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Risk of bladder cancer in foundry workers: a
meta-analysis
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To clarify the inconsistent reports of bladder cancer risk
in foundry workers, a meta-analytic review of
epidemiological studies was undertaken. Summary risk
estimates (SRE) were calculated from 40 systematically
extracted results. Weakly increased risks were observed
overall, with an SRE of 1.11. Twenty three selected
study results with better exposure information yielded an
SRE of 1.16. This weak increase in risk is consistent with
estimates obtained from dose-response trends of PAH
exposures in aluminium smelter workers. Summary
estimates did not vary substantially with exposure
quality, study design, control for smoking, or when
limiting the meta-analysis to large study results.
Exposure-response findings showed significantly
increased risks of about 1.6 to 1.7 after 20 or more
years of employment, but this was based on few studies.
Occupation specific SREs showed a 40–50% increased
risk among moulders, casters, and unskilled foundry
labourers. There was limited evidence that bladder
cancer risk correlated with lung cancer risk, which is a
more established risk among foundry workers. The small
increased risk observed is prone to bias and
confounding. Further studies of dose-response trends
would greatly aid in determining whether this observed
association is causal.
..........................................................................

F

oundry operations involve moulding and
coremaking (usually using sand mixed with
various binders), melting and alloying of
metal, pouring the metal (primarily iron or steel)
into moulds, shake-out of the cooled moulds, fettling, and finishing which involves grinding or
welding of the pieces. Rolling mill operations are
occasionally included among foundry jobs, where
long shapes such as I-beams, tubes, or wires are
See end of article for
produced using machines that process the heated
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Reports of aromatic amine concentrations in
foundries were not found in the literature, but
these compounds are likely to be formed during
moulding when urethane resins are heated, and
when phenol containing binders are combined
with nitrogen containing compounds like urea,
ethanolamine, hexamethylene-tetraamine, and
ammonium salts. Furthermore, the naphthalene
in sand additives (coal powder, pitch) can react on
heating to give rise to naphthylamines.4 Bladder
cancer has been persuasively associated with aromatic amine exposure in dye workers, aromatic
amine manufacturers, and rubber workers.5 There
is also evidence that a number of other occupational groups experience an increased bladder
cancer risk, including aluminium smelter workers
exposed to coal tar pitch volatiles.6 Nonoccupational risk factors for bladder cancer
include genetics (for example, acetylator status),
gender, smoking habit,7 and diet.8
While foundry workers appear to experience an
increased risk of lung cancer, the evidence for
bladder cancer has been more equivocal.9 This
report is an analysis of the level of epidemiological evidence currently available on the association
between bladder cancer and foundry exposures.

METHODS
To evaluate the human evidence for bladder cancer risk in foundry workers, a search of MedLine
with MeSH for the years 1980–2001 was conducted using the following search string: “((bladder or urothelial or urinary) and cancer) and
(occupation or foundry) and eng:la and human:mh”. This resulted in 135 hits. These
references were manually searched for relevant
papers in the English language literature. Recent
articles in occupational and epidemiology journals were also scanned for relevant articles.
Finally, the reference sections of relevant papers
were scanned for additional post-1980 study
results with information on cancer risks among
foundry workers. The somewhat arbitrary search
for literature from 1980 onward was undertaken
in order to collect studies that are more likely to
be of higher quality, and because many older
studies have been superseded by more recent follow ups. Published studies were used as they are
.................................................
Abbreviations: PAH, polycyclic aromatic hydrocarbon;
PMR, proportional mortality ratio; PR, pooled ratio; RR,
relative risk; SIR, standardised incidence ratio; SMOR,
standardised mortality odds ratio; SMR, standardised
mortality ratio; SPMR, standardised proportional mortality
ratio; SRE, summary risk estimate
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study effect estimate was weighted according to the inverse
variance (weight = 1/SE2) calculated from the 95% CI using
SE = ln(RR/CIlow)/1.96. The summary risk estimate (SRE) was
calculated as the sum of the weighted natural log of the effect
estimates divided by the sum of their weights, ∑(W × lnRR)/
∑W. This weight was also used for statistical tests of
heterogeneity using the chi-square statistic, χ2 = ∑W(lnRRSRE
− lnRR). A p value for the chi-square statistic less than 0.1 was
chosen to indicate heterogeneous study results. The 95% CI for
the SRE was determined using the summary variance (VarSRE)
from all studies (1/∑W), as follows: 95% CI = exp(lnRRSRE ±
1.96 × VarSRE). For an SRE that was heterogeneous, the 95% CIs
were adjusted69 so that VarSRE was increased by the chi-square
statistic divided by its degrees of freedom (the number of
results minus 1), VarSRE × (χ2/df).

RESULTS
None of the studies used in this review were rated as having
excellent exposure information. After eliminating studies
with poor or fair exposure information, there remained six
cohort studies,4 10–13 17 10 surveillance studies,19 20 23 25–31 and
eight case-control studies32 38 41–43 50–52 with moderate or good
exposure information.
Table 1 presents summary risk estimates (SRE) for results
from all studies, as well as only from studies with better exposure information. Efforts were made to avoid counting results
more than once, especially from the Nordic countries. For
example, the recent large Nordic surveillance study18 was used
for the “all studies” SRE, but results from earlier surveillance
studies19 21 25 were used for the “better exposure quality” SRE
as these studies reported results more specifically for foundry
workers. Nevertheless, since the coverage of these surveillance
studies is so large, it is possible that other cohort studies from
the Nordic countries included some of these workers,4 10 12 13 so
the potential for double counting exists when combining
cohort and surveillance results. It is also likely that there was
overlap between two cohort studies of Danish foundry
workers4 13 and a larger cohort study,10 although the population
definition, outcome measure, and comparison groups were
different.
The heterogeneity test results for the cohort studies in table
1 indicate there is significant heterogeneity. The reason for the
heterogeneity among the cohort studies is apparent from the
forest plot of studies with better exposure information in fig 1.
It is clear that the smaller study by Hansen4 is unusually
increased compared to the rest of the field. When this outlier
study is removed from the analysis, the cohort study results
are quite homogeneous. The heterogeneity p value of 0.003 for
the better exposure quality cohort studies changes to 0.66 and
the SRE changes from 1.23 to 1.16 (95% CI 0.98 to 1.37). The
overall SRE for all study types with better quality exposure
information also changes from 1.17 to 1.16 (95% CI 1.06 to
1.26) with a heterogeneity p value of 0.45.
It is unclear why this single study result is so unusually
high. The study showed a lung cancer SMR of 137 that was
increased to a level consistent with other findings among
foundry workers, but which was not statistically significant.
This study followed a small group of skilled moulders in Danish metal foundries and found six bladder cancer deaths
resulting in a ninefold increase in the SMR. The large follow
up study of Danish foundry workers10 probably included all (or
at least most) of the workers in the study of skilled moulders4
(Eva S Hansen, Panum Institute, personal communication,
2001). Therefore the study with the outlier result can reasonably be deleted from the SRE calculations. The larger study
found a bladder cancer SIR of 114 based on 32 cancers in
moulding, oven, casting, crane, and shake-out areas which
included both skilled and non-skilled workers.
An SRE was calculated for studies that controlled for the
confounding effects of smoking. None of the cohort or

Occup Environ Med: first published as 10.1136/oem.59.10.655 on 1 October 2002. Downloaded from http://oem.bmj.com/ on September 27, 2020 by guest. Protected by copyright.

likely to be more reliable than unpublished reports. Use of
English language reports avoided translation problems.
Each study was rated on a five point scale as to the quality
of the exposure information related to the effect estimate used
in subsequent analyses, as follows: poor exposure information
(likely substantial exposure in other occupations and processes in addition to foundry exposures); fair exposure
information (inclusion of broad industry groups such as metal
refining and processing, where foundry exposures are
prevalent but other exposures are probable); moderate
exposure information (results based on occupations with
known foundry exposure such as furnace, forge, foundry, rolling mill workers for longest or last held job); good exposure
information (results based on duration or person-years of
foundry exposures); and excellent exposure information
(results based on estimation of foundry dust or chemical
exposure levels).
Tables of extracted information were constructed by one
author (RG). For cohort studies, the following were recorded:
length of follow up; size and nationality of study group; additional information such as type of foundry work, race, and
exposure durations; cancer site; effect measure (standardised
mortality ratio (SMR) or standardised incidence ratio (SIR));
point estimate of risk with 95% CI; number of cases the point
estimate is based on; exposure quality rating; and other information such as whether smoking was controlled, lung cancer
rates, and comments on exposure.
For surveillance studies (linkage studies of occupation and
disease) similar information was recorded, but instead of
length of cohort follow up, the duration of mortality or cancer
experience recorded in the linkage study was used. Also, the
effect measures included the following: SIR; SMR; proportional mortality ratio (PMR); standardised proportional mortality rate (SPMR); standardised mortality odds ratio
(SMOR); and relative risk (RR).
For case-control studies, extracted information included:
whether the study was population or hospital based; number
of cases and controls; description of cases and controls; type of
exposure analysed, duration of exposure if available; any lag
period used; odds ratio (OR) and 95% CI; number of cases with
the exposure; exposure quality rating; factors adjusted for;
and comments on exposures. Effect estimates from studies
that only presented separate results by gender, race, or
occupational subgroup were pooled so that one result for each
study could be used in calculating overall summary risk estimates
Results for nine cohort,4 10–17 14 surveillance,18–31 and 22
case-control studies32–53 were found to be relevant. Other studies were collected that provided no useable information. Two
cohort studies54 55 and five surveillance studies56–60 do not
present data for foundry workers because results were not
remarkable or of interest, or the number of cases were too
small or possibly zero. Results from six case-control studies of
bladder cancer61–66 are not useful as exposure groupings were
too general. These studies were noted in an attempt to monitor for the presence of publication bias.
The effect estimate chosen from the studies reflected a balance between results based on the best exposure information
(or the subgroup of interest), the most cases, as well as results
with the least bias and confounding. When several studies
were available for the same or overlapping groups, one result
was chosen from the latest update or expansion of previous
studies.
Two methods were used to pool data. For cohort and
surveillance studies, observed and expected cancers were
added, respectively, to yield pooled observed/expected ratios
(PR). The 95% confidence intervals (CI) were calculated
assuming a Poisson distribution for the observed cases in the
observed/expected ratio. The PR summary estimates do not
include case-control results. The other method was a variance
based procedure that follows a fixed effect model.67 68 Each

Gaertner, Thériault

Bladder cancer in foundry workers

Summary risk estimates for bladder cancer and foundry exposures

Study group

Variance based
SRE*
95% CI*

Heterogeneity test
p value

Pooled observed/
expected estimate

95% CI*

All studies
Cohort
Surveillance
Case-control
Total group

1.22
1.11
1.08
1.12

0.92
1.04
0.98
1.05

p=0.001 (8df)*
p=0.33 (10df)
p=0.10 (20df)
p=0.06 (40df)

1.17 [181]†
1.11 [838]

1.01 to 1.35
1.04 to 1.19

1.12 [1019]

1.05 to 1.19

Cohort‡
Total group‡

1.16
1.11

0.99 to 1.36
1.05 to 1.17

p=0.90 (7df)
p=0.30 (39df)

1.14 [175]†
1.11 [1013]

0.98 to 1.32
1.04 to 1.18

1.23
1.11
1.31
1.17

0.89
0.99
1.08
1.05

1.69
1.24
1.59
1.31

p=0.003 (5df)
p=0.34 (9df)
p=0.38 (7df)
p=0.02 (23df)

1.18 [152]
1.10 [328]

1.00 to 1.38
0.98 to 1.23

1.12 [480]

1.02 to 1.22

1.16
1.16

0.98 to 1.37
1.06 to 1.26

p=0.66 (4df)
p=0.45 (22df)

1.14 [146]
1.11 [474]

0.96 to 1.34
1.01 to 1.21

Large studies with better quality exposure information (standard error <0.3)
Total group
1.13
1.04 to 1.24

p=0.25 (9df)

1.10 [435]

1.00 to 1.21

Total group results by control for smoking
All studies, smoking control
Better studies, smoking control
Better studies, no smoking control

0.96 to 1.29
1.15 to 1.72
1.19 to 1.77

p=0.07 (15df)
p=0.78 (4df)
p=0.61 (4df)

Total group results for better exposure quality studies by outcome measure
Mortality‡
1.20
1.02 to 1.41
Incidence
1.14
1.04 to 1.26

p=0.54 (11df)
p=0.28 (10df)

1.17 [164]
1.08 [310]

1.00 to 1.36
0.96 to 1.21

Studies with better quality exposure information
Cohort
Surveillance
Case-control
Total group
Cohort ‡
Total group‡

1.11
1.40
1.46

to
to
to
to

to
to
to
to

1.62
1.19
1.20
1.19

*SRE, summary risk estimate; CI, confidence interval; df, degrees of freedom.
†Number of observed cancers.
‡Excluding the results of Hansen.4

surveillance studies directly controlled for smoking. The SRE
for the 16 case-control studies was 1.11 (95% CI 0.96 to 1.29)
but results were heterogeneous (p = 0.07). The five casecontrol studies with better exposure information were homogeneous, with an SRE of 1.40 (95% CI 1.15 to 1.72). This was
not much lower than the SRE of 1.46 calculated for these
studies when four results were not adjusted for smoking.
Integration of results for studies with mortality or incidence
outcome measures were similar. Mortality studies gave

slightly higher results, while both types of studies showed
weak but statistically significant increased risks. Two cohort
studies13 15 and two case-control studies34 46 measured urothelial cancer rates (which includes kidney cancer). Removal of
these studies from summary estimates had no appreciable
effect: the all studies SRE was 1.10 (95% CI 1.03 to1.18); and
the better quality SRE was 1.15 (95% CI 1.06 to1.25).
Similarly, SRE results limited to studies of only iron/steel
foundries showed essentially no change (data not shown).

Figure 1 Forest plot of studies on bladder cancer with better foundry exposure information. Individual study and summary risk estimate values
are marked, and the high/low limits indicate 95% CIs.
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Figure 3 Radial plot of study results with better quality exposure
information. The solid line is the regression through the origin where
the exponentiated slope gives the summary risk estimate, 1.17. The
dotted lines are two standard deviations above and below the
central trend. The dashed line is the regression with floating
intercept. The intercept value is 0.68 which is not statistically
significantly different from zero (p = 0.10).

Iron and steel foundries are by far the most common, so few
study results could be dropped in this analysis.
In order to address the question of whether publication bias
is present, funnel plots were constructed for all studies, and
for the better exposure quality studies.70 The plot axes used for
the better exposure quality studies in fig 2 were lnRR versus
standard error.71 Figure 2 suggests there is some asymmetry
arising from a lack of small studies with lowered relative risks.
A more objective analysis of funnel plot asymmetry is
provided by regression analysis of the radial plot (fig 3). This
is a scatter plot of the study’s standard estimate (ln(RR) ×
Table 2

Dose-response results for studies with better exposure information
Male Danish foundry
workers (10)*

Male German foundry
workers (42)†

Male Swedish aluminium
foundry workers (12)‡

Summary risk estimate for Summary risk estimate for
ref. (10, 42)
ref. (10, 12, 42)

Years§

SMR¶

95% CI¶

OR¶

95% CI**

SIR¶

95% CI

SRE¶

<10
10–19
20–29
>30

0.83
0.97
1.72
1.65

0.46
0.48
1.05
0.96

1.1
1.6
1.2
3.0

0.3
0.6
0.4
0.4

0.87 [12]
0.92 [4]

0.45 to 1.52 0.87 [20]
0.5 to 1.5
0.25 to 2.36 1.15 [20]
0.7 to 2.0
1.62 [27]
1.0 to 2.5
0.17 to 2.40
1.72 [21]
1.0 to 2.9
trend p (2 sided) = 0.05

[14]††
[11]
[20]
[17]

to
to
to
to

1.40
1.73
2.66
2.65

[6]
[9]
[7]
[4]

to
to
to
to

5
9
4
11

0.83 [3]

95% CI

SRE

95% CI

0.87 [32]
1.11 [24]

0.6 to 1.3
0.7 to 1.9

1.61 [51]

1.2 to 2.3

trend p (2 sided) = 0.02

*Dose-response trend for lung cancer also found in this cohort (SMR range 0.99–1.85).
†Dose-response trend for bladder cancer not statistically significant.
‡Lung cancer risk significantly elevated in short term workers (2.1) but suggestive dose-response in longer term workers (range 0.8 to 1.4).
§Duration of employment in years.
¶SMR, standardised mortality ratio; CI, confidence interval; OR, odds ratio; SIR, standardised incidence ratio; SRE, summary risk estimate.
**Crude confidence intervals were calculated using Fisher’s exact test.
††Number of cases in square brackets.
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Figure 2 Funnel plot for studies with better exposure information. A
symmetrical plot would have points lying within a straight cone
pointing to the left. The dotted line at standard error 0.3 indicates
the demarcation between large and small studies used in further
analyses.

1/variance) versus study precision (1/variance). The regression
line for the radial plot determines whether the intercept is
significantly different from zero, and hence whether funnel
plot asymmetry is present and therefore publication bias is
likely.72 Such an analysis indicates that the funnel plot for both
the total group of studies (intercept p = 0.39), and those with
better exposure information (intercept p = 0.10 but increases
to 0.22 when excluding Hansen4) were not significantly asymmetric. This graphical display is also useful for comparing
estimates with different precision.73 The plot indicates that the
one study of moulders previously identified as an outlier was
more than 4 standard deviations from the central trend line
(the exponentiated slope of which is equal to the SRE) of 1.17.
Two other small study results were close to 2 standard deviations (dotted lines) from the central trend. These were the
high relative risk of Aronson et al,28 also for moulders (3.1
based on four deaths), and the low relative risk of Gallagher et
al26 for metal furnace workers (0.21 based on one death).
As the sensitivity of the radial plot method for detecting
asymmetry is limited, a sensitivity analysis was conducted by
removing the smaller study results with standard errors
greater than 0.3. These small studies are most prone to publication bias. The remaining large studies included four cohort,
three surveillance, and three case-control studies. The SRE for
this group was 1.13 (95% CI 1.04 to 1.24), which was only
slightly lower than the whole group of studies with better
exposure information.
Several studies reported relative risks of bladder cancer
after increasing durations of exposure, three of which were for
work in foundries. A large cohort mortality study of male
Danish foundry workers indicated that employment durations
of 20 or more years resulted in an increased risk of bladder
cancer.10 Similarly, in a case-control study of male German
foundry workers, a raised risk was observed after 30 years of
employment as a foundry worker.42 An incidence study in
Sweden found no dose-response trend or increased bladder
cancer risks among aluminium foundry workers.12 The results
for mixed foundry workers10 42 are combined in table 2. The
SRE is significantly raised after 20 or more years of
employment in this industry. Similar types of products and
exposures are experienced in aluminium foundry workers,
although for some exposures, concentrations may be reduced
as a result of the lower melt temperature of aluminium compared to iron.12 When all three studies are combined, a statistically significant dose-response trend is still discernible, with
a statistically significant 60% elevation in relative risk after
more than 20 years of employment. A number of other results
are generally uninformative for gauging whether there is an
exposure-response trend in foundry workers, because of the
broad exposure categories used.34–37
Several studies reported relative risks for a variety of
subgroups among foundry workers. The following subgroups

Bladder cancer in foundry workers

Summary risk estimates in five occupational subgroups of foundry workers

Occupational subgroup (reference number)
Moulders
Moulders, oven, casters, crane, shake-out (10)
Core room (10)
Moulder/coremaker (23)
Skilled moulders (4)
Moulder/coremaker (26)
Metal moulders (27)
Moulders (28)
Metal moulders (29)
Metal moulders (30)
Moulders (43)
Moulders (49)
Metal moulder (36)

Effect estimate

SIR*
SIR
SMR*
SMR
PMR*
PMR
RR*
sMOR*
PMR
OR*
OR
OR
SRE*:

1.14†
0.81 to 1.61
1.02
0.28 to 2.61
1.72
0.79 to 3.27
8.96†
3.29 to 19.49
1.46
0.30 to 4.27
0.97
0.26 to 2.48
3.08
1.15 to 8.23
2.1
0.43 to 6.14
1.97
0.41 to 5.76
3.9
0.4 to 35
0.8
0.2 to 2.4
0.4
0.1 to 1.7
1.44
1.00 to 2.06
Heterogeneity p=0.02 (11df)
1.47
0.99 to 2.2
Heterogeneity p=0.52 (9df)

32
4
9
6
3
4
4
3
3
4
5
2

1.14†
0.81 to 1.61
1.38
0.55 to 2.84
1.33
0.61 to 2.53
0.21
0 to 1.15
0.71
0.1 to 5.09
1.9
0.4 to 8.7
0.6
0.1 to 2.2
1.5
0.1 to 17
0.7
0.2 to 3.7
3.0
0.3 to 29
8.4
0.77 to 92.2
1.14
0.87 to 1.50
Heterogeneity p=0.51 (10df)
1.15
0.74 to 1.77
Heterogeneity p=0.42 (9df)

32
7
9
1
1
5
3
2
3
3
2

1.01†
0.7 to 1.42
0.24
0.01 to 1.34
1.26
0.54 to 2.48
3.54
0.88 to 14.2
1.4†
0.6 to 3.4
0.6
0.1 to 3.7
1.0
0.1 to 7.1
0.8
0.3 to 2.2
1.1
0.3 to 4.4
1.09
0.83 to 1.43
Heterogeneity p=0.75 (8df)
1.15
0.73 to 1.80
Heterogeneity p=0.60 (6df)

33
1
8
2
11
2
2
10
3

1.14†
0.81 to 1.61
3.6
0.7 to 18
1.47
1.13 to 1.90
0.6
0.1 to 2.2
1.34
1.09 to 1.65
Heterogeneity p=0.32 (3df)
1.48
1.14 to 1.91
Heterogeneity p=0.35 (2df)

32
7
133
3

0.93
0.42 to 1.76
0.95
0.61 to 2.53
0.24
0.01 to 1.34
1.4†
0.6 to 3.4
0.99
0.70 to 1.41
Heterogeneity p=0.69 (3df)
0.93
0.63 to 1.36
Heterogeneity p=0.70 (2df)

9
19
1
11

2.83
1.14 to 5.84
1.41
0.86 to 2.17
1.15
0.42 to 2.52
0.90
0.02 to 5.0
0.9
0.3 to 2.8
1.43
0.99 to 2.07
Heterogeneity p=0.51 (4df)

7
19
6
1
4

Best SRE*:
Furnacemen, heaters
Moulders, oven, casters, crane, shake-out (10)
Metal furnacemen (23)
Metal heaters (22)
Metal furnace workers (26)
Furnacemen/metal heaters (28)
Metal heaters (35)
Furnacemen, smeltermen, pourers (36)
Melters/reheaters (43)
Smelting furnacemen (43)
Heaters (46)
Heaters (smokers) (53)

SIR
SMR
PMR
PMR
RR
OR
OR
OR
OR
OR
OR
SRE:
Best SRE:

Rolling mill operators
Forge, hammer, roller, finisher (22)
Rolling tube mill (23)
Other metal mill (26)
Rolling mill (28)
Forge, hammer, roller finisher (35)
Rolling mill (43)
Drawers, extruders (43)
Hot rollers (48)
Mill machine operator (53)

PMR
SMR
PMR
RR
OR
OR
OR
OR
OR
SRE:
Best SRE:

Casters
Moulders, oven, casters, crane, shake-out (10)
Casters (43)
Iron casters (32)
Furnace/smelt/pourer (36)

SIR
OR
OR
OR
SRE:
Best SRE:

Fettlers and finishers
Finishing (10)
File, polish, sand, buff (22)
Fettler, metal dresser (23)
Forge, hammer, roller, finish (35)

SIR
PMR
SMR
OR
SRE:
Best SRE:

General foundry labourers
Unspecified foundry (10)
Unskilled foundry (13)
Labourer—foundry (23)
Foundry n.e.c. (29)
Labourer (53)

SIR
SMR
SMR
sMOR
OR
Best SRE:

95% CI*

Number of
cases

Effect measure

*CI, confidence interval; SIR, standardised incidence ratio; SMR, standardised mortality ratio; PMR, proportional mortality ratio; RR, relative risk; SMOR,
standardised mortality odds ratio, OR, odds ratio; SRE, summary risk estimate; Best SRE, summary risk estimate without results marked with †.
†Studies removed from analysis for Best SRE.
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were listed in a few studies so that results could be combined:
moulders; furnacemen and heaters; rolling mill operators;
casters; fettlers and finishers; and general foundry labourers.
Table 3 presents summary results for these six subgroups of
foundry workers. The SRE for moulders (1.44; 95%CI 1.00 to
2.06) indicates significant heterogeneity (p = 0.02), as a result
of the outlier result for Danish skilled moulders.4 When this
group is removed, as well as the Danish cohort,10 since it also
includes foundry workers other than moulders, the SRE
becomes 1.47 (95% CI 0.99 to 2.2), with no indication of
heterogeneity (p = 0.52). The SRE for furnacemen and heaters was 1.14 (95% CI 0.87 to 1.50). Again, the Danish study
includes results for foundry workers other than oven
workers.10 Removal of this study resulted in a best SRE that
was not much changed (SRE = 1.15; 95% CI 0.74 to 1.77). The
SRE for rolling mill operators is also not substantially
increased (SRE = 1.09; 95% CI 0.83 to 1.43). When two
results22 35 for the broad group “forge, hammer, roller, finisher”
are removed, the best SRE is 1.15 (95% CI 0.73 to 1.80). There
were only four results for casters, which was strongly
influenced by a large case-control study.32 The SRE increased
from 1.34 to 1.48 (95% CI 1.14 to 1.91) after removing the
result for the broad occupational group.10 There were also few
results for fettlers and finishers, and results generally showed
no increased risk. When one result for “forge, hammer, roller,
finisher”35 was removed, the best SRE for fettler/finishers is
0.93 (95% CI 0.63 to 1.36). The SRE for unskilled and general
foundry labourers (1.43; 95% CI 0.99 to 2.07) is based on all
listed studies. While the unspecified foundry10 and foundry
not elsewhere classified29 groups may have contained some
skilled workers, these groups would likely be primarily made
up of general labourers. Although the result from Danish
foundry workers10 is substantially higher than other results,
the statistical test for heterogeneity is negative (p = 0.51).
Increased lung cancer risks have been consistently reported
in foundry environments.9 Under the assumption that the
exposures in foundry environments which increase the risk of
lung cancer will also contribute to elevations in bladder cancer
risk, the correlation between these cancers was investigated.
Nine cohort and 17 surveillance study results reported risks
for both lung and bladder cancer in foundry workers. A variety of functions were tested, with the weighted linear
regression of relative risk giving the best fit. The study weight
used was the weight (1/variance) calculated for bladder
cancer. The results presented in fig 4 show that the regression
analysis of all results was not statistically significant and had
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a Pearson’s correlation coefficient (r) of 0.31. This correlation
coefficient is highly sensitive to outliers, and in their presence
may give misleading results. Two extreme values are clearly
identifiable in fig 4. When these are removed, the regression
analysis was statistically significant (p = 0.01), and produced
a higher correlation coefficient (r = 0.51). So, for example,
when the lung cancer relative risk is 1.31 (the observed
weighted mean value for lung cancer), the bladder cancer
relative risk will be 1.15. In spite of the clustering of the
observed lung cancer relative risks between 1.1 and 1.6, a correlation appears to be discernible. An r value of 0.51
(r2 = 0.26) implies that 26% of the variation in bladder cancer
relative risk can be explained by lung cancer relative risk.
Nevertheless, this result is sensitive to stray values, and
confounding as a result of smoking may play a role in this correlation.

DISCUSSION
The results of this meta-analysis suggest that there is a weak
association between foundry work and bladder cancer. The
approximately 16% increased risk observed was statistically
significant, and did not vary substantially with the quality of
exposure information, with study design, or with control for
smoking. Results from the largest cohort, surveillance, and
case-control studies were consistent with this summary risk
estimate. This result is likely to apply primarily to male
iron/steel foundry workers since they make up the majority of
study subjects.
While this association does not appear to have been significantly influenced by publication bias, nevertheless, such a
small increased risk is susceptible to confounding and bias.
Five case-control studies with better exposure information
controlled for the effects of smoking as well as age. None
directly controlled for other risk factors such as fluid intake
(coffee, chlorinated water), diet, racial mix, genetic factors,
socioeconomic status, and other exposures. Many of these
factors are only weakly associated with bladder cancer,7 and
most are unlikely to be related to foundry work. But the possibility that biases and confounding explain partially or totally
the excess risk observed cannot be ruled out completely.
Although the majority of study results comes from the Nordic
countries, the United States, and the United Kingdom, the use
of findings from 14 countries provides a good cross section of
results from around the world. While study results were
retrieved and extracted in a systematic fashion, rating
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Figure 4 Weighted linear regression of bladder cancer RR on lung cancer RR in foundry workers. The dotted lines indicate the weighted
means for bladder (RR = 1.15) and lung cancer relative risks (RR = 1.31). Data point sizes are proportional to the weight of the study result.
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A weakly increased risk of 15% was observed in furnacemen
and rolling mill operators, similar to the overall SRE. Furnacemen melt and refine the metal that is eventually poured (cast)
into the moulds. Other than the heat and gases such as carbon
monoxide and sulphur dioxide, potential exposures include
metal fumes, crystalline silica, limestone dust, PAHs, fluorides,
and asbestos.1 Rolling mill operators also work in hot environments, and may in addition be exposed to oil mist.2 High PAH
exposures were found in meltman and pourer occupations,78
but another study found only low PAH concentrations in
melting operations.1 Melters had urine β-naphthylamine concentrations that were not significantly different from controls,
but melters and casters did have increased carcinogenic PAH
exposures in a recent study.3 Rolling mill workers have low
PAH exposures, and have been used as a reference group for
PAH biomarkers in steel foundry workers.82
There were few study results for casters, which show a
modest overall elevation of about 45%. One can expect
exposure to large amounts of pyrolysis products in these
workers, including nitrosamines and aromatic amines from
thermal decomposition of nitrogen containing resins. Melting
and pouring operations are often described together,1 2 87
although the furnace section can be in a separate area from
the foundry.87 It is therefore possible that an increased risk for
casters is obscured in results for furnacemen and heaters
because of low risks among the larger number of furnacemen
who do no casting.
Results for moulders and unskilled labourers also showed a
modest elevation in relative risk of about 45% which was borderline statistically significant. Moulding and coremaking
operations involve exposure to crystalline silica, solvents, and
a variety of binders (such as urethane, furan, melamine, and
phenolformaldehyde resins), some of which (coal tar pitch)
may contain PAHs. Measurement of PAH exposures indicates
that moulders, and especially machine moulders,3 can experience high PAH exposures.1 78 84 General foundry labourers have
potential for exposure to all the agents present in a foundry.
Although no specific monitoring results are available for general labourers, area sample results can show some of the highest levels of PAHs in foundries.78
Depending on the size and layout of individual foundries,
exposures among all subgroups of foundry workers may overlap to some extent. Furthermore, exposure will vary according
to unique processes in individual foundries. It is therefore not
surprising that a clear picture of a bladder risk gradient with
certain job titles does not emerge. The limited evidence available presents suggestive evidence that exposures encountered
by foundry moulders, casters, and general foundry labourers
may contribute to a modest bladder cancer risk. But further
studies that measure risk in relation to exposure data would
be needed before accepting this suggestion.
Two out of three studies found an increase of risk with
increasing employment duration.10 12 42 The study showing no
dose-response trend was in an aluminium foundry which may
have lower exposures than most mixed metal foundries where
iron/steel predominates.12 The SRE for these three studies
indicates a statistically significant increased risk of about 60%
after 20 or more years of employment in foundry environments.
Weighted regression analysis of the correlation between
bladder cancer relative risk estimates in studies that also
reported lung cancer relative risks showed a fair degree of correlation. For both diseases however, the increased relative risks
were small and therefore prone to confounding by mutual risk
factors, especially smoking.
In summary, this systematic review has found consistent
evidence of a very weak but statistically significant association
between foundry exposures and bladder cancer. The possibility that such small increased relative risks stem from bias or
confounding cannot be ruled out. Nevertheless, the association is biologically plausible because foundry environments
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exposure quality occasionally required a more subjective
assessment. A sample of seven studies were rated independently by a certified industrial hygienist. After consultation, in
no case did the quality score change. Minor misclassifications
were not likely to substantially change results since the summary effect estimates for all studies and better quality
exposure studies are quite similar.
The potential for exposure to aromatic amines and the
finding
of
increased
concentrations
of
urinary
β-naphthylamine in foundry workers3 provide suggestive evidence of a biologically plausible mechanism for an excess
bladder cancer risk. This confirmed bladder carcinogen may be
formed during detoxification reactions within the body, or it
may have been absorbed from the working environment. Urinary PAH metabolites and blood PAH-DNA adducts have also
been found to be increased in foundry workers,3 74–77 although
smoking and charcoal broiled food consumption may be
confounders.74 The levels of PAH exposure among subgroups
of foundry occupations can vary substantially.1 3 78 79
Nevertheless, a rough average of measurements of PAH exposures in foundry occupations is around 10 µg/m3 total PAH or
0.05 µg/m3 benzo(a)pyrene.3 74–82 Exposures tend to be higher
in earlier periods, especially in coke oven workers82 and in
foundries that use coal tar pitch as a moulding sand
additive,1 83 and lower in more recent exposure assessments.76
These averages are in keeping with the classification of iron
foundries as generally being a low exposure environment from
the standpoint of PAH exposure.84
To put this rough average PAH exposure in perspective, it
can be compared to findings of bladder cancer risk associated
with PAH exposures in aluminium smelter workers. Studies in
Quebec have shown a linear relation between cumulative PAH
exposure and bladder cancer risk.85 86 For example, an average
exposure to total PAH in aluminium smelters of 200 µg/m3 over
40 years (not counting exposures 10 years before the cancer)
gave a bladder cancer relative risk of about 2.4. At the lower
exposures typical of foundry workers, 10 µg/m3 over 40 years,
the relative risk would be about 1.07. Similarly, a 40 year
exposure to 2 µg/m3 benzo(a)pyrene, a level observed among
aluminium smelters, results in a bladder cancer relative risk of
2.8, while 40 years of exposure at levels more typical of foundry operations, 0.05 µg/m3, results in a relative risk of 1.05 for
bladder cancer. This extrapolation of results from the
aluminium smelter industry to foundry PAH exposures is
consistent with the findings reported here; if an elevation of
bladder cancer risk occurs in most foundry environments as a
result of PAHs, it is likely to be quite small.
A counter argument can be made that foundry PAH
exposures may not be an important bladder cancer risk factor.
Support for this argument comes from the experience of coke
oven workers who experience high exposures to PAHs, and
show an increased lung cancer risk, but do not appear to suffer an increased risk of bladder cancer.9 Therefore, it is possible that risks do not follow PAH exposure, but some other
contaminant. Clues to other important risk factors were
investigated by looking at bladder cancer risks among
subgroups of foundry workers with different exposure
environments. No increased risk was observed among fettlers
and finishers. These workers are involved in knocking out the
cast part from the mould, grinding or blasting operations to
clean the pieces, and welding operations to rectify defects. This
produces primarily exposure to crystalline silica dust and
metal fumes and dust.87 Some studies record the highest
foundry PAH exposures in the shake-out and fettling
operations,1 78 and the lowest in finishing workers.78 A more
recent report shows a non-detectable level of carcinogenic
PAH exposures in shake-out and finishing workers, but a high
urine β-naphthylamine concentration in finishing workers.3
These somewhat conflicting exposure measurements would
nonetheless suggest an increased risk might be expected in
these workers, while none is observed.

661

662

Gaertner, Thériault

ACKNOWLEDGEMENTS
This research was supported by the Workplace Safety and Insurance
Board of Ontario. The opinions expressed in this paper are those of the
authors and do not necessarily reflect the position of the WSIB.
.....................

Authors’ affiliations
R R W Gaertner, Medical and Occupational Disease Policy Branch,
Workplace Safety and Insurance Board, Ontario, Canada
G P Thériault, Joint Departments of Epidemiology and Biostatistics, and
Occupational Health, McGill University, Montreal, Canada

Additional tables can be viewed on the OEM
website (www.occenvmed.com)

REFERENCES
1 International Agency for Research on Cancer. IARC monographs on
the evaluation of carcinogenic risk to humans. Vol 34. Polynuclear
aromatic compounds, Part 3. Lyon, France: International Agency for
Research on Cancer, 1984.
2 Burgess WA. Recognition of health hazards in industry, 2nd edn. New
York, NY: John Wiley & Sons, Inc., 1995.
3 Hansen AM, Omland O, Poulsen OM, et al. Correlation between work
process-related exposure to polycyclic aromatic hydrocarbons and
urinary levels of α-naphthol, β-naphthylamine and 1-hydroxypyrene in
iron foundry workers. Int Arch Occup Environ Health 1994;65:385–94.
4 Hansen ES. Cancer mortality among Danish molders. Am J Ind Med
1991;20:401–9.
5 Steineck G, Plato N, Norell SE, et al. Urothelial cancer and some
industry-related chemicals: an evaluation of the epidemiologic literature.
Am J Ind Med 1990;17:371–91.
6 Pirastu R, Iavarone I, Comba P. Bladder cancer: a selected review of the
epidemiologic literature. Ann 1st Super Sanita 1996;32:3–20.
7 Silverman DT, Morrison AS, Devesa SS. Bladder cancer. In:
Schottenfeld D, Fraumeni JF, eds. Cancer epidemiology and prevention.
New York, NY: Oxford University Press, 1996:1156–79.
8 Steinmaus CM, Nunez S, Smith AH. Diet and bladder cancer: a
meta-analysis of six dietary variables. Am J Epidemiol
2000;151:693–702.
9 Boffetta P, et al. Cancer risk from occupational and environmental
exposure to policyclic aromatic hydrocarbons. Cancer Causes Control
1997;8:444–72.
10 Sherson D, Svane O, Jynge E. Cancer incidence among foundry
workers in Denmark. Arch Environ Health 1991;46:75–81.
11 Sorahan T, Faux AM, Cooke MA. Mortality among a cohort of United
Kingdom steel foundry workers with special reference to cancers of the
stomach and lung, 1946–90. Occup Environ Med 1994;51:316–22.
12 Selden AI, Westberg HB, Axelson O. Cancer morbidity in workers at
aluminum foundries and secondary aluminum smelters. Am J Ind Med
1997;32:467–77.
13 Hansen ES. A cohort mortality study of foundry workers. Am J Ind Med
1997;32:223–33.
14 Rotimi C, Austin H, Delzell E, et al. Retrospective follow-up study of
foundry and engine plant workers. Am J Ind Med 1993;24:485–98.
15 Starzynski Z, Marek K, Kujawska A, et al. Mortality among different
occupational groups of workers with pneumoconiosis: results from a
register-based cohort study. Am J Ind Med 1996;30:718–25.
16 Firth HM, Elwood JM, Herbison GP. Historical cohort study of a New
Zealand foundry and heavy engineering plant. Occup Environ Med
1999;56:134–8.
17 Andjelkovich DA, Mathew RM, Richardson RB, et al. Mortality of iron
foundry workers: I. overall findings. J Occup Med 1990;32:529–40.

www.occenvmed.com

18 Andersen A, Barlow L, Engeland A, et al. Work-related cancer in the
Nordic countries. Scand J Work Environ Health 1999;25(suppl
2):1–116.
19 Malker HP, McLaughlin JK, Silverman DT, et al. Occupational risks for
bladder cancer among men in Sweden. Can Res 1987;47:6763–6.
20 Egan-Baum E, Miller BA, Waxweiler RJ. Lung cancer and other
mortality patterns among foundrymen. Scand J Work Environ Health
1981;7(suppl4):147–55.
21 Steineck G, Plato N, Alfredsson L, et al. Industry-related urothelial
carcinogens: application of a job-exposure matrix to census data. Am J
Ind Med 1989;16:209–24.
22 Burnett CA, Silverman DT, Lalich NR. A comparison of analyses of
occupational bladder cancer: death certificate vs. population-based
case-control interview data. Am J Ind Med 1994;25:677–88.
23 Dolin PJ, Cook-Moxaffari P. Occupation and bladder cancer: a
death-certificate study. Br J Cancer 1992;66:568–78.
24 Zheng W, McLaughlin JK, Gao YT, et al. Bladder cancer and occupation
in Shanghai, 1980–1984. Am J Ind Med 1992;21:877–85.
25 Pukkala E. Cancer risk by social class and occupation; a survey of
109,000 cancer cases among Finns of working age. Contributions to
epidemiology and biostatistics, Volume 7. New York: Karger, 1995.
26 Gallagher RP, Threlfall WJ, Band PR, et al. Occupational mortality in
British Columbia 1950–1984. Vancouver, BC: Cancer Control Agency
of BC and the Workers’ Compensation Board of BC, 1989.
27 Milham S. Occupational mortality in Washington state 1950–1989.
Cincinnati, OH: US Department of Health and Human Services, 1997.
28 Aronson KJ, Howe GR, Carpenter M, et al. Occupational surveillance in
Canada: cause-specific mortality among workers, 1965–1991. CD-ROM
(Cat. No. 84-546-XCB) Ottawa, Statistics Canada, 2000.
29 Dubrow R, Wegman DH. Cancer and occupation in Massachusetts: a
death certificate study. Am J Ind Med 1984;6:207–30.
30 Petersen GR, Milham S. Occupational mortality in the state of California
1959–1961. Cincinnati, OH, US Department of Health, Education, and
Welfare, 1980.
31 Silverstein M, Maizlish N, Park R, et al. Mortality among ferrous foundry
workers. Am J Ind Med 1986;10:27–43.
32 Sorahan T, Hamilton L, Wallace DMA, et al. Occupational urothelial
tumours: a regional case-control study. Br J Urol 1998;82:25–32.
33 Jensen OM, Wahrendorf J, Knudsen JB, et al. The Copenhagen
case-referent study on bladder cancer. Scand J Work Environ Health
1987;13:129–34.
34 Pesch B, Haerting J, Ranft U, et al. Occupational risk factors for
urothelial carcinoma: agent-specific results from a case-control study in
Germany. Int J Epidemiol 2000;29:238–47.
35 Silverman DT, Levin LI, Hoover RN, et al. Occupational risks of bladder
cancer in the United States: I. White men. J Natl Cancer Inst
1989;81:1472–80.
36 Silverman DT, Levin LI, Hoover RN. Occupational risks of bladder
cancer in the United States: II. Nonwhite men. J Natl Cancer Inst
1989;81:1480–9.
37 Risch HA, Burch JD, Miller AB, et al. Occupational factors and the
incidence of cancer of the bladder in Canada. Br J Ind Med
1988;45:361–7.
38 Coggon D, Pannett B, Osmond C, et al. A survey of cancer and
occupation in young and middle aged men. II. Non-respiratory cancers.
Br J Ind Med 1986;43:381–6.
39 Schoenberg JB, Stemhagen A, Mogielnicki AP, et al. Case-control study
of bladder in New Jersey. I. Occupational exposures in white males. J
Natl Cancer Inst 1984;72:973–81.
40 Barbone F, Franceschi S, Talamini R, et al. Occupation and bladder
cancer in Pordenone (North-East Italy): a case-control study. Int J
Epidemiol 1994;23:58–65.
41 Vineis P, Magnani C. Occupation and bladder cancer in males: a
case-control study. Int J Cancer 1985;35:599–606.
42 Kunze E, Chang-Claude J, Frentzel-Beyme R. Life style and occupational
risk factors for bladder cancer in Germany—a case-control study. Cancer
1992;69:1776–90.
43 Clavel J, Mandereau L, Limasset J-C, et al. Occupational exposure to
polycyclic aromatic hydrocarbons and the risk of bladder cancer: a
French case-control study. Int J Epidemiol 1994;23:1145–53.
44 Grimsrud TK, Langseth H, Engeland A, et al. Lung and bladder cancer
in a Norwegian municipality with iron and steel producing industry:
population based case-control studies. Occup Environ Med
1998;55:387–92.
45 Gonzalez CA, Lopez-abente G, Errezola M, et al. Occupation and
bladder cancer in Spain: a multi-centre case-control study. Int J Epidemiol
1989;18:569–77.
46 Silverman DT, Hoover RN, Albert S, et al. Occupation and cancer of
the lower urinary tract in Detroit. J Natl Cancer Inst 1983;70:237–45.
47 Schifflers E, Jamart J, Renard V. Tobacco and occupation as risk factors
in bladder cancer: a case-control study in southern Belgium. Int J Cancer
1987;39:287–92.
48 Porru S, Aulenti V, Donato F, et al. Bladder cancer and occupation: a
case-control study in northern Italy. Occup Environ Med 1996;53:6–10.
49 Burns PB, Swanson GM. Risk of urinary bladder cancer among blacks
and whites: the role of cigarette use and occupation. Cancer Causes
Control 1991;2:371–9.
50 Golka K, Bandel T, Schlaefke S, et al. Urothelial cancer of the bladder in
an area of former coal, iron, and steel industries in Germany: a
case-control study. Int J Occup Environ Health 1998;4:79–84.
51 Steenland K, Burnett C, Osorio AM. A case-control study of bladder
cancer using city directories as a source of occupational data. Am J
Epidemiol 1987;126:247–57.

Occup Environ Med: first published as 10.1136/oem.59.10.655 on 1 October 2002. Downloaded from http://oem.bmj.com/ on September 27, 2020 by guest. Protected by copyright.

are dirty by nature, and a number of contaminants have been
associated with bladder cancer risk. A weak overall effect of
PAH exposure is consistent with findings from the aluminium
smelting industry, although evidence of unusually high PAH
exposure in foundries, such as in past processes that used coal
tar pitch instead of coal powder,1 could give rise to higher
bladder cancer risks. There is suggestive evidence that workers
in some processes, such as moulders, casters, or general
labourers, experience modest elevations in bladder cancer
risk. The available dose-response information is also suggestive, but inadequate to determine whether a trend exists.
Similarly, the correlation of bladder cancer relative risk with
that for lung cancer suggests workplace exposures may
contribute to both.

Bladder cancer in foundry workers

70 Sutton AJ, Duval SJ Tweedie RL, et al. Empirical assessment of effect of
publication bias on meta-analyses. BMJ 2000;320:1574–7.
71 Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis.
Guidelines on choice of axis. J Clin Epidemiol 2001;54:1046–55.
72 Egger M, Smith GD, Schneider M, et al. Bias in meta-analysis detected
by a simple, graphical test. BMJ 1997;315:629–34.
73 Galbraith RF. Some applications of radial plots. J Am Stat Assoc
1994;89:1232–42.
74 Santella RM, Hemminki K, Tang D-L, et al. Polycyclic aromatic
hydrocarbon-DNA adducts in white blood cells and urinary
1-hydroxypyrene in foundry workers. Cancer Epidemiol Biomarkers Prev
1993;2:59–62.
75 Omland O, Sherson D, Hansen AM, et al. Urinary 1-hydroxypyrene, a
PAH biomarker in foundry workers. Cancer Detect Prev 1996;20:57–62.
76 Hemminki K, Dickey C, Karlsson S, et al. Aromatic DNA adducts in
foundry workers in relation to exposure, life style and CYP1A1 and
glutathione transferase M1 genotype. Carcinogenesis (Lond)
1997;18:345–50.
77 Sherson D, Sigsgaard T, Overgaard E, et al. Interaction of smoking,
uptake of polycyclic aromatic hydrocarbons, and cytochrome P450IA2
activity among foundry workers. Br J Ind Med 1992;49:197–202.
78 Verma DK, Muir DC, Cunliffe S, et al. Polycyclic aromatic hydrocarbons
in Ontario foundry environments. Ann Occup Hyg 1982;25:17–25.
79 Perera FP, Hemminki K, Young TL, et al. Detection of polycyclic aromatic
hydrocarbon-DNA adducts in white blood cells of foundry workers.
Cancer Res 1988;48:2288–91.
80 Knecht U, Elliehausen HJ, Woitowitz HJ. Gaseous and adsorbed PAH in
an iron foundry. Br J Ind Med 1986;43:834–8.
81 Sherson D, Sabro P, Sigsgaard T, et al. Biological monitoring of foundry
workers exposed to polycyclic aromatic hydrocarbons. Br J Ind Med
1990;47:448–53.
82 Kubiak R, Belowski J, Szczeklik J, et al. Biomarkers of carcinogenesis in
humans exposed to polycyclic aromatic hydrocarbons. Mutat Res
1999;445:175–80.
83 Bjorseth A, Becher G, eds. PAH in work atmospheres: occurrence and
determination. Boca Raton, FL: CRC Press, 1986.
84 Lindstedt G, Sollenberg J. Polycyclic aromatic hydrocarbons in
occupational environments. Scand J Work Environ Health 1982;8:1–19.
85 Armstrong BG, Tremblay CG, Cyr D, et al. Estimating the relationship
between exposure to tar volatiles and the incidence of bladder cancer in
aluminum smelter workers. Scand J Work Environ Health
1986;12:486–93.
86 Armstrong B, Tremblay C, Theriault, G. Compensating bladder cancer
victims employed in aluminum reduction plants. J Occup Med
1988;30:771–5.
87 International Labour Office. Encyclopaedia of occupational health and
safety. Geneva: ILO, 1971.

www.occenvmed.com

Occup Environ Med: first published as 10.1136/oem.59.10.655 on 1 October 2002. Downloaded from http://oem.bmj.com/ on September 27, 2020 by guest. Protected by copyright.

52 Tola S, Tenho M, Korkala M-L, et al. Cancer of the urinary bladder in
Finland. Int Arch Occup Environ Health 1980;46:43–51.
53 Mallin K. A nested case-control study of bladder cancer incidence in a
steel manufacturing plant. Am J Ind Med 1998;34:393–8.
54 Koskela RS. Mortality, morbidity and health selection among metal
workers. Scand J Work Environ Health 1997;23(suppl 2):1–80.
55 Park RM. Mortality at an automotive engine foundry and machining
complex. J Occup Environ Med 2001;43:483–93.
56 Xu Z, Pan G-W, Liu L-M, et al. Cancer risks among iron and steel
workers in Anshan, China. Part I: proportional mortality ratio analysis.
Am J Ind Med 1996;30:1–6.
57 Mallin K, Rubin M, Joo E. Occupational cancer mortality in Illinois white
and black males, 1979–1984, for seven cancer sites. Am J Ind Med
1989;15:699–717.
58 Sitas F, Douglas AJ, Webster EC. Respiratory disease mortality patterns
among South African iron moulders. Br J Ind Med 1989;46:310–15.
59 Hall NEL, Rosenman KD. Cancer by industry: analysis of a
population-based cancer registry with an emphasis on blue-collar
workers. Am J Ind Med 1991;19:145–59.
60 Spinelli JJ, Gallagher RP, Band PR, et al. Occupational associations
among British Columbia male cancer patients. Can J Public Health
1990;81:254–8.
61 Siemiatycki J, Dewar R, Nadon L, et al. Occupational risk factors for
bladder cancer: results from a case-control study in Montreal, Quebec,
Canada. Am J Epidemiol 1994;140:1061–80.
62 Notani PN, Shah P, Jayant K, et al. Occupation and cancers of the lung
and bladder: a case-control study in Bombay. Int J Epidemiol
1993;22:185–91.
63 Bonassi S, Merlo F, Pearce N, et al. Bladder cancer and occupational
exposure to polycyclic aromatic hydrocarbons. Int J Cancer
1989;44:648–51.
64 Iscovich J, Castelletto R, Esteve J, et al. Tobacco smoking, occupational
exposure and bladder cancer in Argentina. Int J Cancer
1987;40:734–40.
65 Anton-Culver H, Lee-Feldstein A, Taylor TH. Occupation and bladder
cancer risk. Am J Epidemiol 1992;136:89–94.
66 Swanson GM, Burns PB. Cancer incidence among women in the
workplace: a study of the association between occupation and industry
and 11 cancer sites. J Occup Environ Med 1995;37:282–7.
67 Greenland S. Quantitative methods in the review of epidemiologic
literature. Epidemiol Rev 1987;9:1–30.
68 Petitti DB. Meta-analysis, decision analysis, and cost-effectiveness
analysis. Methods for quantitative synthesis in medicine. Monographs in
epidemiology and biostatistics, Volume 24. New York: Oxford University
Press, 1994:106–11.
69 Shore R, Gardner M, Pannett B. Ethylene oxide: an assessment of the
epidemiological evidence on carcinogenicity. Br J Ind Med
1993;50:971–97.

663

