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INTRODUCTION  
Iron and Steel industry is a major industry in India giving occupation to 

[1]many people.  However, steel workers are continuously exposed to 
variety of agents and hence at risk of developing Occupational 
Respiratory Diseases [ORD] – a major health problem in many 
industries. Melting and casting process in a steel plant produce fumes 
and pollutant gases. Steel workers are potentially exposed to inorganic 
metal dusts (from iron ore, coal, silica, cobalt, zinc) and toxic gases 

[2]that produces adverse effects on lung function.  In steel industry, dust 
is known to be a common hazard since every operation in workplace 
like handling of material, fabrication, welding releases into the air a 

[3]certain amount of dust.  Even in the 21st century, welding is still an 
important occupational activity; 0.2% - 2% of the working population 
in industrialized countries has been reported to be engaged in 

[4]welding.  Welding exposure over prolonged periods of time is cause 
for concern; several studies have illustrated that the health of workers 

[5]is impacted by continued exposure to 'welding fumes'.  Welding is the 
process of joining metal components by melting the work piece by 
means of heat or pressure, or both, and adding ller material to form a 
strong joint. The majority of welding processes produce toxic fumes 
which are released by the heating of metals such as nickel, chrome, 

[6]iron, copper, magnesium, zinc and cadmium.  The main components 
of welding emissions are oxides of metals formed due to contact 
between the oxygen in the air and the vaporized metal. Welding fumes 
can cause irritation, inammation and oxidative damage to the airways 
and in the longer term can lead to lung diseases like chronic obstructive 
pulmonary disease COPD (term including chronic bronchitis and 

[4,6]emphysema).

Smoking per se is considered as an important risk factor in causing 
lung impairment. Furthermore smoking is a very common habit among 
welders in our country and hence, a signicant confounding factor in 
much of the existing research and seems to have a synergistic adverse 

[7]effect on lung functions in welders.  Combined occupational 
exposure to dusts, gases and fumes have been reported to reduce peak 

[8] expiratory ow rate (PEFR).

PEFR is primarily a measure of large airway caliber, can be used to 
identify and assess airow limitation in clinical practice and 

[9]epidemiological studies.

This cross-sectional study was carried out with the aim to determine 
the relationship between metal dust exposure and lung functions in 
steel workers (welders) .

MATERIAL AND METHODS 
A Cross sectional study was conducted on steel factory workers . Study 
population included 200 adult males > 18 years of age, permanent 
workers. Study subjects were divided into two groups: Welders 
(n=100) exposed to effect of welding and Controls  (non-welders 
n=100 ) who were selected from ofce workers, maintenance 
department, drivers and electricians. After  institutional ethical 
committee approval and written informed consent from the 
participants.  Eligible subjects were enrolled after taking detailed 
history and making thorough clinical examination. Factors viz. 
duration of employment in years, smoking habits (those who currently 
smoke cigarette / bidis 1-9gm daily are mild smokers and moderate 
smokers are those with daily intake of 10-19gms/d) were considered. { 
One cigarette contains one grams of tobacco and an equal amount 
contained in 4 bidis.}.Standing height was recorded with the help of  
calibrated measuring scale mounted on a wall, weight was recorded 
using standardized weighing machine. PEFR was recorded with the 
help of portable Medspiror. Three reading were taken at the same time 
in sitting position and best of the three was considered in the study.

Inclusion Criteria:
Ÿ Male Subjects > 18 years of age exposed to welding in steel 

factory. 
Ÿ Atleast one year of  continuous / regular  service. 

Exclusion Criteria:
Ÿ Subjects suffering from any medical ailments or any 

cardiovascular disorder.
Ÿ History of previous occupational respiratory disease like asthma, 

bronchitis, allergies and abdominal surgeries.
Ÿ Excessive smokers (daily intake > 20 gms) 

Parameter Studied: 
Anthropometry – Age, Height, Weight and Body Surface Area. 

Peak Expiratory Flow Rate – maximum expiratory ow rate sustained 
by a subject for atleast 10 milliseconds and is expressed in 
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litres/seconds. 

STASTISTICAL ANALYSIS
Data was entered into Microsoft excel sheet and analysis was done 
with  Epi- info version 6.1. Mean and standard deviation were 
calculated. Categorical variables were analyzed by Chi square test.  P-
value of < 0.05 was considered to be stastically signicant.

RESULTS
Table 1 : Physical parameters among Welders and Controls

Table 2:  Comparison of different parameters among Welders and 
Control groups.

 

* Signicant       ** Highly Signicant

Table 2 - shows comparison of different parameters studies between 
welders and control groups. There was signicant decrease in Mean 
PEFR value of welders when compared to that of control groups (p < 
0.0000**). PEFR showed signicant decline in welders who smoked 
in comparison to smokers in control group (p < 0.0008**). PEFR of 
smokers with frequency of smoking < 10 gm/d was lower than that of 
controls with same frequency. Same is true for PEFR value with more 
frequency of smoking ( > 10 gm/d). When intragroup comparison was 
made between the welders and controls regarding the duration of 
exposure, the PEFR values were found to be signicantly lower in 
welders in both the situations i.e. when duration of exposure was less 
than ve years and more than ve years.

DISCUSSION  
High prevalence of occupational respiratory problems among metal 

[10]workers is well documented.  The study was carried out in a local 
steel factory to assess the impact of  'welding fumes' on the respiratory 
health of the employees. Several studies have demonstrated reduction 
in lung function due to high exposure to dust and fumes in steel factory 

[1,2,8,10,11,12,13] workers. Our results were in agreement with these studies. 
The mean PEFR (the parameter chosen to assess lung function) was 
found to be signicantly lower in welders as compared to controls.

Furthermore the mean PEFR value was found to be signicantly less 
both in welders having exposure to welding for less than ve years and 
welders exposed for more than ve years when compared to the 
controls in their respective groups. 

The decrease in PEFR is attributed to the consequences of the 
signicant atmospheric exposure to 'airborne dust' found in large 
amounts in welding fumes. The potential hazards from exposure to 
metal fumes during common welding techniques depend on many 
factors such as metal being welded, composition of the welding 
electrode, position of the welders and the existing ventilation at the 
workplace. Pollutants such as toxic gases and fume particles are able to 
reach the terminal alveolar endings and exert a wide variety of 
effects.[14] Welders are known to have increased prevalence of 

[4] bronchitis and respiratory impairment.

In our study, the smoking prole of welders was also considered as 
most of the welders have the habit of smoking which in turn is one of 
the most important causes of impaired lung function.

The mean PEFR value in welders who smoked was lower than non-
smoker welders and the difference was highly signicant, suggesting 
that smoking in welders further impairs the lung functions. Similar 
results i.e. relatively more decline in PEFR in welders who smoked 

[2, 15]than non-smoking welders was reported by Hunnicutt TN et al.

Also, smokers both in welder and control groups showed much more 
decrease in PEFR than the non-smokers in corresponding groups (p-
0.0000). Chauhan S et al [16] have also reported decreased PEFR in 
cigarette smokers as compared to non-smokers. According to these 
authors, the intensity of cigarette smoking (pack-years) is the main 
variable to inuence airway obstruction in smokers that caused greater 
reduction in PEFR.

Smoking has been identied as the most important risk factor in 
chronic obstructive pulmonary disease. It signicantly increases 
progressive deterioration of lung function[17]. Majority of the existing 
research points towards a synergetic adverse effect on lung function in 
welders.[18]

CONCLUSION  
Occupational exposure continues to be a major problem among steel 
factory workers, especially in workers engaged in welding sections. 
Our study showed decline in lung function in welders and this decline 
was more pronounced in welders who were smokers. Adverse health 
effects of work-related atmosphere are of great public interest.    
Inadequate control measures in the workplace and undesirable habits 
or hygiene practices will affect both workers well being and 
productivity. To decrease risk of work-associated respiratory 
morbidity, smoking cessation is highly recommended to personnel 
engaged in welding. Also all other possible interventions for damage 
prevention like use of protective personal equipment, monitoring the 
work environment and periodic and scheduled screening of lung 
functions of the workers should be carried out in accordance with the 
existent guidelines.

LIMITATIONS OF THE STUDY:
The limitations of the present study was lack of knowledge about 
specic dust exposure to which the welders were exposed as that is a 
strong  determinant of the degree and type of lung impairment. 
Another limitation was relatively small sample size.

ACKNOWLEDGEMENTS: 
The authors are thankful to the participants of the study and to research 
personnel for their help in the work.

DECLARATIONS:
Funding:  NIL
Conict of interest: NIL

REFERENCES
1. Singh LP, Bhardwaj A, Deepak KK. Occupational Exposure to Respirable suspended 

Particulate Matter and Lung Functions Deterioration of Steel Workers: An Exploratory 
study in India. ISRN / 2013/Article ID 325410 : 1-9.

2. Hamzah NA, Bahri, Tamrin M, Hasim. Metal dust exposure and Respiratory Health of 
Male Steel Workers in Terengganu, (Malaysia). Iranian J Public Health 2014; vol 43,  
suppl No. 3: 154-166.

3. Verma AK and Gupta VK. A survey of respirable dust in a steel industry. Ind J. Phys 
Allied Sciences 1995; 49(4): 173-174.

4. Antonini JM, Krishna Murthy GG, Brain JD. Responses to welding fumes; lung injury, 
inammation, and the release of tumor necrosis factor-alpha and interleukin – 1 beta. 
Exp Lung Resp 1997; 23: 205-227.

5. Roach LL. The relationship of Welding Fume Exposure, Smoking and Pulmonary 
functions in Welders. SAGE Journals 2018; Vol.66, issue (1):  34-40.

6. Sultan T, Al-Otaibi. Respiratory health of a population of welders. Journal of Family and 
Community Medicine – 2014 Sep-Dec; 21(3): 162-165.

7. Szran J, Schoeld SJ, Cosgror MP, Cullinan P. Welding, longitudinal Lung function 
decline and chronic respiratory symptoms, a systemic review of cohort studies.  Eur. 
Respir J. 2013; 42: 1186-1193.

8. Gomes J, Lloyd DL, Norman NJ, Pahwa P. Dust Exposure and Impairment of Lung 
functions at a small Iron foundry in a rapidly developing country. Occupational and 
Environmental Medicine 2001; 58: 656-662.

9. Morgan WJ. Peak Expiratory Flow – an overview from Pediatric Respiratory Medicine 
(IInd Edition), 2008.

10. Girma F, Kebede Z. Dust exposure association with lung function among Ethiopian 
Steel Workers. Annals of Global Health 2019; 85(1), P12.

11. Pau-Cheng C, Patrica DE and Wang JD. “Respirable dust exposure and respiratory 
health in male Taiwanese Steelworkers”. Industrial Health. 2006; 44:190-199.

12. Ozedmir O, Numanoglu N, Gonullu U, Savas I, Goanay A et al. Chronic effects of 
welding exposure on pulmonary function tests and respiratory symptoms. Occupational 
and Environmental Medicine 1995; 52: 800-803.

13. Donoghue Am, Glass WI and Herbison GP. Transient changes in the pulmonary function 

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

2 International Journal of Scientific Research

Parameters Welders Controls p- value

Age 33.16 ±  11.08 34.41 ±   8.06 0.36

Weight 53.08 ±   9.24 55.73  ±  14.4 0.12

Height 164.05 ±  7.71 164.52 ±   8.34 0.67

Body Surface Area 1.57 ±  0.138 1.60  ±  1.19 0.12

Parameters Mean ± SD
PEFR

p-value

Welder Control

PEFR (L/sec) 5.70 ±  1.77 7.96 ±  2.13 0.0000**

Smokers 5.50 ±  1.86 7.46 ± 2.32 0.0008**

Non-Smokers 6.28 ±  1.36 8.54 ± 1.73 0.0002**

Frequency of  
Smoking < 10 gm

5.52 ±  1.64 7.60 ±  2.32

Frequency of  
Smoking 10 – 19 

gm

5.06 ±  1.94 6.67 ±  2.33

Duration of 
Exposure �  5 years

5.66 ±  1.73 8.03 ± 2.15 0.0000**

Duration of 
Exposure ≥ 5 years

5.66 ±  1.83 7.72 ±  2.25 0.0000**



of welders. Cross-sectional study of Monday peak expiratory ow. Occup Environ 
1994; 51(8): 553-556.

14. Gholamhossein P, Hossein K, Mohammad S, Farideh G and Pourtaghi. Pulmonary 
effects of occupational Exposure to Welding fumes. Australian Journal of Basic and 
Applied Sciences 2009; (3): 3291-3296.

15. Hunnicutt TM, Cracovaner DJ and Myles JT. Spirometric measurements in welders. 
Arch Enviro Health 1964; 8: 661-669.

16. Chauhan S, Mehta P, Suhalka ML, Jain R and Chauhan R. Global journal of bioscience  
and biotechnology. Vol-3 (4) 2014: 398-401.

17. Nighute S, Buge K and Kumar S. Effect of cigarette smoking on PEFR: A short review. 
Internal Journal of Current Research in Physiology and Pharmacology (IJCRPP) 2017; 
1(1): 3-5.

18. Kim JY, Chen JC, Boyce PD, Christian DC. Occupational and Environmental Medicine. 
2005; vol 62, Issue 3: 157-63. Exposure to welding fumes is associated with acute 
systemic inammatory responses.

Volume - 9 | Issue - 8 | August - 2020 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

International Journal of Scientific Research 3


