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Abstract
Objectives—To investigate the mortality
of workers who had been exposed to
asbestos, machining fluids and foundry
work in a foundry and heavy engineering
plant in the railway rolling stock manufac-
turing industry in New Zealand.
Methods—Historical cohort study design.
Results—For the total workforce of 3522
men employed between 1945 and 1991, fol-
low up was 90% of person-years to 31
December 1991. Significantly increased
standardised mortality ratios (SMRs)
were found for all causes of death com-
bined (SMR 1.07; 95% confidence interval
(95% CI) 1.01 to 1.14), all malignancies
(SMR 1.15; 95% CI 1.01 to 1.31), circula-
tory (SMR 1.16; 95% CI 1.07 to 1.27) and
musculoskeletal diseases (SMR 3.06; 95%
CI 1.39 to 5.84), all digestive cancers (SMR
1.29; 95% CI 1.04 to 1.59), all respiratory
cancers (SMR 1.34; 95% CI 1.08 to 1.65),
cancer of the oesophagus (SMR 1.97; 95%
CI 1.01 to 3.45), and mesothelioma of the
pleura (SMR 6.58; 95% CI 1.24 to 19.49).
Three deaths from pleural mesothelioma
were recorded, with latency times of 51,
53, and 57 years. There were no dose-
response relations between exposure to
asbestos, machining fluids or foundry
work, or by duration of employment in the
plant, and any cause of death.
Conclusions—This study found small in-
creases in risk for several causes of death
among foundry and heavy engineering
workers; however, these increases were
small and the possible eVects of smoking
and other lifestyle factors could not be
excluded. There was evidence of asbestos
related disease in those involved in engi-
neering work in the past.
(Occup Environ Med 1999;56:134–138)
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Foundry and heavy engineering work is a haz-
ardous occupation which has not been investi-
gated previously in New Zealand. Foundry
workers may be exposed to various hazards
including air contaminants such as metal dusts,
fumes, silica, and polycyclic aromatic hydro-
carbons (PAHs), and physical agents such as
molten metal and machinery. Engineering
workers particularly in machine shops are
exposed to machining fluids, and workers in
construction and repair shops may be exposed
to solvents, welding fumes, and in the past
asbestos.

Only one other historical cohort study has
ever been carried out in New Zealand and no
previous studies have been carried out in New
Zealand to examine the mortality of foundry
and heavy engineering workers.1 Several stud-
ies have been carried out in other countries, in
various diVerent manufacturing processes to
investigate the association between lung cancer
and foundry work, and exposure to machining
fluids and digestive cancers.2−4 The Inter-
national Agency for Research on Cancer
(IARC) has listed foundry work as being carci-
nogenic to humans with a relative risk for lung
cancer in the range 1.5–2.5.2 5 There is
currently inadequate evidence as to the carci-
nogenicity of the highly refined mineral oils.3 5

The association between asbestos and dis-
ease is well known although whether chrysotile
causes mesothelioma of the pleura is still a
matter of some debate.6 7 Few studies have
been carried out elsewhere to investigate the
mortality of workers in the railway rolling stock
manufacturing industry.8 9

The plant described here manufactures and
repairs railway rolling stock, and consists of an
iron and steel foundry, and construction,
repair, and machine shops. This study, with a
historical cohort study design, was undertaken
to investigate the mortality experience of
railway rolling stock manufacturing workers.
The main hypotheses assessed were the asso-
ciations between foundry work and lung
cancer, exposure to machining fluids in ma-
chine shops and digestive cancers, and past
exposure to asbestos in construction and repair
shops and diseases related to asbestos.

Methods
The cohort was defined as all men who had
worked for>3 months between 1945 and 1991
whose employment record card was held in the
personnel department. Full name, date of
birth, occupation, changes of occupation, and
dates of starting and finishing employment
were manually extracted from personnel
records.

Exposure status was determined from occu-
pational title, with information from plant
records, past and present employees, and a
review of the literature. No environmental
measurements for asbestos, machining fluids,
or foundry air contaminants (such as silica or
PAHs) had ever been made at the plant. Each
man was classified according to his longest held
job, and each job was placed into an exposure
category of high, medium, low, or no exposure
to asbestos or machining fluids and in the case
of foundry work, exposed or not exposed. For
example, boilermakers and their assistants
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(holder-uppers) had the highest exposure to
asbestos, with fitters having a medium expo-
sure. Turners and machine tool operators had
the highest exposure to machining fluids. Metal
processors (foundry workers) were employed
in an area separate from the engineering work-
ers and had little or no exposure to asbestos.
Administrative workers had no exposure to any
contaminant. Labourers could not be classified
into an exposure category as they could have
worked in any area of the plant, and were clas-
sified as having a mixed exposure.

In the main repair area of the plant, steam
engine boilers were stripped of asbestos,
repaired, and re-insulated. This was an ex-
tremely dusty job, particularly for boilermakers
and holder uppers. No respiratory protection
was worn. Steam engines were manufactured
and repaired from before the 1930s until 1965,
and asbestos was used in diesel engines until
1981. The type of asbestos used in insulating
steam engines was chrysotile, although there is
one anecdotal report of a small amount of cro-
cidolite being tested for a short time in a diVer-
ent process. In the machine shops, soluble oils
were used which by the 1960s were mainly

naphthenic mineral oils. In 1975, paraYnic oils
were introduced into the railway industry, these
being waxy, straight chain oils with very low
concentrations of aromatic compounds. In the
foundry, iron and steel castings have been pro-
duced in the same foundry area and workers
could work in both areas as required.

Vital status was determined from electoral
rolls, vehicle registration records, and personal
knowledge of current employees in a few cases.
All deaths were determined from death regis-
tration records held by the Department of Jus-
tice. Those people who were not followed up to
the end of 1991 were censored according to the
date of last employment or date of last known
vehicle registration. Causes of death were
coded to the international classification of dis-
eases (ICD) codes in use during the period by
an experienced nosologist.10 Occupations as
recorded on the personnel files and death
registration records were coded to the New
Zealand standard classification of occupations
(New Zealand SCO).11

Five year age and time specific mortalities for
New Zealand men were used to estimate the
expected number of deaths to calculate stand-
ardised mortality ratios (SMRs). The data were
analysed with the PERSONYEARS program
for the analysis of cohort studies.12 Ninety five
per cent confidence intervals (95% CIs) were
calculated assuming a Poisson distribution.
The ÷2 test for linear trend was as described by
Breslow and Day.13

Results
The cohort numbered 3522 men with 57.9%
known to be alive, and 28.3% determined as
dead by the end of 1991. The follow up was
86.2%. The follow up by person-years is given
by the ratio of the total person-years of follow
up actually achieved (85 592 person-years) to
that of the number of person-years which
would have been achieved if, for all subjects,
follow up had continued until 31 December
1991 or the untraced man would have reached
85 years, whichever occurred first.1 This theo-
retical number was 95 555 person-years, so
that the follow up achieved was 89.6% of total
person-years. Of those determined as alive,
1.28% were identified from personal knowl-
edge of current employees.

The SMRs for the total workforce are shown
in table 1, for the major causes of death, with
more detail for respiratory diseases. Signifi-
cantly increased SMRs were found for all
causes of death combined, all cancers, circula-
tory diseases, and diseases of the musculo-
skeletal system and connective tissue. There
was a significant deficit in deaths from
endocrine, nutritional, and metabolic causes.
Foundry workers did not have an increased
SMR for non-malignant respiratory diseases
(SMR 0.81; 95% CI 0.29 to 1.77.

The SMRs for malignant causes of death are
shown in table 2. Significantly increased SMRs
were found for all digestive cancers combined
and all respiratory cancers combined, cancer of
the oesophagus, and mesothelioma of the
pleura. The SMRs for cancer of the lung and
connective tissue were increased and nearly

Table 1 SMRs for major causes of death and respiratory deaths, total workforce

Cause of death
Observed deaths
(n)

Expected deaths
(n) SMR (95% CI)

All causes 996 929.76 1.07 (1.01 to 1.14)
Infectious and parasitic 6 12.13 0.49 (0.18 to 1.08)
All malignant 247 214.32 1.15 (1.01 to 1.31)
Endocrine, nutritional, and

metabolic 7 17.91 0.39 (0.15 to 0.81)
Mental disorders 5 5.10 0.98 (0.31 to 2.31)
Nervous system and sense organs 18 24.98 0.72 (0.43 to 1.14)
Circulatory 518 444.87 1.16 (1.07 to 1.27)
Respiratory 93 83.59 1.11 (0.90 to 1.36)

All pneumonias 22 22.44 0.98 (0.61 to 1.49)
Chronic bronchitis or

emphysema 28 22.36 1.25 (0.83 to 1.81)
Asthma 4 6.75 0.59 (0.15 to 1.53)
Pneumoconioses 1 0.18 5.43 (0.00 to 31.14)

Digestive 16 25.82 0.62 (0.35 to 1.01)
Genitourinary 11 12.26 0.90 (0.45 to 1.61)
Musculoskeletal and connective

tissue 9 2.94 3.06 (1.39 to 5.84)
Injury and poisoning 60 76.45 0.78 (0.60 to 1.01)
Ill defined 2 1.17 1.70 (0.16 to 6.27)

Table 2 SMRs for malignant causes of death, total workforce

Cause of death
Observed deaths
(n)

Expected deaths
(n) SMR (95% CI)

All cancers 247 214.32 1.15 (1.01 to 1.31)
Buccal cavity and pharynx 2 4.79 0.42 (0.04 to 1.53)
All digestive cancers 90 69.69 1.29 (1.04 to 1.59)

Oesophagus 12 6.10 1.97 (1.01 to 3.45)
Liver 7 4.65 1.51 (0.60 to 3.12)
Pancreas 10 9.80 1.02 (0.49 to 1.88)
Stomach 23 16.75 1.37 (0.87 to 2.06)
Colorectal 38 32.69 1.16 (0.82 to 1.60)

All respiratory cancers 88 65.62 1.34 (1.08 to 1.65)
Nose and nasal sinuses 2 0.41 4.92 (0.46 to 18.10)
Larynx 5 2.21 2.26 (0.71 to 5.31)
Lung 78 62.57 1.25 (0.99 to 1.56)
Pleura 3 0.46 6.58 (1.24 to 19.49)

Melanoma 3 5.26 0.57 (0.11 to 1.69)
Connective tissue 4 1.07 3.73 (0.97 to 9.64)
Prostate 18 16.83 1.07 (0.63 to 1.69)
Testis 4 1.27 3.15 (0.82 to 8.14)
Bladder 5 5.80 0.86 (0.27 to 2.03)
Kidney 5 7.24 0.69 (0.22 to 1.62)
Eye 1 0.31 3.22 (0.00 to 18.48)
Brain and nervous system 3 7.00 0.43 (0.08 to 1.27)
Hodgkin’s disease 3 1.81 1.66 (0.31 to 4.91)
Non-Hodgkin’s lymphoma 3 5.42 0.55 (0.10 to 1.64)
Multiple myeloma 2 2.97 0.67 (0.06 to 2.48)
Leukaemia 6 6.86 0.87 (0.31 to 1.92)
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reached significance. There were no deaths
from peritoneal mesothelioma. Labourers had
an increased SMR for lung cancer (SMR 1.74;
95% CI 1.18 to 2.48). Within the occupational
group metal processors all the lung cancer
deaths occurred among the subset of moulders
with an SMR of 1.54 (95% CI 0.48 to 3.61).
There were no increased risks of mortality for
any of the digestive cancers among turners and
machine tool operators. No deaths from color-
ectal cancer occurred among the pattern mak-
ers in the cohort.

Three deaths from pleural mesothelioma
occurred among the cohort. All of these men
had been first employed in the 1920s in their
teens, and had worked at the plant for >40
years. The empirical induction times (latency
period) were 57, 53, and 51 years.14 The crude
mortality from pleural mesothelioma in those
with any asbestos exposure was 0.87/1000
men. Apart from the one death recorded as due
to asbestosis three other workers had lung
fibrosis or interstitial lung disease recorded as a
contributing cause of death on the death regis-
tration record. All four men worked in insulat-
ing areas. Two of these men had spent most of
their working lives at the plant and been first
exposed at young ages.

The data for selected causes of death by
exposure category are shown in table 3. There
were no trends of increasing risk for any cause
of death with increasing exposure to asbestos,
machining fluids, or foundry work.

Among all workers in the plant who had any
potential exposure to asbestos (that is, all
except administrative workers), there was no

dose-response eVect noted for all causes of
death combined and lung cancer when SMRs
were calculated by increasing duration of
employment in the plant (table 4). There were,
however, significant trends of decreasing SMR
with increasing duration of employment in the
plant for all causes of death combined (÷2 test
for linear trend=9.54, df=1, p=0.002) and lung
cancer (÷2 test for linear trend=6.65, df=1,
p=0.010), with those with <10 years employ-
ment having the highest risks.

The data for all causes of death, all
malignancies and lung cancer were also
analysed for 10 and 20 year lag periods and
period of employment, with no particular asso-
ciations being noted.

Discussion
In this study, we found small but significant
increases in risk for all causes of death, all
malignancies, circulatory diseases, diseases of
the musculoskeletal system and connective tis-
sue, cancers of the digestive and respiratory
systems, cancer of the oesophagus, and pleural
mesothelioma in the total workforce. The risk
of dying from lung cancer in the total
workforce was increased and suggestive of an
association. This study had a 99% probability
of detecting a significant increase (á=0.05) in
lung cancer in the total workforce if the true
relative risk was 1.5. The follow up was 86% of
men, or 90% of possible person-years. The
only other cohort study carried out in New
Zealand obtained a follow up of 89.5% of men
in a defence forces population.1 Determining
vital status in New Zealand is diYcult as death
registration records were not computerised
until 1997 and death certificate data held by
the Ministry of Health were incomplete, hence
all death registrations were retrieved manually.
Electoral roll and vehicle registration records
were computerised.

Some selection bias may have remained,
despite the follow up of 90% of person-years. If
those untraced were less likely to die prema-
turely from a cause such as circulatory disease
compared with those traced, then the observed
SMR would be an overestimate. However, the
observed SMR of 1.16 for circulatory diseases
in the 90% followed up, means that the SMR in
the whole cohort would still be increased even

Table 3 SMRs for selected causes of death by exposure to asbestos, machining fluids, and foundry work (total workforce)

Exposure group

Cause of death

Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

Asbestos: All causes All cancers Lung cancer
Nil 232 1.03 (0.90 to 1.17) 55 1.09 (0.82 to 1.42) 17 1.15 (0.67 to 1.85)
Low 115 1.14 (0.94 to 1.37) 26 1.13 (0.74 to 1.65) 9 1.32 (0.60 to 2.52)
Medium 252 0.90 (0.79 to 1.02) 61 0.96 (0.73 to 1.23) 16 0.88 (0.50 to 1.43)
High 88 1.18 (0.94 to 1.45) 21 1.21 (0.75 to 1.85) 5 0.97 (0.31 to 2.28)
Mixed 309 1.24 (1.11 to 1.39) 84 1.41 (1.13 to 1.75) 31 1.76 (1.19 to 2.50)

Machining fluids: All causes All cancers All digestive cancers
Nil 27 1.38 (0.91 to 2.01) 8 1.80 (0.77 to 3.55) 4 2.73 (0.71 to 7.05)
Low 368 1.07 (0.96 to 1.18) 90 1.15 (0.92 to 1.41) 33 1.29 (0.88 to 1.81)
Medium 173 0.86 (0.73 to 1.00) 36 0.79 (0.55 to 1.09) 15 1.02 (0.57 to 1.68)
High 119 1.03 (0.86 to 1.24) 29 1.11 (0.74 to 1.60) 8 0.94 (0.40 to 1.86)
Mixed 309 1.24 (1.11 to 1.39) 84 1.41 (1.13 to 1.75) 30 1.56 (1.05 to 2.22)

Foundry work: All causes All cancers Lung cancer
Not exposed 611 1.00 (0.92 to 1.08) 147 1.06 (0.89 to 1.24) 42 1.04 (0.75 to 1.40)
Exposed 76 1.09 (0.86 to 1.36) 16 1.03 (0.59 to 1.67) 5 1.11 (0.35 to 2.62)
Mixed 309 1.24 (1.11 to 1.39) 84 1.41 (1.13 to 1.75) 31 1.76 (1.19 to 2.50)

Table 4 SMRs for all causes of death combined and lung cancer by duration of
employment in the plant (total workforce excluding administrative workers)

Duration of
employment in plant
(y) Group (n)

Observed deaths
(n)

Expected deaths
(n) SMR (95% CI)

All causes of death:
< 5 1724 391 326.75 1.20 (1.08 to 1.32)
5–9 738 169 158.18 1.07 (0.91 to 1.24)
10–19 507 191 191.80 1.00 (0.86 to 1.15)
>20 472 219 233.78 0.94 (0.82 to 1.07)
Total 3441 970 910.52 1.07 (1.00 to 1.13)

Lung cancer:
< 5 1724 35 22.32 1.57 (1.09 to 2.18)
5–9 738 18 10.03 1.79 (1.06 to 2.84)
10–19 507 10 12.53 0.80 (0.38 to 1.47)
>20 472 13 16.39 0.79 (0.42 to 1.36)
Total 3441 76 61.27 1.24 (0.98 to 1.55)
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if there were no such deaths among the
untraced men, which is highly unlikely. Of
those known to be alive, only 1.28% were iden-
tified by personal knowledge of current em-
ployees. This proportion was too small to have
introduced any bias, and only those who could
be absolutely identified as alive were accepted.

No dose-response relations were found
between increasing exposure to asbestos and all
causes of death, all cancers, and lung cancer, or
between exposure to machining fluids and all
causes of death, all cancers, and all digestive
cancers. Similarly, no dose-response relations
were found between increasing duration of
employment in the plant and all causes of death
and lung cancer. However, there was evidence
of a type of selection eVect as there were
significant trends of decreasing SMR for all
causes of death and lung cancer with increasing
duration of employment in the plant, with
those with <10 years employment having the
highest risks. This may be due to short term
workers (often labourers) leading more at risk
lifestyles and they may have been given the
dirtiest jobs.14 15

There was evidence of disease related to
asbestos among the cohort with three deaths
from pleural mesothelioma, and a few deaths
where asbestosis or lung fibrosis were noted on
the death certificates. Pleural mesothelioma
tends to be underreported, possibly by as much
as 80% so it is likely that more deaths occurred
from mesothelioma in the cohort than were
recorded.16 The observation of disease related
to asbestos in the New Zealand cohort was
similar to findings in Swedish and American
cohorts where increased risks of pleural
mesothelioma in workers exposed to chrysotile
were also found.8 9 17 These New Zealand data
did not show an increased risk for lung cancer
in the group with the highest exposure to
asbestos. Swedish workers with similar expo-
sures, employed for >30 years, had a signifi-
cantly increased SMR for lung cancer.8 Five
deaths from pleural mesothelioma occurred in
the Swedish cohort of 3442 men, the average
empirical induction time being 44 years. The
United States cohort identified eight cases of
pleural mesothelioma in 197 railway machin-
ists whose average empirical induction time
was 51 years.17 These times are similar to the
New Zealand cohort, in which the average
empirical induction time was 54 years. The
crude pleural mesothelioma mortality in the
Swedish study was 1.5/1000 and in the New
Zealand cohort it was 0.87/1000.8

Smoking is an important cause of lung can-
cer, other respiratory diseases, and cardiovas-
cular disease. Unfortunately, the prevalence of
smoking was unknown among the cohort.
Smoking cannot be excluded as the reason for
the increased risk for lung cancer in the total
workforce, or in diVerent occupational groups.

This study was limited by lack of data on
past exposure, this being a common problem in
historical occupational cohort studies. Dura-
tion of employment in particular jobs is a crude
surrogate for exposure. Men were classified
according to the job that they held longest,
which may have led to an underestimation of

exposure.14 Not being able to place men into
clearly diVerent levels of exposure may under-
estimate any risk and remove evidence of a
dose-response relation. This means that the
SMRs in this study for specific occupational
groups may have been underestimated because
of the lack of exposure measurements and poor
estimation of dose.14

Foundry moulders had a slightly increased
SMR for lung cancer, although this was not
significant. Other studies of moulders have
found an increased risk of lung cancer.18 19 20

Foundry work has been classified by the IARC
as being carcinogenic to humans with a relative
risk of lung cancer in the range of 1.5–2.5.
Moulders may be exposed to PAHs, metal
fumes including nickel and chromium, and
various other breakdown products from py-
rolysis from the sand binders and additives.2 5

The New Zealand foundry workers did not
have an increased SMR for non-malignant res-
piratory diseases. Studies of other groups of
foundry workers have tended to find increased
risks of non-malignant respiratory diseases, but
this is not a consistent finding.18–22 An associ-
ation between pattern making and colorectal
cancer has been found in various studies: how-
ever, no deaths from colorectal cancer occurred
among the pattern makers in the New Zealand
cohort.23 24

In the New Zealand cohort, those men with
the highest exposure to machining fluids had
no significantly increased SMRs for any cancer
site. The number of deaths was small, and only
for lung cancer were there more than five
deaths. The IARC has listed the untreated and
mildly treated mineral oils as having suYcient
evidence of being carcinogenic in humans, with
inadequate evidence for the carcinogenicity in
humans of the highly refined oils.3 5 Exposure
to machining fluids by working populations has
been most commonly associated with non-
melanotic skin cancer, non-malignant respira-
tory diseases, and cancers of the respiratory
and digestive systems.4 5 25–29 Recent studies
carried out in the United States found no
significantly increased risks of cancers of the
colon in car workers exposed to machining flu-
ids but significant increases were found for
cancers of the oesophagus, stomach, rectum,
pancreas, larynx, lung, prostate, and
leukaemia.4 27

This study found an increased risk of
mortality (although non-significant) for can-
cers of connective tissue with four deaths
found. Little is known about the causes of these
types of cancers and their incidence has been
increasing in recent years.30 All four of the men
were likely to have been exposed to machining
fluids; however, the histology recorded differed
between them, with two sarcomas, one histio-
cytoma, and one squamous cell carcinoma.

The study also found a significantly in-
creased SMR for diseases of the musculo-
skeletal system and connective tissue. This may
reflect the selection of workers into this
particular workforce as the plant concerned
was known locally as one which was prepared
to employ men with impaired health.14 The
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increase in risk of circulatory diseases may also
reflect this selection eVect.

The data were also analysed for 10 and 20
year lag periods and period of employment,
with no particular associations being noted.

This study of a New Zealand cohort of foun-
dry and heavy engineering workers in the rail-
way rolling stock manufacturing industry
found small increases in risk for several causes
of death; however, these increases were small
and the possible eVects of smoking and other
lifestyle factors could not be excluded. There
was evidence of disease related to asbestos in
those involved in engineering work in the past.
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Research Council of New Zealand.
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