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Excess Number of Bladder
Cancers in Workers Exposed to
Ortho-Toluidine and Aniline

Elizabeth Ward,* Arvind
Carpenter, Steven Markowitz,
Dennis Roberts, William Halperin

A retrospective cohort study of the in-
cidence of bladder cancer was con-
ducted in response to a union request
for an evaluation of a possible excess
number of cases of bladder cancer at a
chemical plant in western New York
State. Workers at the plant were ex-
posed to two potential bladder car-
cinogens—ortho-toluidine (o-toluidine)
and aniline. Incidence rates of bladder
cancer among workers at the plant

were compared with those of the
population of New York State (exclud-
ing New York City). Among all 1749
workers at the plant, 13 cases of blad-
der cancer were observed versus 3.61
expected [standardized incidence ratio
(SIR) = 3.60; 90% confidence interval
(CI) = 213-573]. Among the 708
workers who worked in areas in which
o-toluidine and aniline were used, 7
cases were observed versus 1.08 ex-
pected (SIR = 6.48; 90% CI = 3.04-
12.2). Among the 288 maintenance,
shipping, and janitorial workers
thought to have been possibly exposed,
4 cases were observed versus 1.09 ex-
pected (SIR = 3.66; 90% CI = 1.25-
8.37). Among the remaining 753
workers who were probably not ex-
posed, 2 bladder cancers were ob-
served versus 1.43 expected (SIR =
1.39; 90% CI = 0.25-4.39). Increased
risk of bladder cancer was strongly as-
sociated with increased duration of
employment in the department where
o-toluidine and aniline were wused
(P<.001). Among workers with 10 or
more years of employment in the
department, the SIR was 27.2 (90% CI
= 11.8-53.7). o-Toluidine is an animal
carcinogen more potent than aniline
and is known to produce bladder
tumors in rats; hence, it is more likely
that o-toluidine is responsible for the
observed excess number of cases of
bladder cancer, although aniline may
have played a role. [J Natl Cancer Inst
83:501-506, 1991]

Aniline-based dyes such as benzidine
and beta-naphthylamine have long been
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known to be human bladder carcinogens
(I). However, the carcinogenicity of
aniline itself and of a related compound,
ortho-toluidine (o-toluidine), has remained
in question. In animal experiments in
which the carcinogenicity of aniline and
o-toluidine has been tested under similar
conditions (2,3), aniline has been only
weakly carcinogenic, whereas o-toluidine
has been a more potent carcinogen. In ad-
dition, o-toluidine produced bladder
tumors, whereas aniline did not.

In the only epidemiologic study of
aniline, Case et al (/) found no evidence
that workers exposed to aniline alone had
an increased risk of developing bladder
tumors. However, this study had only 1
case observed and 0.54 expected among
workers exposed only to aniline. There
are no epidemiologic studies of workers
exposed to o-toluidine in the absence of
other potentially carcinogenic aromatic
amines. In one department of an Italian
dyestuff factory, Rubino et al (4) reported
a 62-fold increase (five incident cases ob-
served versus 0.08 expected) in bladder
cancer mortality among a group of
workers exposed to o-toluidine and 4,4-
methylene-bis(2-methylaniline), a carcin-
ogen in rats (5). One recent study (6)
reported a 72-fold increase (eight cases
observed versus 0.11 expected) in the in-
cidence of bladder cancer among 116
workers exposed to o-toluidine in the
manufacture of 4-chloro-o-toluidine be-
tween 1929 and 1970. The observed ex-
cess number of bladder cancer cases in
this cohort was attributed to 4-chloro-o-
toluidine, a carcinogen in mice (7.8),
rather than to o-toluidine, because ex-
posure to 4-chloro-o-toluidine was more
extensive.

The International Agency for Research
on Cancer (IARC) (9,10) has concluded,
“. . . there is sufficient evidence for the
carcinogenicity of o-toluidine hydro-
chloride in experimental animals. An in-
creased incidence of bladder cancer has
been observed in workers exposed to o-
toluidine, but as all were exposed to other
possibly carcinogenic chemicals, o-tol-
uidine cannot be identified specifically as
the responsible agent. o-Toluidine should
be regarded, for practical purposes, as if it
presented a carcinogenic risk to humans.”
Regarding aniline, the IARC concluded,
“. . . there is limited evidence for the car-
cinogenicity of aniline hydrochloride in

experimental animals. The available
epidemiologic data are insufficient to
allow a conclusion as to the car-
cinogenicity of aniline.”

o-Toluidine and aniline are of special
interest because they are present both in
mainstream cigarette smoke and, at much
higher levels, in sidestream smoke (/7).
The levels of o-toluidine and aniline in
both sidestream and mainstream smoke
are substantially higher than levels of the
known bladder carcinogens beta-naph-
thylamine and 4-aminobiphenyl. For ex-
ample, mainstream smoke from a
commercial nonfilter cigarette has been
found to contain 364 ng of aniline, 162 ng
of o-toluidine, 1.7 ng of beta-naph-
thylamine, and 4.6 ng of 4-aminobiphenyl
per cigarette (/7). Hence, o-toluidine and
aniline may play a role in the twofold to
threefold excess risk of bladder cancer
observed among smokers (/2) and may
conceivably be a danger for passive
smokers as well. To date, however,
epidemiologic studies have not demon-
strated an increased risk of bladder cancer
among passive smokers (/3,14).

To investigate the risk of bladder can-
cer among workers exposed to o-toluidine
and aniline, we have conducted a
retrospective cohort study of the in-
cidence of bladder cancer among workers
exposed to these chemicals at a chemical
plant in western New York State. The im-
petus for this study was an initial report to
the National Institute for Occupational
Safety and Health (NIOSH) from the
union at the plant that had an apparent
cluster of bladder cancers among the
workers (15).

Plant, Processes, and Substances

The chemical plant was opened in
1946 for the production of polyvinyl
chioride. Production of an antioxidant for
use in tire manufacturing began in 1957
in a new building. In 1970 an expansion
of the new building was completed, and
production of a new rubber accelerator
was begun. The antioxidant is produced
by the mixing of o-toluidine, aniline,
hydroquinone, and toluene. The rubber
accelerator is produced by the mixing of
carbon disulfide, sulfur, aniline, ben-
zothiazole, and a proprietary chemical.
Few changes have occurred in these
processes over time (I5).

Among the major chemicals used or
formed in the two processes, only o-tol-
uidine, aniline, and hydroquinone have
been evaluated as potential carcinogens
by the JARC, and only o-toluidine was
classified as demonstrating sufficient
evidence of carcinogenicity in animals
(10). Recent testing of hydroquinone in
the National Toxicology Program found
“some evidence of carcinogenicity” in
male and female rats (J6). It is thought
that on the basis of the reactants present,
4-aminobiphenyl, a known human blad-
der carcinogen (/7), is a possible con-
taminant of the process. However, in bulk
samples of process chemicals obtained by
NIOSH in 1990, only trace amounts of 4-
aminobiphenyl were found.

No exposure data were collected by the
company before 1975. NIOSH conducted
its own air monitoring in 1988. Both
company air monitoring and monitoring
conducted by NIOSH show o-toluidine
and aniline levels below 1 ppm. It was
not possible to separate workers exposed
to o-toluidine and aniline from those ex-
posed to aniline alone on the basis of
work history records.

Study Design and Methods

We divided the study population into
the following three groups for epi-
demiologic analysis: 1) workers ever em-
ployed in the department where o-toluidine
and aniline were used, who were assumed
to be definitely exposed, 2) workers in
maintenance, janitorial or yard work, and
shipping, who were assumed to have ex-
perienced possible exposure to o-
toluidine and aniline, and 3) all other
workers, who were not likely to have
been exposed to o-toluidine and aniline.

In a study of the incidence of bladder
cancer, the rate of bladder cancer among
workers in the total cohort and the three
exposure groups was compared with the
rate in the population of New York State
(excluding New York City). Personnel
records were microfilmed for all workers
employed at the plant since 1946, includ-
ing those of office and salaried personnel.
In addition, vital status information was
obtained by means of review of death cer-
tificates from the company pension pro-
gram, records of deaths reported to the
Social Security Administration from 1962
through 1988, and current addresses ob-
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tained from the Internal Revenue Service
and the US Postal Service. Confirmation
of bladder cancer cases identified by the
company and the union was obtained
through review of medical records. Addi-
onal cases were identified when the
computer file of workers was matched
with the New York State Cancer
Registry. Medical records of individuals
identified only from the registry were not
requested because acceptance of a case
by the registry was considered adequate
documentation of the diagnosis.

The comparison group in this study is
the population of New York State (ex-
cluding New York City). Bladder cancer
incidence rates for males and females
were obtained from the New York State
Cancer Registry. A standard life-table
program was used to calculate the num-
ber of observed versus expected bladder
cancer cases (/8). Although rates of blad-
der cancer in the United States are higher
for white than for nonwhite males (79),
we have combined whites and nonwhites
in our analysis because the New York
State Cancer Registry rates are not
stratified by race. Of the 670 individuals
;n the cohort whose race was known,
91% were white, a percentage similar to
that of whites (94%) in New York State
{excluding New York City).

The New York State Cancer Registry
began calculating incidence rates in 1973.
Before 1973, the registry did not code So-
cial Security number, making it difficult
to identify cases through computer
matching. Consequently, in the analysis,
person-years at risk began on January 1,
1973, or on date of starting employment,
whichever occurred later. Bladder cancer
cases (n = 1) occurring before that date
were excluded from the analysis. Person-
years at risk were accumulated to the date
of diagnosis for bladder cancer case sub-
jects, to the date of death for individuals
who died of causes other than bladder
cancer, and to the end date of the study
for all otber individuals (January 1,
1989). This end date was chosen because
workers at the New York State Cancer
Registry had searched its files for cases
occurring through December 1988. Al-
though the registry was able to provide
incidence rates only through 1985, blad-
der cancer incidence rates did not change
markedly during the period of 1980
through 1985. The age-specific incidence
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rates for 1980 through 1984 were there-
fore used to estimate the rates during the
years 1985 through 1988.

Under the assumption of a Poisson dis-
tribution test, statistics and confidence in-
tervals (Cls) were calculated according to
the methods of Rothman and Boice (20).
Ninety percent Cls were used because of
the one-sided nature of the alternative
hypothesis (the number of bladder cancer
cases will be elevated).

For workers ever employed in the ex-
posed department, we also calculated the
standardized incidence ratio (SIR) for
bladder cancer by duration of exposure
and by time since first exposure (potential
latency). Three categories were chosen
for duration of exposure (<5 years, 5
through 10 years, and 10+ years) and
time since first exposure (<10 years, 10
through 20 years, and 20+ years). Direct-
ly standardized rate ratios and tests for
trend were calculated for duration of ex-
posure by use of the NIOSH life-table
program based on methods described by
Rothman (21). This program used the age
distribution of the entire cohort and the
incidence rates in the least exposed group
to generate the numbers of expected cases
in the possibly and definitely exposed
groups.

Cigarette smoking is the major nonoc-
cupational risk factor for bladder cancer
(22). Medical records at the company
contained information about employee
smoking habits, which has been collected
systematically as part of the annual physi-
cal examination since the early 1980s. A
5% sample of the most recent smoking
histories of current and former workers
was collected.

Results

Of 1749 individuals identified from
personnel records at the plant, 1643 were
male and 106 were female. Members of
the cohort were, in general, quite young,
with 72% born after January 1, 1939, and
therefore younger than the age groups (50
years and older) in which 80% of bladder
cancers are diagnosed in the general
population (23). As of August 1, 1988,
the date the personnel records were ob-
tained, 293 of the 1749 workers were still
actively employed at the plant.

A total of 13 subjects in the cohort
were identified as having had bladder

cancer during the study period (1973
through 1988). Two additional cases
were excluded from the analysis because
they occurred in 1972 and 1989. Of the
13 case subjects included in the statistical
analysis, 7 had worked in the exposed
department, 4 had worked in departments
considered to have possible exposure
(maintenance, janitorial/yard, or ship-
ping), and 2 had worked only in other
areas probably not exposed. Both case
subjects who were excluded from the
analysis had worked in departments con-
sidered to have possible exposure. The
characteristics of the 15 cases are sum-
marized in Table 1. :

Table 2 presents the number of ob-
served and expected bladder cancer cases
for the total cohort and for each of the ex-
posure groups. Tables 3 and 4 examine
the trends in bladder cancer risk among
workers in the exposed department by
duration of exposure and time since first
employment in the exposed department,
respectively. A test for trend indicates
that the positive relationship between risk
and duration of exposure is highly statis-
tically significant. In Table 4, the highest
SIR occurs in the category 20+ years
since first employment in the exposed
department. The mean latency period for
all seven case subjects in the department
is 23 years, consistent with the mean or
median latent period of 20 years for oc-
cupational bladder cancer (24).

Among the 143 workers whose smok-
ing histories were obtained, 41 (28.7%)
had never smoked, 62 (43.4%) were cur-
rent smokers, and 40 (28.0%) were
former smokers. The average year to
which the smoking histories applied was
1984, so the smoking habits of white
males in the United States in 1983 were
used for comparison (25). Comparable
smoking prevalence rates in the US
population, when directly standardized to
the age distribution of the cohort, were
32.2% for those who had never smoked,
36.8% for current smokers, and 31.0% for
former smokers. Thus, cohort members
were slightly more likely to be current or
former smokers than was the general US
population. This characteristic is fre-
quently associated with occupational
cohorts (26). The excess risk of bladder
cancer based on this difference in smok-
ing habits alone (assuming no occupa-
tional risks) was estimated by the method
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Table 1. Characteristics of bladder cancer cases among chemical workers by exposure group

Exposure Case Year of Duration of Latency.y Yearof Agear Stage Source of Pathology. Vital
group No. firsiexposure  exposure,* y diagnosis diagnosis case’ statistics/y.
Definitely exposed | 1970 11 16 1986 71 1 R Unknown Alive/1989
2 1957 18 23 1980 6] 1 P.R Grade ! papillary tumor Alive/1989
3 1957 25 25 1982 57 3 P.R Adenocarcinoma Died/1983
4 1957 21 2] 1978 43 1 P,R Grade 2 papillary Died/1982
transitional cell carcinoma
s 1961 10 25 1986 53 ] P,R Grade 2 papillary Alive/1989
transitional cell carcinoma
6 1957 13 23 1980 56 2 P,R Grade 2 papillary Alive/1989
transitional cell carcinoma
7 1957 7 31 1988 64 P Multiple grade 2 or 3 Alive/1989
papiliary transitional
cell carcinoma
Possibly exposed: 8 1957 11 25 1986 60 3 R Grade 2 papillary Alive/1989
worked in maintenance. transitional cell carcinoma
janitorial/yard. shipping 9 1963 9 10 1973 56 1 P.R Unknown Died/1989
10 1979 S 5 1984 52 1 PR Grade 1 or 2 papillay Alive/1989
transitional cell carcinoma
11 1968 1 9 1978 64 1 R Unknown Alive/1989
Probably not exposed 2 1975 46 R Unknown Alive/1989
13 1983 64 3 R Unknown Alive/1988
Not included in analysis 14 1957 15 15 1972 44 P,R Grade 3 Died/1986
transitional cell carcinoma
IS 1979 8 9 1989 60 1 P Grade 2 papillary Alive/1989

transitional cell carcinoma

*Duration of exposure inciudes only the period before diagnosis. For individuals who worked in the exposed department. duration of exposure includes only time
in that department. For workers in “possibly exposed™ jobs, duration of exposure includes only time spent in those jobs,

R = case identified from the New York State Cancer Registry: P = case reported by company or union.

Table 2. Observed and expected numbers of bladder cancers among chemical workers by exposure group

Probability of

exposure to No. of Bladder cancers

o-toluidine and persons SIR 90% Cl

aniline Observed Expected

Definitely exposed 708 7 1.08 6.48 3.04-12.2

Possibly exposed 288 4 1.09 3.66 1.25-8.37

Probably unexposed 753 2 1.43 1.39 0.25-4.39
Total 1749 13 3.61 3.60 2.13-5.73

- — ————

Table 3. Trends in bladder cancer risk by duration of employment in exposed department

Bladder cancers
Duration of No. of
exposure, y persons* Observed Expected SIR+ 90% Cl
<5 584 0 0.75 — —
5999 51 1 0.11 8.8 0.45-41.7
10+ 73 6 022 27.2 11.8-53.7
—— —— re——————— ]

*No. of persons whose duration of employment (as of the study end date, the date of diagnosis. or date of
death) was in the category stated.

+Directly standardized rate ratios were 1.00, 3.31, and 16.0 (with low exposure group as referent). Test for
linear trend was highly significant (P <.001).

described by Axelson and Steenland (27). former smokers, and 2.9 for current
Risk ratios for bladder cancer of 1.0 for smokers were taken from a recent case-
those who had never smoked, 1.7 for control study (J2). We found that the dif-

ferences in smoking habits between the
cohort and the US population would ac-
count for an SIR of 1.05 for bladder cancer.

Discussion

This investigation found a significant
risk of bladder cancer among workers
who were ever employed at the study
plant. Of the 13 bladder cancer cases, 8
were initially reported to NIOSH by the
union; 7 of the 8 original cases were inde-
pendently identified by the New York
State Cancer Registry. An additional 5
cases were identified from the cancer
registry. The toxicologic literature clearly
implicates o-toluidine and aniline as
potential bladder carcinogens. The risk of
bladder cancer was highest among
workers considered to have definite ex-
posure to o-toluidine and aniline, inter-
mediate among workers considered to
have possible exposure, and lowest
among workers considered unexposed.
The risks among those definitely exposed
increased with duration of exposure and
time since first exposure, strengthening
the observed association.

There are several methodological rea-
sons that our study would tend to under-
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Table 4. Trends in bladder cancer risk by time since first employment in exposed department

Time since first

employment No. of

in exposed persons* Bladder cancers SIR 90% CI
department, y Observed Expected

<10 196 0 0.22 — —
10-20 364 1 0.49 2.03 0.10-9.64
20+ 148 6 0.37 164 7.13-32.3

*No. of persons whose time since first employment (as of the study end date, the date of diagnosis. or date

of death) was in the category stated.

estimate the risk of bladder cancer. First,
we may have missed cases that occurred
among former workers who have moved
out of New York State. Records of the In-
ternal Revenue Service indicate that cur-
rently approximately 28% of cohort
members have addresses outside New
York State. Although bladder cancer
cases could have been identified from
death certificates for individuals who had
moved outside New York State, no such
cases were found. Second, we assumed
that all cohort members not known 1o
have died or to have developed bladder
cancer were alive and free of disease until
the end of the study. Moreover, the age
structure of the plant population and the
relatively brief history of the use of o-
toluidine and aniline at the plant suggest
that the full expression of the bladder
cancer risk may not yet be realized.
Because o-toluidine appears to be a
more potent carcinogen than aniline in
animals (2,3), it appears more likely that
the bladder carcinogen in this plant is o-
toluidine, but the possibility that aniline
also contributed to the excess number of
cases cannot be excluded. Contamination
by 4-aminobiphenyl is an unlikely cause
of the excess number of bladder cancer
cases because 4-aminobiphenyl levels
were so low in the bulk samples analyzed
by NIOSH. Historical air-monitoring data
for o-toluidine and aniline do not exist for
the years before 1975, making it difficult
to estimate past exposure. In addition, air
monitoring does not reflect dermal ab-
sorption, probably an important route of
exposure for both chemicals (28).
Preliminary results from a NIOSH ex-
posure survey conducted at the study
plant in March 1990 show elevated levels
of o-toluidine and aniline in the urine of

Vol. 83, No. 7, April 3, 1991

exposed workers compared with those in
control subjects, suggesting that workers
are exposed to these chemicals despite
low air concentrations.

It is reasonable to consider the link be-
tween o-toluidine and human bladder
cancer considerably strengthened by this
study and sufficient to warrant the recom-
mendation that exposure to o-toluidine be
minimized. Since aniline may have con-
tributed to the excess number of bladder
cancers, it would be prudent to reduce ex-
posure to aniline as well. NIOSH (un-
published provisional data as of January
1, 1990) estimates that during the period
1981 through 1983, 28 500 workers were
potentially exposed to o-toluidine and
35 800 workers were potentially exposed to
aniline. The potential carcinogenicity of o-
toluidine and aniline is of broader sig-
nificance than the occupational setting,
since both compounds are present in sig-
nificant amounts in cigarette smoke (/7)
and have been found in the urine of both
smokers and nonsmokers in the general
population (29).
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This is the only tug

your heart sk

uld feel.

- No matter how old you are, no
matter how long you've smoked, if you
quit now, you'll be around for a lot more of
the right kind of heart tugs. Besides increasing

your life span dramatically, quitting smoking reduces

your risks of coronary disease, heart attack and
stroke. And as soon as you quit, your heart begins to

get healthier.

It all adds up to more happy and healthy times
spent with the people you love.
Its never too late to quit smoking. For free

support, encouragement and information on how to
quit, call the Cancer Information Services free help
line at 1-800-4-CANCER.

Its never too late to quit smoking.

Journal of the National Cancer Institute




