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Abstract
Objectives—An update of a study of work-
ers exposed to 2-mercaptobenzothiazole
(MBT) at a rubber chemicals plant in
Nitro, West Virginia is reported. The ear-
lier study found high rates of lung cancer,
prostate cancer, and bladder cancer in
these workers who also had potential
exposure to 4-aminobiphenyl (PAB), a
potent bladder carcinogen.
Methods—This cohort mortality study
examines the mortalities of 1059 full time
white male production workers employed
at the plant from 1955 to 1977. A detailed
exposure assessment was done on the 600
workers with exposure to MBT. Nine years
of additional follow up to the previous
study are added.
Results—It was found that MBT workers
have expected rates of lung (standardised
mortality ratio (SMR)=1.0 95% confi-
dence interval (95% CI) 0.7 to 1.5) and
prostate (SMR=0.9, 95% CI 0.2 to 2.3)
cancer. There was an excess of bladder
cancer among MBT workers who had
definite exposure to PAB (SMR=27.1, 95%
CI 11.7 to 53.4), and MBT workers with
potential exposure to PAB (SMR=4.3, 95%
CI 1.4 to 10.0). However, there were no
deaths from bladder cancer among work-
ers with no exposure to PAB (SMR=0.0,
95% CI 0.0 to 24.7), although there were
only 0.2 deaths expected.
Conclusions—The potential confounding
of exposure to an unknown portion of PAB
in the MBT workers makes it impossible
to evaluate risk of bladder cancer in this
population at this time. However, expo-
sure to MBT does not seem to increase the
risk of most cancers including cancers of
the lung and prostate.
(Occup Environ Med 1999;56:667–671)
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2-Mercaptobenzothiazole (CAS No 149–
30–4) (MBT) is a rubber chemical accelerator
which improves the vulcanisation process. Vul-
canisation is a procedure that stabilises rubber
by creating crosslinks between polymers to
provide strength and elasticity. There is some
evidence of carcinogenic activity of MBT in
one animal species.1 Rats developed dose
related tumours of the adrenal gland but there
is no carcinogenic activity in mice.1

Two epidemiology studies reported on the
cancer rates of workers with exposure to MBT at

rubber chemicals plants.2 3 A study of MBT
workers in Ruabon, Wales reported that rates of
most cancers and other causes of death were
lower than or equal to local population rates.2

This study, however, reported increased rates of
bladder cancer, but many of these workers also
had exposure to the suspect bladder carcinogen
ï-toluidine, phenyl-â-naphthylamine, which
may contain â-naphthylamine, a bladder car-
cinogen, and MBT.2 Another study of MBT
workers at a plant in Nitro, West Virginia
reported high rates of bladder, lung, and
prostate cancer. These high rates of cancers were
limited to MBT workers with potential exposure
to ñ-aminobiphenyl (PAB), a potent bladder
carcinogen.3 However, the MBT workers with-
out exposure to PAB had no bladder, lung, or
prostate cancers, although few were expected.

The potential confounding from carcinogens
in both these studies has made interpretation of
the cancer findings for MBT workers diYcult.
Further follow up provides more precise risk
estimates and more information on workers
employed after the discontinuation of the con-
founding factors. Therefore, we have updated
the study at the Nitro plant with 9 more years
of vital status follow up to allow us to
re-examine cancer rates among MBT workers.

Materials and methods
PLANT HISTORY

The Nitro plant started operations in 1922.
The plant has produced or used agricultural
chemicals, paper chemicals, plasticisers, fine
chemicals, intermediates, and rubber chemi-
cals, including MBT and PAB. This plant has
been the subject of several epidemiology
studies.4–10 The production of MBT began at
the Nitro plant in 1934 and continues to the
present day. 2-Mercaptobenzothialzole is made
by combining aniline, sulphur, and carbon
disulphide. The production process has
changed little although engineering changes
have reduced exposure. The MBT from this
process has been sold as a product, and
converted to a sodium salt which has been used
in other products made at the plant.

4-Aminobiphenyl was shipped to the Nitro
plant from 1935 to 1955 and was used to make
rubber antioxidants. The manufacturing proc-
ess involved reacting PAB with acetone in the
presence of a catalyst. High rates of bladder
cancer at this plant have been attributed to
exposure to PAB.4 5 10

STUDY GROUP

We used the same study group presented in the
study of Strauss et al.3 The study population
was assembled from plant payroll, work
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history, and social security tax records. The
study population includes the 1059 full time,
white male production workers who were paid
an hourly rate for >1 day at the Nitro plant
between 1955 and 1977. Workers who left
employment before 1955 were not included in
this study because much of the work history
information was missing. Salaried workers
were excluded because of limited exposure.
Thirty one women and 32 non-white men were
excluded because of small numbers.

METHODS OF ASSESSING EXPOSURE

2-Mercaptobenzothialzole is not very volatile
so most of the exposure would be from dusts.
Dermal exposure was not considered an
important route of exposure due to the nature
of the material and historical use of boots,
gloves, and aprons to protect the skin. We esti-
mated exposure to MBT using the method of
Strauss et al.3 The MBT workers’ estimated
average exposure for the years 1934–77 is
shown in the figure. The highest estimated
exposures occurred between the period of
1943–54 when the average exposures generally
exceeded 2 mg/m3. The average estimated
exposures for workers in this study were low
during the first few years of production and
after 1970.

The potential for exposure to PAB during
the 20 years of manufacturing was limited to
several areas where control analysis samples
were taken, where distillation residues were
removed, and where leaks occurred. Repairs to
equipment and accidental leaks rather than
normal operating conditions resulted in the
greatest exposures.5 Most workers had some
jobs with plantwide responsibilities and there-
fore had the potential to be involved in the
clean up of spills. As we had no way of
determining which workers were involved in
the clean ups of PAB, estimates of exposure to
PAB were impossible. We used two definitions
for exposure to PAB as workers could be
exposed either in the processes which used
PAB or clean ups of accidental releases. A
worker was considered to have potential expo-
sure to PAB if he either had a job in a depart-
ment where exposure to PAB was possible, or
was employed between 1935 and 1955, the
years when PAB was used in the plant. Use of
PAB at the plant coincided with the highest

mean exposures of the MBT workers between
1935 and 1955 (figure).

VITAL STATUS FOLLOW UP

We obtained vital status of workers from the
beginning of 1955 to the end of 1996 from
company payroll and pension files, Social
Security Administration, the National Death
Index, Motor Vehicle Bureau of West Virginia,
and credit bureau records. Further details of
how the data for these workers were assembled
was presented previously.3

At the end of the follow up period, 659
workers (62%) were verified as living, 393
(37%) were confirmed dead, and seven (1%)
were lost to follow up. We obtained 99% of
death certificates (388 of 393). Two nosologists
coded underlying cause of death according to
the rules of the eighth revision of the
international classification of diseases (ICD-8).
The nosologists resolved discrepancies in cod-
ing through discussion. Also, the National
Death Index provided underlying cause of
death for six decedents on whom we had not
obtained the death certificate.

ANALYTICAL METHODS

Person-time for study subjects was accumu-
lated across 5 year age and calendar year
specific intervals. Accumulation of person-time
began at the hire date or 1 January 1955,
whichever was the latest. Accumulation of
person-time ended at the end of the study (31
December 1996), the last day worked if lost to
follow up, or the date of death, whichever was
the earliest. We calculated standardised mor-
tality ratios (SMRs) to compare mortalities
with the white male population of the four
counties of West Virginia (Caball, Kanawha,
Lincoln, and Putnam) within a 20 mile radius
of the plant.11 We used Fisher’s exact method
for calculation of 95% confidence intervals
(95% CIs).12 We followed guidelines for study
conduct given by the Chemical Manufacturer’s
Association.13

We used cumulative exposure to MBT to
evaluate the exposure-response for lung can-
cer, prostate cancer, and bladder cancer.
Cumulative years of exposure are the sum of
daily exposures divided by 356 days. Estimated
exposures were cumulated before 1955 for
workers who were active in 1955. The four cat-
egories of cumulative exposure were none,
0.01–1.9 mg/m3-years, 2–7.9 mg/m3-years, and
8–129 mg/m3-years. Person-years for workers
not exposed to MBT and those who worked
before exposure to MBT began are included in
the none category. These exposure categories
are the same as those of the earlier study and
were developed by dividing the person-years
into three equal cumulative exposure
categories.3 A linear trend test was used to
evaluate exposure-response.14 Rates were also
evaluated by time since first exposure (<20
years and >20 years).

The SMRs are presented for the total plant
population and those workers exposed to
MBT. The group of workers exposed to MBT
is also stratified by workers with and without a

Estimated average exposure to MBT for workers exposed to MBT by year with the years of
PAB manufacture highlighted.
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potential exposure to PAB to find the modify-
ing eVect of exposure to PAB .

Results
Table 1 shows the SMRs for all workers for the
original study of Strauss et al,3 the SMRs for
the 9 year update, and the results for both
groups combined. The original study had
23 943 person-years of observation versus
6404 in the update. There were 272 deaths
reported in the original study versus 313.6
expected deaths (SMR=0.9, 95% CI 0.9 to
1.3). The observed numbers of deaths from
lung cancer (SMR=1.2, 95% CI 0.8 to 1.7),
prostate cancer (SMR=1.8, 95% CI 0.7 to
3.7), bladder cancer (SMR=8.0, 95% CI 4.2 to
13.6), and ischaemic heart disease (SMR=1.1,
95% CI 0.9 to 1.3) were greater than expected.
The 1988–96 update added 121 additional
deaths versus 115.8 expected deaths
(SMR=1.0, 95% CI 0.9 to 1.3). The observed
causes of death for the update period were at
expected levels for most causes with the excep-
tion of bladder cancer (SMR=3.3, 95% CI 0.7
to 9.7), ischaemic heart disease (SMR=1.9,
95% CI 1.3 to 2.8), and non-malignant
respiratory disease (SMR=1.4, 95% CI 0.8 to
2.2).

In the final column of table 1, we combine
the follow up from the study of Strauss et al
with the follow up from the update of
1988–96.3 For the entire follow up period, the
SMR for all causes of death was 0.9 (95% CI

0.8 to 1.0). Although the number of all cancers
in the original study was greater than expected
(SMR=1.2, 95% CI 0.9 to 1.5), the number of
cancers in the combined follow up was at
expected levels (SMR=1.0, 95% CI 0.8 to 1.2).
For the entire follow up period, lung cancer
(SMR=1.0, 95% CI 0.7 to 1.3), prostate
cancer (SMR=1.1, 95% CI 0.5 to 2.1), and the
other cancer sites examined were at expected
levels. Among the cancers, only rates of bladder
cancer were greater than expected for the entire
follow up period (SMR=6.3, 95% CI 3.6 to
10.3). Also, the SMR for ischaemic heart
disease for the entire follow up period was 1.2
(95% CI 1.0 to 1.4). The remaining tables
present results from the combined follow up
periods only.

Table 2 shows the SMRs for the workers
exposed to MBT and stratified by potential
exposure to PAB. The SMR for total cancer
among MBT workers was similar to the entire
study group and to the population living near
the plant (SMR=1.0, 95% CI 0.8 to 1.3). Rates
for lung cancer (SMR=1.0, 95% CI 0.7 to 1.5)
and prostate cancer (SMR=0.9, 95% CI 0.2 to
2.3) were also at expected levels. The SMR for
bladder cancer (SMR=8.9, 95% CI 4.7 to
15.2) was greater than expected when com-
pared with the external reference group. The
number of total cancers was greater than
expected (SMR=2.0, 95% CI 1.3 to 3.0) for
MBT workers with one or more job with expo-
sure to PAB during their career. The numbers

Table 1 Standardised mortality ratios (SMRs, (95% CIs)), observed (obs) and expected (exp) deaths for selected causes of death for original study of
1059 white hourly Nitro plant workers and update period

Cause of death (ICD-8)
Strauss et al3 1955–87 SMR
(95% CI) [obs/exp]

Data added by update 1988–96
SMR (95% CI) [obs/exp]

Total 1955–96 SMR (95% CI)
[obs/exp]

All causes (0-999) 0.9 (0.8 to 1.0) [272/313.6] 1.0 (0.9 to 1.3) [121/115.8] 0.9 (0.8 to 1.0) [393/429.4]
All cancer (140-209) 1.2 (0.9 to 1.5) [78/66.4] 0.7 (0.5 to 1.0) [26/37.3] 1.0 (0.8 to 1.2) [104/103.7]

Buccal cavity and pharyngeal (140-149) 0.6 (0.0 to 3.5) [1/1.6] 0.0 (0.0 to 5.4) [0/0.7] 0.4 (0.0 to 2.5) [1/2.25]
Oesophageal (150) 0.0 (0.0 to 2.4) [0/1.6] 0.0 (0.0 to 3.8) [0/1.0] 0.0 (0.0 to 1.5) [0/2.5]
Stomach (151) 0.5 (0.0 to 2.5) [1/2.3] 1.4 (0.0 to 7.7) [1/0.7] 0.7 (0.1 to 2.4) [2/3.0]
Colon (153) 0.6 (0.1 to 1.8) [3/4.8] 0.7 (0.1 to 2.7) [2/2.7] 0.7 (0.2 to 1.6) [5/7.5]
Rectal (154) 0.7 (0.0 to 4.0) [1/1.4] 0.0 (0.0 to 5.5) [0/0.7] 0.5 (0.0 to 2.7) [1/2.1]
Liver (155-156) 1.0 (0.0 to 5.4) [1/1.0] 0.9 (0.0 to 4.9) [1/1.1] 0.9 (0.1 to 3.3) [2/2.2]
Pancreatic (157) 0.3 (0.0 to 1.8) [1/3.0] 0.0 (0.0 to 2.5) [0/1.5] 0.2 (0.0 to 1.2) [1/4.5]
Lung (162) 1.2 (0.8 to 1.7) [32/26.3] 0.6 (0.3 to 1.2) [9/14.9] 1.0 (0.7 to 1.3) [41/41.2]
Prostate (185) 1.8 (0.7 to 3.7) [7/3.9] 0.3 (0.0 to 1.5) [1/3.7] 1.1 (0.5 to 2.1) [8/7.6]
Kidney (189.0-189.2) 0.0 (0.0 to 2.3) [0/1.6] 1.2 (0.0 to 6.6) [1/0.8] 0.4 (0.0 to 2.3) [1/2.5]
Bladder (188,189.9) 8.0 (4.2 to 13.6) [13/1.6] 3.3 (0.7 to 9.7) [3/0.9] 6.3 (3.6 to 10.3) [16/2.5]
Central nervous system (191-192) 0.6 (0.0 to 3.5) [1/1.6] 0.0 (0.0 to 4.9) [0/0.8] 0.4 (0.0 to 2.4) [1/2.3]
Leukaemia (204-207) 0.9 (0.1 to 3.1) [2/2.4] 1.3 (0.2 to 4.8) [2/1.5] 1.0 (0.3 to 2.6) [4/3.9]
All other cancers 1.1 (0.6 to 1.9) [15/13.4] 1.0 (0.4 to 2.1) [6/6.3] 1.1 (0.6 to 1.6) [21/19.7]

All heart disease
(390-398,400.1,400.9,402,404,410-414,420-429) 1.0 (0.8 to 1.2) [127/129.3] 1.1 (0.8 to 1.4) [44/41.5] 1.0 (0.9 to 1.2) [171/170.8]

Ischaemic heart disease (410-414) 1.1 (0.9 to 1.3) [116/108.8] 1.9 (1.3 to 2.8) [30/15.6] 1.2 (1.0 to 1.4) [146/124.4]
Non-malignant respiratory disease (460-519) 0.6 (0.3 to 1.0) [13/22.1] 1.4 (0.8 to 2.2) [17/12.5] 0.9 (0.6 to 1.2) [30/34.6]
External causes (800-999) 0.7 (0.5 to 1.1) [22/30.5] 1.5 (0.4 to 3.8) [4/2.7] 0.8 (0.5 to 1.1) [26/33.2]
All other causes 0.5 (0.3 to 0.6) [32/65.3] 1.4 (0.9 to 2.0) [30/21.8] 0.7 (0.5 to 0.9) [62/87.1]
Person years 23943 6404 30347
Missing death certificates 1 4 5

Table 2 Standardised mortality ratios (SMRs, (95% CIs)), observed (obs) and expected (exp) deaths for workers exposed to MBT and stratified by the
potential exposure to PAB

Cause of death
All MBT workers SMR
(95%CI) [obs/exp]

MBT workers with jobs with
exposure to PAB SMR (95%CI)
[obs/exp]

MBT workers without jobs with
exposure to PAB* SMR
(95%CI) [obs/exp]

MBT workers with no exposure to
PAB (employed after 1955)
SMR (95%CI) [obs/exp]

All cancers 1.0 (0.8 to 1.3) [63/63.9] 2.0 (1.3 to 3.0) [23/11.5] 0.8 (0.5 to 1.0) [40/52.3] 0.3 (0.1 to 0.9) [3/9.7]
Lung 1.0 (0.7 to 1.5) [27/26.1] 2.4 (1.2 to 4.3) [11/4.6] 0.7 (0.4 to 1.2) [16/21.5] 0.6 (0.1 to 1.9) [2/3.6]
Prostate 0.9 (0.2 to 2.3) [4/4.4] 0.0 (0.0 to 4.4) [0/0.8] 1.1 (0.3 to 2.9) [4/3.6] 0.0 (0.0 to 11.9) [0/0.3]
Bladder 8.9 (4.7 to 15.2) [13/1.5] 27.1 (11.7 to 53.4) [8/0.3] 4.3 (1.4 to 10.0) [5/1.2] 0.0 (0.0 to 24.70 [0/0.2]

Workers 600 89 511 270
Person-years 17344 2405 14940 7405
Missing death certificates 2 1 1 0

*Includes workers who held plantwide jobs with potential exposure to PAB.

Mortalities of workers with exposure to 2-mercaptobenzothialzole 669
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of lung cancers (SMR=2.4, 95% CI 1.2 to 4.3)
and bladder cancers (SMR=27.1, 95% CI 11.7
to 53.4) for this group of workers were greater
than expected. The MBT workers without a
job with definite exposure to PAB during their
careers had an observed total cancer rate
(SMR=0.8, 95% CI 0.5 to 1.0) which was
lower than expected mostly as a result of fewer
than expected deaths from lung cancer
(SMR=0.7, 95% CI 0.4 to 1.2). Observed
deaths from bladder cancer (SMR=4.3, 95%
CI 1.4 to 10.0), however, were greater than
expected in this group based on five deaths.
Workers with no potential exposure to PAB, or
those workers hired after 1955, have a lower
observed than expected risk of total cancer
(SMR=0.3, 95% CI 0.1 to 0.9) and there were
no deaths from bladder cancer (0.2 expected).

Table 3 presents the SMRs for lung,
prostate, and bladder cancer by cumulative
exposure for 511 MBT workers without a job
with known exposure to PAB but who may
have held plant wide jobs with potential expo-
sure to PAB. The SMRs for lung cancer and
prostate cancer varied around 1.0 for all expo-
sure groupings and there was no trend with
cumulative exposure. The SMRs for bladder
cancer were at expected levels in the unexposed
category (SMR=1.2, 95% CI 0.0 to 6.5), no
deaths occurred in the low exposure category
(SMR=0.0, 95% CI 0.0 to 13.8), one death
occurred in the medium category (SMR=3.5,
95% CI 0.1 to 19.5), and four deaths occurred
in the high exposure category (SMR=6.5, 95%
CI 1.8 to 16.6). The p value for the linear trend
test indicated that the increase in SMR with
cumulative exposure was unlikely to be due to
chance. All five deaths from bladder cancer in
workers without a job with definite exposure to
PAB occurred >20 years after first exposure to
MBT (SMR=4.8, 95% CI 1.5 to 11.1). How-
ever, there was only 0.1 death expected from
bladder cancer in the category of <20 years
from first exposure to MBT.

Discussion
The original study on this group of MBT
workers by Strauss et al3 found most cancers at
expected levels. However, high rates of bladder,
lung, and prostate cancer among MBT workers
with potential exposure to PAB were reported.
We have added 9 years of data, 6404
person-years of observation, and 121 addi-
tional deaths to the study of Strauss et al. Dur-
ing the update period, low cancer rates were
observed relative to both the original study and
the external comparison group. The high rates

of lung and prostate cancer reported in the
earlier study among MBT workers are now at
expected levels with the addition of these new
data. The risk of lung and prostate cancer do
not seem to be related to exposure to MBT as
there was no trend with cumulative exposure.
Further, the recently updated Ruabon study
found no increase in lung or prostate cancer
among MBT workers.15 Risks of lung and
prostate cancer do not seem to be related to
exposure to MBT.

We observed high rates of bladder cancer
among the 600 MBT workers. Many of these
MBT workers had potential exposure to PAB,
a potent bladder carcinogen. The manufactur-
ing processes for MBT and PAB overlapped for
20 years, 1935–55. The highest mean exposure
to MBT occurred during the period 1935–55
when PAB was used in the plant. In total 330
MBT workers either worked in the PAB
department, or worked in the plant when PAB
was used. Many of the group who worked in
the plant when PAB was used had jobs with
plantwide responsibilities. The association of
exposure to MBT and bladder cancer has to be
interpreted in the context of potential con-
founding with PAB.

Of the 13 deaths from bladder cancer which
occurred among MBT workers, eight occurred
among the 89 workers who held a job in the
PAB department producing an SMR of 27.1
(95%CI 11.7 to 53.4). The five remaining
deaths from bladder cancer occurred among
the 511 MBT workers who did not have jobs
listed in the PAB department on their work
history. This group of workers also had
increased rates of bladder cancer (SMR=4.3,
95% CI 1.4 to 10.0). If 65 of the 511 MBT
workers employed when PAB was used at the
plant had exposure to PAB, an SMR of 4.3
would be observed given a relative risk of 27.1
among PAB workers. The five workers who
died of bladder cancer held jobs with plantwide
responsibilities for 1 month, 5 months, 8
months, 20 months, and 10 years. These five
workers had job titles of maintenance worker,
yard labourer, or general production worker
and thus may have had exposure to PAB. How-
ever, we have no definitive information that
these workers were ever exposed to PAB.
Although we found an association with increas-
ing exposure to MBT and increasing risk of
bladder cancer, the number of deaths in each
exposure category was small, and at least some
confounding with exposure to PAB seems
likely given that the highest mean exposures to
MBT occurred when PAB manufacturing was

Table 3 Standardised mortality ratios (SMRs, (95% CIs)), observed (obs) and expected (exp) deaths for 511 workers without occupational exposure to
PAB by cumulative exposure to MBT and test for linear trend

Cause of cancer death

Cumulative exposure to MBT (mg/m3.y) among workers without occupational exposure to PAB*

p Value linear
trend test

No exposure SMR (95% CI)
[obs/exp]

0.01–1.9 SMR (95% CI)
[obs/exp]

2.0–7.9 SMR (95% CI)
[obs/exp]

8.0–129.0 SMR (95% CI)
[obs/exp]

Lung cancer 0.8 (0.4 to 1.5) [10/12.6] 0.8 (0.2 to 2.1) [4/4.9] 0.9 (0.3 to 2.0) [6/6.4] 0.6 (0.2 to 1.3) [6/10.1] 0.47
Prostate 1.6 (0.4 to 4.0) [4/2.6] 1.3 (0.0 to 7.2) [1/0.8] 1.2 (0.0 to 6.5) [1/0.9] 1.0 (0.1 to 3.7) [2/1.9] 0.71
Bladder 1.2 (0.0 to 6.5) [1/0.9] 0.0 (0.0 to 13.8) [0/0.3] 3.5 (0.1 to 19.5) [1/0.3] 6.5 (1.8 to 16.6) [4/0.6] 0.04
Workers 726 366 257 171
Person-years 11921 4556 5099 5284
Missing death certificates 3 0 0 1

*Includes workers who held plant wide jobs with potential exposure to PAB.
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taking place and each worker held a job where
exposure to PAB was possible. We found no
deaths from bladder cancer among MBT
workers who were employed after PAB use at
the plant was discontinued, although only 0.2
bladder cancers were expected in this group.

We also evaluated the potential of confound-
ing from cigarette smoking. We used the
indirect method of Axelson as data on smoking
was not available from the workers at the
plant.16 We assumed that cigarette smoking
would be associated with a threefold increase in
the risk of bladder cancer, and that the
percentage of smokers was twice as great (60%
v 30%) in the workers exposed to MBT as the
comparison population. In this situation, ciga-
rette smoking would explain only a 38%
increase in the SMR for this study population.
Confounding with cigarette smoking could not
be solely responsible for the observed increase
in risk of bladder cancer.

In the study of the MBT workers in Ruabon,
Wales by Sorahan et al,15 there were seven
deaths from bladder cancer (SMR=4.1, 95%
CI 1.7 to 8.5). Four of the deaths occurred in
the lowest category of exposure to MBT (rela-
tive risk (RR)=3.5, 95% CI 1.1 to 10.6), two in
the medium exposure category (RR=2.6, 95%
CI 0.6 to 11.3), and one in the highest
exposure category (RR=2.5, 95% CI 0.3 to
19.4). As in our study, the authors were
concerned about the confounding with expo-
sure to phenyl-â-naphthylamine and
ï-toluidine which may increase the risk of
bladder cancer.

In our examination of bladder cancer, we
used underlying cause of death to estimate the
risk. We assumed that the relative risk of death
was equal to the relative risk of incidence in
exposed workers. Sorahan et al15 used incidence
and mortality data to provide more precise
estimates of risk. Collection of bladder cancer
incidence data in our study, however, was not
feasible.

An important limitation in the studies of
both Nitro and Ruabon is the inability to
evaluate risk of bladder cancer from exposure
to MBT because of overlapping exposure of
potent bladder carcinogens. Both PAB and
â-naphthylamine have been associated with
large excesses in bladder cancer after relatively
short exposures.4 5 10 17 Evaluating risk of blad-
der cancer from other occupational exposures
in these settings is diYcult if not impossible at
the present time given the small number of
workers without exposure to bladder carcino-
gens. Assessment of the potential risk of MBT
for bladder cancer will have to wait for further
updates of the workers at Nitro and Ruabon
employed after these bladder carcinogens are
no longer in the plant, or completion of studies
of workers exposed to MBT without confound-
ing exposure to bladder carcinogens.

Conclusion
The MBT workers have cancer rates that are
lower than or equal to local population rates.

Rates of bladder cancer are greater than
expected among MBT workers, but an un-
known portion of these workers had exposure
to PAB. The potential confounding exposure to
PAB, a potent bladder carcinogen, in an
unknown portion of the MBT workers makes it
impossible to evaluate risk of bladder cancer in
this population. Although the lack of bladder
cancers among workers hired after PAB manu-
facture ended would argue against a relation
with exposure to MBT, the number of expected
deaths in this group of workers is too small to
be conclusive. However, exposure to MBT
does not seem to increase the risk of most can-
cers including cancers of the lung and prostate.
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Louis, Missouri 63166, USA.
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