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Objective

Rhinitis is a common upper respiratory disease influenced by both genetic and environmental
factors. It is also accepted that allergic rhinitis may precede asthma, a disease with more serious consequences.
The purpose of this study was to determine whether the risk of noninfectious rhinitis is increased after accidental
gassings with ozone among bleachery workers in two pulp mills.
Methods Bleachery workers (N=120) from two Swedish pulp mills using ozone as their bleaching agent were
compared with control workers (N=80) not exposed to ozone in two adjacent paper mills. All of the participants
were mailed a respiratory questionnaire that included items about asthma, noninfectious rhinitis, self-reported
gassings, and smoking. Hazard ratios (HR) were calculated with proportional hazards regression models.
Results The bleachery workers who reported gassings from ozone were found to be at increased risk of
noninfectious rhinitis [HR 3.4, 95% confidence interval (95% CI) 1.3–8.7] when compared with control workers.
Bleachery workers without self-reported ozone gassings were not at increased risk (HR 0.9, 95% CI 0.3–2.4).
Conclusion Acute exposure to high levels of ozone increases the risk of noninfectious rhinitis. This finding
supports the view that peak exposures to irritants should be prevented in pulp mills.

Key terms worker, bleachery; ozone.

Pulp mill workers, especially those engaged in the
bleachery process, are potentially exposed to many irritant gases, including chlorine, chlorine dioxide (ClO2),
sulfur dioxide (SO2), and hydrogen sulfide. Ozone has
been used as a replacement for chlorine and ClO2 in the
pulp bleaching process at mills in Sweden since 1992
(1). Workers are sometimes exposed to these gases at
high levels due to accidental leakage. Several studies
have shown an increase in lower respiratory symptoms
due to these accidental gassings (2–5). In addition, Olin
et al (4) reported an increase in exhaled nitric oxide,
which indicates possible respiratory inflammation, after exposure to ozone gassings. Many studies have also
shown a link between exposure to ambient levels of
ozone and asthma (6–9).
Rhinitis is a common health problem in the United
States, affecting 40 to 50 million adults, and is three
times more prevalent than asthma in certain occupational settings (10, 11). Rhinitis has previously been defined
1
2

as the presence of nasal symptoms such as nasal congestion, secretion, itching, and sneezing (12). Questions
based on these symptoms have been used in several
studies to define rhinitis (13–15). Rhinitis unrelated to
infection is not considered as medically serious a disease as asthma; however, Bousquet et al (16) found
health-related quality of life to be worse among those
with rhinitis than among those with asthma (16). Recent studies have also suggested that rhinitis is an independent risk factor for adult-onset asthma without atopy (17–19).
Because rhinitis is considered a less serious disease,
the epidemiology of rhinitis due to occupational exposures has not been investigated widely. Etiologic agents
for occupational rhinitis, like those for occupational
asthma, can be classified into high- or low-weight-molecular agents. (20) A recent literature review on occupational rhinitis found several occupations that may increase the risk for rhinitis, including laboratory animal
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handlers, wool textile mill workers, bakers, aquarists,
fish-food factory workers, workers exposed to anhydrides, platinum refinery workers, and workers exposed
to reactive dyes (20). Occupational rhinitis may also result from upper-airway exposure to irritants (20, 21).
With respect to exposures to irritant gases in pulp mills,
accidental exposure to chlorine gas has been linked to
an increased risk for rhinitis among pulp mill workers
(21).
In a recent study, increased amounts of ozone and
SO2 in ambient air were shown to be related to an increase in health care visits for allergic rhinitis (22). A
recent literature review of the effects of pollutants on
rhinitis highlighted studies that indicate that ozone induces greater nasal inflammation in atopic persons than
in nonatopic persons (23). Furthermore, ozone can enhance responses to allergens through mediation by immunoglobulin E, and chronic exposure to ozone has
been linked to DNA (deoxyribonucleic acid) changes in
the nasal airway. (23)
The aim of this study was to determine whether occupational exposure to ozone and other gases (ie, ClO2
and SO2) through accidental gassings is associated with
noninfectious rhinitis.

Study population and methods
In 1996 and 1997, all process, maintenance, and laboratory workers potentially exposed to ozone in the
bleaching departments of two sulfate pulp mills were
asked to participate in the study (N=139). Ten workers
refused to participate, leaving 129 (93%) bleachery
workers potentially exposed to ozone who participated.
All of the process workers, exposed to neither ozone nor
ClO2, from two nearby paper mills were asked to participate as the control group (N=93). Process workers
in paper mills are primarily exposed to paper dust, but
they may also be exposed to paper additives and slimicides. (24) Thirteen refused to participate, leaving 80
(86%) unexposed paper mill worker participants. Since
the two sulfate pulp mills began using ozone as their
bleaching agent in 1992 and 1993, all the participants
who reported an onset of rhinitis prior to 1992 were excluded from the current analysis. Follow-up began for
all the workers in 1992 and continued until either 1996
or the year of reported onset of rhinitis, whichever came
first. Additional information on selection of the participants can be found elsewhere (4, 5).

Outcome assessment
All of the participants were mailed a respiratory questionnaire, as previously described (4). Noninfectious
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rhinitis has previously been defined as a positive response to the question: “Since the age of 15, have you
ever had a problem with blocked nose and/or attacks of
sneezing or runny nose apart from a cold?” (25, 26). As
we were interested in adult-onset rhinitis, the analysis
was restricted to only the symptoms occurring after the
age of 15 years.
Blood samples were obtained from all the participants, the sera being analyzed using Phadiatop® commercial kits in accordance with the manufacturer’s instructions (Pharmacia Upjohn Diagnostics, Uppsala,
Sweden). Atopy in an adult was defined as a positive
Phadiatop® test, whereby class 0 was regarded as nonatopic and class 1 as atopic. (27) Atopy in a child was
defined as a positive response to the following question,
“Did you ever have any form of allergy as a child (ie,
hay fever, asthma or eczema)?”

Exposure assessment
Chlorine or ClO2 use as a bleaching agent in each of
the two sulfate pulp mills (mills A & B) started in the
1950s, but these agents were replaced with ozone in
1992 at mill A and in 1993 at mill B. Workers were still
exposed to other irritant gases after the introduction of
ozone. SO2 and ClO2 are still used in mill B, while mill
A ended the use of these compounds in 1995.
Under normal conditions, the concentration of ozone
in a pulp mill is low [<40 parts per billion (ppb)], but
the concentration of ozone can briefly be very high
(>10 000 ppb) during accidental gassings (4). In 1995
and 1996, stationary measurements of ambient ozone
concentrations were conducted in mills A and B for 366
days in the ozonator and mixing rooms, two critical areas for high ozone exposure, and the measurements
showed that ozone levels exceeded 900 ppb on 6 of the
366 days. (4) However, the stationary measurements
were probably not representative of personal exposures
during gassing events. Consequently, responses to items
in the respiratory questionnaire were used to determine
self-reported personal exposure to irritant gassings. Any
irritant gassing exposure was defined by a reported exposure to ClO2, SO2, or ozone resulting in coughing,
wheezing, breathlessness, or pain in the thorax. Ozonegassing exposure was defined by a reported exposure
to ozone resulting in coughing, wheezing, breathlessness, or pain in the thorax. These definitions have been
used by others (2, 3).

Statistical analysis
We performed chi-square tests for univariate analyses
using SAS version 8 (28). Potential confounders and
effect modifiers included both time-dependent variables
(eg, age and smoking) and variables that did not vary
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during the follow-up (eg, atopy and gender). We examined the potential for effect modification by testing the
homogeneity of the odds ratios among the exposed and
unexposed groups stratified by the covariate. We investigated the potential for confounding by comparing the
Mantel-Haenszel odds ratio, adjusted for the potential
confounder, to the crude odds ratio. Rhinitis was modeled with proportional hazards regression using the
EFRON procedure to handle ties among time-dependent variables (29). Both forward and backward stepwise
procedures were used to fit the proportional hazards
models. Any covariate with P≤0.10 was retained. Covariates with a P-value of ≥0.20 were excluded from the
model. Any covariate with 0.10<P<0.20 was further
tested by removing it from the model; if removal resulted in a 15% or greater change in the hazard ratio for
the exposure of interest, the covariate was retained in
the model. The final models from the forward and backwards stepwise procedures were compared, and the
model containing more covariates was reported, under
the assumption that having more covariates in the model would make it more predictive.

exposure groups, and the incidence rate ratios were calculated using the control mill workers as the reference
category (table 2). The incidence rate ratio for all of the
bleachery workers was elevated at 1.6 (95% CI 0.7–3.6).
When the bleachery workers were divided by whether
they had ever reported respiratory symptoms after any
gassings to ClO2, SO2, or ozone, the two groups had virtually the same rate ratio for noninfectious rhinitis.
However, the bleachery workers who reported ozone
gassings had a rate ratio of 2.1 [95% confidence interval (95%CI) 0.9–5.3] for noninfectious rhinitis, while
the bleachery workers without reported ozone gassings
had a rate ratio of only 1.1 (95% CI 0.4–3.2) for noninfectious rhinitis.
Regression models confirmed the trends observed in
the crude data. With control for gender, workers who
reported symptoms after exposure to any of the three
irritant gases had minimal risk of noninfectious rhinitis
relative to the paper mill workers (hazard ratio 1.2, 95%
CI 0.5–3.1) (data not shown). In contrast, bleachery
workers who reported ozone gassings had an increased
risk of noninfectious rhinitis (hazard ratio 3.4, 95% CI
1.3–8.7), while those who reported no ozone gassings
had a hazard ratio of 0.9 (table 3).

Results
A total of 37 of the 209 participants reported an onset
of rhinitis before ozone was first used in the bleachery
and were thus excluded from the current analysis, the
final total being 172 participants, with 104 bleachery
workers and 68 paper mill workers. Twenty-seven
(15.7%) of the 172 participants reported the onset of
noninfectious rhinitis after the introduction of ozone in
1992. There were no significant differences in age, atopy as an adult, or cigarette smoking by rhinitis status.
However, those with noninfectious rhinitis were less
likely to have had atopy as a child and less likely to be
male (table 1).
Seventy-seven bleachery workers reported a history
of any irritant gassing, with 45 in relation to ozone and
65 in relation to ClO2 or SO2. Crude incidence rates for
noninfectious rhinitis were calculated for different
Table 1. Descriptive characteristics of the study population by
rhinitis status.
Variables

Men
(%)

Age (years)
Mean SD

Atopy

Cigarette smoking

As a As an Nev- For- Curchild adult er mer rent
(%) (%) (%) (%) (%)

Discussion
This study found that bleachery workers who reported
ozone gassings in the pulp mills were at increased risk
for noninfectious rhinitis when compared with the
Table 2. Crude incidence and incidence rate ratios for rhinitis by
gassing status. (95% CI = 95% confidence interval)
Variable

N

Cases Person- Incidence Incidence rate
of
years per1000
rhinitis
person- Ratio 95% CI
(N)
years

Paper Mill
Bleachery
Any gassings
No gassings
Ozone gassings
No ozone gassings

68
104
77
27
45
59

8
19
14
5
11
8

386
578
421
157
248
330

21
33
33
32
44
24

Total

172

27

964

28

a
b

P=0.10.
P<0.01.

41 12.4
42 9.75

4b
10

7
8

59
52

22
33

19
15

–

Gender (men versus women)
Bleachery workers without ozone gassings
Bleachery workers with ozone gassings

Hazard ratio

95% CI

0.4
0.9
3.4

0.2–1.1
0.3–2.4
1.3–8.7

Scand J Work Environ Health 2004, vol 30, no 6

hoffman.pmd

447

·

Table 3. Regression model for rhinitis, comparing those with
ozone gassings to the paper mill workers without oxone gassings.
(95% CI = 95% confidence interval)
Variable

Rhinitis (N=27)
81 a
No rhinitis (N=145) 92

1.0 reference
1.6 0.7–3.6
1.6 0.7–3.8
1.5 0.5–4.7
2.1 0.9–5.3
1.1 0.4–3.2
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paper mill workers with no exposure to ozone. Although
the association between occupational exposure to ozone
and noninfectious rhinitis is not well documented in the
literature, it is known that acute ozone exposure elicits
inflammation in both the nasal and distal airways (30,
31). While another study found increased risk for noninfectious rhinitis among chlorine-exposed workers
(21), we found bleachery workers who reported
exposure to any gas (ClO2, SO2, or ozone) to have no
increased risk for noninfectious rhinitis as a group.
There is no general agreement about the definition
of rhinitis for use in epidemiologic studies. We used a
combination of self-reported symptoms such as nasal
blockage, sneezing, or runny nose, which has also been
proposed by others (15, 32–34). Standardized postal
questionnaires have been compared with face-to-face
interviews using this question, and, on the assumption
that the interview responses reflected the truth, the specificity was 91% and the sensitivity was 96% (13).
The use of questionnaire responses to determine exposure and outcome probably resulted in some imprecision and misclassification. All self-reported gassings
were considered to have had approximately the same
level of exposure, but it is likely that there was heterogeneity for the actual exposures within the gassing exposure category. We may have missed reports of some
high-exposure events that did not result in symptoms,
and we may have included some relatively low-exposure events that were associated with symptoms. In a
study of acute chlorine gassings among pulp mill workers, Salisbury et al (35) found that a self-reported history of gassings was not as strong a predictor of decrements in pulmonary function and the frequency of respiratory symptoms as a first-aid report of gassing incidents. Since we used self-reports of gassing events rather
than more objective measures, we may have underestimated the risk of noninfectious rhinitis in this study population. Finally, persons with ongoing nasal problems
may have been more prone to give an affirmative answer to the rhinitis question than those whose symptoms
had resolved before the questionnaire was administered.
Studies based on the results of questionnaires are
subject to recall bias, especially when the questionnaire
is used for assessing both exposure and outcome. In our
study, for example, the participants with noninfectious
rhinitis may have been more likely to report gassings,
especially if gassings had been discussed in association
with rhinitis. If this bias had occurred, we would have
expected to see elevated risks for all types of gassings.
Since ozone gassings, but not gassings due to ClO2 or
SO2, were associated with rhinitis, it is not likely that
exposure was overreported by those with symptoms.
We have based our analysis on comparisons of incidence rates. Epidemiologic studies of incidence rates of
noninfectious rhinitis in adults are sparse. Broder et al
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(36) reported an incidence of about 5% over a period of
4 years in the general population, which is equivalent
to approximately 12 per 1000 person-years. Brisman &
Järvholm (33) mailed a questionnaire to a random population sample and calculated an incidence rate of 9.2
per 1000 person-years for males and 12.5 per 1000 person-years for females. The incidence rate of our control
group was 21 per 1000 person-years, which is higher
than the aforementioned figures based on the general
population. However, the control group in our study was
also exposed to paper dust, which increases the risk of
noninfectious rhinitis (37). This increase in the risk of
noninfectious rhinitis in our control group may mean
that our hazard ratios for rhinitis among the bleachery
workers could be underestimates of the true relative risk
associated with ozone gassings.
In conclusion, our study shows that acute exposure
to high levels of ozone may increase the risk of noninfectious rhinitis. These data further support the belief
that occupational exposure to irritants in the work environment can induce nasal disease, and peak exposures
should be prevented.
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