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INtRODUctiON
From occupational health perspective, the respiratory system 
is one of the most important systems in the body that can be 
affected by adverse effects and disorders, because inhalation 
is the main route of entry of gases and particulate matters in 
occupational exposure.1,2 Occupational respiratory disorders 
and signs may result from repetitive exposure, prolonged 
exposure or exposure to one or more hazardous chemicals, 
vapors or gases. Exposure to chemical substances and pollut-
ants in a wide range can lead to acute and chronic pulmonary 
damages.3-5 A wide range and variety of respiratory disorders, 
from simple complications and bronchitis to pulmonary edema 
and allergic and non-allergic rhinitis can be caused by exposure 
to inhalation products. Also, the development of these com-
plications can lead to the development of the reactive airways 
dysfunction syndrome, characterized by lower respiratory 
symptoms (such as cough, wheezing, shortness of breath) and 
asthma.6,7 Reactive airways dysfunction syndrome develops 
often after a single accidental exposure at work to a respiratory 
irritant in the setting of a spill or fire (e.g., smoke inhalation 
and chlorine gas).8 Occupational exposure to irritants such as 
hydrochloric acid can cause or worsen respiratory complica-
tions such as asthma. So, recognition of work-related disease 

in early stages is crucial to achieving a successful outcome 
for the exposed persons.9 Based on the population research, it 
is revealed that in general, about 10–15% of asthma in adults 
is occupational asthma (OA) and is due to a causal factor in a 
workplace.9 OA is a unique phenotype of asthma. Depending 
on the sensitivities that individuals are exposed to, different 
pathophysiologic mechanisms lead to the development of OA. 
Atopic, rhinitis, and genetic markers are the main contributors 
to host risk in the development of asthma, while contamination 
is a major contributor to the environmental risk factor that 
involves the development of OA.10

One of the most important applications of hydrochloric 
acid is in the pickling of steel, to remove rust or iron oxide 
scale from iron or steel before subsequent processing, such 
as extrusion, rolling, galvanizing, and other techniques.11 
Hydrochloric acid (HCl) at typically 18% concentration is 
the most commonly used pickling agent for the pickling of 
carbon steel grades.

Fe2O3 + Fe + 6HCl → 3FeCl2 + 3H2O

The spent acid has long been reused as iron (II) chloride 
(also known as ferrous chloride) solutions, but high heavy-
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metal levels in the pickling liquor have decreased this practice.
The steel pickling industry has developed hydrochloric acid 
regeneration processes, such as the spray roaster or the fluid-
ized bed HCl regeneration process, which allow the recovery 
of HCl from spent pickling liquor. The most common regen-
eration process is the pyrohydrolysis process, applying the 
following formula:

4FeCl2 + 4H2O + O2 → 8HCl + 2Fe2O3

By recuperation of the spent acid, a closed acid loop is es-
tablished. The iron(III) oxide by-product of the regeneration 
process is valuable, used in a variety of secondary industries.12

Studies have reported some of the toxic effects of exposure 
to hydrogen chloride gas. High solubility of this gas is a potent 
trigger for nasal mucous membranes, throat, respiratory system 
and the eye. In the most cases it causes irritating effects in the 
upper respiratory tract.13 Hydrochloric acid is classified in a 
group of chemicals that have acute effects such as burning 
eyes, respiratory tract and pulmonary edema, and chronic ones 
such as chronic bronchitis, dermatitis, and photo sensitivity.14 
In addition, some studies have reported eye inflammation, 
headache, coughing, wheezing, dyspnea, as well as several 
cases of reactive airways dysfunction syndrome and asthmat-
ics symptoms.15

The results of the other study on plating workers show 
that after controlling the effects of variables such as age and 
exposure time, there is a relationship between the exposure to 
chloride acid and the prevalence of mucosal and respiratory 
stimuli and the early stages of dental corrosion.16 Conversely, 
Patil et al.16 did not find any association between occupational 
exposure to low concentration of chlorine gas and the preva-
lence of respiratory symptoms. Also, no clinical significant 
symptoms of respiratory disorders in workers exposed to low 
concentration of chlorine gas were found.17

Respiratory effects of long-term exposure to low levels of 
hydrochloric acid gas have not been well documented, and 
are subjected to debate and controversy. According to the 
American Conference of Governmental Industrial Hygienists, 
ceiling threshold limit value, is defined as: the concentration 
of a chemical substance in air that should not be exceeded dur-
ing any part of the working exposure. This value is equal to 2 
ppm for hydrochloric acid exposure. So, in the present study, 
the value of less than 2 ppm for occupational exposure was 
supposed as low concentration of hydrochloric acid.18 There-
fore, to find the answer of this question that whether (or not) 
respiratory symptoms or disorders can be caused in exposure 
to low concentration of hydrochloric acid in occupational set-
tings, the present study was done. Also this investigation was 
done for two main objects: 1) Determining the prevalence of 
respiratory symptoms in exposed and non-exposed persons and 
2) Evaluation of changes of pulmonary function parameters 
of exposed persons.

SUBJects aND MethODs
subjects
This analytical descriptive case control study was carried out 
in the acid washing unit of the cold rolling of the steel industry. 
The subjects included male healthy workers, having at least 
one year of work experience in the acid washing unit as the 
exposed group and employees of the administrative depart-

ments of the steel industry who did not have any exposure to 
acid and other chemical agents in their work environment as the 
control (non-exposed) group. The selection of individuals was 
census-based, and all employees working in the acid washing 
unit of the company were fully volunteered and entered the re-
search with previous satisfaction. The exposed group included 
53 people, of whom 45 were volunteers (mean age 29.9 ± 3.3 
years), and the non-exposed group included 124 people, 41 of 
whom (mean age 31.5 ± 4.5 years) were male employees of the 
company who were randomly selected. After giving informed 
consent, they entered the study voluntarily. Also, the inclu-
sion criteria included lack of history of respiratory disease, 
smoking, pulmonary injury, chest surgery, contraindications 
for spirometric testing such as stroke and cardiac pain in 6 
weeks prior to study, active blood transfusion, uncontrolled 
blood pressure and cold disease in the last few days before the 
study. Otherwise, subjects were excluded from the study. This 
article is the result of a research project at the Research Center 
for Environmental Pollutants, Qom University of Medical 
Sciences, approved with Grant No. 97947 and with the code 
of the ethics IR.MUQ.REC.1397.118 in Ethical Committee of 
Qom University of Medical Sciences on November 6, 2018. 
The writing and editing of the article was performed in ac-
cordance with the Transparent Reporting of Evaluations with 
Nonrandomized Designs (TREND) Statement.

air sampling of hydrochloric acid  
Breathing zone air samples were collected in accordance 
with Method 7903 NIOSH,19 and solid sorbent tube (washed 
silica gel, 400 mg/200 mg with glass fiber filter plug) were 
used. Before sampling the standard personal sampling pump 
(micro pump) manufactured by Scientific Kit Corporation 
Inc. (NV, USA) was calibrated using electronic soap bubble 
flow meter (Scientific Kit Corporation Inc.) for a flow rate of 
0.3 L/min. Then sampling was done for 2 hours, to achieve 
the appropriate volume of the sample by standard methods. 
In total, 21 main air samples were taken from the beginning, 
middle and end of the acid washing line (7 samples in each 
section) plus 3 blank samples. After the sampling, the samples 
were analyzed using Ion chromatography in accordance with 
Method 7903 NIOSH. So that, the mass, μg, of anion found 
in the sample front (Wf) and back (Wb) sorbent sections, and 
in the average media blank front (Bf) and back (Bb) sorbent 
sections were determined and calculation of HCl concentra-
tion, C, in the air volume sampled, V, in term of liter was 
done as follows:

   

where: F (conversion factor from anion to acid) = 1.028 
for HCl.

study of respiratory effects 
The demographic properties of all participants (such as age, 
weight, height, education level, etc.) were gathered and sub-
jects by smoking habit avoided participating in this research. 
To study respiratory symptoms in two study groups (exposed 
and non-exposed subjects), we used a researcher made 
questionnaire based on respiratory symptom questionnaire 
suggested by the American Thoracic Societym,15 with a few 
modifications. The questionnaire’s validity and reliability in 
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a pilot study was confirmed (Cronbach’s alpha was 0.736). 
The questionnaire contained two kinds of questions including 
demographic questions and health effect questions (acute and 
chronic effects related to hydrochloric acid exposure). After 
interviewing of subjects and fulfill the questionnaire, sub-
jects of two groups tested for pulmonary function parameters 
immediately after 2 hours of exposure. Pulmonary function 
tests, including forced vital capacity (FVC), forced expiratory 
volume in the first second (FEV1) and peak expiratory flow 
rate measured by spirometry guidelines given by the American 
Thoracic Society and measured with a portable calibrated 
vitalograph spirometer (Vitalograph Ltd. UK Maids Moreton, 
Buckingham, UK) on site. 

statistical analysis
Data were statistically analyzed using appropriate tests includ-
ing Chi square or Fisher exact test or Yets Continuity Correc-
tion, one-way analysis of variance, Pearson’s correlation test, 
multivariate linear regression and multivariate logistic regres-
sion tests (with a preset probability of P < 0.05). Statistical 
tests were conducted using SPSS software (version 22; IBM, 
Armonk, NY, USA).

ResUlts
Descriptive results
The results of the demographic data analysis of the participants 
in this study are shown in Table 1, where almost all parameters 
are statistically similar in two groups. 

Air monitoring of hydrochloric acid in different places in 
the acid washing line was done with 21 air samples to dem-
onstrate HCl concentration of the beginning, middle and the 
end of the acid washing line. As shown in Table 2, the HCl 
concentration in the middle line was significantly higher than 
that in the beginning and end lines (P < 0.001).  

analytic results
To compare the incidence rate of respiratory symptoms in 
two studied groups, chi-square test was done. The findings 
showed that nose sensitivity, throat irritation and shortness of 
breath were the highest prevalence symptoms among exposed 
persons (30.4% to 32.6 %). On the other hand, except stridor, 
all of symptoms in exposed subjects were significantly dif-
ferent compared to non-exposed subjects (Table 3). Similar 
comparisons were made for pulmonary function between two 
groups based on the obtained results of the pulmonary function 
tests by spirometry (Table 4). According to the table, FVC and 
FEV1 were the two parameters differed significantly between 
exposed and non-exposed groups (P < 0.01). 

comparing pulmonary function
Correlation between the pulmonary function criteria and 
demographic characteristics of exposed subjects was deter-
mined using Pearson correlation test. The results showed that 
FVC and FEV1 have shown highest and direct or positive 
correlation with height (r = 0.965, P < 0.01; r = 0.927, P < 
0.01) respectively. Age and weight put in the next priorities 
(P < 0.01). In addition, the job history in terms of year has not 
been different significantly in exposed subjects with or without 
having respiratory symptoms (P < 0.05). 

On the other hand, based on the results of multivariate linear 

regression (Table 5), exposing to the acid and job history are 
two main predictor factors for FVC. Also based on the results 
of multivariate logistic regression (Table 6), only exposing to 
the acid can be a predictor for respiratory symptoms including 
shortness of breath and cough (P < 0.05). Other pulmonary 
function criteria or respiratory symptoms were not entered to 
the models due to negligible correlations and non-significant 
statistically differences.   

table 1: Demographic characteristics of the exposed 
workers and unexposed controls

Individual variable
Exposed 
(n = 45)

Non-exposed 
(n = 41) P-value†

Age (year) 29.9±3.3 31.5±4.5 0.06
Job history (year) 5.2±1.5 5.2±2.0 0.99
Wight (kg) 82.1±12.2 77.2±13.4 0.08
Height (cm) 177.6±5.1 177.9±5.9 0.8
Body mass index (kg/m2) 26.03±3.7 24.36±3.7 0.042

Note: Data were analyzed by independent t-test.

table 2: concentration of hydrochloride acid in different 
stations of the acid washing line

Sampling station

Concentration (ppm)

n Min Max Mean SD P-value

Beginning of the line 7 0.12 2.1 0.6 0.64 < 0.001
Middle line 7 0.17 5.97 1.59 1.84
End of line 7 0.13 1.5 0.58 0.62

Total 21 0.12 5.97 0.98 1.3

Note: The concentration of three blank samples was not detected and supposed 
zero for all samples. Data were analyzed by one-way analysis of variance.

table 3: the incidence rate of respiratory symptoms in 
the exposed workers and unexposed controls

Symptoms Exposed Non-exposed P-value

Cough 11(23.9) 1(2.5) 0.004*

Phlegm 10(21.7) 0(0) 0.005**

Shortness of breath 14(30.4) 1(2.5) < 0.001*

Throat irritation 15(32.6) 0(0) < 0.001**

Stridor 2(4.3) 1(2.5) 0.55*

Wheezing 9(19.6) 0(0) 0.009**

Nose sensitivity 15(32.6) 0(0) < 0.001**

Note: Data are expressed as number (percent). Data were analyzed by chi-square 
test (*) or Yets Continuity Correction (**).

table 4: comparing the pulmonary function between 
exposed workers and unexposed controls

Pulmonary 
function criteria Exposed (n = 45)

Non-exposed 
(n = 41) P-value

FVC 85.71±9.29 91.42±9.25 0.020
FEV1 84.69±10.49 91.15±7.66 0.041
FEV1/FVC 82.74±0.5 83.42±5.2 0.49
PEFR 95.80±14.45 95.82±14.04 0.739

Note: FVC: Forced vital capacity; FEV1: forced expiratory volume in the first second; 
PEFR: peak expiratory flow rate.
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DiscUssiON 
The present study demonstrated the respiratory changes and 
pulmonary function of exposed persons to low concentra-
tion of hydrochloric acid in acid washing process in a steel 
industry. One of the most important measures in identifying 
occupational diseases is the accurate identification of the 
work environment and the harmful factors that workers are 
exposed to. American Conference of Governmental Industrial 
Hygienists defined the value of 2 ppm as ceiling threshold 
limit value for HCl.18 Ceiling occupational exposure limit 
presented in Iran country is 2 ppm, too.20 The air monitoring 
of hydrochloric acid in different places of acid washing line 
showed low concentration of acid, totally. This value is lower 
than defined standard value. Although significant differences 
between the middle of line was seen compared to the begin-
ning and the end of the line (P < 0.001). On the other hand, it 
was revealed that in spite of exposure to low concentration of 
HCl, the prevalence of respiratory symptoms was considerable 
among exposed persons. So that, nose sensitivity, throat irrita-
tion and shortness of breath were the most important complaint 
which workers expressed. The similar findings can be seen in 
the research of Aminian et al.21 This is probably due to high 
solubility of HCl which has made it as a potent trigger for nasal 
mucous membranes, throat, respiratory system, and in most 
cases it causes irritating effects in the upper respiratory tract.9 
According to the findings, there was no significant difference 
between the mean values of demographic characteristics 
between the exposed and non-exposed groups. This finding 
will be very important because it will diminish the role of 
demographic variables in the spread of respiratory symptoms 
and pulmonary disorders.1,4,14

Among pulmonary function criteria, FVC and FEV1 were 
the two parameters which significantly different in exposed and 
non-exposed subjects (P < 0.05). Also, as shown in the Table 
5, the exposing to acid, by itself can reduce FVC as 4.386 unit. 
This value is equal to 1.12 for the job history. On the other 
words, for each year of increased work experience, 1.12 units 
of FVC are reduced. Other pulmonary function indices have 
not shown significant differences between exposed and non-
exposed subjects. However, in univariate analysis job history 
was not significant variable, but, in multivariate model after 
controlling the confounders, job history and exposing to acid 
were significant determinants of FVC. In addition, the cor-
relation of job history and age is demonstrated. In the line of 

present study, Agabiti et al.22 showed that spirometric indices 
of FVC, FEV1 and forced expiratory flow at 25–75% tended 
to be lower among those people with the highest exposure to 
chlorine, although the results from linear regression analysis 
were significant only for FEV1.

In another study, Gorguner et al.23 showed that FEV1 and 
peak expiratory flow rate were the two spirometric indices af-
fected by exposure to chlorine in housewives due to exposure 
to bleach. Similar results reported by other investigators.24,25 

This can point to the fact that the exposure to this compound 
is accompanied by a reduction in the irreversible chronic 
changes in some parameters of pulmonary function. In this 
study, the type of complication, as the results of spirometry 
show, is a type of restrictive pulmonary disease. In these types 
of diseases, FVC is decreased, but FEV1 is either normal 
or decreases in the same proportion as the FVC is lowered. 
Therefore, the ratio of FEV1 to FVC is in normal level. FVC 
reduction can be due to reduced compliance of the lung. Other 
studies reported similar findings regarding to other irritants 
compounds.1,26-28

 In the case of respiratory symptoms, the affected symptoms 
were shortness of breath and cough, which are influenced by 
exposing to acid significantly (P < 0.05). So that, exposing to 
acid can increase the shortness of breath and cough as equal 
to 2.837 and 2.506, respectively.

HCl is a very soluble gas which makes by hydrolyzing of 
chlorine gas. The solubility of HCl is five times stronger than 
its physical solubility of chlorine. Therefore, although chlorine 
is absorbed at low concentrations in the upper respiratory tract 
(below 5%), HCl can penetrate much deeper into the respira-
tory tract, thus increasing its toxicity.29

Médina-Ramon et al.30 expressed that irritant cleaning agents 
such as degreasing sprays or atomizers, hydrochloric acid, and 
ammonia might be related to asthma and chronic bronchitis 
symptoms. Due to the irritating effect of chlorine, chlorine 
intoxication rarely leads to serious injury. People exposed to 
chlorine, immediately after they sense the irritating smell, try 
to leave the danger zone. That is why death caused by expo-
sure to chlorine usually occurs in cases of sudden exposure 
to a large quantity.31 

Totally, our findings reveal that occupational exposure 
to HCl can cause some respiratory problems even at low 
concentration. But the extent to which acid concentration 
reduction can continue to cause respiratory complications 

table 5: the results of multivariate linear regression for predictor factors of forced vital capacity

Model

Unstandardized coefficients

Standardized coefficients (Beta) t Sig.

95% Confidence interval 

B Std. Error Lower Upper

Exposing to acid –4.386 1.969 –0.232 –2.228 0.029 –8.303 –0.47
Job history –1.117 0.55 –0.212 –2.031 0.046 –2.21 –0.023

table 6: the results of multivariate logistic regression for predictor factors of respiratory symptoms (shortness of 
breath and cough)

Respiratory 
symptoms

Covariates in 
model B S.E. Wald df Sig. Exp(B)

95% Confidence interval 

Lower Upper

Shortness of breath Exposing to acid 2.837 1.062 7.133 1 0.008 17.062 2.128 136.839
Cough Exposing to acid 2.506 1.07 5.485 1 0.019 12.257 1.505 99.83



Heidari et al. / Med Gas Res

Medical Gas Research ¦   December  ¦ Volume 9 ¦ Issue 4212

www.medgasres.com

is still unknown. Therefore, it is strongly recommended to 
other researchers for further studies in this area focusing 
dose-response relation in low or very low HCl concentration.

The findings of this study showed that exposure to low con-
centration of hydrochloric acid alone could increase the risk 
of respiratory tract damage and pulmonary function disorders. 

But the extent to which it can cause respiratory complica-
tions for occupational exposure is still unknown and requires 
further study. Therefore, risk management should be consid-
ered as a prevention strategy in the face of this combination.
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