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Abstract Occupational exposure is definitely a major
cause of cancer. In the field of urology, the urinary
bladder is the most important target. A classical cause of
bladder cancer is exposure to carcinogenic aromatic
amines, especially benzidine and b-naphthylamine. Such
exposures were related to work places in the chemical
industry, implying production and processing of classi-
cal aromatic amines, and in the rubber industry. Occu-
pational bladder cancer has also been observed in dyers,
painters and hairdressers. Even some occupations with
much lower exposures to carcinogenic aromatic amines,
like coke oven workers or workers in the rubber industry
after the ban on b-naphthylamine, are at risk. In these
occupations, exposure to complex mixtures of sub-
stances containing combustion products (e.g. polycyclic
aromatic hydrocarbons) or nitrosamines is common.
Renal cell cancer has been observed as an occupational
disease in cases of very high exposure to trichloroeth-
ylene having led to narcotic or prenarcotic symptoms.
Occupationally related cancers of the prostate or the
testes appear currently not relevant.

Keywords Transitional cell carcinoma Æ Renal cell
carcinoma Æ Occupational exposure Æ Aromatic
amines Æ Combustion products

Occupational exposure is a well-known cause of human
malignancies. In the field of urology, one of the first
descriptions of an occupationally related malignancy

was presented by Sir Percival Pott [79]. He published
observations on increased risk of squamous cell carci-
noma of the scrotum in British chimneysweepers. Within
the last decades, interesting observations on the relation
of occupational exposure and urological malignancies
have been made, especially regarding the urinary blad-
der and the kidneys. The present review highlights
important occupational exposures, especially under
aspects of improved safety measures.

Bladder cancer

b-Naphthylamine and the rubber industry

In 1938, Hueper succeeded in inducing tumours of the
urinary bladder in dogs by dosing b-naphthylamine
(2-naphthylamine) [54]. As a result of this observation,
b-naphthylamine has been banned in many countries. At
that time, b-naphthylamine had been used as an anti-
oxidant in the rubber industry on a large scale. With the
introduction of these regulations, the health of workers
in the rubber industries regarding professional diseases
of the urinary bladder clearly improved, as shown by a
number of authors investigating bladder cancer rates in
rubber workers [23]. The extraordinary carcinogenic
potential of b-naphthylamine in humans has been con-
firmed by Case et al. [22], reporting on a 200-fold ele-
vated bladder cancer risk for British workers exposed to
b-naphthylamine at that time.

Even nowadays, occupational bladder cancer in
(former) rubber workers is still an issue. In 1993, Bolm-
Audorff et al. reported on elevated bladder cancer
risks, adjusted for smoking, for the profession of
‘‘rubber manufacturing and curing’’ with an odds ratio
(OR) of 5.1 (95% CI 0.6–43.6) [13]. The results of this
small study were subsequently confirmed by the largest
study ever performed in the rubber industry [103]. In
this cohort study on more than 11,000 workers in the
rubber industry, elevated standardised mortality ratios
(SMR) for bladder cancer were observed for ‘‘storage
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and shipment’’ (SMR 253; 95% CI 93–551) and for
‘‘general work’’ in this industry (SMR 159; 95% CI 92–
279).

At the same time, the results of this study were also
confirmed by a study in workers from a factory manu-
facturing chemicals for the rubber industry [96]. The
standardised mortality ratio of workers exposed before
1955 was higher (SMR 560; 95% CI 225–1,154) than in
the entire cohort (SMR 277; 95% CI 127–526). The
authors suggested that this could be most easily ex-
plained by earlier exposures to phenyl-b-naphthylamine.
It should be noted that b-naphthylamine had been
gradually replaced by its derivative phenyl-b-naphthyl-
amine, which was not considered to be carcinogenic.
Later, it was recognised that phenyl-b-naphthylamine
was partly metabolised to b-naphthylamine, demon-
strating that also this substitute could present severe
health effects [31]. Other substances used in the rubber
industry might also contribute to an increased bladder
cancer risk. For instance, different nitrosamines, which
are highly carcinogenic in animal experiments, have
been detected at typical work places in the rubber
industry.

4-Aminobiphenyl

Another carcinogenic aromatic amine which also had
been used in the rubber industry in the past was 4-am-
inobiphenyl. Melick et al. [67] had observed 19 cases in
171 workers in a 4-aminobiphenyl producing facility. It
is notable that five of the 19 cases reported had occurred
in subjects exposed only for less than 2 years. 4-Amin-
obiphenyl is now important as a carcinogenic compo-
nent of tobacco smoke [97].

Benzidine and dye production

Toxicologically, benzidine has been the most important
carcinogenic aromatic amine directed towards the hu-
man bladder. In contrast to b-naphthylamine, this
aromatic amine has been produced on a very large
scale. It has been used primarily in dye production and,
to a much lesser extent, as a hardener in the rubber
industry. In Europe, one of the most important
industrial facilities has been in Leverkusen, Germany.
As of 1991, 92 of 331 workers ever exposed to benzi-
dine production at this facility before 1967 had even-
tually suffered from bladder cancer [62]; see also [42].
The medical experience in these cases has been of
considerable importance for matters of compensation
for the diseased workers [41, 58].

The production of benzidine in Leverkusen was dis-
continued in 1967, although benzidine was not officially
banned in Germany until 1971. Historically, the pro-
duction facility in Leverkusen was part of the large
German chemical production trust, IG Farben, which
had been dissected into different independent companies

after World War II. Other main production sites were
located in Frankfurt-Hoechst, Ludwigshafen and
Wolfen.

Figures on bladder cancer cases related to benzidine
production or its use have also been reported from the
Peoples Republic of China. For instance, Bi et al. [8]
reported on 30 bladder cancer cases among approxi-
mately 2,000 Chinese workers. This implied a 30-fold
elevated bladder cancer risk due to occupation. Also, in
another Chinese study [63, 111] the bladder cancer risk
among a cohort of 784 benzidine-exposed workers was
35-fold increased and even increased up to 75-fold at
work areas with exceptionally high exposures. The high
carcinogenic potential of benzidine to the urinary blad-
der is also fundamental to elevations of bladder cancer
risks in workers exposed to benzidine-based dyes and
colourants with much lower exposures.

4-Chloro-o-toluidine and chlordimeform production

Another highly carcinogenic aromatic amine is 4-chloro-
o-toluidine, which was used for the production of
chlordimeform in Frankfurt-Hoechst. Stasik [98] was
the first to publish an increased bladder cancer risk. In
different subsequent studies [78, 99] the increases in
bladder cancer risks were quantified to be between 38
and 90 fold.

Aromatic amines and bladder cancer in workers
applying azo dyes or colourants

Different experimental [80, 82] and clinical [30] studies
have revealed that inert azo dyes can be cleaved to their
toxicologically relevant amino components, which had
been used to synthesise the respective azo dye. The
underlying principle of the reductive cleavage of an azo
dye is shown in Fig. 1. It is very important to emphasise
that only bioavailable, i.e. water-soluble, azo dyes are
cleaved in this way in the living organism [14, 15].
Therefore, non-bioavailable, i.e. non-water soluble, azo
colourants (i.e. pigments) do not contribute to bladder
cancer risk even if they contain carcinogenic aromatic
amines as components.1 This issue, confirmed in many
studies, is also most important for the compensation of
occupational bladder cancer cases. Comprehensive
information on the chemical structure of dyes is avail-
able from the Colour Index [95]. For practical use in the
medical context, the relevant information on structures
of potentially carcinogenic azo dyes has been extracted
from these files in a much smaller paperback by Myslak
[70].

1 According to the current technical and industrial nomenclature a
dye is used in a dissolved state and must therefore be soluble.
Pigments are non-soluble and are used in suspensions. Both dyes
and pigments comprise the technical entity of colourants.
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Dyers in textile and leather industries

Several professions in which azo dyes based on carcin-
ogenic aromatic amines had been used have revealed
increased bladder cancer risks in different studies.
Among these, due to intensive dermal contact and
inhalation exposure, have been dyers in the textile and
leather industries [4, 37].

Painters and varnishers

Further professions with reports on an elevated risk for
bladder cancer are painters and varnishers. Basic pub-
lications were those of Bethwaite et al. [7] based on the
New Zealand cancer registry and of Myslak et al. [71]
in the city of Dortmund (Table 1). Studies in other
countries did not show such elevated bladder cancer
risks for painters (see IARC, [55]). Nevertheless, the
profession of a painter and varnisher was classified as
an occupation associated with a considerable cancer

risk [55]. Later, elevated smoking-adjusted risks of
bladder cancer in German painters were confirmed by
Golka et al. [44, 45] (Table 1). In a state-wide (state of
Nordrhein-Westfalen, Germany) case-control study on
after-care cancer patients approximately 10 years later,
an elevated bladder cancer risk in painters and
varnishers was again observed [40] (Table 1). These
observations were supported by two other hospital-
based case-control studies in Germany [13, 25]
(Table 1).

The results of the German studies were later also
confirmed by Steenland and Palu [100] investigating
the mortality by bladder cancer in a cohort of more
than 42,000 American painters, based on union re-
cords (SMR 1.23, 95% CI 1.05–1.43), compared with
the US population. The standardised mortality ratio
was as high as 1.77 (95% CI 1.13–2.77), when com-
pared with a control of more than 14,000 organised
non-painters. In a meta-analysis of 13 case-control
studies, Chen and Seaton [24] found a standardised
mortality ratio of painters in total, due to bladder
cancer, of 1.3.

For painters and varnishers the bladder cancer risk
is obviously dependent on the individual exposure,
which is determined by a broad spectrum of working
materials and techniques. This was different between
countries. For example, painters who painted walls
with materials based on titanium dioxide (white) or
other mineral material pigments (coloured) do not
present an increased bladder cancer risk. In contrast,
painters who were regularly exposed in the 1940s and
1950s to dust of ‘‘aniline dyes’’ during preparation and
application of the colourant mixtures, and who had
frequently intensive dermal contact, presented an
increased risk.

Due to the varying past exposure conditions between
countries it is understandable that a number of studies
did not show a significant bladder cancer risk for
painters [55].

Fig. 1 Reductive biological cleavage of an azo dye

Table 1 Bladder cancer risk reported in German painters and varnishers

Authors Study size cases/controls Painters and varnishers
cases/controls

OR 95% CI

Claude et al. [25] 531/531 01)152)123 1.25* 0.59–2.67
(31)492)173)a (2.88*) (1.70–4.88)

Myslak et al. [71] 403/426 21/8 2.76* 1.21–6.28
21/76.2984 21/76.298 2.7* 1.8–4.1
21/68.0555 21/68.055 2.8* 1.9–4.2
21/2.7596 21/2.759 3.5* 2.4–5.2

Bolm-Audorff et al. [13] 219/219 10/5 1.56 0.51–4.78
(6/2)b (2.34) (0.46–11.83)

Golka et al. [44] 412/414 20/8 2.4 1.05–5.57
Golka [40] 156/336 7/7 1.98 0.64–6.11

*not adjusted for smoking
aspray painting,
bhouse painters (included in painters and varnishers!)
1concordant pairs, ever exposed
2discordant pairs, only cases ever exposed
3discordant pairs, only controls ever exposed

4controls: census data 1956 in the state of Nordrhein-Westfalen for
the occupation of a painter
5controls: census data 1976 in the state of Nordrhein-Westfalen for
the occupation of a painter
6controls: census data 1976 in the city of Dortmund for the
occupation of a painter
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Hairdressers

The bladder cancer risk due to exposure to hair dyes is
currently under discussion. A large population-based
case-control study on incident bladder cases in Los
Angeles [38] has recently claimed an elevated bladder
cancer risk (OR 1.9; 95% CI 1.1–3.3) for subjects to
which permanent hair dyes had been applied at least
once a month, for 1 year or longer, compared with non-
users. The risk increased to 3.3 (95% CI 1.3–8.4) for
those to which permanent hair dyes had been applied at
least once a month for 15 years or more. Hairdressers
who had performed their jobs for more than 10 years
showed a 5-fold increased risk (95% CI 1.3–19.2) com-
pared with those who did not use hair dyes. This is in
line with the view of Tola [104] who classically had
postulated an increased bladder cancer risk for hair-
dressers.

The results of Gago-Dominguez et al. [38] were cor-
roborated by the same authors [39] showing an over-
representation of slow NAT2 acetylators among
diseased female users. This genetic trait is a well-known
additional risk factor for bladder cancer if exposure to
aromatic amines has occurred [46, 108]. Bolm-Audorff
et al. [13] reported an elevated smoking-adjusted odds
ratio of 5.1 for hairdressers in a case-control study. In
our own state-wide study on bladder cancer [40] the risk
of bladder cancer also appeared elevated for hair
dressers (OR, adjusted for smoking and age, 4.90; 95%
CI 0.85–28.39). In 1993, IARC finally categorised the
profession of hairdressers in group 2A (‘‘limited
evidence of carcinogenicity in humans’’) [56].

Other occupations with intensive contact to carcinogenic
aromatic amines and/or azo dyes based
on carcinogenic amines

Based on both the literature and our own medical
experience with subjects claiming compensation of an
occupational disease, it can clearly be stated that persons
with intensive contact to aromatic amines or azo dyes,
also in professions not explicitly listed above, may have
an increased bladder cancer risk (for example, a teacher
who had demonstrated the synthesis of benzidine-based
azo dyes in chemistry school courses for years or a
person who had weighed and sold powdery colourants
without protective means (i.e. gloves and paper mask)
for years).

High exposure to combustion products

For many years, combustion products have been sus-
pected to cause bladder cancer. Exceptionally high
industrial exposures to combustion products have oc-
curred in coke oven workers and in workers in potrooms
of the Söderberg electrolysis process in aluminium pro-
duction plants. The exposure to combustion products in

Söderberg potrooms has been extremely high, as
1,000 kg of a Söderberg electrode, which consists of
60% tar coke and 30% coal tar pitch, is used for the
production of 500 kg aluminium. About 5–40% of the
arising fumes may pass the potroom under former
industrial conditions.

Benzo(a)pyrene concentrations from 500–116,000 ng/
m3 and 172–135,000 ng/m3, respectively, at different
working places in Söderberg electolysis facilities have
been published [2, 3] (permissible value: 2,000 ng/m3).
The histories of our own cases observed in the Ruhr area
of Germany displayed concentrations at this upper
range, or even higher [16]. Several studies have shown
elevated bladder cancer risks in this industry (for review,
see Rönneberg and Langmark [85]) and are additionally
supported by two recent studies of the aluminium
industries: Romundstad et al. [84] reported a standar-
dised incidence ratio (SIR) of 1.3 (95% CI 1.1–1.5) for
all exposed and an SIR above 2 for higher exposed
workers after a lag time of 30 years, and Moulin et al.
[68] reported an elevated bladder cancer mortality in
their whole cohort (seven cases; SMR 1.77; 95% CI
0.71–3.64).

Coke oven workers are also exposed to extremely
high concentrations of combustion products. For in-
stance, Manz [66] reported an elevated bladder cancer
risk for coke oven workers in Hamburg based on death
certificates. Bladder cancer was noticed as the cause of
death on six death certificates of 134 coke oven workers,
three death certificates of 108 pipeline network workers,
two death certificates of 236 workmen and on only one
death certificate of 205 office workers. Doll et al. [32]
reported an elevated bladder cancer mortality for coke
oven workers in a prospective study, that was signifi-
cantly higher than the national rate (p=0.003). For the
time period of 1961–1965, the death incidence rate from
bladder cancer was described as 2.5 times higher than
the national incidence.

Intermediate types of exposure to combustion
products such as tar pitch or similar products

Numerous studies have been performed on different
workplaces with exposures to tar and/or tar products.
These workplaces are characterised by much lower
concentrations of combustion products than those
occurring at coke ovens and in potrooms of the Söder-
berg electrolysis process. Nevertheless, elevated bladder
cancer risks were reported.

Hammond et al. [51] reported an elevated bladder
cancer mortality for those having worked as roofers in
the USA for more than 20 years (O/E 13/7.72, ratio
1.68), probably due to considerable exposure to the tar
products used for flat roofs. This is in line with a more
recent study [102] on the mortality of more than 11,000
roofers and waterproofers (PMR 138; 95% CI 111–170).
Tar and related materials contain polycyclic aromatic
hydrocarbons (PAH) and at least certain tar-related
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products also contain small amounts of carcinogenic
aromatic amines [48].

The release of carcinogenic compounds causing
bladder cancer seems to be dependent both on the
temperature of the tar products used and on the dura-
tion of exposure. Thus, an increased bladder cancer risk
in road construction workers has been controversially
discussed. Risch et al. [81] reported an odds ratio of 3.11
(p=0.019) for those occupationally exposed to tars or
asphalt. For road construction it must be considered
that the use of carcinogenic substances has definitely
decreased over the years. Due to regulatory measures,
even processes of recycling of old asphalt surfaces have
to be controlled for PAH release to prevent using con-
taminated asphalt for building new roads. The change
from tar to bitumen, the latter considered to be less
problematic with regard to the workers� health, took
many years and varied between different countries. In
Germany, tar-bitumen mixtures were commonly used
until the middle of the 1960s. Nevertheless, even at the
end of the 1970s, tar-bitumen mixtures could be ob-
served in Germany [59, 60]. Regarding the carcinoge-
nicity of tar and related materials to the human bladder,
a study performed in the largest European tar processing
chemical facility in Castrop-Rauxel is of particular
interest [61]. In a total cohort of 568 male workers with
tar-related skin changes, 13 cases of bladder cancer and
seven cases of papilloma of the bladder (according to the
former classification of papilloma of the bladder) had
been noted.

Low exposure to combustion products

Professional drivers, mechanics, and other professions
are exposed to elevated levels of emissions from com-
bustion engines. Some authors found rather small
bladder cancer risks for subjects exposed to exhausts of
combustion engines [6, 25, 88, 93, 94]. By contrast,
others did not find elevated risks [27, 28, 101, 107]. Olsen
and Jensen [77] observed an elevated risk only after
exposures for more than 20 years.

In total, it appears doubtful that exposures to com-
bustion exhausts are nowadays a significant risk of
human bladder cancer.

Chlorinated hydrocarbons

Three large studies on bladder cancer in US dry cleaners
have revealed elevated risk. Blair et al. [11] reported a

1.7-fold increased bladder cancer mortality in more than
5,300 members of the union of the dry cleaners. Katz
and Jowett [57] observed a 1.9-fold mortality in 671
passed-away dry cleaners, and Brown and Kaplan [18]
observed a 3.0-fold mortality for bladder cancer in 1,690
dry cleaners exposed to the dry-cleaning solvent per-
chloroethylene (tetrachloroethylene) for at least 1 year.
This is in line with a population-based case-control
study by Silverman et al. [93] on 300 white male bladder
cancer cases, the results of which showed a 2.4-fold in-
creased relative bladder cancer risk for dry cleaners and
for laundry service personal.

In a very recent review on the carcinogenicity of
perchloroethylene it has been noticed that both cohort
studies and case-control studies pointed to an excess of
bladder cancer in the study populations, which mostly
included laundry and dry cleaning workers [69].

Axelson et al. [5] did not observe an elevated stan-
dardised morbidity ratio of bladder cancer in a large
study in Sweden comprising more than 1,400 male and
more than 200 female subjects exposed only for short
periods and/or to low concentrations of the solvent tri-
chloroethylene (which differs from perchloroethylene by
one chlorine atom).

Coal miners

Several case-control studies have reported an elevated
bladder cancer risk in coal miners treated in hospitals of
New York City [110], in the Belgian Charleroi and Liège
areas [87], the adjacent French mining area [28] and in
the Ruhr area [44] (Table 2).

The results of these studies are in line with a large
multicentre study in Germany [47] (smoking-adjusted
OR for bladder cancer in miners: 8.8). The patho-
mechanism of the bladder cancer risks for hard coal
miners is still unknown. A study on enzyme polymor-
phisms made a hidden source of aromatic amines un-
likely, based on an inconspicuous percentage of the slow
acetylation state, but pointed to substrates of the
GSTM1 to be involved, e.g. to polymorphic aromatic
hydrocarbons [43].

Miscellaneous

Some additional exposures/occupations have been
considered to be related with an increased risk of
occupational bladder cancer. Thus, several studies

Table 2 Bladder cancer risk in
European and North American
coal miners

*not adjusted for smoking

Author Study size
cases/controls

Coal miners
cases/controls

OR 95% CI

Wynder et al. [110] 300/300 7/1 7.14* 0.87–58.42
Schifflers et al. [87] 74/203 13/22 1.87 0.87–4.02
Cordier et al. [28] 658/658 36/14 2.4 1.25–4.67
Golka et al. [40] 412/414 88/37 2.5 1.64–3.93
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including one on 632 Danish foundry workers (O/E 6/
0.67) [52], a further study on 6,144 Danish foundry
workers (O/E 63/50.93) [92] and a French study on
658 cases and 658 controls (21 cases, 13 controls) [26]
claimed elevated bladder cancer risks in foundry
workers.

Workers exposed to the explosive dinitrotoluene have
also been reported to have an elevated risk, although the
data base is quite limited [20, 83].

Gustavsson et al. [50] reported a risk (SIR) of more
than 2 for bladder cancer (23 observed vs. 9.8 expected
cases) based on a cancer incidence study on 5,266
Swedish chimneysweepers employed between 1918 and
1980, which was confirmed later in a follow-up (SIR
2.47; 95% CI 1.31–4.22) [36]. Two studies have claimed
relevant bladder cancer risks for retired firefighters who
had started their careers at least 40 years before
[49, 106].

Bladder cancer risks in subjects from oil and related
industries have been investigated in different studies
(review: Delzell et al. [29]). Until now, the results of the
studies have been inconclusive.

Renal cell carcinoma

Trichloroethylene

A most relevant occupational carcinogen regarding the
kidneys is the organic solvent trichloroethylene. This
has been shown to cause kidney cancer in laboratory
animals, with [72] and without [65, 75, 76] the muta-
genic stabilisers epichlorhydrin and epoxybutane, which
had been used in the past. Chlorothioketene is believed
to be the ultimately carcinogenic metabolite, arising
from trichloroethylene locally in the kidney [19, 53]. In
1995, a cohort study showed for the first time an ele-
vated renal cell cancer risk (SIR 7.97; 95% CI 2.59–
8.59) in workers highly exposed in a cardboard factory
[53], who showed frequent symptoms of repetitive acute
trichloroethylene intoxications like unconsciousness or
prenarcotic symptoms such as drunkenness or vertigo.
Two subsequent case-control studies [21, 105] con-
firmed this observation. Recommendations for matters
of compensation of the diseased workers from the
urologist�s point of view have been published by
Schöps et al. [89].

In contrast, no elevated risks due to trichloroethylene
were observed in renal cell cancer cases in Sweden [5].
These had been exposed only to low levels of trichlo-
roethylene which had been controlled by periodical bi-
omonitoring of the main metabolite trichloroacetic acid,
indicating that 81% of the cases were exposed to con-
centrations only £ 20 ppm (below current Occupational
Exposure Limits). Typical carcinogenic trichloroethyl-
ene exposures had been greasing and degreasing of
metal, especially cleaning of hot devices or using hot
trichloroethylene [19].

Perchloroethylene

Perchloroethylene (tetrachloroethylene) has caused ele-
vated rates of kidney carcinomas in rats [74]. In different
studies in highly exposed dry cleaners in the USA an
elevated risk has also been claimed. Blair et al. [10] re-
ported a PMR of 200 (v2=0.215) based on death cer-
tificates of 279 former dry cleaners issued from 1957 to
1970. In a follow-up, Blair et al. [11] observed a PMR of
1.7 (equivalent to a PMR of 170 of the former study). In
a recently published follow-up study [12] bladder cancer
mortality was not significantly elevated in white persons.
These findings correspond to studies on the mortality
among dry cleaners by Duh and Nabih [33] (SMOR 3.8;
95% CI 1.9–7.6), Brown and Kaplan [18] (SMR 200;
95% CI 55–517), and Katz and Jowett [57] (PMR 257,
p<0.05). In a very recently published review it was no-
ticed that due to limitations and inconsistencies in the
published literature, it is not possible to draw a definite
conclusion regarding the relationship between per-
chloroethylene and renal cell (or kidney) cancer [69].

Asbestos

A large prospective study on more than 12,000 asbestos-
exposed insulators in the USA and in Canada was closed
in 1976 [91]; it demonstrated an elevated mortality for
tumours located in the kidneys (no further histopatho-
logic diagnosis given) of 2.29 or 2.14 (best available
information or death certificate, respectively). It should
be noted that exposure conditions at these earlier times
were not comparable to exposure conditions later.

Enterline et al. [35] investigated more than 1,000
white Americans with professional asbestos exposure
having retired between 1941 and 1967. Standardised
mortality ratio (SMR) of kidney cancer was 2.58
(p<0.05). In a case-control study in New South Wales,
Australia, comprising 489 renal cell carcinoma cases and
523 controls [64], age and sex-adjusted odds ratio for
formerly asbestos-exposed cases was 1.58 (95% CI 1.02–
2.44). In contrast, in a large mortality study on 4,000
employees with exposure to asbestos in Germany, no
increased number of deaths due to renal cell carcinoma
could be observed among 609 males and 64 females who
had passed away [86]. Due to such differences of results,
the risk of renal cell cancer, with regard to exposure to
asbestos, is presently not clear and still under discussion.

Miscellaneous

In a group of 500 underground copper miners in the
former German Democratic Republic, 14 renal cell
carcinoma cases were observed to be connected with
high exposures to the explosive dinitrotoluene [20].
Several studies performed on workers exposed to crude
oil and its products revealed conflicting results (review:
Delzell et al. [29]).
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Prostate cancer

Some older studies have claimed an elevated risk for
prostate cancer with exposure to cadmium, whereas
others have not (review: Elinder et al. [34]).

Blair and Zahm [9] found a limited increased risk for
people having worked in agriculture. This finding is in
line with the results of a very large prospective cohort
study on pesticide applicators that revealed a prostate
cancer standardised incidence ratio of 1.14 (95% CI
1.05–1.24), which was higher in several subgroups,
especially among exposed subjects with a family history
of prostate cancer [1].

The great majority of studies, however, did not find
clear associations between occupational factors and
prostate cancer. In general, the prostate cancer risk due
to occupational exposure factors appears negligible.

Testicular cancer

No relevant studies on occupationally related testicular
cancer have been published.

Discussion

Bladder cancer is by far the most important occupation-
ally caused malignancy among urological patients. In
Germany, although the industrial production of the two
most important carcinogenic aromatic amines, b-naph-
thylamine and benzidine, was terminated in 1949 and
1967, respectively, bladder cancer due to aromatic amines
is still an issue. This is in part due to the very long latency
time of bladder cancer,which is often longer than 20 years
[73]. This is important because bladder cancer due to
smoking shows decreasing risks if the person has stopped
smoking [17], although cigarette smoke contains small
amounts of carcinogenic aromatic amines like 4-amino-
biphenyl, b-naphthylamine and o-anisidine [97].

Interestingly, an increased bladder cancer risk due to
aromatic amines is also seen when the occupational
exposure ended decades ago. The differential mecha-
nisms underlying bladder cancer, either after smoking or
after occupational exposure to aromatic amines, remain
unclear. It seems likely that in cigarette smoke, carcin-
ogens other than aromatic amines such as polycyclic
aromatic hydrocarbons are also involved.

Besides, interactions between occupational bladder
carcinogens and smoking might become more impor-
tant. Thus, even exposures to low levels of carcinogens
could contribute substantially to transitional cell carci-
noma risk.

For questions of compensation, it seems relevant that
odds ratios for bladder cancer adjusted for smoking are
mostly not distinctly different from non-adjusted odds
ratios, suggesting that former occupational exposures
would remain important, also if a person has smoked.

For the urologists, it is important that, when taking
the patient�s history, all professions ever performed for
6 months or longer should be asked for, at least in all
patients with transitional cell carcinoma. In general, it is
easy to identify an occupational cancer case if the
urologist is familiar with the occupations and/or expo-
sures at risk. A challenge remains to identify elevated
cancer risks connected with unusual exposures.

Recently, low levels of aromatic amines and/or
metabolites thereof have been reported in urine samples
from non-exposed general populations [90, 109]. Origin
and possible health impact of these background levels
remain unclear.

It should be noted that, compared with other malig-
nancies, the urological malignancies covered in this re-
view have favourable prognoses. Thus, studies based on
mortality clearly underestimate occupational risks,
compared with studies on cancer incidence rates or
hospital-based studies.

In the first decades of the last century, macrohemat-
uria due to exposure to toxic chemicals at the workplace
was a common clinical picture for occupational physi-
cians and urologists close to certain chemical production
sites. Due to decrease of exposure, this has disappeared,
while elevated bladder cancer risks are still a relevant
issue.
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