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ABSTRACT 

 
Steel foundry workers are at risk in terms of respiratory disorders including asthma, Chronic Obstructive 
Pulmonary Disease (COPD) and even lung cancers. However, a cross-sectional study was done on 899 
male foundry workers engaged in manufacturing different parts of locomotives in the district of Burdwan, 
West Bengal, India. There is dearth of data regarding the pulmonary status and the prevalence of 
respiratory disorders among these groups of workers in West Bengal.Physical parameters and spirometry 
were performed on these workers and they were classified as per smokers (Group I) and non smokers 
(Group II). Also status of the working environment was collected and produced by the certified agency of 
the authority (steel foundry factory) concerned. From the data analyses it was seen that both the group of 
workers were prone to suffer from respiratory problems with aggravating conditions of the group II 
workers, though the working time were 8 hours in both the groups. It was evident from the results 
obtained from Forced Vital capacity (FVC) (I-2.14±0.44, II-2.52±0.23; p<0.0001), Forced Expiratory 
Volume in 1

st
sec (FEV1)(I- 1.92±0.38, II- 2.32±0.17; p<0.0001) and FEV1/FVC (I- 88.86±0.19, II-

88.94±4.27; NS). They may have the prevalence of occupational asthma or COPD; though the working 
environmental results produced by the factory authority were shown to be under permissible exposure 
limits. Other signs and symptoms include wheezing, coughing, shortness of breath etc. However, long-
term follow-up study is needed along with clinical trials with bronchodilators. A new recommendation for 
the permissible exposure limits in this case must be set up. Additional reports of imaging will be an added 
value. The workers did not use any protective gears so must be encouraged to wear Personal Protective 
Devices (PPDs). All these lacunae will be hopefully filled up in the future studies. 
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INTRODUCTION 
 

In Iron and Steel and other manufacturing industries, 
foundries and forges produce a lot of pollutants in the 
environment – both working and ambient environment. 
In these processes, metals are extracted and produced 
from ores by various metallurgical processes. Some 
fugitive gaseous and dust emissions may cause primary 
occupational health problems to the workers engaged in 
the foundries.

1
 The risk of lung cancer among foundry 

workers is 1.5 to 2.5 times higher than the general 
population.

2
 The high risk of lung cancer among foundry 

workers is an important health concern worldwide, and 
the International Agency for Research on Cancer (IARC) 
considers foundry work as a significant cause of 
exposure to lung carcinogens.

3
 Several studies in 

various countries have also reported that foundry 
workers have an increased risk of non-Hodgkin's 
lymphoma as well as nasopharyngeal, gastrointestinal, 
prostate, and kidney cancers.

4-7
 A few studies have also 

highlighted the risks of non-malignant diseases such as 
respiratory, autoimmune, and cardiovascular 
diseases

8
 as well as fatal injuries among foundry 

workers.
9,10

In India, various studies were carried out on 
the health hazards of the foundry workers, though it is 
contradictory in nature but all studies conclude that the 
physiological changes in workers’ health is due to 
pollution in metal casting industries. A study in Agra, 
shows that the haemoglobin concentration was found 
gradually decreasing with the increase in age.

11
 A study 

in the iron and steel workers in Central India showed the 
prevalence of morbidities among the workers was 60% 
and the most common morbidity was musculoskeletal 
disorders. Other occupation-related morbidities were 
bronchial asthma, tuberculosis, chronic bronchitis, 
folliculitis, injuries, heat stress, and chronic 
conjunctivitis.

12 
Moreover, studies on foundriesaround 

Kolkata-Howrah urban metropolitancomplex have 
reported to produce huge amount ofparticulates and 
gaseous matter in the atmosphere.

13
 However, the 

results of these studies have been inconsistent and 
there is dearth of data regarding the pulmonary 
functions and the respiratory status of the steel foundry 
workers working in the state of West Bengal, India. 
 

MATERIALS AND METHODS 
 

Study area 
The plant is situated in the district of Burdwan about 305 
Km away from Kolkata, capital of West Bengal, a state 
in Eastern India. The foundry work is associated with the 
production of different parts of locomotives, the sole 
such foundry in the state, manufacturing locomotives.  
 

Sample size 
The whole work plan of the study was summarized to 
the authority (steel foundry factory) concerned as well 
as to the workers and written consent was taken from 
the workers. Ethical approval was obtained from the 
Departmental Research Committee, University of 
Kalyani. About 899 male workers working in different 
departments of the steel foundry volunteered for this 
particular study. They were divided on the basis of being 
smokers (N=55) or non-smokers (844). The non-
smokers mostly were addicted to chewing of tobacco/ 
beetle leaf. No office staffs were included in this study 

so no reference values were obtained for the study.All 
the permanent workers working in the factory for 
minimum of eight years were included in the study and 
workers employed on contractual/temporary basis as 
well as female workers were excluded from the study. 
They cannot be divided as per theyear of exposure as 
most of them were not well literate and gave an 
incomplete idea about their working period in the 
concerned place.They were not even categorized as per 
their departments as the factory place has no perfect 
boundary wall for each departments but rather they all 
work under one shed. 
 

Physical characteristics 
The height and the weight of the subjects were 
measured by means of an anthropometric rod and a 
properly calibrated weighing machine respectively 
without foot wears. Heights were measured in 
centimetre (cm) whereas weights were measured in 
kilogram (kg)

14
.From the anthropometric data the Body 

Mass Index (BMI)
15

 and Body surface area (BSA)
16

 were 
calculated. 
 

Working Environment 
Working environment was measured by a static low 
volume sampler by the monitoring unit of the factory 
during the study period in 2013-14 and the data were 
collected from them and analysed.  
 

Lung Function Tests 
After a detailed explanation of the lung function test 
including the measuring procedure, a minimum of three 
lung function measurements were 
recorded.

17
Spirometric studies were conducted 

according to the recommendations of the American 
Thoracic Society (ATS)/ European Respiratory Society 
(ERS) Task Force on lung function testing

18
and 

compared to the reference formulas of the European 
Community for Coal and Steel (ECCS).

19
 Following the 

manufacturer’s guidelines, the systems were flow-
volume-calibrated daily. After three satisfying recordings 
of static lung volumes, minimal three forced flow volume 
manoeuvres were performed, starting from residual 
volume (RV) with a deep and forced inspiration, followed 
by a forced and maximal expiration. Only those 
measurements were accepted where the expiratory time 
(TE) exceeded four seconds, the variation of end-
expiratory flow was below 25 mL/s and no cough 
disturbed the expiratory phase. All measured lung 
volumes obtained were expressed in terms of body 
temperature pressure saturated with water vapour 
(BTPS).

20
The respiratory data were collected by 

competent personnel of the health care unit. The 
workers were evaluated in terms of respiratory diseases 
according to consensus reports of Global Initiative for 
Chronic obstructive Lung Disease (GOLD) for Chronic 
Obstructive Pulmonary Disease (COPD).

21
 

 

DATA ANALYSIS 
 
Descriptive analysis of data was expressed as mean ± 
standard deviation (SD), range and percentage, and 
a P-value of <0.05 was used as the level of statistical 
significance. Between-group comparisons of parametric 
variables were made by a Student’s t–test. Linear 
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regression analysis was performed for various lung 
function parameters.

22 

 

RESULTS 
 
The steel foundry authority handed over the results of 
the status of the working environment and they identified 
and monitored only suspended particulate matter 
(SPM), Respiratory Particulate matter (RSPM), SO2, 
NO2, CO and CO2 continuously exposed for 8 hours/ 
day. The range of SPM, RSPM, SO2, NO2, CO and CO2 
are 1.52-1.7 mg/m

3
, 0.76-0.85 mg/m

3
, 0.038-0.043 

mg/m
3
, 3.3-4.3 ppm, 357-429 ppm. The demographic 

features of the workers showed that Group I and Group 
II workers were of the same age groups (45.71±0.27 
years and 47.53±0.37 years respectively), BMI 
(24.08±3.27 kg/m

2
 and 24.61±3.42 kg/m

2 
respectively) 

and BSA (1.83±0.4 m
2 

and 1.821±0.1m
2 

respectively) in 
average. Most of the workers were in the age range of 
45-55 years. The respiratory parameters of the two 
groups of workers are tabulated in Table 1 and 2 
respectively. From both the tables 1 and 2, it is clear 

that there is a significant difference between the two 
groups of workers due to the fact that the group I 
foundry workers have the combined effect of being 
exposed to the foundry smoke and noxious particles as 
well as their addiction to smoking. The smokers smoke 
generally during their tiffin/ lunch hours and not during 
their work. The non-smokers thus are seldom exposed 
to their smoke. From the figure 1 it is clear that the 
condition of the lungs of the Group I foundry workers is 
more severe than that of the group II workers. The 
reason is that apart from being exposed to the fumes 
and other noxious particles in the factory the group I 
workers are also smokers. Only severe air-flow 
obstruction is seen in group II workers. The GOLD 
classification of COPD among the foundry workers 
reveal that about 82 % non-smokers (those that were 
suffering from mild, moderate and severe air obstruction 
in all) have the prevalence of suffering from mild type of 
COPD (Type I) whereas the prevalence of Type II, III 
and IV COPD is more in the case of Group I foundry 
workers.

 

Table 1 
Respiratory parameters of the workers 

 
Parameters  Group  I (N=55) Group II (N=844) Significance 

FVC (l) A 2.14±0.44 2.52±0.23 S (p<0.0001) 

%P 85.91±9.96 96.33±10.84  

FEV1 (l) A 1.92±0.38 2.32±0.17 S (p<0.0001) 

%P 93.09±58.05 97.56±4.65  

FEV3 (l) A 2.14±0.44 2.40±0.15 S (p<0.0001) 

%P 88.47±10.27 99.46±10.93  

PEFR (l/s) A 4.57±1.6 5.24±1.42 S (p=0.0008) 

%P 67.05±21.88 76.99±24.03  

FEF25%-75% (l/s) A 2.44±0.01 3.86±0.78 S (p<0.0001) 

%P 83.58±0.29 99.0±3.54  

FEF25% (l/s) A 3.98±0.09 5.10±1.52 S (p<0.0001) 

%P 63.4±1.84 74.5±23.69  

FEF50% (l/s) A 2.71±0.002 3.32±0.21 S (p<0.0001) 

%P 62.24±0.17 84.32±15.08  

FEF0.2-1.2 (l/s) A 3.17±0.67 4.08±0.86 S (p<0.0001) 

%P 62.25±11.84 80.29±17.88  

FEV1/FVC A 88.86±0.19 88.94±4.27 NS 

%P 101.12±8.05 108.41±3.17  

FEV3/FVC A% 99.81±0.13 99.82±0.13 NS 

MVV (l/min) A 50.92±19.15 64.69±8.69 S (p<0.0001) 

%P 50.64±17.22 63.08±7.01  

Values: mean±SD; A- Actual; %P- Percent predicted; FVC= Forced Vital Capacity, FEV1 & FEV3= Forced Expiratory Volume in 1 
and 3 seconds, PEFR=Peak Expiratory Flow Rate, FEF=Forced Expiratory Flow at various intervals, MVV=Maximum Voluntary 
Ventilation. 

Table 2 
Other respiratory parameters of the workers 

 

Parameters Group  I (N=55) Group II (N=844) Significance 

SVC (l) 2.58±0.02 2.66±0.32 NS 

ERV (l) 0.95±0.63 1.19±0.67 S (p=0.01) 

IRV (l) 0.69±0.001 0.71±0.37 NS 

IC (l) 1.69±0.007 2.66±0.49 S (p<0.0001) 

FIVC (l) 2.04±0.26 2.46±0.69 S (p<0.0001) 

Mvt (l) 1.77±0.59 1.96±1.03 NS 

Vt (l) 1.0±0.001 1.46±0.21 S (p<0.0001) 

PIFR (l/s) 3.02±1.03 3.28±1.24 NS 

Vt/Ti 1.06±0.003 1.25±0.37 S (p=0.0002) 

Ti/Ttot 0.4±0.001 0.65±0.13 S (p<0.0001) 

Values: mean±SD; SVC= Slow Vital capacity, ERV= Expiratory Reserve Volume, IRV= Inspiratory Reserve Volume , IC= 
Inspiratory Capacity , FIVC= Forced Inspiratory Vital Capacity , Mvt= MVV maneuver tidal volume, Vt= Tidal Volume, PIFR= Peak 

Inspiratory Flow Rate, Vt/Ti= Mean Inspiratory Flow, Ti/Ttot= Inspiratory time by total cycle of duration. 
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N.B.: The Y-axis represents the different types of lung obstructions as analyzed from the spirometry data. 

 

Figure 1 
Lung status of the workers. 

 

DISCUSSION 
 

The steel foundry industry has always remained in the 
limelight due to poor occupational environment imposed 
on its workers. Though the reports of the working 
environment of this steel foundry show that the levels of 
SPM, RSPM, CO2, SO2, NO2 and CO are all under the 
Permissible Exposure Limits (PEL) as per the West 
Bengal Factories Rules 1958, Rule 13 (B).

23
Thus these 

contaminants may not be responsible for the prevalence 
of respiratory abnormalities found among those workers. 
Respiratory abnormalities such as asthma and 
pneumoconiosis were reported among iron and steel 
workers by Johnson et al.

24
 The BMI and the BSA of the 

workers showed that they do not suffer from any 
malnutrition/ under nutritionl.

15
 In Latin America, the 

prevalence of COPD increased steeply with age with the 
highest prevalence among those over age 60 as their 
exposure increased simultaneously.

25
Spirometry 

measurements are evaluated by comparison with 
reference values based on age, height, sex and race.

26
 

However, there are no data to indicate that screening 
spirometry is effective in directing management 
decisions or in improving COPD outcomes in patients 
who are identified before the development of significant 
symptoms.

27
But spirometry is required to make the 

diagnosis in further clinical context.
28

A systemic review 
and meta-analysis studies carried out in 28 countries 
between 1990 and 2004.

29
Van Pelt and co-workers, 

studying FEV1 in a cross-sectional and longitudinal 
study in young adults

30
 found a plateau phase or a 

period of continued of lung growth when data were 
correlated to age. There is consent that FEV1 in 
smokers declines earlier in smoking young adults, 
compared to non smoking controls

30,31
In the relevant 

age range of 18 to about 33 years, longitudinal studies 
have shown either an ongoing lung growth or a decline 
in lung function parameters has already started.

32
 The 

overlap of asthma and COPD is known as asthma 
COPD Overlap syndrome (ACOS). Global Initiative for 
Asthma (GINA) and GOLD thus provides an approach to 

distinguishing between asthma, COPD and ACOS. 
Asthma may be a risk factor for the development of 
COPD, although the evidence is not conclusive. Adults 
with asthma were found to have a twelve-fold higher risk 
of acquiring COPD over time than those without asthma, 
after adjusting from smoking.

33
 Again in a longitudinal 

study, self-reported asthma was associated with excess 
loss of FEV1 in the general population.

34
 Here in this 

study bronchodilators has not been used, so it cannot 
be specifically confirmed and concluded that the 
workers are suffering from either asthma or COPD as 
from the results seen in table 2 and 3. However, it can 
be said that the foundry workers in West Bengal may 
have a prevalence of occupational asthma. A previous 
study reports that there was an outbreak of occupational 
asthma in a foundry in 2001, probably due to phenol 
formaldehyde. The workers had been exposed for a 
maximum of 35 to a minimum of 9 years before their 
symptoms appeared, suggesting a long latency 
period.

35
Another study showed the prevalence of 

occupational asthma to be more frequent among the 
subjects who worked in the production department (n: 
48, 16.78%) than the other persons who worked in the 
nonproduction department (n: 3, 4.91%) by chi-square 
test (P<0.001).

21
 Considering the increasing age and 

height of the population and the changes in working 
conditions, a comprehensive multi-centre study on lung 
function of Caucasians should be initiated by the 
international respiratory societies

34
 specifically a 

database must be created for different race and 
population groups, even in West Bengal, India. 
 

CONCLUSION 
 

In the present study it was observed that there may be 
an increase in the risk of COPD among the steel foundry 
workers in West Bengal, which is enhanced by the 
addiction of smoking. However, long-term follow-up 
study is needed and a new recommendation for the 
permissible exposure limits must also be set up for 
these groups of workers. More clinical trials with 
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bronchodialators and with individual clinical history or 
family history of the subjects concerned must be taken 
into consideration. Apart from these chronic cough, 
sputum production and dyspnoea progressing with 
exercise must be taken into account. Additional reports 
of imaging will be an added value. All these lacunae will 
be hopefully filled up in the future studies. However, 
cessation of smoking and evaluation of the foundry 
workers against their exposure levels at intervals would 
be of much help to them for further assessment and 
treatment. 
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