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Abstract  

Background: Occupational Asthma (OA) is a major cause of respiratory morbidity and the most common cause of non acute lung 

disease in the industrialized world. The incidence of  OA in developed country is increasing, while in developing countries is still 

unknown.   

Objectives: To assess pulmonary functions of welders and to determine  the respiratory morbidity in relation to duration of welding 

exposure.  

Methods: This cross sectional study included 100  metal electric  arc welders, who are working without the benefit  of welding fume 

control ventilation or any respiratory protective measures. A pre structured questionnaire was used to record the clinical, 

sociodemographic  profile . Pulmonary function test (PFT) parameters were recorded by spirometer . 

Statistical analysis used: Chi square and independent t test were applied. 

Interpretation & Results:  Seventy one welders  had normal lung functions. The twenty eight welders showed significant reduction in  

FEV1/FVC (p<0.05) suggestive of obstructive  lung pattern and one welder had increase in FEV1/FVC (p<0.05)  suggestive of restrictive  

lung pattern on long term exposure (>5yrs).  

Conclusions: Impaired  pulmonary functions in  welders were related to duration of welding exposure.  
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Introduction: 

 Pneumoconiosis constitutes the major proportion of the 

occupational disease and is one of the ancient  

occupational disease. 
[1]

  The incidence of Occupational 

Asthma (OA) in developed country is increasing, while 

in developing countries is still unknown. It is estimated 

that more than one million workers worldwide perform 

some type of welding a part of their work duties. 

Welding is a process during which fumes, gases, 

electromagnetic radiation and noise are emitted as by 

products. 
[2]

. The primary source of inhaled particulate 

material in welding is from metal oxides. These are 

hazardous because they are small enough to deposit in 

the terminal bronchioles and alveoli, distal to 

mucociliary cleaning mechanisms. Electric arc welding 

processes produce  particles with aerodynamic diameters 

in the range of 0.1-0.5 mm, which may aggregate in the 

air to form particles of larger aerodynamic diameter[4] 

[3,4]
. Periodic re-testing of workers can detect pulmonary 

disease in its earliest stages.
 
Though studies have found 

an acute decline in PFTs of welders, there are lacunae’s 

in the literature as to whether long term welding 

exposure causes  chronic  respiratory impairment.  

  Thus the present study was designed to study the 

effects of welding fumes on lung functions and to 

determine the severity of respiratory morbidity related to 

duration of exposure.  

Materials and Methods:  

The present study was designed as a prospective 

,cross‑sectional study. Prior to the commencement of the 

study, the ethical clearance was taken from the JSS 

Medical College & Hospital Mysore. The study was 

carried out in various metal arc welding shops on iron 

doors and grills in Bangalore city during May 2008 to 
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May 2009. A total of 100 male welders who were 

employed as manual metal electric arc welders for 1-10 

years and aged between 18 to 55 years were volunteered 

in the study. They were divided into three groups 

depending on duration of exposure. Among 178 welders 

in overall shops, only 100 were selected based on 

exclusion criteria. They were working without the 

benefit  of welding fume control ventilation or any 

respiratory protective measures. The informed written 

consent was taken from each subject. 

Questionnaire for study group: Questionnaires were 

administered by author in Kannada language. An 

interview technique was used as a tool for data 

collection. Clinical history of breathlessness, chest 

tightness, cough, wheezing before or after employment, 

nocturnal awakening in the last year, symptoms 

regression on weekend or regression on holidays, family 

history of asthma, occupational rhinitis, dermatitis were 

asked. Occupational history about their previous job, 

present job was noted. For all welders this was the first 

job and was no history about change of job. 

Sociodemographic history and clinical examination of 

the subjects were recorded on predesigned proforma.  

Exclusion criteria 

Workers with previous exposure to any occupational 

exposure, diagnosed case of asthma or the symptoms  

suggested of asthma before joining the present job and 

any systemic illness. 

Definitions 

In accordance with American College of Chest 

Physicians
[5]

, we diagnosed OA and likely OA as 

follows: (A) diagnosis of asthma and (B) onset of asthma 

after entering the workplace: (C) association between 

symptoms of asthma and work, and (D) one or more of 

the following: (1) 

workplace exposure to an agent known to give rise to 

OA, (2) work‑related changes in PEFR, (3) 

work‑related changes in bronchial responsiveness, (4) 

positive response to specific 

inhalation test.  OA: meets A + B + C + D2 or D3 or D4 

of the surveillance case definition. 

Likely OA: meets A + B + C + D1 only of the 

surveillance case definition. 

Anthropometric measurement were recorded.PFT 

parameters were recorded by a computerized spirometer- 

Medspiror during their working hours. The apparatus 

was calibrated daily with a 1 litre calibration syringe and 

operated within a temperature range of 20-25
o
C.    

• Forced Vital Capacity (FVC)  

• Forced Expiratory Volume in First 

second (FEV1) 

• FEV1/FVC (FEV1%) 

• Peak Expiratory Flow Rate (PEFR) 

• Forced Expiratory Flow during 25-

75% expiration (FEF 25-75%) 

Procedure: 

The subjects were familiarized with the set up and 

detailed instructions and demonstrations were given by 

the author. The subjects were made to breath out 

forcefully following deep inspiration into the mouth 

piece attached to the pneumotachometer. Expiration was 

maintained for a minimum period of 3-4 seconds. The 

American Thoracic Society (ATS) recommends that at 

least three acceptable maneuvers be saved. Among these 

three, the largest FVC,FEV1 must not vary more than 0.2 

L or 5% from the second largest because this amount of 

variation can be seen within 1 day in normal subjects. Of 

these three maneuvers, the largest FVC and largest 

FEV1 is reported. A normal PEFR value of 3-5 L/s 

ensured maximum effort by the subject while performing 

the test. Normal % predicted was taken as 80% 

according to ATS [6]. All the recording were done at the 

body temperature and pressure saturated with water 

vapor concentration (BTPS). As recommended by 

Snowbird workshop all the readings were taken in 

standing position. All the tests were carried out at the 

same time of the day, between 8.30 am and 9.30 am to 

avoid possible variations
[7]

.The tests were done in a quiet 

room in order to alleviate the emotional and 

psychological stresses. During the test, maximum effort 

from the subjects was ensured by adequately motivating 

them to perform at their optimum level. These above 



Indian Journal of Basic and Applied Medical Research; June 2015: Vol.-4, Issue- 3, P. 114-121 

 

116 

www.ijbamr.com   P ISSN: 2250-284X , E ISSN : 2250-2858 

 

said parameters were compared with average predicted 

value for a subject on the basis of age, sex, built and 

race
[8]

.The Indian standard predicted values were taken 

for the calculation. 

        Spirometry is required for the evaluation of workers 

for disability under the Social Security Administration 

(SSA) 
[9]

 Occupational Safety and Health Administration 

(OSHA) [10] and in Workers  Compensation Settings[11]. 

Statistical Analysis: Statistical analysis was performed 

using the Statistical Package for Social Sciences 

(SPSS‑17).The results were expressed as mean (M) ± 

standard deviation (SD). Independent  t test was applied 

to study the PFTs in smokers and non‑smokers and also 

for  welders with symptoms suggestive of OA and 

without OA. Relationship between duration of exposure 

and respiratory morbidity state was studied by 

correlation test. P < 0.05 was considered as significant 

(S).  

Results:  

Hundred welders based on the inclusion and exclusion 

criteria, were participated in the study. All the workers 

were males. Anthropometric and demographic 

characteristics of workers are depicted in Table 2. Mean 

and SD of age, height, weight and BMI were calculated. 

Table 3 shows the occupational characteristics which  

includes duration of exposure to welding fumes and 

smoking characteristics of workers. Table 4 depicts 

respiratory symptoms of workers. Out of 100 workers,52 

had  various symptoms listed in the table. Table 5 shows 

all PFTs parameters  based on exposure duration. Group 

I and II results were statistically non‑significant (p value 

was > 0.05). But when compared with individual % 

predicted  19 welders had  statistically reduced(70%)  

FEV1 ,FEV1% and FEF25–75%. One welder had restrictive 

lung pattern.  In group III all parameters were reduced 

compared to group I, II. Nine welders of this group had 

statistically significant reduction in  FEV1, FEV1% and 

FEF25–75% suggestive of  severe obstruction. In table 6 

based on clinical symptoms among 52 symptomatic 

welders, 29 had abnormal PFTs when compared to their 

individuals % predicted. In Table 7, the independent t 

test was applied to measure the significance difference in 

PFTs values between workers with symptom, without 

symptom and between smoker and non‑smokers. There 

was non‑significant difference in the PFTs for both the 

variables in all the welders.  P value was >0.05 and the t 

value with degree of freedom (df) was >0.05.  Figures 1 

and 2, scatter diagrams, show the linear negative 

correlation between duration of exposure with FEV1 and 

FEF 25-75% respectively. Correlation was statistically 

significant at the 0.001 level (2 tailed), r = –.322 for 

FEV1 and –.500 for FEF 25-75%. 

Discussion:  

The present study shows a strong association, with a 

dose-effect  between welding  years and decreased 

pulmonary function; impairment in welding workers is 

directly proportional to duration of exposure. Welders 

with duration of exposure less than 5 years did not show 

a significant decrease in these parameters, though 

welders with greater durations of exposure showed a 

significant reduction. Pearson correlation test showed 

negative correlation which concludes, as duration of 

exposure increases the PFTs decreases.  This trend 

suggests a gradually accumulating obstructive pattern of 

lung pathology. The key respiratory disorders examined 

are bronchial asthma and an accelerated decline in lung 

functions. All the 29 workers had typical symptoms of 

OA and were working for more than 5 years. The 

difference in PFTs between workers with symptoms and 

without symptoms were not significant statistically, 

could be due to acute sensitization (lesser duration of 

exposure) in which the PFTs will remain normal. 

Twenty five were smokers, 4 were non‑smokers. 

Compared to non‑smokers the smokers PFTs were not 

statistically declined. This needs a further study with 

large sample for statistical significance. The present 

study is in harmony with previous studies. A similar 

study reported significant falls in FVC, FEV1, FEF25-75% 

.They proposed that long-term welding exposure reduced 

flows in the smaller airways
[12]

. Consistent with our 

findings, Akbarkhanzadeh
[13] 

found a significant 
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decrease in FEV1 and FEV1 %. Our results are in partial 

agreement with those of Hunnicutt 14] who showed a 

significant decrease in FEV1,FEF25-75% relative to 

controls. They also reported a non-significant difference 

in FVC in smoking welders compared to controls. Mur 

and co-workers 
[15]

 reported that welders working in 

poorly ventilated areas showed signs of airway 

obstruction and radiological abnormalities. Chinn and 

colleagues
[16]

  demonstrated that FVC, FEV1 and FEF25-

75%  declined over time; the decrease was due equally to 

welding and smoking. Further studies indicate no change 

in lung function of non-smoking welders compared to 

smokers. In the  study by Beckett et al
[17]

  all welders 

had proper preventive measures and they could not find 

any evidence for chronic irreversible effects on lung 

function.  

Conclusion:  

On the basis of history taking, clinical and  PFTs 

findings  we conclude that the lung functions may 

decline with increasing duration of welding . Smoker 

welders had significantly increased risks for accelerated 

decline in FEV1,FEF 25-75%. Even though no significant 

difference was noted among non-smokers, it should be 

stressed to quit smoking.  

Limitations of the study: This study did not calculate 

dose dependent exposure rate and less sample size was 

the limitation 

Table no.1:  Interpretation of Spirometry values 

Parameters Restrictive Obstructive 

 FVC      < 80% of predicted Normal or  < 80% of predicted 

 FEV1 Normal or  < 80% of predicted < 80% of predicted 

 FEV1/FVC 

        ≥ predicted      < predicted 

Table-2  Anthropometric and demographic characteristics of welders 

             

   

  

 

 

 

 

 

 

 

 Features    Mean ± standard deviation (SD)    

Age  (yrs) 34.80±9.355 

Height(cms ) 165.33± 10.18 

Weight (Kgs) 74.12±82.45 

BMI: 23.11 ±9.22 

Education: Secondary and higher 

Secondary(n) 

46(46%) 

Socioeconomic status: Lower  

middle (n) 

54(54%) 
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Table 3:  Occupational and smoking characteristics 

 Duration of work    

       (years) 

 No.of welders (n)       

  in each group 

Mean years  

of working 

Smokers  

(n=57) 

Mean year of 

 smoking 

Group I  : 1-5yrs 44(44%) 3.35±1.699 28(16%) 2.18±1.00 

Group II :  5-9yrs 36(36%) 7.02±3.11 20(18%) 3.56±2.76 

Group III :  >9yrs 20(20%) 9.01±2.13 9(23%) 5.35±9.07 

Table 4:  Respiratory symptoms in welders                   

Symptoms No.of workers (n=52) 

Cough 20(38%) 

Chest tightness 7(13%) 

Breathlessness 9(17%) 

 Nocturnal awakening 3(6%) 

Wheezing 13(25%) 

Table 5:     PFTs parameters  of welders 

    Groups                                   Mean of  % predicted 

FVC(L/s) FEV1 (L/s) FEV1% PEFR(L/s) FEF 25-75%(L/s) 

 I: 1-5yrs   84.20 ± 10.15 82.00± 10.13 88.05 ± 20.13 90.40 ± 15.23 81.05± 6.13 

 II: 5-9yrs 81.97 ± 10.83 80.43 ±10.03  84.23 ± 5.061                                 88.13 ± 7.651 76.43± 9.08 

 III: > 9yrs  81.90 ± 8.476 73.05 ±7.857 72.40 ± 8.419 78.10 ± 7.553 74.50 ±7.33 
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Table 6:  Respiratory morbidity  in welders (Total n=100) 

Condition  Smokers(n=57) Non smokers(n=43) Welders with symptoms 

suggestive of OA (n=52) 

Obstructive 24 04 28 

Restrictive                 01 -- 01 

Combined -- --                      -- 

Normal 32 39 23 

Table 7:  Respiratory morbidity in welders with  smoking history and symptomatology  

Condition  FVC(L/s) FEV1(L/s) FEV1%        PEFR(L/s) FEF 25-75%(L/s) 

Symptoms  

with OA 

82.20 ± 9.15 80.10 ± 10.15 78.20 ± 1.15 80.20 ± 2.13 77.20 ± 6.1 

Symptoms 

without OA  

84.11 ± 2.35         86.25 ± 3.05 82.20 ± 10.1 84.20 ± 10.15 83.22 ± 3.23 

p value* 0.186 0.130 0.110 0.251 0.342 

t value(df**) 0.820 (65) 0.790 (68) 1.04 (65) 1.54 (65) 0.37 (65) 

Smokers 81.10 ±8.13 78.20 ± 5.71 79.20 ± 4.41 78.20 ± 17.02 78.20 ± 8.23 

Non-smokers 86.23 ±6.25 82.21 ± 8.14 84.41 ± 14.11 83.80 ± 12.13 82.27 ± 9.45 

p value
#
 0.329 0.140 0.121 0.247 0.365 

t value(df)
##

 4.42(66) 1.573 (66) 1.02 (65) 1.02(65) 1.384 (68) 

p value*# t value(d f**)## were >0.05 
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      Figure 1: Correlation between duration of exposure and FEV1 

 

      

           Figure 2: Correlation between duration of exposure and FEF 25-75% 

 

References: 

1. Chan- Yeung M, Malo JL. Aetiological agents in occupational asthma. Eur Respir J,1994;7:346-71.  

2. Bradshaw LM, Fishwick D, Slater T, Pearce N. Chronic bronchitis, work  related respiratory symptoms, and 

pulmonary function in welders in New Zealand. Occup Environ Med 1998;55:150-154 

3. Beckett WS, Harber P, Shenker MB, Balmes JR, Effects of Welding Exposure.  Occupational and  Environmental   

Respiratory Disease. London: Mosby;1996:704. 

4. Stern RM, Berlin A, Fletcher A, Hemminki K, Jarvisalo J, Peto J.International conference on health hazards and 

biological effects of welding fumes and gases. Int Arch Environ Health 1986;57:237-46. 

5. Eifan AO, Derman O, Kanbar N, Sekerel BE, Kutluk T. Occupational asthma in apprentice   adolescent car 

painters. Pediatr Allergy Immunol 2005;16:662‑8. 

6. American Thoracic Society. Lung function testing: Selection of reference values and interpretative stratergies. Am 

Rev Respir Dis 1991;144:1202‑18.   

7. Glindmeyer HW, Lefante JJ, Jones RN, Rando RJ, Weill H. Cotton dust and across shift change in FEV1 as 

predictors of annual change in FEV1. Am J Resp Care Med 1994;149:584-90. 

8. Townsend MC. ACOEM position statement spirometry in the occupational setting.American College of 

Occupational and Environmental Medicine. J Occup Environ Med 2000;3:228‑45. 

120 



Indian Journal of Basic and Applied Medical Research; June 2015: Vol.-4, Issue- 3, P. 114-121 

 

118 

www.ijbamr.com   P ISSN: 2250-284X , E ISSN : 2250-2858 

 

9. U S Department of Defense. Occupational Medical surveillance Manual.May 1998. Publication No. DOD 

6055.5‑M. Available from: http://www.osha‑slc.gov/SLTC/medicalsurveillanc [Last accessed on 2007 Sep 04]. 

10. U S Department of Health and Human Services, Public Health Services Centre for Disease     

Control,  National Institute of Occupational Safety and Health. J NIOSH Criteria Documents Plus1997;97:502‑82. 

11. American Thoracic Society. Evaluation of impairment/disability secondary to respiratory disorders.  

Am Rev Respir Dis 1986;133:1205‑9.    

12.  Kilburn KH, Warshaw RH. Pulmonary functional impairment from years of arc welding. Am J Med 1989;87:62-

69. 

13. Akbarkhanzadeh F. Long term effects of welding fumes upon respiratory symptoms and    

pulmonary function. J Occup Med 1980;22:337-341 

14. Hunnicutt TN, Cracovaner DJ, Miles JT. Spirometric measurements in welders. Arch Environ Health 1964;8:661-

669. 

15. Mur JM, Teculescu D, Pham QT, Gaertner M, Massin N, Meyer-Bisch C,et al. Lung function and clinical findings 

in a cross-sectional study of arc welders. An epidemiological study. Int Arch Occup Environ Health 1985;57:1-17. 

16.  Chinn DJ, Steveson IC, Cotes, JE. Longitudinal respiratory survey of shipyard workers: effects of trade and atopic 

status. Br J Ind Med 1990;47:83-90. 

17. Beckett WS, Pace PE, Sferlazza SJ, et al. Airway reactivity in welders: a controlled prospective cohort study. J 

Occup Environ Med 1996;12:1229–38. 

 

 

 

 

 

 

 

 

 

 

121 


