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ABSTRACT: Airflow obstruction has been described in workers who experienced
symptoms after acute exposure to chlorine. Persistent bronchial hyperresponsiveness
has also been assessed, but mainly in case studies. In this cross-sectional study, we have
assessed the relationship between inhalational accidents (''puffs'') involving chlorine
and persistent symptoms as well as hyperresponsiveness in 239 out of 255 at-risk
workers (94%).

No relationship was found between persistent symptoms and the exposure variables
studied. Forced vital capacity (FVC) was higher in subjects who had had no symp-
toms after a ''puff'', compared with those who had experienced mild symptoms.
Forced expiratory volume in one second (FEV1) and FVC were significantly lower in
subjects who experienced more than 10 puffs with mild symptoms than in subjects
who reported no symptomatic puff. The presence of bronchial hyperresponsiveness
was not related to exposure, but the methacholine dose-response slope showed a
tendency to increased bronchial responsiveness with increased exposure. A significant
difference was shown in subjects who experienced more than 10 puffs with mild
symptoms.

In this group of workers, repeated exposure to chlorine with acute respiratory
symptoms was associated with a slight but significant reduction in expiratory flow
rates, together with an increase in bronchial responsiveness, without long-term
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The health effects of inhalational chlorine toxicity were
initially described during and after World War1[1, 2]. After
a single acute exposure, conjunctival and nasal irritation,
acute pneumonitis, pulmonary oedema and transient bron-
chospasm can occur, as reviewed by DAs and BLANC [3].
Complete functional recovery in terms of spirometry and
lung volumes is usually observed [4, 5], although bronchial
hyperresponsiveness can persist [6, 7]. These inhalational
accidents can lead to the so-called reactive airways dys-
function syndrome (RADS), or irritant-induced asthma, as
defined by BRoOKS and co-workers [8,9]. The chronicrespi-
ratory effects of repeated chlorine gas exposure have rec-
ently been examined. Studies were conducted on workers
employed in pulpmills, where they were exposed to chlo-
rine [10-12]. Exposure resulted in an increase in chronic
respiratory symptoms and a decrease in pulmonary func-
tion tests. The chronic effects of chlorine can be caused by
repeated accidental short-term inhalations causing acute
symptoms and/or by chronic exposure to chlorine at low
levels [10-12].

Epidemiological studies conducted on workers expo-
sed to chlorine included respiratory questionnaires and
spirometry. Only rarely have studies included anassessment

of bronchial responsiveness. This point is relevant because
exposure to chlorine can induce a syndrome of airway
irritation with persistent asthma-like symptoms and bron-
chial hyperresponsiveness that can resemble occupational
asthma [9]. The aim of this study, therefore, was to relate
the occurrence of accidental acute chlorine exposure and
immediate respiratory symptoms to current respiratory
symptoms, spirometry and airway responsiveness, among
workers who had undergone repeated accidental chlorine
inhalation over a 3 year period. We hypothesized that
there would be not only clinical and functional abnorma-
lities but, even more so, bronchial hyperresponsive-
ness associated with acute chlorine exposure causing
symptoms.

Methods

Subjects and study design

All 255 workers at risk of accidental chlorine exposure
were asked to participate in the study. They worked in a
plant that had started operations in 1989. No significant
change in processes, equipment or work practices had
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occurred during the 3 year period. Workers could have
experienced acute inhalational accidents in any area of
the plant: ore smelting (dissolution with hydrochloric
acid), dehydration, electrolysis leading to isolation of
chlorine, or foundry. Workers from the technical mainte-
nance and hydrochloric acid synthesis areas could also be
exposed.

This cross-sectional study focused on the relationship
between acute high-level exposure and persistent bron-
chial abnormalities. Comparisons were made between
subgroups of workers according to the frequency of acute
exposure and the intensity of immediate symptoms. The
study protocol was approved by the Hopital du Sacré-
Coeur Ethics Committee and written consent was obtai-
ned from all participants. Data were collected by a trained
nurse and two medical technologists at the workplace
during 3 months in the autumn of 1992.

Questionnaires

A French adaptation version of the International Union
against Tuberculosis and Lung Diseases questionnaire
[13] was administered by the nurse. This questionnaire
assessed the presence of chronic respiratory symptoms at
the time of the study. The presence of chronic bronchitis
and of personal asthma were also established, and a com-
plete smoking history was recorded.

A second questionnaire focused on accidental expo-
sure to chlorine, HCI, or other irritant gases (exposures to
chlorine alone or with other irritants are referred to as
"puffs"), in order to evaluate the occurrence of puffs, the
number of events per year, the year of the last puff, the
nature of the irritant(s), and the occurrence and intensity
of respiratory symptoms after inhaling puffs (expressed as
absent, mild or significant). An accidental chlorine expo-
sure was considered to have taken place when workers
responded positively to the following question: "Have
you ever had an episode of high acute exposure to chlo-
rine ("puff")?". Additional data regarding precise occupa-
tional history, including area of work and duration, were
provided. Finally, information was obtained on possible
previous occupational exposure to irritants.

First-aid reports

In the case of accidental exposure followed by signi-
ficant symptoms, the factory medical unit provided first-
aid care. Data from each individual first-aid report were
available and were collected, in order to further assess
acute chlorine exposure events and information bas.

Pulmonary function testing

Spirometric measurements were performed according
to the criteria of the American Thoracic Society using a
Collins-type spirometer (WE Collins, Braintree, MA,
USA) [14]. The following measurements were performed

and derived: forced expiratory volume in one second
(FEV1), forced vital capacity (FVC), the FEV1/FVC ratio
and forced mid-expiratory flow (FEF25-75%); the latter
being recorded from the expiratory effort with the highest
FEV1 and FVC sum. Results were expressed as a percent-
age of the predicted value. Reference values for spirom-
etry were obtained from KNUDSON et al. [15].

Bronchial responsiveness

Methacholine challenge tests were performed according
to a standardized methodology with a Wright nebulizer
(Aerosol Medical Ltd, Colchester, Essex, UK) (output
0.14 mL-min'), and methacholine inhaled at tidal volume
breathing for 2 min [16]. An abbreviated method, with a
starting concentration of 2 mg-mL"', was applied in sub-
jects with lung function results within normal range and no
pasthistory suggestive of asthma [17]. The test ended at the
concentration of 32 mg-mL™" if a 20% fall in FEV1 had not
been reached.

Challenge tests were performed by medical technolo-
gists under close supervision by the occupational physi-
cian. The test was postponed for 2 weeks in subjects
suffering from a current acute upper airway infection.

Environmental assessment

An air monitoring survey had been conducted by the
factory's industrial hygienist. Chlorine concentrations
were collected using the same device (Metrosonics pm-
7700%) that performed analysis on a continuous basis.
Two area samplings were performed in May 1992 in the
foundry area, and six personal samplings from October
1991 to May 1992, both in the electrolysis and foundry
areas; the mean time of daily analysis was 361 min both
for area and personal sampling (range 31-684 min).
Current portable personal apparatus does not allow for
quantitative assessment of peak chlorine inhalational
aaccidents. These devices can evaluate 95% of chlorine
level, but the reading is accurate only if there has been
continuous exposure for 3 min. In case of acute exposure,
workers usually leave the contaminated area before this
time. In addition, they are requested to put on their
portable face-masks immediately.

Data analysis

Dose-response curves to methacholine were drawn
on a semilogarithmic noncumulative scale. The measur-
able concentration of methacholine provoking a 20%
reduction in FEV1 (PC20) was interpolated on the indivi-
dual curve. Three parameters were considered for analy-
sis: a PC20 <16 mg-mL"' defined significant bronchial
hyperresponsiveness [18]; a measurable PC20 <32 mg-mL";
and the slope of the dose-response curve. The latter was
calculated in order to study a quantitative, continuous
variable, as is recommended for population studies [19].
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The dose-response slope was expressed by the percentage
decline in FEV1/dose, where decline was expressed as a
positive value and where dose in umol was defined as the
final cumulative methacholine dose administered (con-
version from mg of bromide methacholine to umol, using
a corrective factor of 5.116 [17]). As the slope distribution
was not normal (p<0.0001, Lilliefors test of normality), a
logarithmic transformation of this ratio was then used.
Higher positive values corresponded to more pronounced
airway responsiveness. Significant hyperresponsiveness,
together with a positive response to the question, "Have
you ever had asthma?", were required to define a diagno-
sis of current personal asthma.

Several indices of exposure were generated from the
questionnaire. The primary exposure variables were acci-
dent report; occurrence of puffs as reported in the ques-
tionnaire and classified according to the occurrence of
immediate symptoms (absent, mild, significant); number
of puffs with mild symptoms (0, 1-5, 6-10, >10). The sec-
ondary exposure variables considered as associated fac-
tors were the occurrence of the last symptomatic puff in
1992 (year of the study) or before; and previous occupa-
tional irritant exposure, including exposure to chlorine
and other irritants (gas and smoke). Tobacco intake (never,
ever), pack-years (<20, 220), and personal asthma were
considered as potential confounders.

All questionnaire responses and lung function results
were coded, key-punched, verified and registered in com-
puter files. Analyses were performed using the (SPSS)/PC+
statistical software package (Chicago, IL, USA). Analyses
were accomplished using Chi-squared, one-way and two-
way analysis of variance (ANOVA) as appropriate. The
significance of the differences found between means was
tested using the least significant difference (LSD) proce-
dure. Multivariate logistic regression analyses were also
performed to evaluate the effects of potential risk factors
on the presence of hyperresponsiveness. A p-value equal
to or less than 0.05 was considered significant.

Results

Demographic characteristics, work and smoking history

A total of 239 (94%) out of 255 workers at-risk, 237
males and 2 females, participated in the study. Of the
remaining 16 workers, 15 refused to participate and one
was absent due to a chronic illness. The mean age was
33 yrs (range 18—49 yrs). One hundred and eight workers
reported no smoking history, and 131 either current smok-
ing or a past history of tobacco use. At the time of the
study, 18 worked in the smelting area, 50 in dehydration,
54 in electrolysis, 64 in the foundry, 11 in synthesis, 32
in maintenance activities and 10 in other areas.

Accidental gassing incidents

From the time the plant started production, 42 workers
reported at least one gassing accident to the first-aid unit.
Three of these workers had left the factory before the study

Table 1. — Gassing incidents reported in the question-
naire by workers between 1989 and 1992 by working
area and by type of gas

Number of incidents

With mild With significant
symptoms symptoms
(0=527) (n=44)

Working area - number of subjects who ever worked in
area

Dehydration (n=73) 104 3
Smelting area (n=38) 66 3
Synthesis (n=38) 59 9
Electrolysis (n=100) 159 23
Foundry (n=90) 87 3
Electrical maintenance (n=5) 7 -
Mechanical maintenance (n=20) 16 3
Other maintenance (n=34) 15 -
Other areas

Intervention (n=5)
Health and Safety (n=5)
Laboratory (n=3)
Environment (n=2)
Type of gas - frequency and % of reported inciden

[ SO SR SN}

Chlorine 240 (46) 31 (7D
HCl 165 (31) 9 (21
Cl + HCI 85 (16) 1 23)
Cl + HCI + ammoniac 1 (0.2) -
Cl + Mg 4 (0.8) -
Cl + SF¢ 18 (3.4) -
Cl+8 2 (0.4) -
HC! + MgO 5 (1.0) -
H,S - 2 (4.6)
SF, 4 (0.8) 1 (2.3)
S 2 (0.4) -
Unknown 1 (0.2) -

Values in parentheses are percentages of total events of
exposure in each group.

started. Of the 39 workers currently employed in the plant,
four did not participate in the study: one was absent
because of chronic illness and three refused. The propor-
tion of first-aid unit reported gassing incidents among
participants was 15% (35 out of 239), compared with 25%
among nonparticipants (4 out of 16); this difference was
not statistically significant (p=0.22, Fisher's exact test).
No significant peak in occurrence of these accidents was
observed during the period studied. In 98% of accidental
exposures, chlorine was reported as the gas involved,
either alone or in combination with another gas (table 1).
All reported results are restricted to those incidents.
Questionnaire-reported accidental gassing events with
immediate significant symptoms occurred in 38 workers:
only three subjects reported a puff followed by immediate
significant symptoms that did not lead to a first-aid visit.
One hundred and fifty three workers reported a puff occur-
rence with mild symptoms, and 45 without symptoms.
Three workers denied having ever experienced any acute
exposure. Among subjects reporting a puff exposure with
mild symptoms, 65 (27%) experienced more than 10 inci-
dents. The last symptomatic puff occurred in 1992 for 136
workers (57%).
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Table2. -
and percentages)

2049

Persistent respiratory symptoms, according to accidental exposure to chlorine and tobacco use (frequency

Symptoms Shortness Symptoms At least Current
n Wheeze with of on one asthma
smoke breath exercise symptom
Accident report
None 204 21 (10) 7 (34 8 (39 10 49 35 A7) 7 (349
1 27 1 (3.7) 2 (74) 2 (7.4) 2 (74) 3 1dn 1 @37
>2 8 2 (25) 0 1 (13) 0 2 (25 1 (13)
Ever had a "puff" .
No symptoms 45 511 1 2.2) (D)) 2 44 7 (16) 2 (4.4)
Mild symptoms 153 16 (11) 6 39 8 (5.2) 9 (59 27 (18) 6 (3.9
Sign. symptoms 38 379 1 (2.6) 3 (7.9 1 .6) 5 (13) 1 (26)
Number of "puffs" with mild symptoms
0 48 5 (10.4) 2 42 0 O 2 42 8 (I7) 2 (42
1-5 53 5 (94 1 (1.9 2 (3.8) 1 (1.9 9 (17 1 (1.9
6-10 35 3 (8.6) 2 (5.7 2 (5.7) 4 (D 6 (17 2 (5.7
>10 65 8 (12) 3 (4.6) 4 (6.2) 4 (6.2) 12 (199 3 (4.6)
Year of last symptomatic "puff"
1992 136 13 (9.6) 5 37N 8 (5.9 9 (6.6 22 (16) S5 (37D
Before 100 11 (11) 3 3.0 3 (3.0 3 (3.0 17 (17) 4 4.0
Previous workplace irritant exposure
None 84 7 (8.3) 1 (1.2) 2 (24) 2 24 11 (13) 3 (3.6)
Yes 155 17 (11) 8 (5.2) 9 (5.8 10 (6.5) 29 (199 6 (39
Smoking habits
Nonsmoker 108 7 (6.5) 5 (4.6) 4 3.7) 5 (4.6) 14 (13) 4 3.7
Smoker (ever) 131 17 (13) 4 3.1 7 (5.3) 7 (5.3) 26 (200 5 (3.8)
<20 pack-yrs 200 18 (9.0) 8 4.0 10 (5.0) 9 (4.5) 31 (16) 8 (4.0)
220 pack-yrs 37 6 (16) 1 @7 1 27 3 (8.1 9 24 1 @27

Values in parentheses are percentages of total number of subjects in exposure category. Sign.: significant.

Current respiratory symptoms

Three workers reported symptoms of chronic bronchitis
(1.3%), and nine (3.7%) were considered as suffering from
current asthma; none of these mentioned any use of
anti-inflammatory medication, but six asthmatic workers
occasionally used inhaled bronchodilators.

A small proportion of workers complained of current
respiratory symptoms. Forty workers (17%) reported the
presence of at least one current symptom: wheeze in 24
workers (10%); bronchial symptoms following nonspe-
cific irritant exposure in nine (4%); shortness of breath in
11 (5%) and symptoms on exercise in 12 (5%). Table 2
shows the frequency of persistent respiratory symptoms
according to exposure; we found no relationship between
complaints of persistent symptoms and the exposure vari-
ables studied.

Pulmonary function results

All mean values were within normal range: mean
FEV1 was 99% of predicted value (range 58—132% pred),
mean FVC was 101% pred (range 75-133% pred), mean
FEV1/FVC was 98% pred (range 77-112% pred), and
mean FEF25-75% was 94% pred (range 31-185% pred).
The percentage of subjects with values <80% predic-
ted was 4.2 for FEV1 and 1.3 for FVC. The percentage
of subjects with values <40% predicted was 7.1 for
FEF25-75%.

Table 3 shows the results of the pulmonary function
tests according to the exposure variables. FVC was sig-
nificantly lower in the group that reported either mild
symptoms or any (i.e. mild or significant) symptoms after
an acute exposure, as compared with the nonsymptomatic
workers. This difference remained significant after con-
trolling for smoking. When considering workers that had
ever smoked and nonsmokers separately, the FVC differ-
ence remained significant for the smokers only; in addi-
tion, FEV1 was significantly lower in the subgroup of
smokers who reported immediate symptoms. There was
interaction between previous irritant exposure and report
of symptomatic acute exposure: among workers reporting
a symptomatic puff, FVC was significantly lower when
there was a past history of previous irritant exposure (99 vs
106%).

Significant differences were also seen according to the
number of self-reported puffs with mild symptoms (fig. 1):
FEV1and FVC were lower in workers reporting more than
10 puffs with mild symptoms, in comparison with those
reporting no symptomatic puff. No interaction was shown
between the number of puffs with mild symptoms and
both secondary exposure variables and confounding vari-
ables (see Methods). In addition, FEV1/FVC ratio and
FEF25-75% were significantly lower in workers reporting
more than 10 puffs, as compared with those reporting 1-5
and 6-10 puffs. When comparing workers reporting more
than 10 puffs to all other categories pooled together,
FEV1, FEVI/FVC and FEF25-75% were significantly lower.
These differences remained significant when controlling
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for tobacco intake and current asthma. Multivariate regre- irritant exposure), and the potential confounders; none
ssion analysis was performed for each functional variable, of the independent variables reached the p<0.05 criteria
including as explanatory variables the primary exposure for retention in the model. In any case, the regression
variables studied (intensity of puff, number of puffs), the model was inappropriate to predict the variations in lung
secondary exposure variables (year of last puff, previous function (1> <1%).

Table 3. — Lung function results according to reported accidental exposure to chlorine gas, and tobacco use

n FEV1 FVC FEVI/FVC FEF25-75%
% pred % pred % pred % pred

Accident report

None 204 99+11 10110 98+6 94422

1 27 99+9 10247 97+6 90+20

>2 8 101+14 103+9 98+7 103+38
Ever had a "puff"

No symptoms 45 101+12 104+11 1006 94425

Mild symptoms 153 98+11 100£10* 98+6 93+21

Sign. symptoms 38 98+11 101+8 98+6 93+25
Number of "puffs" with mild symptoms

0 48 101£12 104£11 97+6 95+25

1-5 53 99+11 10111 99+6 96+21

6-10 35 1009 101+8 99+5 97421

>10 65 96+12t 100+10* 97+64 89+214
Year of last symptomatic "puff”

1992 136 98+11 100+9 98+6 94124

Before 100 10012 102+11 98+6 93421
Previous workplace irritant exposure

None 84 100+11 102+10 98+5 93+23

Yes 155 98+11 100+10 98+6 94122
Smoking habits

Nonsmoker 108 99+10 10110 98+5 92420

Smoker (ever) 131 98+12 101x10 98+6 95+25

<20 pack-yrs 200 99+11 10110 98+6 94+21

220 pack-yrs 37 96+13 100+10 967 91+29

Values arc presented as meantsp. FEV1: forced expiratory volume in one second; FVC: forced vital capacity; FEF25-75%: forced
mid-expiratory flow. *: p<0.05 in analysis of variance comparing "Mild" to "No" symptoms; ': comparing >10 to 0; *: comparing >10 to
1-5; %: comparing >10 to 6-10.

a) Hsy ——— P<0O5 b) 157 T P<0.05
11 0 ' T ) 1 1 0 7 _ T
105 1054 It
. - S
B 100 A ¢ ® - 100
= 951 o 951
E b 1 ]
90+ 1 1 N 90 4
85+ - 85-
- o ~
80} 8 1
oj/ T T T 1 Oj/ r T T 1
0 1-5 6-10 >10 0 1-5 6-10 >10
Number of "puffs* with mild symptoms Number of "puffs" with mild symptoms

Fig. 1. — Mean and sp: a) FEV1 % predicted; and b) FVC % predicted, with the number of "puffs" with mild symptoms. FEV1: forced
expiratory volume in one second; FVC: forced vital capacity.
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Bronchial responsiveness

Table 4 shows the results of methacholine challenge
tests according to exposure and smoking. Analysis of
the log dose-response slope in relation to the exposure
variables indicated an overall tendency to increased air-
way responsiveness with increasing levels of exposure,
expressed by the following variables: accident report,
occurrence of puff and immediate symptoms, number of
puffs. A significant difference was shown for the variable
"number of puffs with mild symptoms", where population
means overall were different. In addition, for the metha-
choline dose-response slope analysis, workers who expe-
rienced more than 10 puffs showed a more pronounced
responsiveness than those who reported 1-5 puffs (fig. 2)
or than workers from all other categories pooled together,
in a contrast analysis. The differences between the popu-
lation means of the log dose-response slope remained sta-
tistically significant after controlling for smoking and
asthma. There was a significantly higher proportion of
subjects with a measurable PC20 among workers who had
reported twice or more to the first-aid unit because of inha-
lational accidents.

Logistic regression analyses were performed to assess
the effect of categorical exposure variables (intensity of
puff, number of puffs) on hyperresponsiveness expressed
as measurable PC20 (<32 mg-mL™"), using simple contrasts
where the lowest exposure variable was considered as the
reference level. The odds ratio for having had a puff with
mild symptoms was 1.03 (95% confidence interval (95%

CI) 0.3-4.1) and 2.02 (95% CI 0.5-9) for a puff with sig-
nificant symptoms. Among workers who experienced
only mild immediate symptoms after a puff, odds ratios
were 0.6 (95% CI 0.1-2.9), 1.2 (95% CI1 0.3-5.6) and 1.07
(95% CI 0.2-4.5) for 1-5 puffs, 6-10 and >10 puffs,

0
-

-1.81

log dose-response slope
ro
n
1

2.6 ®

- p<0.05 ——

0 15 6-10 >10
Number of "puffs" with mild symptoms

Fig. 2. — Changes in bronchial responsiveness, expressed as log dose-
response slope, with the number of "puffs" with mild symptoms.

Table 4. — Bronchial responsiveness according to reported accidental exposure to chlorine gas, and tobacco use

PC20 Measurable PC20 log dose-response
n <16 mg-mL! <32 mg-mL-! slope
n (%) n (%)

Accident report

None 204 19 (9 31 (15) -2.19£1.25

1 27 0 2 -2.27+0.8

22 8 2 (25) 4 (50)* -1.3£2.4
Ever had a "puff”

No symptoms 45 4 (9) 6 (13) -2.34+1.17

Mild symptoms 153 13 9 21 (14) -2.19+1.26

Sign. symptoms 38 3 (8) 8 (22) -1.94+1.32
Number of "puffs" with mild symptoms

0 48 6 (10) 7 (15) -2.30+1.21

1-5 53 3 (6) 5 ® -2.58+1.26

6-10 35 5 (14) 6 (17) -2.06+1.24

>10 65 5 (8 10 (15) -1.92+1.22¢
Year of last symptomatic "“puff"

1992 136 12 (9 20 (15) -2.09+1.28

Before 100 8 B 15 (15) -2.28+1.21
Previous workplace irritant exposure

None 84 8 (10) 16 (19) -2.07+£1.24

Yes 155 13 (8) 20 (13) -2.22+1.27
Smoking habits

Nonsmoker 108 12 (11) 19 (18) -2.19x1.32

Smoker (ever) 131 9 (7N 17 (13) -2.15+1.22

<20 pack-yrs 200 4 (11) 28 (14 -2.25+1.30

220 pack-yrs 37 17 (9 9 (24) -1.72+1.0%

PC20: concentration of methacholine provoking a 20% reduction in forced expiratory volume in one second. *: p<0.05 in
Chi? test overall and in Fisher's test comparing >2 to "None" or 1; ': p<0.05 in analysis of variance comparing >10 to 1-5;
¥: comparing >20 to <20.
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repectively. In multivariate analysis, the slight dose-
response effect of the intensity of immediate symptoms
following a puff on hyperresponsiveness remained non-
significant when comparing having had immediate sig-
nificant symptoms versus no symptoms following a puff,
after controlling for smoking, year of last puff, or previous
irritant exposure. When the analysis was restricted to
workers with no current asthma (n=230), similar odds
ratios were obtained.

We analysed bronchial responsiveness according to
the presence of current symptoms, and not to acute symp-
toms after a puff. Hyperresponsiveness was significantly
more frequent in workers who mentioned each of the per-
sistent respiratory symptoms under study: wheezing (Chi-
squared 13.8; p<0.001); shortness of breath (Chi-squared
4.9; p<0.05); symptoms with smoke (Chi-squared 14.8;
p<0.001), and symptoms on exercise (Chi-squared 4.1;
p<0.05). Analysis of means of log dose-response curve in
relation to the presence of current symptoms also showed
a statistically significant difference, except for the pres-
ence of shortness of breath (t value -1.96; p=0.07). In addi-
tion, analysis of bronchial responsiveness according to
pulmonary function tests was performed: FEV1 and FEV1/
FVC were significantly lower in subjects who exhibited
more pronounced airway responsiveness; the four lung
function parameters were significantly lower in subjects
with a measurable PC20; a significant correlation between
pulmonary function tests and the dose-response slope was
demonstrated.

Air monitoring

Measured levels of chlorine were generally below the
threshold limit value-time weighted average (TLVTwA)
and TLV-ceiling (TLVc) recommended by the American
Conference of Governmental Industrial Hygienists (0.5
and 1 ppm, respectively). For area monitoring, levels exc-
eeded the TLVC only in one sample analysis, during
5.76% of the registration time (maximum level 1.8 ppm).
For personal monitoring, TLVC was exceeded in 3 out
of the 6 samples: during 0.37% (maximum 4.4 ppm),
0.04% (maximum 1.2 ppm) and 0.72% (maximum 2 ppm)
of the registration time.

Discussion

Two conclusions can be drawn from our cross-sectional
study, which explored respiratory symptoms, pulmonary
function tests and airway responsiveness in workers who
experienced accidental inhalation of chlorine over a
3 year period. Firstly, persistent symptoms were not asso-
ciated with exposure. Secondly, lung function tests and
airway responsiveness are slightly but significantly dif-
ferent in workers who experienced immediate symptoms
following acute chlorine exposure. In addition, a relation-
ship was found both between reported current respiratory
symptoms and lower pulmonary function test values, and
a lower threshold in airway responsiveness.

The chronic respiratory effects of environmental chlo-
rine exposure have been studied in two situations: as a
consequence of an acute unique accidental exposure and
as related to chronic exposure at low levels. Acute unique
exposure usually occurs secondary to a storage leak [5, 6,
20, 21]. Case studies generally show clinical and pulmo-
nary function recovery within 3 months following such
an exposure. However, KAUFMAN and BURKONS [22] fol-
lowed 18 subjects for up to one year after exposure to
chlorine from a storage leak and found persistent abnor-
malities. Only one out of 13 exposed neighbours and
passers-by had lasting respiratory abnormalities; in con-
trast, four of the five chlorine plant workers showed persis-
tent lung function impairment. These workers reported
previous symptomatic chlorine exposure at the work-
place. SCHWARTZ et al [6] were the first to examine airway
responsiveness 12 yrs after accidental chlorine inhalation
in 13 subjects; they found persistent hyperresponsiveness
in five of them.

Chronic exposure to chlorine is only occupational.
Such chronic exposure at low levels is usually combined
with repeated accidental short-term inhalations. A few
epidemiological studies have been conducted in pulp-
mills and papermills [10-12]. In these studies, the fre-
quency of respiratory symptoms and spirometry were
assessed. Persistent respiratory symptoms were present
slightly but significantly more often in workers self-
reporting an accidental exposure in the study by KENNEDY
and co-workers [10]. The same research group studied the
first-aid reports of symptomatic accidental inhalations
[11]; the relationship between respiratory symptoms and
inhalational accidents increased with the risk of exposure
(considered as higher for an accidental inhalation leading
to first-aid care, in comparison with a solely self-reported
accident). In addition, these two studies, together with the
recent one conducted by HENNEBERGER et al. [12], showed
mild but statistically significant pulmonary function
test differences with the exposure levels: KENNEDY
and co-workers [10] found lower average values for
FEF25-75% and FEV1/FVC ratio in nonsmokers and
former smokers who reported an acute exposure than in
those reporting no exposure. This research group con-
firmed their findings in a longitudinal study [11], which
showed a greater decline in FEV1/ FVC ratio and
FEF25-75% in workers who registered with the first-aid
department for an accidental inhalation. In their study of
pulpmill workers, HENNEBERGER et al. [12] found a three-
way interaction of cumulative smoking, cumulative
pulpmill exposure and inhalational accidents. In our
study, significant differences in FVC and FEV1 according
to exposure followed by symptoms was shown only in the
subgroup of subjects who had ever smoked; however, no
significant interaction was found between smoking habits
and accidental exposure. One explanation could be the
mean age of our workers, which was half that of the work-
ers studied by HENNEBERGER et al. [12]; therefore, the
duration of smoking was shorter, making it less likely for a
significant effect to be detected. Although there was no
statistically significant interaction between symptomatic
exposure and smoking, the results of our study support
preventive attitudes for smoking cessation.
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The relevance of the lung function abnormalities can
be seen in two ways. Lower FEV1 and FEF25-75% could
reflect airway obstruction; this is in accordance with a
previous hypothesis made by KENNEDY and co-workers
[10] on persistent inflammatory reaction in the small air-
ways induced by chlorine exposure. On the other hand, a
decrease in all functional parameters, including FVC,
could be related to minimal parenchymal injury. Earlier
reports on the respiratory effects of chlorine have focused
on the presence of pulmonary oedema, although WEILL
et al. [5] were unable to detect long-term functional
consequences in a small group of 12 workers.

To the best of our knowledge, airway responsiveness
has rarely been assessed in epidemiological studies of
workers exposed to chlorine. BHERER et al. [7] studied a
cohort of construction workers exposed to chlorine in a
pulpmill over a 3—6 month period. Seventy one of 289
exposed workers (25%) reported persistent shortness of
breath and/or abnormal lung sounds; assessment of air-
way responsiveness 18-24 months after the end of expo-
sure revealed a PC20 below 16 mg-mL"' in 29 of the 71
workers (41%). KErN [23] demonstrated a dose-response
effect between exposure level and the occurrence of respi-
ratory symptoms and hyperresponsiveness, consistent
with the diagnosis of RADS, among community hospital
workers acutely exposed to another airway irritant, glacial
acetic acid.

In our study, hyperresponsiveness was not more fre-
quent with increasing levels of exposure; in contrast to
our hypothesis, assessment of hyperresponsiveness does
not appear to be more sensitive than spirometry in detec-
ting early respiratory abnormalities in chlorine-exposed
workers. However, we did observe a slight but significant
decrease in the threshold of airway responsiveness with
the same exposure variables. Moreover, in the small group
of workers who reported two or more gassing accidents to
the first-aid unit, there was a significantly higher pro-
portion with a measurable PC20 as compared with those
reporting none, a finding corroborated in the comparison
of the dose-response slope, although a significant diff-
erence was not found between the groups in this instance.
Therefore, assessment of hyperresponsiveness appears to
be more sensitive than spirometry if repetitive severe inci-
dents occur. This result can be seen in two ways: on the
one hand, changes in airway responsiveness could be
attributable to chlorine exposure; on the other hand, a
decrease in threshold of airway responsiveness could be
due to a prior underlying condition predisposing the sub-
jects to respiratory abnormalities after exposure. To con-
sider chlorine exposure as a causal factor is in agreement
with the functional results of our study, suggesting either
mild airway abnormalities or minimal parenchymal
injury. In this respect, changes in airway responsiveness
are known to be related primarily to asthma, but they
can also be seen, although not as consistently and not
to the same degree, in other diseases with parenchymal
involvement [24].

In contrast to previous findings by KENNEDY and
co-workers [10], we did not find any difference in persis-
tent respiratory symptoms with varying levels of chlorine
exposure. We think it unlikely that the questionnaire

applied [13], which is commonly used in epidemiological
studies, lacked sensitivity; in fact, the low percentage of
currently symptomatic workers reflects the respiratory test
findings. As differences in respiratory function tests and
airway responsiveness, although significant, were mild,
these may reflect subclinical airway abnormalities.

There is no evidence from the results presented here
that new cases of RADS occurred as a result of accidental
exposure to chlorine at high concentrations. However, we
hypothesize that these exposures may cause a subclinical
form of RADS, and that some workers may develop RADS
as a result of multiple exposure to puffs with significant
symptoms.

Possible biases should be addressed. In this instance,
three sources of error can be discussed: information bias,
selection bias and confounding. Information bias might
have resulted both from recall and overreporting biases.
Both could have been introduced in the self-reported
occurrence of accidental exposure as well as immediate
symptoms. However, the study of first-aid accident reports
showed that only three workers reporting an acute inhala-
tion with immediate significant symptoms did not report
for first-aid care. We cannot discount the possibility that
acute inhalation with mild symptoms would be more diffi-
cult to remember. However, the fact that only objective
indices of respiratory function were significantly different
according to the number of puffs with mild symptoms,
and not the reported current symptoms, strongly argues
against these biases; workers with current respiratory
symptoms did not appear more likely to recall accidental
exposure or to mention one, even if it had not occurred.
It could also be argued that workers with baseline
hyperresponsiveness may be more aware of exposure and
may experience more severe and more frequent immediate
symptoms, and, therefore, the estimate of exposure based
on self-reported puffs with or without significant symp-
toms may be biased. However, other investigators have
also used questionnaire-reported incidents or first-aid
reports to evaluate exposure if objective measures are not
available [10, 11]. To account for this possible bias, we
controlled for personal asthma in multivariate analysis.
Selection biases appear negligible: on the one hand, the
great majority of workers at risk participated in the study,
and only three acutely exposed subjects who registered
with first-aid left the factory within the 3 year exposure
period before the beginning of the study. The higher
proportion of reported gassing incidents among non-
participants than among participants could suggest a
bias; however, this difference was not significant. On the
other hand, one cannot eliminate a previous selection at
the time of appointment. Finally, control for asthma and
tobacco intake takes into account possible confounding
factors.

Although we describe an association between acute
chlorine inhalation and small changes in lung function as
well as a mild increase in airway responsiveness, we can-
not with certainty attribute these changes to exposure,
given the cross-sectional design of the study. An ongoing
prospective study at the same workplace will enable us to
relate intraindividual changes to a history of puffs during
the follow-up period.
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ur study focused on acute accidental inhalations and

their characteristics, which defined the level of exposure.

The

respective roles ascribed to chronic exposure at a low

level and to acute accidental inhalations in respiratory
abnormalities have not been ascertained. Further longitu-
dinal studies should help in better understanding these
occupational hazards.
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