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Occupational exposure to sulfuric acid in southern Ontario,
Canada, in association with laryngeal cancer

by Colin L Soskoine, PhD,! Gian S Jhangri, MSc,! Jack Siemiatycki, PhD,?
Ramzan Lakhani, DipHyg,2 Ron Dewar, MSc,? J David Burch, MA %4

Geoffrey R Howe, PhD,% 4 Anthony B Miller, MB*

SOSKOLNE CL, JHANGRI GS, SIEMIATYCKI J, LAKHANI R, DEWAR R, BURCH JD, HOWE
GR, MILLER AB. Occupational exposure to sulfuric acid in southern Ontario, Canada, in association
with laryngeal cancer. Scand J Work Environ Health 1992;18:225—32. A case-referent study, designed
to test associations between asbestos, nickel, and the development of laryngeal cancer, was conducted
in southern Ontario in 1977—1979. The cases were individually matched to neighborhood referents for
gender and age. This constituted the primary study. Personal interviews had secured tobacco, alcohol,
and detailed work histories. To 183 of the male pairs was added retrospective assessments of sulfuric acid
exposure for each job, blind of disease status; this constituted the data base for an augmented secondary
analysis. Logistic regression revealed statistically significant odds ratios when tobacco and alcohol were
controlled. Exposure-response gradients were strongly positive with odds ratios in the range of 1.97
[95% confidence interval (95% CI) 0.63—6.13] for short duration-low level exposure through 6.91
[95% CI 2.20—21.74] for long duration-higher level exposure employing progressively more specific defi-
nitions of exposure. Asbestos as a confounder and the interaction terms examined were nonsignificant.
These findings are corroborative of those of other studies.
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The question of inhaling acid mists in the workplace
in relation to respiratory carcinogenesis was first noted
in 1937 by Campbell (1). His review article included
a hospital case series reported by Alwens et al (2) a
year earlier. From this case series, Campbell noted the
existence of four workers with bronchial cancer who
had worked exclusively with hydrochloric and sulfuric
acids. He speculated that the chemical fumes may be
injurious to individuals susceptible to lung cancer. The
question resurfaced from time to time through the
1950s with reports of respiratory tract cancer, including
cancers of the lung and larynx, but, more specifical-
ly, cancers of the paranasal sinuses (3—5). The focus
on laryngeal cancer, however, was identified most re-
cently through an excess incidence associated with
work on the ethanol unit of a petrochemical plant
which used sulfuric acid in excess of 90% concentra-
tion in water (‘‘strong’’ acid) (6). The inference was
drawn that diethyl sulfate, present in the ethanol
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process, could have been the active carcinogen. The
dialkyl sulfates are known to be strong alkylating
agents.

Since these reports, a series of studies has been
reported which focused more specifically on sulfuric
acid exposure in the workplace (7—13). Each of these
studies demonstrated effects with relative risk estimates
for respiratory tract cancers in the range of 2 to 13.
In only one study of laryngeal cancer (14) were statisti-
cally increased risks found, among others, for work-
ers in metal fabricating [odds ratio (OR) 2.1], but
reduced risks were reported for workers with poten-
tial exposure to sulfuric acid (OR 0.8).

The possible role of sulfuric acid as it relates to en-
hancing susceptibility to cancer has been previously
reviewed (15). The evidence between sublethal expo-
sures to acidic pollutants and chronic health effects
were examined in relation to possible biological
mechanisms. The analyses reported in this presenta-
tion were designed to evaluate the association between
workplace exposure to sulfuric acid and the develop-
ment of laryngeal cancer.

Subjects and methods

A case-referent, population-based interview study was
conducted in southern Ontario among 204 incident
cases of histologically confirmed laryngeal cancer diag-
nosed between 1977 and 1979 and 204 referents in-
dividually matched for gender, age (%5 years), and
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neighborhood of residence. The patients were residents
of four cities, Toronto, Hamilton, Sudbury, and North
Bay. The cases were ascertained through the only two
cancer treatment centers in the study area, which are
the Princess Margaret Hospital in southern Ontario
and the Hamilton Cancer Clinic. Ear, nose and throat
specialists referred the few remaining patients who did
not seek radiotherapy treatment at one of the two can-
cer centers. All of the subjects were interviewed in their
homes. This study focused primarily on tobacco, al-
cohol, asbestos, and nickel, and it has been fully
described elsewhere (16). In summary, the odds ratio
was 5.4 [95% confidence interval (95% CI) 2.6—11.3]
for the highest level of tobacco consumption, 4.8 (95%
CI 2.3—9.9) for the highest level of alcohol consump-
tion, 5.1 (P =0.083) for definite asbestos exposure, and
0.4 (P=0.093) for definite nickel exposure. The lat-
ter three odds ratios were controlled for tobacco con-
sumption. The present study, restricted to the men, was
devised to evaluate occupational sulfuric acid exposure.
A total of 183 pairs of cases and referents was included.
One pair had to be dropped from the 184 initial male
pairs after it was found that the case had been incor-
rectly diagnosed. The mean ages at the time of the in-
terview of the 183 male cases and their 183 matched
referents included in the primary study were 62.4
(SD 9.88, range 38.12—84.75) years and 63.1 (SD 9.94,
range 39.51—87.26) years, respectively. The cases were
histologically confirmed cases of carcinoma of the
larynx, newly diagnosed from March 1977 through
July 1979. Table 1 shows the site-specific frequency
distribution of the cases. The three most common sites
were the glottis (57.4%), unspecified site (20.2%), and
supraglottis (14.2%).

From the interviewer-administered questionnaires of
the primary study, each work experience was extracted
(including period, occupation, job title, and employer)
and, blind of case or referent status, sent to one of
the authors (RL) for retrospective assessment of ex-
posure to sulfuric acid for each job held by all of the
study subjects. The approach used was one developed
for a large case-referent study in Montreal in which
this author had participated. These methods have been
described elsewhere (18—22). Briefly, each job descrip-

Table 1. Distribution of 183 laryngeal cancer cases from south-
ern Ontario in 1977—1979 by site category titles according to
ICD9-CM.2

ICD ICD

code description N %
161.0 Glottis 105 57.38
161.1 Supraglottis 26 14.21
161.2 Subglottis 1 0.55
161.3 Laryngeal cartilages 1 0.55
161.8 Other specified parts 13 7.10
161.9 Larynx, unspecified 37 20.22
Overall 183 100.00

2 |nternational Classification of Diseases, 8th revision, clini-
cal modification (17).
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tion was examined by RL individually and, on the basis
of his knowledge of the occupation, industry, and era,
he coded the job as exposed or unexposed to sulfuric
acid. If the subject was considered to be exposed, this
exposure was further characterized by one of three
levels on each of three scales of concentration, frequen-
¢y, and certainty. The sources of information used by
RL in this exposure assessment were mainly biblio-
graphic. Technical literature concerning sulfuric acid
use and exposure in different industries was collected
from a variety of sources. Much relevant information
was collected in the large Montreal case-referent study
on sulfuric acid exposure in different occupations, and
this information was used judiciously. No measure-
ments were carried out for this study; however, RL
visited the area of study and had discussions with
various local hygiene and engineering experts to help
him assess the specificity of the local situation.

Exposure to sulfuric acid was rated on three ordi-
nal four-point scales of concentration (0=none/un-
exposed, 1=Ilow, 2=medium, 3=high), frequency
(0 =none/unexposed, 1 =low [1— < 5% of workday],
2 =medium [5—30% of workday], 3 =high [ >30% of
workdayl]), and certainty associated with the concen-
tration and frequency assessments (0=not applica-
ble/unexposed; 1=possible, but not probable; 2=
probable; 3 = certain). These three scales are amena-
ble to numerous arithmetic manipulations.

The concentration scale was not based on absolute
quantitative cutpoints. Instead it was based on estab-
lishing certain occupational circumstances as typical
of low, medium, and high exposure conditions and
then using judgment to rate the jobs in the study
against these benchmarks. To provide some relational
idea about the quantitative meaning of the categories
used in assessing concentration, low, medium, and
high roughly corresponded to <0.1, 0.1—0.9, and
>1.0 mg - m~3, respectively.

The simplest method used to distinguish the ‘‘ex-
posed”’ from the ‘“‘unexposed’’ was to consider con-
centration =1, frequency =1, and certainty =1, in
any job of any duration =1 day as exposed; if each
of the three scales were rated zero, then the person was
considered unexposed. Duration was calculated directly
on the basis of the stated period of employment in the
particular job. It was calculated up to the date of diag-
nosis of the case and to the same date for the matched
referent.

A more integrated assessment of exposure over an
entire work history was calculated by summing the
product of concentration, frequency, and certainty
over each job, squaring the result, and multiplying by
duration at that job to provide a ‘‘cumulative exposure
index’’ (19). The latter was then divided by duration
of exposure at any concentration or frequency =1 to
provide the ‘‘average exposure level’’ over a working
lifetime or to the date of diagnosis of the case in each
matched pair, whichever occurred earlier. This mea-
sure allowed the classification of each subject into one



of three categories of exposure. There was ‘‘no ex-
posure,”” and then the median of the frequency distri-
bution for the average exposure level for both the
cases and referents served to distinguish ‘‘high-level
exposure’’ from ‘‘low-level exposure.”” The three
categories of exposure then enabled modeling two
0/1 dummy exposure variables. It was also possible
to be stricter in the definition of exposure by requiring
higher rankings on each or on both of the concentra-
tion and frequency scales. In the latter situation, the
duration (in calculating the denominator for deter-
mining the average exposure level) included only those
durations in jobs assessed as having concentrations or
frequencies or both at the same ranking as used in the
numerator for the calculation of the cumulative ex-
posure index.

To incorporate duration of exposure into the ex-
posure variable, an ordinal scale (0/1/2/3/4) was de-
veloped with a cutoff at 10 years as follows: 0 =no ex-
posure; 1=short duration (< 10 years)-low exposure;
2 =long duration (> 10 years)-low exposure; 3 = short
duration (=< 10 years)-high exposure; and 4 =long du-
ration (> 10 years)-high exposure. This technique al-
lowed modeling four 0/1 dummy variables.

To ensure both the appropriateness of the modeling
strategies and to gain insight into the data, we ana-
lyzed the data set without regard of the matching and
without control for known confounders; retaining the
matching, but without control for confounders or in-
teraction terms; and by logistic regression using con-
ditional maximum likelihood estimation techniques.
Initially, backwards elimination from as fully saturated
a model as possible was the strategy employed, using
full confounder and multiplicative interaction terms.
The most parsimonious models were those subsequent-
ly used in a forward selection strategy. They are the
models presented.

Confounders were obtained directly from the pri-
mary data set by methods described elsewhere (16). In
summary, because asbestos was found to be a signifi-
cant risk factor in the primary study, it was included
in some of the models, but found not to be a signifi-
cant confounder. Hence asbestos was not included in
any of the models presented. Nickel was not found to
be a significant factor in the primary study. Life-style
variables of tobacco and alcohol consumption were ob-
tained in the primary study as part of the home-based
questionnaire administered by a trained interviewer.
Following the approach used in the primary data anal-
ysis, tobacco and alcohol lifetime consumption were
modeled as single, four-level categorized variables.
Tobacco was categorized as < 150000, 150 000—
299 000, and =300 000 cigarettes over a lifetime; al-
cohol was categorized as < 10000, 10 000—26 000,
=26 000 ounces of alcohol over a lifetime (1 ounce =
0.02957 liters). In all of the models, the reference cat-
egory for tobacco and alcohol was ‘‘never used.”’

Some of the published results (16) from the prima-
ry data set were first replicated to ensure consistency
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in the definition of the variables used in the secondary,
augmented data analysis reported in this presentation.

Analyses were carried out with three different
methods for classifying exposure status. First, all of
the data analyses were based on the most sensitive defi-
nition of exposure to sulfuric acid, namely, that with
any concentration, frequency, and certainty score of
> 1. Under this most sensitive definition, table 2 shows
the distribution of exposure among the cases and refer-
ents. Among the referents, 51.4% was exposed for at
least 1 d in their work history by this definition; sul-
furic acid is, after all, one of the most commonly
manufactured chemicals sold in the United States (23).

Second, a slightly more specific, stricter definition
was used which required that the certainty score be in-
creased from =1to =2, and exposures that may have
occurred within the five-year period preceding the date
of diagnosis (ie, within a lag period of five years) were
ignored. Under the first and most sensitive definition,
the lifetime prevalence of exposure among the cases
and referents combined was 62.0%, or, as noted
earlier, among only the referents, it was 51.4%. Un-
der the second and stricter definition of exposure (ta-
ble 2), the combined lifetime prevalence was 35.0%,
or among only the referents it was 25.1%, identifying
a category of questionably exposed subjects under this
definition.

Third, a most specific definition of exposure was
also used, those exposed being classified into two cat-
egories, substantial and probable exposure. Substan-
tial exposure was defined as concentration, frequen-
cy, and certainty =2 and at least five years of accumu-
lated duration not within a lag period of five years;
all other exposures were classified as probable ex-
posure. Then, the combined lifetime prevalence for
those with substantial exposure was 10.1% or, among
only the referents, 6.6% (table 3).

When the frequency distributions of tobacco and al-
cohol on an ordinal scale of “‘no,’” ““low,”” ‘‘moder-
ate,”” and ‘‘high’’ consumption were considered, all
of the cells contained =30 subjects, except for the
number of nonsmoking cases, for whom the cell size
was 12, and that of the nonalcohol consuming cases
was 27, each representing a substantial deficit over ex-
pected. Therefore, at all consuming levels, more cases
than referents tended to smoke tobacco and drink
alcohol, especially at the highest levels.

Attempts to examine possible interaction in the
models rendered nonsignificant effects when P <0.10
was used to decide the significance for the inclusion
of interaction terms. Interaction between tobacco and
alcohol, sulfuric acid and tobacco, and sulfuric acid
and alcohol was examined with the use of the slightly
more specific, stricter definition of sulfuric acid ex-
posure with a five-year lag period. The logistic regres-
sion coefficients for the interaction terms between
tobacco and alcohol, sulfuric acid and tobacco, and
sulfuric acid and alcohol were —0.10 (95% CI
—0.31—0.12), —0.15 (95% CI —0.75—0.44), and
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Table 2. Exposure distribution of all of the study subjects by case (N = 183) or referent (N = 183) status.

Most sensitive exposure?

More specific exposure?

Exposure classification

Cases Referents Total Cases Referents Total
(N) (N) N % (N) (N) N %

Not exposed 50 83 139 38.0 50 89 139 38.0
Questionable exposure® 2 51 48 99 27.0
Short duration (=10 years)

Low exposured 10 16 26 71 12 9 21 5.7

High exposured 10 11 21 5.7 15 10 25 6.8
Long duration (>10 years)

Low exposured 50 38 88 24.0 29 14 43 11.8

High exposured 63 29 92 252 26 13 39 10.7

a Exposure defined as concentration >1; frequency =1; certainty >1; a lag period of 0 years is considered.

b Exposure defined as concentration >1; frequency =>1; certainty >2; a lag period of 5 years is considered.

¢ Only applicable to analyses using the definition of more specific exposure; if exposure was attributed at the lowest certainty
level (ie, certainty = 1) or if any exposure occurred within a lag period of five years (ie, within five years of the date of diag-
nosis), then the subject was considered as neither exposed nor unexposed and was classified as having questionable ex-

posure.

9 The median was used to separate low from high exposures.

Table 3. Exposure distribution of all of the study subjects by
case (N =183) or referent (N = 183) status.

Most specific exposure?

Exposure classification Total
Cases Referents
%

Not exposed 50 89 139 38.0
Questionable exposure® 51 48 99 270
Short duration (<10 years)

Probable exposurec 23 16 39 10.7

Substantial exposure® 6 4 10 27
Long duration (>10 years)

Probable exposurec® 34 18 52 14.2

Substantial exposurec 19 8 27 7.4

Exposure defined as concentration =1; frequency =1; certainty =2;
a lag period of five years is considered.

If exposure was attributed at the lowest certainty level (ie, certainty = 1)
or if any exposure occurred within a lag period of five years (ie, within
five years of the date of diagnosis), then the subject was considered
as neither exposed nor unexposed and was classified as having ques-
tionable exposure.

Exposure has been classified into two mutually exclusive categories:
those with greater (ie, substantial) exposure and those with lesser (ie,
probable) exposure. Substantial exposure is defined as concentration
>2 and frequency =2 and certainty =2 and at least five years of ac-
cumulated duration not within a lag period of five years (ie, not within
five years of the date of diagnosis). All of the other exposures have
been classified as probable exposure.

o

o

—0.08 (95% CI —0.61—0.43), respectively. In this
modeling, exposure to sulfuric acid was classified into
three categories, tobacco and alcohol were classified
as single four-level variables, and a single product in-
teraction term was included. None of the interaction
coefficients were statistically significant. If the tobac-
co or alcohol interaction term had been statistically sig-
nificant, it would have meant that the sulfuric acid-
laryngeal cancer odds ratios could not have been con-
sidered uniform across increasing levels of either tobac-
co or alcohol consumption.

Attempts were made to explore possible interactions
further by examining the effect of sulfuric acid ex-
posure on smokers and nonsmokers, drinkers and non-
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drinkers, and among individuals exposed or not ex-
posed to asbestos. When drinkers and nondrinkers
were examined with sulfuric acid exposure classified
into three categories and with tobacco as a single four-
level variable, the acid-disease odds ratios were 3.53
(95% CI 1.80—6.93) for the drinkers and 3.83 (95%
CI 0.63—23.31) for the nondrinkers. The number of
matched pairs in the nondrinker subgroup was mere-
ly 27, a value rendering any interpretation of interac-
tion difficult. Unfortunately, because of the small sam-
ple sizes in the nonsmoker subgroup (N =12) and in
the subgroup with asbestos exposure (N = 14), analyses
were not possible (the coefficients would not converge).

Results

The odds ratios generally remained statistically signifi-
cantly elevated and stable when sulfuric acid exposure
was treated according to stricter definitions, or when
the five-year period prior to diagnosis was discounted
(ie, when a lag period of five years was considered).
A variety of results is presented across the various ex-
posure definitions.

For completeness, selected crude, unmatched odds
ratios are presented from only the second definition,
more specific exposure (table 2). The six-category clas-
sification yielded the following odds ratios: question-
able exposure 1.89 (95% CI 1.12—3.19); short dura-
tion-low exposure 2.37 (95% CI 0.95—5.93); short
duration-high exposure 2.67 (95% CI 1.14—6.27); long
duration-low exposure 3.69 (95% CI 1.82—7.46); and
long duration-high exposure 3.56 (95% CI 1.72—7.38).
The sulfuric acid-laryngeal cancer matched odds ra-
tios, with no control for confounders, were 2.06 (95%
CI 1.16—3.64) for the questionable exposure cate-
gory, 2.19 (95% CI 0.82—5.80) for short duration-low
exposure, 2.96 (95% CI 1.19—7.36) for short duration-
high exposure, 4.13 (95% CI 1.86—9.18) for long
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Table 4. Odds ratios? for sulfuric acid exposure and laryngeal cancer according to two of three major definitions of exposure.

(95% Ci=95% confidence interval)

Most sensitive exposure®

More specific exposure®

Exposure classification

OR 95% Cl OR 95% CI

Model A
Questionable exposured 5 - 2.05* 1.03—4.08
Exposed 2.90*** 1.62—5.20 3.74*** 1.94—7.22
Model B
Questionable exposured s . 2.06* 1.03—4.12
Low exposure® 1.91 0.97—3.78 3.24** 1.49—7.07
High exposure® 4.28*** 2.13—8.58 445" 1.90—10.45
Model C
Questionable exposured 2.06" 1.02—4.18
Short duration (<10 years)

Low exposure® 1.04 0.34—3.21 197 0.63—6.13

High exposure® 1.62 0.47—5.67 3.57* 1.19—10.73
Long duration (> 10 years)

Low exposure® 2.23* 1.07—4.64 4.30** 1.69—10.91

High exposure® 5.24*** 2.48—11.10 5.57** 2.00—15.50

®

Odds ratios (OR) based on the logistic regression model of cigarette lifetime consumption (1 categorized variable) + alcohol

lifetime ounces of ethanol consumption (1 categorized variable).

a oo

Exposed is defined as concentration >1; frequency =1; certainty =1; a lag period of zero years is considered.
Exposed is defined as concentration =1; frequency =1; certainty =2; a lag period of five years is considered.
Only applicable to analyses using the definition of more specific exposure; if exposure was attributed at the lowest certainty

level (ie, certainty = 1) or if any exposure occurred within a lag period of five years (ie, within five years of the date of diag-
nosis), then the subject was considered as neither exposed nor unexposed and was classified as having questionable ex-

posure; the remaining subjects were classified as exposed.
The median was used to separate low exposures from high exposures.
P<0.05, ** P<0.01, *** P<0.001; otherwise, not statistically significant.

* ©

duration-low exposure, and 4.06 (95% CI 1.77—9.33)
for long duration-high exposure.

Table 4 shows the results for the most sensitive defi-
nition of exposure with a zero-year lag period and with
the slightly more specific, stricter definition of exposure
with a five-year lag period. These findings showed sig-
nificant associations, as well as clear exposure-response
relationships, both with duration excluded or included
in the exposure variable. In all of the comparisons be-
tween the results with a zero- and five-year lag period,
the latter tended to produce odds ratios approximate-
ly 5% higher.

In order to examine effects employing the third and
most specific definition of exposure, we treated the ex-
posure variable differently. Table 5 shows the results
obtained with the most specific definition of exposure.
They demonstrate even stronger exposure-response
relationships, regardless of the method used for clas-
sifying exposure.

Most of the cases were of the “‘glottis’’ (57.4%), with
only one case in each of the ‘‘subglottis’’ and “‘laryn-
geal cartilages’’ sites. It was beyond the scope of the
present study to investigate whether or not site-specific
associations were discernable. However, two sites were
examined in the present investigation: ‘‘glottis’’ with
105 case-referent pairs and supraglottis with just 26
case-referent pairs.

When only ““‘glottis’’ cases and their matched refer-
ents were included in a model, with exposure defined
according to the second, more specific definition, the

odds ratios remained significantly elevated, but no
exposure-response gradient was clearly demonstrated.
Although the loss of statistical significance was only
marginal (at the 5% level) in the model including du-
ration, again no clear exposure-response gradient was
discernible from the point estimates. When supraglottis
was examined with exposure classified in three cate-
gories, and with tobacco and alcohol as single four-
level variables, the acid-disease odds ratio remained
elevated, but not statistically significantly so. The small
sample size in this subgroup made any analysis, and
hence any interpretation, hazardous.

Discussion

An association between exposure to sulfuric acid in the
workplace, particularly at higher concentrations and
over longer periods, and the development of laryngeal
cancer was demonstrated with both tobacco and alco-
hol consumption controlled. Exposure-response rela-
tionships, in terms of both the amount of acid mists
inhaled and the length of time over which such inha-
lation persisted, added evidence to implicate sulfuric
acid in the causation of laryngeal cancer.

In this analysis, the role of asbestos, and any inter-
action between tobacco, alcohol, or both and sulfuric
acid, were insignificant relative to the main effects of
tobacco, alcohol and sulfuric acid. It was not within
the scope of the present study to account for poten-
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Table 5. Odds ratios? for sulfuric acid exposure and laryngeal
cancer according to the most specific definition of exposure.
(95% Cl1=95% confidence interval)

Most specific exposureb

Exposure classification

OR 95% Cl

Model A
Questionable exposure® 2.05* 1.03—4.08
Exposed 3.74***  1.94—7.22
Model B
Questionable exposure® 1.86 0.94—3.66
Probable exposured 2.95** 1.50—5.83
Substantial exposured 4.32** 1.64—11.37
Model C
Questionable exposure® 1.96 0.97—3.92
Short duration (=10 years)

Probable exposured 2.66* 1.09—6.49

Substantial exposured 3.34 0.60—18.53
Long duration (>10 years)

Probable exposured 3.85** 1.60—9.24

Substantial exposured 6.91***  220—21.74

(Y

Odds ratios (OR) based on the logistic regression model of
cigarette lifetime consumption (1 categorized variable) + al-
cohol lifetime ounces of ethanol consumption (1 categorized
variable).

Exposed is defined as concentration =1, frequency =1; cer-
tainty =2; a lag period of five years is considered.

If exposure was attributed at the lowest certainty level (ie,
certainty = 1) or if any exposure occurred within a lag period
of five years (ie, within five years of the date of diagnosis),
then the subject was considered as neither exposed nor un-
exposed and was classified as having questionable ex-
posure; the remaining subjects were classified as exposed.
Exposure has been classified into two mutually exclusive
categories: those with greater (ie, substantial) exposure and
those with lesser (ie, probable) exposure. Substantial ex-
posure is defined as concentration =2 and frequency =2
and certainty =2 and at least five years of accumulated
duration not within a lag period of five years (ie, not within
five years of the date of diagnosis). All of the other exposures
have been classified as probable exposure.

P<0.05,** P<0.01, *** P<0.001; otherwise, not statistical-
ly significant.

o

o

a

»

tial industrial exposures other than asbestos and nickel,
evaluated in the primary study. The inclusion of as-
bestos in the models had virtually no effect on the odds
ratio estimates for sulfuric acid. Therefore, the choice
was made to present only the models excluding as-
bestos.

To date, two case-referent studies (8—10) and three
cohort studies (7, 12, 13) have associated occupational
acid exposure with the development of laryngeal can-
cer. One cohort study, designed to evaluate specifically
the association between sulfuric acid exposure in the
workplace and lung cancer (11), also rendered posi-
tive results. Brown et al (14) failed to find an associa-
tion. However, their study dichotomized exposure in-
to ‘‘ever versus never exposed’’ and thereby reduced
its ability to detect ‘‘high-level exposure’’ effects be-
cause of a potential exposure dilution bias. This proce-
dure could account for the inability of that study to
demonstrate any laryngeal cancer effect with sulfuric
acid exposure in the workplace.

With an exposure assessment procedure similar to
that used in this study, it was found that the lifetime
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prevalence of exposure to sulfuric acid in Montreal was
approximately 9% (22). Subjects were regarded as
being exposed if the level of certainty was >2 with a
lag period of five years. This level is in contrast with
the much higher one found in the present study. The
difference is because of the heavy industry base in the
southern Ontario study area. The prevalence of ex-
posure is influenced by the historic existence of nu-
merous sulfuric acid manufacturing and acid-using in-
dustries. Major industries that use sulfuric acid include
iron and steel pickling; fertilizer production; soap pro-
duction; storage-battery production; production of ex-
plosives, chemicals, and textile fibers; and petroleum
refining. Some of the more heavily exposed occupa-
tions include metal drawing, metal extruding, and elec-
troplating.

The mechanisms by which sulfuric acid may cause
cancer have been considered elsewhere (15). They in-
clude a promotional or cocarcinogenic role, perhaps
through direct chronic irritation induced through ex-
posure; a genotoxic effect, owing to extra- and intracel-
lular pH modulation, is also possible.

Despite the consistency of these findings with those
from other studies (7—13), the possibility of concomi-
tant workplace exposure(s) resulting in potential con-
founding cannot be completely ruled out. Exposures
which have not been simultaneously controlled in this
study (or in the other studies) include, for example,
exposure to heat, dialkyl sulfates, noisy occupations,
arsenic compounds, beryllium, chrome, and wood
dust.

Because cumulative exposure (dose) may provide a
more sensitive measure of effect, we analyzed the data
accordingly. The odds ratios, however, were found not
to differ significantly between the two approaches for
summarizing worklife exposure. For example, when
the more specific definition of exposure with a lag
period of five years was used, cumulative exposure
gave odds ratios of 3.17 (95% CI 1.49—6.74) for low
exposure and 4.59 (95% CI 2.02—10.41) for high ex-
posure, compared respectively with 3.24 (95% CI
1.49—7.07) and 4.45 (95% CI 1.90—10.45) when the
average exposure level was used (table 4). Hence,
regardless of the exposure measures used, consistent
and almost identical results were obtained. A fuller dis-
cussion on the choice of worklife summary exposure
measures has been provided elsewhere (24).

The methodology for assigning the degree of his-
torical exposure to sulfuric acid in this study differed
from that used in the case-referent within a cohort
study conducted in Baton Rouge, Louisiana (8, 9). In
the Baton Rouge study, a single six-point ordinal scale
(0—5) was applied, resulting in a narrower range of
values than the range of values obtained in the south-
ern Ontario data set through the manipulation of three
four-point scales. Misclassification in the Baton Rouge
data set has been shown to cause significant swings in
the odds ratios derived from various summary work-



life exposure measures. However, the average expo-
sure-level summary measure was less sensitive to the
effects of misclassification than were the other sum-
mary measures. This finding has been described else-
where (24).

It would not be meaningful to relate the average ex-
posure level derived by the methods used in this study
to exposures in the occupational setting. The exposure
measure used is a synthetic composite of concentra-
tion, frequency, and certainty, and it cannot be ex-
pressed on an interval scale. In providing an ordinal
separation between lower and higher exposed workers,
the exposure measure has internal coherence, but it has
no external meaning.

In order to examine more precisely the role that du-
ration of exposure to sulfuric acid plays in the patho-
genesis of laryngeal cancer, a second paper based on
this data set will provide a latency-induction analysis.

The utility and cost-effectiveness of augmenting a
case-referent data set gathered for one purpose for
testing further hypotheses is demonstrated through this
study. It is estimated that this approach resulted in a
cost-saving of about 80%; CAD 50 000 was the cost
for the secondary study in contrast to an estimated five
times greater amount (ie, CAD 250 000) for a full
study.

The International Agency for Research on Cancer
(IARC) recently determined that occupational ex-
posure to strong-inorganic-acid mists containing sul-
furic acid is a carcinogenic risk to humans (25). This
finding is of concern because sulfuric acid has been
very commonly used in industry. It remains to be de-
termined if organs other than the larynx are at risk and
if other acids are similarly carcinogenic. Finally, the
mechanisms by which sulfuric and other acids may act
in the causation of cancer need to be understood.
Animal experiments could be helpful in this regard and
are lacking in relation to sulfuric acid exposure.
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