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1. ABSTRACT

There is a considerable discrepancy between the
number of identified occupational-related bladder cancer
cases and the estimated numbers particularly in emerging
nations or less developed countries where suitable
approaches are less or even not known. Thus, within a
project of the World Health Organisation Collaborating
Centres in Occupational Health, a questionnaire of the
Dortmund group, applied in different studies, was
translated into more than 30 languages (Afrikaans, Arabic,
Bengali, Chinese, Czech, Dutch, English, Finnish, French,
Georgian, German, Greek, Hindi, Hungarian, Indonesian,
Italian, Japanese, Kannada, Kazakh, Kirghiz, Korean,
Latvian, Malay, Persian (Farsi), Polish, Portuguese,
Portuguese/Brazilian, Romanian, Russian, Serbo-Croatian,
Slovak, Spanish, Spanish/Mexican, Tamil, Telugu, Thai,
Turkish, Urdu, Vietnamese). The bipartite questionnaire
asks for relevant medical information in the physician’s
part and for the occupational history since leaving school in
the patient’s part. Furthermore, this questionnaire is asking
for intensity and frequency of certain occupational and non-
occupational risk factors. The literature regarding
occupations like painter, hairdresser or miner and
exposures like carcinogenic aromatic amines, azo dyes, or
combustion products is highlighted. The questionnaire is
available on www.ifado.de/BladderCancerDoc.

2. INTRODUCTION

An estimated 386,300 new cases and 150,200
deaths from bladder cancer occurred in 2008 worldwide
(1). Thus bladder cancer is one of the most important
malignancies. In general, bladder cancer is more often
observed in developed countries than in developing
countries. An estimated 177,000 new cases occurred in
males in developed countries and 119,500 in males in
developing countries. The highest age-adjusted incidence
rates (per 100.000 persons) are observed in Southern
Europe (21.0 males, 3.3 females), followed by Northern
America (20.1 males, 5.5 females) and Western Europe
(18.2 males, 4.4 females), whereas the lowest incidence
rates are observed in Eastern Africa (3.4 males, 1.8
females), Melanesia (2.7 males, 0.5 females) and Middle
Africa (1.5 males, 0.3 females) (2), resulting in a 14-fold
variation in incidence (1).

Bladder cancer is a model tumour of chemical
carcinogenesis. In general, this cancer is more frequently
diagnosed in industrialised and urban areas than in rural
areas (3,4). This was most recently corroborated by an
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investigation on the association of population density and
bladder cancer mortality in the United States (5). The most
relevant factor is tobacco smoking. In some areas, up to
50% in males and up to 25% in females are caused by
tobacco smoking (6). Tobacco smoke contains some 4000
different chemical compounds, of which 69 are
carcinogens, including carcinogenic aromatic amines like
4-aminobiphenyl, 2-naphthylamine and o-toluidine, but not
benzidine, and polycyclic aromatic hydrocarbons (6). The
second most relevant cause of bladder cancer is exposure to
bladder carcinogenic substances in the workplace, mostly
carcinogenic aromatic amines and bioavailable (i.e. water
soluble) azo dyes that can be cleaved in the body into the
carcinogenic aromatic amine which was used as coupler
during synthesis (7).

In 1981, Doll and Peto (8) estimated the portion
of bladder cancer cases related to occupation in the United
States at 10% in men and 5% in women. These figures
were confirmed by the Harvard Report on Cancer
Prevention (9). In 2010, Rushton et al. (10) estimated that
for men the occupational attribution factor for bladder
cancer in Britain is 7.1%. In Germany, in the period 1978
to 2003, a total of 1211 cases of bladder cancer were
legally compensated as an occupational disease (11). From
2004-2009, another 705 cases were compensated (12).
Otherwise, an estimated 27,450 persons were newly
diagnosed in 2006 with bladder cancer (13). In Japan, 592
workers received compensation for benzidine-induced and
2-naphthylamine-induced cancers, as noted in 2005
(14,15). Nevertheless, there is a large discrepancy between
the number of estimated and acknowledged cases (16-22).
This was impressively shown by studies on bladder cancer
cases in Italy (20) and in Denmark (18) and is in line with
only 6 compensated bladder cancer cases in Spain in the
period 2000-2008 (23).

It must be taken into account that exposure to
bladder carcinogens, mostly carcinogenic aromatic amines,
has changed over time. For decades, the main focus in
bladder cancer was on workers highly exposed in aromatic
amine production plants or in plants producing azo dyes on
the basis of carcinogenic aromatic amines, mostly
benzidine after the first report of occupational bladder
cancer by Rehn (24,25) up to the reports on newly diseased
persons many years after the plants were closed in the
1960s or early 1970s (e.g. 26-29). In Russia, benzidine
production was reported at least up to 1988 (30).

However, it must be taken into account that in
some countries benzidine production ended later for
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Name: (Patient's label)
Date of birth:
Nationality/ethnic group:

Date of first diagnosis:
Histology: (TNM i

Previous therapy,
{with specification of the year, resp.}

ion, grading}, Archive-No.

Relapses: (TNM classification, grading)

Treatment: Transurethral. res. []  Cytostatic ther. [_] Radical cystectomy []

Radiation D Laser I:l Other treatment |:|
Appendectomy: yes: [ OEE T conpei - (Year)
Tonsillectomy: yes: [ LU N e (Ye2I)
Diabetes: yes: |: na: D SRR b | - 1 ]
Tuberculosis: yes: [ no: ] oo (Yean)
Size:

Weight:
Miscellaneous

Figure 1. Items of physician’s part
(examples).

of the questionnaire

1 i istory:

Please indicate all occupations and jobs you had ever performed for more than 6
months. Indicate your eccupation (job) as exactly as possible, i. e. not worker” but
“chemical worker in the dyestuff production®, “painter in shipbuilding®, “road
construction worker tarring streets®, “textile worker in the field of printing/dying” etc.
Indicate some clues for the mainly performed activities.

Occupation (Job)

Figure 2. Top of the first page of the patient’s part of the
questionnaire with examples for precise formulation of the
working history.

economic reasons, e.g. in South Korea where benzidine
production increased in the 1990s due to the importation of
the technical equipment from Japan and was finally ended
in 2000 (31,32). However, also details in the production
process must be considered. The very few bladder cancer
cases observed to date in Korea are reported, besides the
shorter latency period, to be due to the fact that in Japan
free benzidine base was used in contrast to Korea where
benzidine hydrochloride was wused. Benzidine base
crumbles easily and can readily disperse in the air;
however, if wet-caked as benzidine hydrochloride, its
ability to disperse is markedly decreased. This difference
may have reduced workers’ exposure levels (31).

Nowadays, as almost all production facilities of
highly carcinogenic aromatic amines like benzidine have
been closed world-wide, and the occupational safety
standards at aromatic amines production plants are not
comparable to the working conditions decades ago, the
focus has changed from the follow-up of the limited
numbers of persons involved in the production process to
the far greater number of applicants of colorants like
painters and hairdressers.
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To promote the identification of occupation-
related bladder cancer world-wide, the Dortmund bladder
cancer questionnaire, which was successfully applied to
bladder cancer patients (and controls) in 3 published
hospital-based studies (33-35), mostly with some help of
the physician, and one study on after-care cancer patients
mailing the questionnaire to the home address of the
patients (36), was translated into currently more than 30
languages of the world.

3. STRUCTURE OF THE QUESTIONNAIRE

The questionnaire comprises two parts. The first
part is to be completed by the physician and contains the
standard questions regarding TNM classification and
grading at first diagnosis, applied therapy like transurethral
resection, intravesical instillation of the biological response
modifier BCG (Bacillus Calmette-Guerin) or of the
cytostatic agents mitomycin or adriablastin, and a
documentation of relapses. Furthermore, some easily
accessible factors, e.g. factors possibly influencing the
immune status, like appendectomy, tonsillectomy or
diabetes, are recorded (Figure 1).

The second part is to be completed by the patient.
It begins with a listing of all occupations/jobs ever held for
more than 6 months from the first employment on. For
practical purposes, some examples for presenting relevant
information on the performed occupation or job are given
below (Figure 2). On the following pages, a number of
suspected occupations or exposures at risk are presented.
The aim of this procedure is the following. In the case of
occupations or jobs, the patients will provide some more
detailed information on the performed occupation or job of
interest (Figure 3). For practical purposes very important
are the questions aiming at exposures possibly relevant for
bladder cancer risk (Figure 4). If the individual was
exposed, the person is kindly asked to provide some
relevant details like year of first and last exposure and the
frequency of the exposure. These questions are dedicated to
elucidate bladder cancer risks in occupations commonly not
known for relevant bladder cancer risks, e.g. the teacher
having given a course on synthesizing benzidine-based azo
dyes, the welder applying carcinogenic aromatic amine-
based azo dyes as constituents of crack test sprays used for
quality control in the metal industry or the salesperson
weighing and packing powdery colorants based on
carcinogenic aromatic amines in a paint shop. Furthermore,
some non-occupational bladder cancer risk factors like
tobacco smoking or family history are also asked because
in the future the interaction of different bladder cancer risk
factors (occupational, life-style, genetic) will become more
and more important. At the end, the questionnaire contains
the declaration of consent.

4. TRANSLATION OF THE QUESTIONNAIRE

The aim was to translate the questionnaire into
more than 30 languages, including the 10 most often
spoken languages of the world, according to Lewis (37).
Initially, some native speakers cooperating with us
preferably in bladder cancer research were asked to
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Did you work as a miner?

yes: [] no: (I
Ifyes
brown ooal|:| salt|:| hard coal |:| D
since (year) .............. until (year) .............

thereof underground

since (year) ..........c........ from (year) ...............

Figure 3. Query of more detailed information on an
occupation of interest, using the example of the occupation
of a miner.

Were you exf d to col dyestuffs?
yes
no.
I yes, could you name some of them? In which way were they used? (used since
until )

Were you exposed

all the time frequently rarely

Since until

Figure 4. Query of more detailed information on an
exposure of interest, using the example of exposure to
colorants/dyestuffs.

participate and to provide a translation. Later, the
questionnaire was offered to possibly interested physicians,
natural scientists and other persons for translation. The
colleagues were allowed to add questions not included in
the original version of the questionnaire but of interest in
their country. Furthermore, in a tight frame the colleagues
were also allowed to omit some questions. For example, if
there was no coal mining industry in the country a question
regarding this exposure would possibly impede the
cooperation of the patients and was therefore omitted.

5. OCCUPATIONAL EXPOSURES AND
OCCUPATIONS/JOBS LISTED IN THE
QUESTIONNAIRE

5.1. Chemicals

This is an open question. In general, no additional
relevant information has been gained. However, by open
questions like this the attention may be drawn to up to
currently unknown risks. Furthermore, some patients may
have the feeling that you are really interested in their
individual situation which is not fully or even partially
covered by the questionnaire.

5.2. Colorants/dyestuffs

Colorants based on carcinogenic aromatic amines
are bladder carcinogens if they are bioavailable, i.e. water
soluble (7). Pigments are not water soluble and therefore

2712

they are not carcinogenic to the bladder (7). For practical
purposes it is important that in general spray paints contain
pigments and may contain hardeners, the latter sometimes
based on carcinogenic aromatic amines. This may explain
the finding that in some smaller studies an elevated bladder
cancer risk in spray painters was observed (38,39). The
carcinogenicity of bioavailable azo dyes based on
carcinogenic aromatic amines implies that applicants of
those dyes may have an elevated risk. Due to the ban on
carcinogenic aromatic amines for industrial purposes at
different time points in different countries, the period when
the exposure happened is very important and may vary
considerably from country to country.

5.3. Aromatic amines

The carcinogenic potency of aromatic amines
varies from highly carcinogenic to the human bladder to
not carcinogenic to the human bladder and therefore
aromatic amines are even allowed to be used as a coupler
for synthesizing food colorants. Aromatic amines easily
penetrate the skin. Therefore dermal exposure is an
important risk factor. The most notorious bladder
carcinogens classified by IARC as human carcinogens
Group 1 (“carcinogenic to humans”) are benzidine, 2-
naphthylamine (synonym: 3-naphthylamine), 4-
aminobiphenyl, 4-chloro-o-toluidine and o-toluidine.
Benzidine is by far the most important aromatic amine
regarding bladder cancer and was used mainly in the azo
dye production. 2-Naphthylamine is the most important
carcinogenic aromatic amine formerly used as antioxidant
in the rubber industry. Due to the high bladder
carcinogenicity and its ban in Germany in 1954, 2-
naphthylamine = was replaced by N-phenyl-2-
naphthylamine. However, in some industrialized countries
the production of 2-naphthylamine ended in the 1970s. As
an impurity of  N-phenyl-2-naphthylamine, it was
identified in the rubber industry. Recently, 2-
naphthylamine was also described as an impurity of N-
phenyl-2-naphthylamine formerly used as an antioxidant in
some technical fat, e.g. Stauffer fat (40). 2-Naphthylamine
is also a constituent of the exhaust in aluminium reduction
plants (“Soderberg electrolysis”) (41-42). 1-Naphthylamine
(synonym: o-naphthylamine) is not bladder carcinogenic
but may contain small amounts (0.5% or less) of 2-
naphthylamine as impurity (43). 4-Aminobiphenyl plays, to
our best knowledge, a minor role in occupational bladder
cancer but is, like 2-naphthylamine and o-toluidine, a
constituent of tobacco smoke. 4-Chloro-o-toluidine was
used in the production of the pesticide chlordimeform (44)
only in a few production plants. o-Toluidine is the only
Group 1 carcinogenic aromatic amine which is still used in
the industry and in the workplace. It was classified as a
Group 1 carcinogen recently. Exposure to aromatic amines
classified as Group 2A (“probably carcinogenic to
humans”) may be also relevant for human bladder cancer.
This is dependent on intensity and frequency of exposure. It
is noteworthy that some of those aromatic amines are rarely
used in the workplace and therefore only limited data on
human carcinogenicity to the bladder may be available.
Some benzidine derivatives and azo dyes based on it are
classified as Group 2B (“possibly carcinogenic to
humans”). An important example is 3,3’-dichlorobenzidine,
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a basic compound for the production of 3,3’-
dichlorobenzidine-based pigments. Biomonitoring data
from a 3,3’-dichlorobenzidine producing plant provide
evidence that workers may be exposed (45). However, data
from such plants are scarce and epidemiological data are
not available. For detailed information on aromatic amines
and their carcinogenicity see Neumann (46) and the IARC
Monographs Vol. 99 (47) and Vol. 100 A-F which will
appear soon (48,49).

5.4. Tar or tar products, bitumen, combustion products

Polycyclic aromatic hydrocarbons may be
generated by combustion processes, particularly under
oxygen deprivation. An increased bladder cancer risk was
reported for workers highly exposed to polycyclic aromatic
hydrocarbons (PAH), e.g. for workers in aluminium
reduction plants (50-53) and for coke oven workers in
coking plants (36,54,55). In roofers, who have lower
exposure to PAHs, also an increased bladder cancer risk
was reported (56,57). The carcinogenic potency of tar was
clearly shown in a tar chemical company where 13 bladder
cancer cases and 7 bladder polyps (which would be
classified today as G1Ta bladder cancer) were observed in
568 employees (58). However, the carcinogenic potency of
tar and tar products has been controversial for many years.
In a recent review, Bosetti and co-workers (59) concluded
that, with the exception of town gas production, the bladder
cancer risk in workers, exposed to PAHs is modest. We
would like to add that we also see the workers in the
aluminium reduction plants at a clearly increased risk.
Exposure to bitumen in the past may be problematic.
Bitumen itself does not contain PAHs or carcinogenic
aromatic amines and is not carcinogenic to the bladder.
However, it is important that the transition from tar (which
contains PAH and traces of carcinogenic aromatic amines
like 2-naphthylamine) to bitumen (which does not contain
PAH or traces of carcinogenic aromatic amines) was made
by using tar containing bitumen called coal tar bitumen or
carbobitumen.

5.5. Solvents

Currently, the data on solvents regarding bladder
carcinogenicity do not allow classification of solvents as
relevant bladder carcinogens. However, painting and
hairdressing are occupations with elevated bladder cancer
risk and it remains unclear whether there is e.g. an
interaction with solvents.

5.6. Trichloroethylene

Axelson et al. (60) did not observe an elevated
bladder cancer risk in a large study in Sweden of persons
exposed for short periods and/or to low concentrations of
trichloroethylene. Currently, there are no data available
which clearly show a bladder carcinogenic effect.
However, as trichloroethylene differs from
perchloroethylene only by one chlorine atom, this is an
interesting substance. To date, studies on highly exposed
individuals are not available.

5.7. Perchloroethylene
An elevated bladder cancer risk has been reported
for dry cleaners in the United States in different studies
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(61-64). In a follow-up of the St. Louis cohort, the bladder
cancer risk was still elevated, but no more statistically
significant (65). A review (66) stated that there was an
excess of bladder cancer in the study population mostly
including laundry and dry cleaning workers. A recently
published study on the morbidity of Swedish dry-cleaners
and laundry workers did not show an elevated bladder
cancer risk (67). However, the use of perchloroethylene in
Swedish dry-cleaning shops was regulated very strictly and
thus 8-hour average exposure levels rarely exceeded 50
ppm in the 1980s (67).

5.8. Non-chlorinated solvents

Currently, the data on non-chlorinated solvents
regarding bladder carcinogenicity do not allow classifying
non-chlorinated solvents as bladder carcinogens. However,
painting and hairdressing are occupations with elevated
bladder cancer risk and it remains unclear whether there is
e.g. an interaction with non-chlorinated solvents.

5.9. Coking plant

Some early studies have described an elevated
bladder cancer risk for coke oven workers (54,55). In the
last years, only one study reported an elevated bladder
cancer risk in coke oven workers (36). It is without
doubt that coke oven workers are highly exposed to
combustion products and to small amounts of the highly
bladder carcinogenic aromatic amine 2-naphthylamine.
In Germany, lung cancer in coke oven workers is an
occupational disease (68) whereas bladder cancer in
coke oven workers is not. However, due to the small
amounts of 2-naphthylamine in coke oven fumes (69),
bladder cancer in coke oven workers can also be
compensated as an occupational disease, but this issue
remains controversial. The evaluation of IARC (70) is as
follows:  Occupational  exposures  during  coal
gasification are carcinogenic to humans (Group 1).
Occupational exposures during coke production are
carcinogenic to humans (Group 1). It is noteworthy that
producing coke, i.e. heating of coal under exclusion of
air, is divided into two processes. Low-temperature
coking up to 800°C produces fine coke and fairly large
quantities of liquid and gaseous products, whereas high-
temperature coking is used primarily for the production
of high-temperature lump coke for blast furnaces and
cupola ovens (71). High-temperature coking is
associated with higher levels of exposure to PAHs than
low-temperature processes (72).

5.10. Furnace

There are only a few reports of an elevated
bladder cancer risk in furnace workers (73,74). However,
due to the high concentrations of combustion products, this
exposure may increase bladder cancer risk.

5.11. Hard coal mining

An elevated bladder cancer risk in hard coal
miners was first described by Wynder et al. (75). Later, an
elevated risk was observed in the French-Belgian hard coal
mining area (76,77) and in a large study in the Ruhr area in
Germany (78) also showing an increase of the risk with the
duration of employment as a miner (79). A recent study
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confirmed an elevated bladder cancer risk in hard coal
miners in the Ruhr area (80). In 2008, Reulen and co-
workers (81) reported in a review on occupational
bladder cancer on the occasion of the World Health
Organisation International Consultation Bladder Cancer
- from Pathogenesis to Prevention 2007 in Stockholm
that on the basis of 24 studies the bladder cancer risk in
miners is clearly elevated. However, this was not the case in
population-based studies. To date, the factor causing the
elevated bladder cancer risk in miners remains unknown.
However, hard coal does not contain aromatic amines (80) and
the normal frequency of slow N-acetyltransferase 2 acetylators
in hard coal miners with bladder cancer in two studies
indicates that there is no hidden exposure to carcinogenic
aromatic amines in hard coal mines (34,80). Most recently,
elemental carbon (synonym: carbon black, ultrafine dust)
has been observed in the lungs of coal miners (82).

5.12. Painter/varnisher

Painter and varnisher are occupations with an
elevated bladder cancer risk (83,84). Several studies (e.g.
85,86), and all 4 studies performed in Germany (36,38,39;
87 (not adjusted for smoking) and 78 (adjusted for
smoking)), but not all studies provided an elevated
bladder cancer risk. This is most probably due to the
exposure conditions which may considerably vary from
country to country. Interestingly, also a recently
published study by Dryson et al. (88) which was based
on the New Zealand cancer registry provided an
elevated bladder cancer risk. In that study the exposure
to azo dyes based on carcinogenic aromatic amines
should be estimated clearly lower compared to a study
performed decades ago in this country (89). However,
the bladder cancer risk was comparable and thus the
question arises whether soluble azo dyes based on
aromatic amines are the only bladder carcinogen
painters are exposed to. Some paints also contain metal
compounds containing chromium, cadmium or lead
which are suspected to be carcinogenic. In the case of
lead which was formerly extensively used as white lead
in paints, a large biomonitoring-based study on lead-
exposed workers pointed to an elevated cancer risk, also
regarding the urinary bladder (90).

5.13. Rubber industry, with working areas

The rubber industry is related to an increased
bladder cancer risk at least in some areas. In the largest
study in the rubber industry ever performed an elevated
mortality was observed for “storage and shipment” and for
“general work” in this industry (91). In a study on workers
from a factory manufacturing chemicals for the rubber
industry, Sorahan et al. (92) investigated the standardized
mortality ratio of workers which was higher in workers
exposed before 1955 than in the entire cohort. In general it
can be concluded that after the ban of 2-naphthylamine the
bladder cancer incidence in the rubber industry clearly
decreased but it is still higher than in the general
population.

5.14. Asbestos
From the late 1970s to the early 1980s some
papers reported the presence of asbestos fibres in animals
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fed with asbestos containing food (93-95) and in
individuals with and without occupational exposure to
asbestos (96,97). In 1989, Guillemin and co-workers (98)
presented their own research work combined with a critical
review of the literature. Monseur and colleagues (99)
presented two cases of asbestosis of the bladder and the
prostate, resp. However, since that no new publications on
asbestos and urinary tract cancers appeared.

6. COMPETING NON-OCCUPATIONAL RISK
FACTORS

6.1. Pain killers (quantification)

In the past, analgesics containing phenacetin
were used in many countries and were well known for the
carcinogenicity in the urinary tract. Combinations with
other analgesics are suggested to exhibit a higher risk
(100). It is remarkable that in a large study on more than
1500 bladder cancer patients all non-steroidal anti-
inflammatory drugs except pyrazolone derivatives were
associated with a lower bladder cancer risk. The protective
effect was most pronounced in acetic acid ester-based drugs
like indomethacin (101).

6.2. Smoking habits (quantification)

Smoking is the most important bladder cancer
risk factor contributing up to 50% of cases in men and up to
25% in women. Of practical importance are the
monographs of the International Agency for Research on
Cancer (6,102). Furthermore, as representative of the
numerous publications on bladder cancer risk, the
multicenter studies of Brennan et al. for men and for
women are cited (103,104). It is of utmost importance that
Brennan et al. showed that the bladder cancer risk in
smokers in both genders decreases immediately after
cessation of smoking. The decrease was already more than
30% after 1-4 years of cessation, but did not reach the level
of non-smokers even after 25 years.

6.3. Family history of bladder cancer

Bladder cancer risk increases 2-fold with one
first-degree relative diagnosed with bladder cancer. Age at
diagnosis in familial bladder cancer cases is not very
different from cases without a family history. High-risk
bladder cancer families are extremely rare (105). To date,
only 16 case reports presenting 32 families and 86 affected
individuals, 9 case-control studies and 4 cohort studies
dealing with familial urinary tract cancer have been
published (106).

6.4. Hobbies

As exposure to bladder carcinogens like colorants
based on carcinogenic aromatic amines and/or to high
levels of combustion products may also occur during
leisure activities, this question was included. To date, only
Sole and Sorahan (107) have reported an elevated bladder
cancer risk due maggot baits stained with chrysoidine-
based dyes. The intensive dermal contact was considered to
be causal. However, in a larger study the risk factor
“stained maggots” or “angling” could not be confirmed
(108).
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Table 1. Most frequently spoken languages (modified
according to Lewis (37)) and available translations of the
questionnaire ,,Bladder Cancer Doc*

Rank | Language Primary Total Speakers
Country countries (millions)
1 Chinese China 31 1,213
2 Spanish Spain 44 329
3 English United 112 328
Kingdom
4 Arabic Egypt 57 221
5 Hindi India 20 182
6 Bengali Bangladesh 10 181
7 Portuguese Portugal 37 178
8 Russian Russian 33 144
Federation
9 Japanese Japan 25 122
10 German Germany 43 90.3
11 Indonesian Indonesia 5 84.6
12 Lahnda Pakistan 8 78.3
Panjabi, Pakistan 7 62.6
West.
Seraiki Pakistan 3 13.8
13 Telugu India 10 69.8
14 Vietnamese Viet Nam 23 68.6
15 Marathi India 5 68.1
16 French France 60 67.8
17 Korean Korea, South 33 66.3
18 Tamil India 17 65.7
19 Italian Italy 34 61.7
20 Urdu Pakistan 23 60.6
21 Turkish Turkey 36 50.8
22 Gujarati India 20 46.5
23 Polish Poland 23 40.0
24 Malay Malaysia 14 39.1
29 Kannada India 3 353
34 Persian Iran 29 314
(Farsi)
40 Romanian Romania 20 234
42 Dutch Netherlands 12 21.7
44 Thai Thailand 5 204
55 Serbo- 28 16.4
Croatian
Croatian Croatia 14 5.5
Serbian Serbia 22 7.0
68 Greek Greece 38 13.1
73 Hungarian Hungary 14 12.5
81 Czech Czech 12 9.5
Republic
87 Kazakh Kazakhstan 14 8.3
123 Slovak Slovakia 12 5.0
124 Finnish Finland 7 5.0
126 Afrikaans South Africa 12 4.9
138 Georgian Georgia 13 43
- Kirghiz Kyrgyzstan 6 4.5
- Latvian” Latvia 1 1.55

Italic: translation currently not available
*according to Wikipedia (not included in Lewis (37))

7. TRANSLATIONS AVAILABLE AND FURTHER
DEVELOPMENT

To date, translations into more than 30 languages
are available (Table 1), among them the ten most often
spoken languages of the world. The translations are
available on the homepage of the Dortmund institute as text
files and as pdf files: www.ifado.de/BladderCancerDoc . A
wide use is highly appreciated by all authors. This
questionnaire was developed as a project of the Global Plan
of Action (GPA project 4.21c: Bladder Cancer
Documentation of Causes: the multilingual questionnaire
“Bladder Cancer Doc*) within the framework of the World
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Health Organisation Collaborating Centres in Occupational
Health. For practical as well as for scientific purposes, a
further development of the questionnaire regarding specific
local problems is highly welcome. However, in
publications based on the questionnaire or its modified
version, this article should be cited. A feedback on
applications not aiming at scientific publications to the
corresponding author is also very welcome.

In a second step, publications for example in
local medical journals will be encouraged to make this
questionnaire and its numerous translations available to the
people who have contact with bladder cancer patients.
Translations into still not considered languages are very
welcome and will be presented on the homepage of the
Dortmund institute.

8. DISCUSSION

To date, numerous publications on occupational
bladder cancer and some reviews on occupational bladder
cancer causes have appeared (e.g. 81,109-113). However,
too many occupational bladder cancer cases are not
identified (16-22). This issue may vary considerably from
one country to another and is mainly due to the fact that an
occupational history is not taken. Compared to developed
countries, the situation in developing countries seems to be
even worse. To address this problem, we present an easily
applicable questionnaire with translations into more than 30
languages. This questionnaire has several advantages. First
of all, the German version of the questionnaire has been
successfully completed by bladder cancer cases and
controls who could ask their physician for assistance (33-
35) and by those who could not (36). Additionally, the
Hungarian, Urdu (official language of Pakistan) and the
Spanish-Venezuelan versions have also been successfully
applied under very different circumstances. As the
questionnaire can be completed within a short time, the
acceptance by physicians and patients is very good. On the
other hand, not all occupational risks can be covered by
such a questionnaire. To meet this inevitable shortcoming,
the translations of the questionnaire, accessible at the
homepage of the Dortmund institute
(www.ifado.de/BladderCancerDoc) are offered as pdf files
and as text files. The latter can be easily modified by the
physicians considering specific local exposure conditions
or possible causes of occupational bladder cancer or
scientific topics not included or not adequately covered by
this questionnaire.

First of all, persons who were occupationally exposed to
bioavailable i.e. water soluble azo dyes based on
carcinogenic aromatic amines, may be at risk. In recent
years, hairdressers and people in related occupations like
barbers or beauticians were subjects of scientific
investigations (114,115). It is noteworthy that also
investigations in developing countries aimed at the risk in
this occupation (116). IARC (48) has classified the
occupational exposure of a hairdresser as probably
carcinogenic to humans (Group 2A) but it did not say what
the cause of the elevated risk is. As hairdressers and people
in related occupations are exposed to a broad spectrum of
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Table 2. Items of patient’s part of questionnaire
Occupational history
All occupations (jobs) performed for more than 6 months since leaving
school with year specification
Detailed questions regarding occupational exposure, e.g.
Chemicals
Colorants/dyestuffs
Aromatic amines
Tar or tar products, combustion products
Solvents
Trichloroethylene
Perchloroethylene
Non-chlorinated solvents
Coking plant
Furnace
Hard coal mining
Painter/varnisher
Rubber industry, with working areas
Asbestos
Competing non-occupational risk factors
Pain killers (quantification)
Smoking habits (quantification)
Family history of bladder cancer
Hobbies
Consent form

chemical substances which may considerably vary from
time to time and from country to country or even from area
to area, this topic is also the subject of further research.

Unfortunately, only a limited number of
publications on people occupationally exposed to azo dyes are
available. In 2005, the global dyestuff production was an
estimated 34 million tons, which was worth an estimated 23
billion USD. Consumption of dyestuffs is 40% printing inks,
30% paints, 20% plastics and others from segments like textile
(117). As particularly the textile and the leather industry are
also present in developing countries, this topic may inspire
further studies in these industries. Most recently, our group
described a series of bladder cancer cases in crack testers in the
German metal industry who had applied this procedure for
quality control (118). Surprisingly, some applied crack test
sprays had contained azo dyes like p-phenylazo-anilin-N-
ethyl-2-naphthylamine or Sudan red 7B and were available in
Germany only for this very specific purpose at least up to the
mid 1980s, although the industrial production of 2-
naphthylamine was ended in Germany in 1954. These azo dye
molecules may be cleaved into carcinogenic aromatic amines
like 2-naphthylamine in the body.

Besides this, some occupations like foundry
workers (119-121) are described at risk due to carcinogenic
aromatic amines which may be released by pyrolysis from
polyurethane-bonded sand cores used in the cold box
procedure. Furthermore, people exposed to the explosive
dinitrotoluene are described at risk due to reduction of the
nitro group to an amino group (122-124). At least in
Scandinavia a large study with two follow-ups has shown
an elevated bladder cancer risk of chimney sweeps (125-
127). In Germany, a large study showed that chimney
sweeps had higher blood fat concentrations of
polychlorinated dibenzodioxins (PCDD) and
polychlorinated dibenzofurans (PCDF), applying the sum
of PCDD and PCDF equivalents (128). However, the
bladder cancer risk may considerably vary from one
country to another due to the different fuels used.
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Surprisingly, fire fighters do in general not have
an increased bladder cancer risk (129). This may be
explained by the personal protective equipment and the
relatively short exposure scenarios, compared e.g. with
aluminium reduction plant workers or coke oven workers.
It is surprising that the bladder cancer risk in workers
highly exposed to polycyclic aromatic amines in the
workplace, e.g. aluminium electrolysis pot room workers or
coke oven workers, is only moderately increased and lower
than in long-term heavy smokers.

Furthermore, there are still some unanswered
questions e.g. the cause of the elevated risk of professional
bus, truck or taxi drivers which was observed in many
studies. A recently published pooled analysis revealed a
moderately increased risk which was lower in the more
recently published studies (130). Although the risk is far
too small to be compensated as an occupational disease, it
is of scientific interest because many people are affected
and the main cause is not clear. Currently discussed causes
are for example the differences in drinking habits and urine
voiding compared to the normal population, and inhalation
of diesel exhaust, containing some nitroarenes that can be
metabolized to aromatic amines in the body.

The same is the situation in motor mechanics
who exhibited an elevated bladder cancer risk in a pooled
analysis based on 17 studies (81). Discussed causes are
exposure to diesel exhaust containing nitroarenes and, in
former decades, carcinogenic aromatic amines like 2-
naphthylamine which were observed as impurities in some
fats and gasoline or technical fluids or mineral oils
containing azo dyes like Sudan red 7B which were based
on carcinogenic aromatic amines.

Bladder cancer risks in employees from
petroleum industries were investigated in 8 different
studies. An analysis of the 8 studies showed an association
with an elevated bladder cancer risk (131).

It should be kept in mind that more
occupations/jobs and occupational exposures have been
reported to be associated with an elevated bladder cancer
risk. As such exposures are rare, controversial or associated
with a minor risk far too low to be acknowledged and/or
compensated as an occupational disease, they are not listed
in this article but available on the homepage of the
Dortmund institute (www.ifado.de/BladderCancerDoc).
They are taken from a CD-based tool, particularly designed
for German urologists in practices and hospitals to screen
for possible occupational risks in bladder cancer patients
(132).

It is of utmost importance that bladder cancer risk
in exposed persons may vary also between case-control
studies which are at the state of the art level. An impressive
example is the study on hair dye use and bladder cancer
risk in the greater area of Los Angeles which showed a
clearly elevated risk for the application of permanent hair
dyes not only for professional but also for private use
(133), which was corroborated by the observation of an
elevated frequency of the slow acetylation genotype in the
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affected persons (134). In 2007, it was stated that this study
is state of the art but the findings cannot be transferred to
other areas (114). To date, the results of this study have not
been replicated by other studies.

Last but not least it should be mentioned that
bladder cancer due to bilharziasis in farmers and
agricultural workers in some developing countries is
common (e.g. 135,136) and thus a very important issue
which is unfortunately not termed as an occupational
cancer.

9. SUMMARY

The authors believe that this questionnaire and
the cited references highlighting the scientific background
of the covered risk factors may help to elucidate still
unidentified cases of occupational bladder cancer in
developed and in undeveloped countries. To further
promote the identification of occupational bladder cancer
risks, a list of known and controversial occupations/jobs
and exposures is presented on the homepage of the institute
where the translated questionnaires can be downloaded.
The authors disclaimed presenting these two tables in this
article because they did not want to confuse readers who
are looking for a questionnaire to screen for bladder cancer
risks in daily routine work.
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