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Background: This study aimed to determine the effects of chlorine gas exposure
and the associated factors on spirometric parameters among detergent industry
workers in Semnan, Iran.

Materials and Methods: This four-year cross-sectional study was concocted on
100 workers of two detergent factories in Semnan, Iran. Two questionnaires
were used for data collection. The first questionnaire included demographic
and occupational information, and the second questionnaire included
spirometric parameters, such as forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), FEV1/FVC ratio, peak expiratory flow (PEF), and
PEF 25-75%. The spirometric parameters were measured over four consecutive
years by a trained technician. Next, to determine the effects of chlorine gas
exposure and its associated factors on spirometric parameters, a generalized
estimating equation (GEE) model was used. The correlation structure of GEE
was considered to be autoregressive 1 (AR-1). Analyses were performed in
STATA version 14.

Results: All spirometric parameters showed a decreasing trend during 2012-
2015. The GEE model showed a significant association between chlorine gas
exposure and all spirometric parameters; the beta-coefficients for the effect of
exposure (year) on FVC, FEV1, FEV1/FVC ratio, PEF, and PEF 25-75% were -
4.51, -6.46, -4.27, -6.09, and -10.29, respectively. Also, this model demonstrated a
significant association between smoking and FEV1, PEF, and PEF 25-75%; the
beta-coefficients for the effect of smoking on these parameters were -5.64, -8.88,
and -5.75, respectively. Additionally, the GGE model showed a significant
association between the body mass index (BMI) and FVC and FEV1 (P<0.05);
the beta-coefficients for the effect of BMI on these two parameters were - 0.59
and -0.48, respectively.

Conclusion: The spirometric parameters showed a decreasing trend over time
among detergent industry workers; this decline was more remarkable among
individuals with a history of smoking. Therefore, it seems necessary to
implement screening programs and periodic active examinations for these
workers.

Key words: Chlorine gas; Spirometric parameters; Detergent industry;
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INTRODUCTION

Occupational diseases, as defined by the World Health
Organization (WHO), are diseases that are primarily
contracted as a result of exposure to risk factors associated
with work activities. Although these diseases have a lower
incidence as compared to other debilitating disorders,
studies show that a significant proportion of people are
affected by these diseases, especially in industrial areas.
The International Labor Organization (ILO) reported that
about 2.78 million workers die annually due to work-
related disorders worldwide, which is more than twice the
rate of road accident and war mortalities (1-3).

Among work-related disorders, respiratory diseases are
the most common occupational diseases with an increasing
trend, accounting for 17% of all deaths from occupational
diseases (1, 4). Among workers of various industries,
workers exposed to gases and chemical vapors,
particularly chlorine, are at a greater risk of respiratory
diseases (4-6). Toxicology of chlorine is almost entirely
related to the effects of this substance on the respiratory
system. Symptoms of chlorine poisoning are similar in
humans and animals and range from simple respiratory
irritations, spasms, bronchoconstriction, and bronchial or
alveolar injuries to acute and chronic respiratory diseases
(7, 8).

Although there is a high chance of recovery after
termination of chlorine exposure and timely diagnosis and
treatment, severe and prolonged exposure may lead to
permanent and irreversible damages to pulmonary
function (7, 9). In humans, chlorine concentrations <10
ppm can enter the lower respiratory tract by breaking the
defense system of the upper respiratory tract (10, 11).
Various studies have reported complications, such as
shortness of breath, irregular breathing, irregular
heartbeats, obstructive ventilatory impairment, reactive
upper airway dysfunction syndrome (RADS), and
decreased lung residual volume after exposure to chlorine
(12-14).

Considering the abovementioned complications,

screening tests are necessary for assessing the lung health

of workers, especially those exposed to chlorine. Today,
there are various screening tests for work-related
pulmonary disorders. Among these tests, spirometry, due
to high accuracy, easy access, and low cost, is the most
appropriate test to measure the pulmonary function of
workers in different industries (10, 15). Conventional
spirometry devices measure more than 20 different
respiratory variables, the most valuable of which are
forced vital capacity (FVC), forced expiratiory volume in
one second (FEV1), and FVC/ FEV1 ratio (16). Spirometry,
if performed regularly among workers exposed to
respiratory pollutants, can show pulmonary dysfunctions
before the onset of clinical symptoms and abnormal
findings on chest imaging (17).

Given the importance of workers’ health in a country’s
industrial progress and production, besides limited studies
on the effects of chlorine exposure on Iranian workers'
pulmonary function, this longitudinal study aimed to
investigate the effects of chlorine exposure and the
associated factors on spirometric parameters among

industrial workers in Semnan, Iran.

MATERIALS AND METHODS
Study design and sample

In this four-year cross-sectional study, all workers of
two factories in an industrial town were examined from
July 2012 to July 2015. For the selection of factories, first, all
factories with chlorine as the main material in the
production process were determined (six factories), and
then, two factories were randomly selected; both factories
manufactured washing materials. The inclusion criteria
were as follows: working in one of the factories during the
study; having at least four years of work experience;
having an acceptable respiratory function at the time of
entering the study (2012); and being involved in the
production process.

On the other hand, the exclusion criteria were as
follows: contraindications to spirometry (cardiac arrest and
chest pain in the past six weeks, active bloody sputum,

uncontrolled hypertension, and flu in the past three days);
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having a respiratory disease (asthma, rhinitis, bronchitis,
and emphysema), a chest injury or surgery; working in
other factories with exposure to other harmful materials;
and addiction to any type of opium. Of 137 workers of the
factories, 37 were excluded from the study, and a total of
100 subjects were finally examined.

Data collection

The pulmonary function was evaluated using a
calibrated spirometer (Spirolab II, Via Del Maggiolino, 125,
00153, Rome, Italy). The spirometric parameters included
the FVC, FEV1, peak expiratory flow (PEF), PEF occurring
in the middle 50% of the patient's exhaled volume PEF
(PEF 25-75%), and FEV1/FVC ratio. Spirometry was
performed by an instructed technician under the
supervision of a specialist in the first and last hours of
shiftwork in the factories, based on the America Thoracic
Society (ATS) criteria.

The spirometer was calibrated twice every day by the
technician, according to the manufacturer’s instructions.
Based on the subject’s height, age, and gender, the mean
percentage of the predicted value for each spirometric
index was calculated and reported. Before spirometry,
essential instructions related to the test method and
maneuvers were thoroughly given to the workers, and
they were asked not to smoke or eat a heavy meal at least
one hour before the test.

For spirometry, the subjects were asked to stand for
five minutes, and then, special clips were placed on their
noses in a comfortable standing position. For each subject,
three acceptable maneuvers were performed, and if a
difference was observed in the FVC values (>5%), the test
was repeated up to eight times to obtain the best volume,
based on the predicted percentage for pulmonary function.
In this study, the predicted percentage for pulmonary
function was the measured capacity by spirometry,
divided by the anticipated capacity (according to gender,
age, height, and race) in spirometry and multiplied by 100.
Besides, chlorine gas in the workstation was measured
using gas sampling pumps and gas chromatography and

then compared with the threshold limit value (TLV).
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Two questionnaires were used for data collection. The
first questionnaire consisted of demographic and
occupational information, including age, gender, body
mass index (BMI), work history in the factory, smoking,
medical history, and type of used mask, and the second
one consisted of spirometric parameters, including FVC,
FEV1, FEV1/FVC, PEF, and PEF 25-75%.

Statistical analysis

For descriptive analyses, the frequency (%) of the
participants” demographic and occupational characteristics
was reported. For analytical tests, a generalized estimating
equation (GEE) model was employed to investigate
changes in spirometric indices over time (four years). The
dependent variables were spirometric parameters, and the
dependent variable was exposure to chlorine gas among
workers. The analyses were adjusted for age, BMI, medical
history, smoking, and work experience in the factory. The
correlation structure of GEE model was considered to be
autoregressive 1 (AR-1). All analyses were performed in
STATA version 14.

Ethical considerations

Before data collection, the study objectives were
explained to the workers, and then, informed consent was
obtained from each participant. Also, this study was
performed according to the principles of the Declaration of
Helsinki and approved by the Deputy of Research and
Ethics Committee of Semnan University of Medical

Sciences, Semnan, Iran.

RESULTS

This study was conducted on 100 workers of two
factories in an industrial town in Semnan Province. Ninety-
seven out of 100 participants were male in this study. The
chlorine concentration was 3.8 and 3.4 ppm in the two
factories, respectively, and the difference was not
statistically significant (P>0.426). The mean (+SD) age of
the participants was 34.8+7.44 years, ranging from 25 to 65
years. The age of the majority of participants ranged from
25 to 35 years. The mean (+SD) work experience of workers

was 7.62+4.40 years, ranging from 1 to 25 years. Table 1
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presents  other  demographic and  occupational
characteristics of the participants. Also, 88 (88%) subjects

reported no history of smoking (Table 1).

Table 1. Demographic and Occupational Characteristics of Participants

Variable Number (%)
Female 3(3)
Sex
Male 97 (97)
25-35 58 (58)
35-45 32(32)
Age (Year)
45-55 8(8)
55-65 2(2)
>=25 47 (47)
Body Mass Index (Kg/M2)
<25 53 (53)
. Yes 12 (12)
Smoking
No 88 (88)
. Yes 37(37)
Job History
No 63 (63)
. . Yes 17 (17)
Medical History
No 83 (83)
. Yes 80 (80)
Exposed to Chlorine Gas
No 20 (20)

Table 2 presents the mean (SD) and minimum and

maximum values of spirometric parameters according to

Table 2. Mean (S.D) , Minimum and Maximum of Spirometric Parameters by Year

year (2012-2015). The mean FVC was 96.75 (95% UI: 93.94-
99.55) and 83.37 (95% UI: 82.34-84.39) in 2012 and 2015,
respectively. Also, the mean FEV1 was 9519 (95% UL
92.33-98.04) and 76.27 (95% Ul: 75.41-77.12) in 2012 and
2015, respectively. The corresponding FEV1/FVC ratios
were 81.99 (95% UL 80.72-83.27) and 69.52 (95% UI: 68.75-
70.28), respectively. Besides, the mean PEF and PEF 25-75%
were 97.30 (95% UI: 93.13-100.0) and 85.46 (95% UI: 81.14-
89.79) in 2012, respectively. The corresponding values were
78.74 (95% UI: 77.22-80.25) and 56.12 (95% UI: 54.62-57.61)
in 2015, respectively.

Table 3 shows the results of the GEE model, used to
determine the influential factors in the mean changes of
spirometric parameters during 2012-2015. As can be seen,
the beta-coefficient for the effect of year on FVC, FEV1,
FEV1/FVC, PEF, and PEF 25-75% was -4.51, -6.46, -4.27, -
6.09, and -10.29, respectively; in other words, with each
year increase in exposure to chlorine gas, the values of
FVC, FEV1, FEV1/FVC ratio, PEF, and PEF 25-75%
decreased by 4.51, 6.46, 4.27, 6.09, and 10.29 units,
respectively; these changes were statistically significant.

Other related information is presented in Table 3.

Parameters Year Number Mean S.D* Minimum Maximum
2012 100 95.75 14.13 45 137
2013 100 93.20 9.09 70 111
FVC 2014 100 85.86 6.22 70 98
2015 100 83.37 5.17 71 96
2012 100 95.19 14.37 38 136
2013 100 88.25 7.30 71 102
FEV1 2014 100 80.51 4.38 68 89
2015 100 76.27 431 60 84
2012 100 81.99 6.42 60.80 103
2013 100 77.80 4.85 68 97
FEV1/FVC 2014 100 72.19 4.83 63 87
2015 100 69.52 3.84 63 80
2012 100 97.30 19.92 28 168
2013 100 87.56 10.99 60 110
PEF 2014 100 82.37 9.49 60 105
2015 100 78.74 7.62 60 96
2012 100 85.46 2157 26 132
2013 100 79.75 9.14 52 96
PEF (25-75 %) 2014 100 62.75 9.43 46 85
2015 100 56.12 751 43 72
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Table 3. Determination of the Effective Factors on Mean Changes of Spirometric Parameters by 2012 -2015 (Generalized Estimating Equations)

FVC FEV1

Variable . L.
B-Coefficient *P B-Coefficient P

-4.51 -6.36

Exposure (Year) <0.001 <0.001
(-5.28- -3.73)* (-7.18- -5.55)
0.01 0.03
Age 0.859 0.685
(-0.18-0.21) (-0.14-0.22)
-0.59 -0.48
BMI 0.003 0.011
(-0.98- -0.20) (-0.86--0.11)
. 0.10 021
Work History 0.603 0.254
(-0.29- 0.50) (-0.15- 0.59)
. -4.17 -5.64
Smoking 0.123 0.007
(-9.48-1.12) (-9.70- -1.57)
. . -.46 -0.006
Medical History 0.802 0.996
(-4.08- 3.15) (-2.90- 2.89)
-1.94 -1.88
Use of Masks 0.236 0.165
(-5.15- 1.26) (-453-0.77)

FEV1/ FVC PEF PEF (25-75 %)
B-Coefficient P B-Coefficient P B-Coefficient P
-4.27 -6.09 -10.29
<0.001 <0.001 <0.001
(-4.72--3.82) (-7.36- -4.81) (-11.63- -8.95)
-0.03 -0.23 0.04
0.378 0.110 0.748
(-0.11-0.04) (-0.51- 0.05) (-0.21- 0.29)
0.02 -0.25 -0.07
0.787 0.249 0.753
(-0.13-0.18) (-0.69- 0.18) (-0.55-0.39)
-0.005 0.43 0.01
0.942 0.059 0.931
(-0.14-0.13) (-0.01- 0.89) (-0.36- 0.40)
-1.49 -8.88 -5.75
0.171 0.002 0.034
(-3.63-0.64) (-14.58--3.19) (-11.06- -0.43)
112 3.63 1.04
0.138 0.096 0.560
(-0.36-2.62) (-0.65-7.92) (-2.46 - 4.55)
-0.35 -1.05 -0.50
0.544 0.557 0.783
(-0.79- 1.50) (-4.56- 2.45) (-4.08- 3.07)

*P: P-Value
**:0695 Confidence Interval

Moreover, the results of the GEE model, after adjusting
for potential confounding variables, demonstrated an
inverse relationship between smoking and FEV1, PEF, and
PEF 25-75% (P<0.05). The beta-coefficient for the effect of
smoking on these parameters was -5.64, -8.88, and -5.75,
respectively; in other words, the values of FEV1, PEF, and
PEF 25-75% in smoking workers were 5.64, 8.88, and 5.75
units lower than non-smokers, respectively. Besides, the
GGE model showed an inverse relationship between BMI
and FVC and FEV1 (P<0.05). The beta-coefficient for the
effect of BMI on these parameters was - 0.59 and -0.48,
respectively, that is, with every one unit increase in BMI,
the values of FVC and FEV1 decreased by -0.59 and -0.48
units, respectively (Table 3).

Finally, the GEE model showed that the beta-
coefficients for the effect of mask use on FVC, FEVI,
FEV1/FVC ratio, PEF, and PEF 25-75% were -1.94, -1.88, -
0.35, -1.05, and -0.50, respectively. In other words, the FVC,
FEV1, FEV1/FVC ratio, PEF, and PEF 25-75% were 1.94,
1.88, 0.35, 1.05, and 0.50 units lower in people who did not
use a mask compared to those who used a mask,
respectively; however, the differences were not statistically
significant (P>0.05). Other variables did not show a

significant relationship with these parameters (Table 3).

Figure 1 shows the trend of spirometric parameters
during 2012-2015. As can be seen, all spirometric
parameters, including FVC, FEV1, FEV1/FVC ratio, PEF,
and PEF 25-75%, decreased over time.
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Figure 1. The Trend of Spirometric Parameters by Type of Parameter

DISCUSSION

The risk of chlorine gas inhalation is particularly
important in industrial workers, because the adverse
effects of exposure to this gas are severe and can lead to
acute transient

pneumonia, pulmonary edema, and

bronchospasm if inhaled. This study aimed to determine
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the effects of chlorine exposure and the associated factors
on spirometric parameters among industrial workers in
Semnan, Iran during 2012-2015. The results indicated that
all spirometric parameters had a decreasing trend during
2012-2015. The GEE model showed a significant association
between exposure to chlorine gas and all spirometric
parameters. Based on the results, FVC, FEV1, FEV1/FVC
ratio, PEF, and PEF 25-75% decreased by 4.51, 6.46, 4.27,
6.09, and 10.29 units, respectively.

Various studies have investigated the risk of chlorine
inhalation in industrial workers. In these studies,
spirometry has been one of the most common tools to
evaluate pulmonary function. The results of these studies
are consistent with the findings of our study. In this
regard, a study by Neghab et al. demonstrated that the
mean FVC, FVC/FEV1 ratio, and PEF were significantly
lower in the exposed group as compared to the unexposed
group (18). Also, in a longitudinal study by Gautrin et al,,
investigating changes in spirometric parameters and the
associated factors in workers exposed to chlorine gas, the
findings showed that the FVC, FEV1, FEV1/FVC ratio,
PEF, and PEF 25-75% were significantly reduced over time
(19).

In another study from South Carolina, USA, evaluating
the pulmonary function before and after a large chlorine
gas release, researchers observed a significant reduction in
the mean FEV1 and FEV1/FVC ratio over time following
exposure to chlorine gas (20). Also, Medina-Ramoén et al.
showed that the incidence of lung lesions in female
cleaning workers increased due to exposure to liquid
chlorinated bleach (21). Moreover, Drobnic et al. studied
the effects of low concentrations of chlorine on swimmers
during exercise and reported the symptoms of asthma and
airway hyperresponsiveness to a smaller degree (22). Even
in other industries, such as poultry, the rates of respiratory
disorders and eye irritations were significantly higher in
workers due to exposure to chloramine, and the
pulmonary function parameters significantly reduced
during shift work (23).

It can be concluded that long-term exposure to chlorine

gas, even at low concentrations, can cause a decrease in

spirometric parameters and lead to chronic lung diseases
over time. The obtained results highlight the importance of
implementing engineering control measures to reduce the
concentrations of chlorine gas in different industries.
Besides, by performing screening and active periodic
examinations before confirming the effects of chlorine gas,
individuals susceptible to chlorine gas complications must
be identified, and appropriate intervention measures must
be taken.

In this study, a significant association was found
between smoking and spirometric parameters, including
FEV1, PEF, and PEF 25-75%; in other words, FEV1, PEF,
and PEF 25-75% in smoking workers were 5.64, 8.88, and
5.75 units lower than non-smokers, respectively. Similarly,
Das and Blanc reported that in smokers or people with a
chronic lung disease, functional lung injuries occurred
more rapidly when exposed to chlorine (24). Similarly,
Clark et al. showed that a history of smoking was
associated with a greater reduction in FEV1 and FVC
following exposure to chlorine (20). It seems that smoking
and exposure to chlorine have a multiplicative interaction
in pulmonary function and significantly increase or
aggravate pulmonary lesions caused by chlorine gas (20).
Since smoking, even in small amounts, can cause different
respiratory disorders in these workers, design and
implementation of smoking cessation programs, especially
in workers exposed to chlorine gas, seem essential.

Moreover, the present results showed an inverse
relationship between BMI and FVC and FEV1 (P<0.05); in
other words, with every one unit increase in BMI, the
values of FVC and FEV1 decreased by -0.59 and -0.48 units,
respectively. These results are consistent with the findings
of various previous studies. A study by Banerjee et al,
determining the correlation between BMI and pulmonary
function parameters in non-asthmatic individuals, showed
an inverse relationship between BMI and spirometric
parameters, including FEV1 (r=-0.531, P=0.009), FEF 25-
75% (r=-0.653, P=0.001), and FEV1/FVC ratio (r=-0.603,
P=0.002)] (25). Similarity, in another study by Bhatti et al.,

an inverse relationship was observed between BMI and

Tanaffos 2021; 20(1): 43-50



spirometric parameters (26). Therefore, regular screening
programs, with lifestyle modification and weight control,
are recommended for overweight and obese workers.

Finally, the results of the present study indicated that
the FVC, FEV1, FEV1/FVC ratio, PEF, and PEF 25-75%
were 1.94, 1.88, 0.35, 1.05, and 0.50 units lower in people
who did not use masks as compared to those who did,
respectively; however, the differences were not statistically
significant (P>0.05), which might be due to the small
sample size. Nonetheless, the use of mask as a protective
device should be considered in high-risk occupations. It is
also recommended to conduct further studies on a larger
sample size to determine the effects of mask on these
parameters more accurately.

This study has several strengths and limitations. To the
best of our knowledge, this is the first longitudinal study
from Iran, investigating the effect of chlorine gas exposure
on the pulmonary function of detergent industry workers
over four consecutive years. On the other hand, this study
has several limitations that should be considered when
interpreting the results. First, since spirometry was
performed annually, it was not possible to study acute and
transient changes due to chlorine gas exposure. Second,
workers might have been exposed to chlorine gas and
other chemicals affecting the spirometric parameters (e.g.,
outside the workplace), and it was not possible to control
these environmental and occupational parameters; this
issue was not considered in the results of this study.
Therefore, design and implementation of occupational
cohort studies with a larger sample size are recommended.

In conclusion, the results of the present study showed
that all spirometric parameters (FVC, FEV1, FVC/FEV1
ratio, PEF, and PEF 25-75%) decreased dramatically over a
four-year period among detergent industry workers; this
decline was more significant in workers with a history of
smoking. Therefore, it seems necessary to implement
engineering control measures to reduce the concentration
of chlorine gas. Also, screening and periodic active
examinations are essential before confirming the effects of
chlorine gas on different industrial workers, especially

detergent industry workers.
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