Although based on only four deaths, our study
suggests that non-whites under 50 had an excess risk
of lung cancer. Since this particular foundry did not
start production until 1955, and since workers
whose employment began after 1960 would not
meet the 20 year or more latency requirement of
lung cancer until 1980 and beyond, mortality associ-
ated with this setting may be greater in the future.

ENGINE PLANT
Unlike the other plants in the industrial complex,
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the engine plant was established in 1938, and the work
force was much larger than the forge or foundry
work forces. During the study period, 509 (66%) of
the observed deaths in the industrial complex were
among members of the local union representing the
engine plant. These findings suggested raised risk for
all malignant neoplasms combined, benign neo-
plasms, and diseases of the skin and cellular tissue.
The raised PMR for all malignant neoplasms com-
bined was accounted for by raised risk for cancers of
the digestive organs, urinary bladder, and the
respiratory system. Furtber analysis showed that
risks for cancers of the respiratory and digestive sys-
tem were highest among those employed for more
than 20 years. Analysis by year of first employment
showed that workers whose employment began dur-
ing or before 1950 had higher PMRs for cancers of
the respiratory system and kidney. Therefore, the
risk of cancer specific mortality reflected the amount
of exposure and the duration of employment.

These findings are consistent with some of the
previous epidemiological studies of workers in
related industries. The particular exposures that
might increase the risk of cancer among the engine
plant workers are lubrication oils used in the
machining processes. Although mineral oils are well
documented as a cause of skin cancer, no deaths
from skin cancer were observed in this study,
although two deaths from diseases of the skin and
cellular tissue were recorded. The higher ?MRs for
digestive cancers, especially among workers em-
ployed for 20 years, corroborate the findings of
Decoufle," Jarvholm et al,9 and Greene et al.'0
Waterhouse was the first to indicate a possible risk
for cancers other than those of the skin when he
showed higher risks for second primary cancers of
the respiratory system and upper gastrointestinal
tract in a series of cases of scrotal cancer." Our
study found raised PMRs for cancers of the respirat-
ory system in workers whose employement began
after 1950 and in workers who had been employed
more than 20 years. Waterhouse" and Greenberg'2
were the only other investigators to suggest an
excess mortality from carcinoma of the lung among
workers exposed to oil mist. Other studies have
shown no significant increase in lung cancer in
workers similarly exposed.8 13- 15

Although it is known that the three main types of
cutting fluids have been used in the engine plants,
the temporal use of different types of cutting fluids
was not known to the investigators. The predomin-
ant types of cutting fluids used in the engine plants
before 1950 were probably insoluble and soluble
mineral oils. Reported industrial hygiene measures
range from less than 1 to 3-4 mg/M3.1 9 Decoufle also
reported that measuremenits for mineral oil mists

showed geometric means of 2.4 to 5.6 ,um, suggest-
ing that a significant proportion of oil mist particles
from non-soluble oils may be ingested.8 Studies have
shown that as the diameter of airborne particles
increases, the deposition rate in the upper respirat-
ory tract increases, where clearance by cilia action is
in the direction of the gastrointestinal tract.'6 Syn-
thetic fluid aerosol particles tend, however, to be
smaller owing to their reduced viscosity and surface
tension. Small particle diameters lead to deeper
pulmonary penetration.

Mineral oil cutting fluids have been shown to be
carcinogenic in animal models.'7" The carcinogenic
activity of these oils is attributed to polycyclic
aromatic hydrocarbons. Bingham et al have meas-
ured four and five aromatic hydrocarbons in cutting
oils'8 and the concentration of benzo(a)pyrene in
mineral oils increases during use.'9 Certain compo-
nents and additives of mineral oils have been sug-
gested to act as cocarcinogens.2021 Therefore, the
carcinogenic potential of the soluble mineral oil
based cutting fluids is well documented. In most
industrial settings the synthetic formulations
replaced the original mineral oils but they were not
in widespread use until the mid 1950s or later. In
1976 several investigators reported that synthetic
cutting fluids contained nitrosamines, byproducts of
amines and nitrites which are additives used as anti-
corrosion agents.22 One of the impurities found in
high concentration was N-nitrosodiethanolamine
(NDEA).23 Fan et al proposed that the concentra-
tion of the nitrosamine present posed a carcinogenic
hazard to all users even though the fluids are diluted
10 to 100 times before use. NDEA was found to be
carcinogenic in hamsters and rats.24

In summary, the consistency of the findings in this
and other studies regarding the risk of digestive
cancer among workers exposed to cutting oils and
the coherence with experimental data and latency
characteristics of the disease corroborate the impor-
tance of occupationally related exposures. The
particularly high PMR for pancreatic cancer is
noteworthy. Animal data support the hypothesis
that the pancreas is susceptible to transformation by
carcinogenic chemicals.25 Epidemiological studies
suggest that the increasing incidence of carcinoma of
the exocrine pancreas in the United States may
reflect chemical carcinogenesis.26 A recent study of
the incidence of cancer of the pancreas in Los
Angeles showed a proportional incidence ratio of
130 for white male machinists.27
The risk of lung cancer associated with exposure

to cutting fluid mist remains controversial and many
conflicting results have been reported. Most of the
studies conducted to date have evaluated the risk to
workers exposed primarily to oil based cutting
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fluids. There have been no specific epidemiological
studies of the long term health effects of water based
synthetic cutting fluids. For example, the most com-
prehensive study conducted to date8 followed up the
cohort of workers only to 1968, which is, at most,
only 15 years after initial exposure to synthetic cut-
ting fluids. Our finding that workers whose employ-
ment began after 1950 have a slightly raised and
significant PMR for cancers of the respiratory sys-
tem cannot be interpreted in the absence of informa-
tion regarding changes in the composition of the
materials to which the workers were exposed.
The method used in this study has been reviewed

extensively and its use in estimating cause specific
mortality risk to generate hypotheses is well
documented.2 28-31 These findings, however, must be
judged in the context of the limitations inherent in
the method. For instance, workers employed for
more than 10 years and therefore vested in union
and company benefit programmes were selected for
inclusion in the study to assure identification of
number of deaths among a defined population. All
deaths among individuals who terminated employ-
ment before being vested in the benefit programme
were not entered in the union records and could not
be included in the study. Several investigators have
shown that mortality is higher among workers who
leave an industry than those who remain until
retirement.32 33

Also, PMRs may be inflated for certain causes of
death when the overall mortality of a study group is
lower than the comparison or standard population.
In other words, if a strong healthy worker effect is
operating, some PMRs may be overestimated, in
particular those that would be affected by "health"
selection. Another limitation of this study is that the
specific employment experiences that would permit
identification of exposure were not available for
each subject. Assumptions about exposure were
based only on the knowledge of the processes within
the individual plants. In addition, individual infor-
mation on personal risk factors such as smoking and
alcohol consumption was not available. Despite
these limitations, PMR studies based on deaths
ascertained through employee benefit programmes
have shown that PMRs among long term employees
may be as valuable for occupational mortality sur-
veillance as SMRs.30

This study was intended as an exploratory inves-
tigation of the mortality patterns of auto workers
employed in a large manufacturing complex.
Although the limitations of the study design pre-
clude inferences regarding cause and effect relation-
ships, the statistical associations indentified suggest
hypotheses that should be tested in studies requiring
the provision of data specific to employer records.

Vena, Sultz, Fiedler, and Barnes

Therefore, a nested case control study of workers
employed in the engine plant is indicated to investi-
gate if the excess digestive and lung cancers are
related to exposure to cutting fluids or other chemi-
cals, or a combination of these.
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