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ABSTRACT- The bell metal works is the oldest cottage industries mainly clustered around the Bankura, Purulia and
Medinipur (W) districts in West Bengal, India. The smelting, hammering, scraping and paddle rolling are the most
predominant activities in their Bell Metal work process. During work, different types of metal fumes are sublimated to
their working environment. The present study was to investigate the prevalence of pulmonary dysfunctions of these
workers. 363 workers were randomly selected of them 263 were exposed and 100 were control workers. The prevalence
of pulmonary symptoms was determined by a standardized questionnaire. Pulmonary indices viz. FVC%, FEV1%,
FEF25%-75%, FEV1/FVC%, MVV-Index and PEFR were measured by a digital spirometer and smoking frequency was
determined by Nitti Index. Study results revealed that there were significant differences in height (p<0.05), weight and
BMI (p<0.001) between the exposed and control groups. All pulmonary indices were significantly (p<0.05 or less) lower
in exposures than controls. The prevalence of different pulmonary diseases viz., COPD (p<0.05), asthma (p<0.001),
wheezing (p<0.01) and breathlessness (p<0.001) were significantly higher in exposures than that of the control. It was
concluded that the exposures had reduced pulmonary capacity, which might be due to expose of different gases, fumes and
other pulmonary irritants. The occurrences of pulmonary diseases were higher in bell metal workers than that of
non-exposed workers. Smoking and work experience may be additive adverse effect on it.
Key-words- Bell Metal Worker, Pulmonary diseases, pulmonary capacity, Smoking

INTRODUCTION
Bell metal is an alloy consisting mainly of 78% copper
(Cu) and 22% of tin (Sn) in78:22. In addition it may
contain metals such as lead (Pb), cadmium (Cd), silica (Si),
zinc (Zn), iron (Fe), arsenic (As) etc which may be added
intentionally to improve the quality of the alloy or may be
present as impurities.
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This alloy manufacturing, which is usually done at home in
small and medium scales (SMSc) industries, is one of the
oldest cottage industries in Nepal, China, Japan, Korea,
Thailand and in India, including West Bengal state, from
the ancient time [1]. It is an industry which had been handed
over from generation to generation.
The processes which were totally manual have not been
mechanized till now. Tin and copper are scrap metal,
smelted at an above 232°C and 1084°C respectively [2] by
using coal and poured into sand casts of various shapes to
prepare a bell ingot. During smelting and casting, different
types of metal fumes (e.g. copper, tin, lead, silica etc) are
sublimated to their working environment. Bell and silica,
tin, coal dust may be released during fettling and polishing.
Gases such as metal oxides, formaldehydes, PAHs CO,
ozone, oxides of nitrogen, Sulpher [3], acetylene and
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phosphine are also liberated during welding [4]. These
pollutants may pose a threat to the pulmonary health of
these alloy foundries and manufacturing plants workers as
there are no control measures such as exhaust ventilation
systems installed in this type of foundry industries [5].
The pulmonary health effects have been documented in
workers cumulative prolonged exposed to a variety of dust,
gases and metal fumes in small and large-scale industries
which breed during their production process [6]. It was
reported that pulmonary diseases are influenced by their
types of inhaled substance, doses, duration of exposures
and genetic factors. Occupational pulmonary diseases are
caused by a pathologic response of the subjects to their
working environment [4] including the chemical nature and
physical state of the inhaled substance, the size and
concentration of the dust particles and individual
susceptibility [7]. Other demographic variables have been
shown to affect lung function, including age, weight,
smoking, and socioeconomic conditions [8].
Studies of occupational groups such as hard rock miners,
smelter workers, and rubber workers suggested that
exposure to irritant gases (Tin oxides, SO2) increase the
prevalence of pulmonary symptoms [9]. It was reported that
exposure to airway disease gases combined with heat or
dust caused accelerated decline of FEV1 [10] and the
exposure of carbon dust to be associated with chronic
bronchitis, symptoms such as cough wheezes and phlegm
as well as impaired pulmonary function and pulmonary
disorders marked by significant decrements in FVC and
FEV1. In addition, tobacco smoking decreases pulmonary
functional indices which were significantly associated
with COPD (chronic obstructive pulmonary disease) [11].
The epidemiological evidence supporting the role of
occupational exposures (organic and inorganic dusts, metal
fumes, chemical vapours) as risk factors for pulmonary
diseases has been published in population-based studies [12]
and also studied regarding working environments with
specific exposures. In 2013, National Board of Industrial
Injuries in Denmark were reported about 19% of
construction workers exposed to dust, fibres, smoke and
exhaust fumes (Danish Working Environment Authority
annual report, 2015) [13]. There was a tendency toward more
self-reported symptoms of bronchitis in male Danish
construction workers than comparable to hospital porters
and a tendency toward higher prevalence of FEV1< LLN
(lower limit normal) in demolition workers compared to
insulators and carpenters.
According to the World Bank and WHO Global Burden of
Disease report, COPD is the sixth leading cause of death in
developing countries, responsible for 4.9% of deaths [14]. In
developing countries, in addition to smoking, COPD is
associated with the high burden of lungs diseases (BOLD)
[15]
.
A very little research has been conducted in the past to
determine the health hazards faced by the bell metal
foundry workers. Thus, it was felt important that a survey
be conducted in order to identify them. This study was
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conducted to investigate the effects of exposure to polluting
agents of bell metal foundries on pulmonary functions of
bell metal workers and to access the additive effect of
smoking on those parameters.

MATERIALS AND METHODS
This cross-sectional study was conducted on 363 bell metal
workers in different bell metal workshops located in
Bankura, Purulia and Paschem Medinipur districts of West
Bengal, India from November, 2014 to December, 2015.
The eligibility criterion for the recruitment of the
participants for the present study was work experience of at
least 4 years or above. The workers were divided into three
age group e.g. Group-A (≤30 years), Group-B (31-45 years)
and Group-C (>45 years) Subjects with any past or present
history of major chronic diseases like tuberculosis, diabetes
mellitus, and hypertension and other major respiratory
illness and subject using any protective equipment at
working place were excluded from the study. The authors
disqualified 35 (9.69%) participants because they were not
eligible by the criteria.
Among the 326 eligible, 42 participants were not interested
to participate in the present study. Among the 284
participant, 21 participants were excluded from the study
due to missing or incomplete data. Thus, a final of 263
(80.67% of eligible) workers participated in the present
study. In addition, a group of age matched 100 subjects
were taken as control subjects (unexposed). Ethical
approval and prior permission was obtained from
institutional Ethics Committee before commencement of
the study and the study was performed in accordance with
the ethical standards of the committee and with the
Helsinki Declaration. Before the start of data collection, the
purpose of the study and procedures of data collection were
explained verbally in detail in local language (Bengali) to
the participants during field visits to obtain their
understanding and cooperation. The participants agreeing
to take part in the study, written and signed consent was
obtained.
The two-stage sampling method was utilized. At first, a
cluster sampling method was utilized to identify 10 clusters
(bell metal cluster area) in each district e.g., Bankura and
Purulia districts of West Bengal, India. In the second stage,
a systematic random sampling method was utilized to
identify 20 participants per cluster. All participants in the
cluster were listed and the number of the participant was
divided by the required number to get the sampling
interval. The first participant was chosen randomly using a
lottery method and then subsequent participants were
selected by adding sampling interval to the random number.

Measurement of anthropometric dimensions
Anthropometric measures were taken from the
participants following standard technique and appropriate
landmarks. Height was measured to the nearest 0.1 cm
using anthropometer (Hindustan Minerals) and weight to
the nearest 0.1 kg using portable weighing machine (Libra).
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Assessment of pulmonary problems

STATISTICAL ANALYSIS

All subjects were interviewed by a questionnaire. The
questionnaire included work history, respiratory symptoms
(cough, phlegm, dyspnoea, wheezing, & chest tightness),
and smoking status of the study participants followed by
American Thoracic Society questionnaire-ATS-DLD-78a
[16]
.

Data analyses were made using IBM Statistical Package for
Social Science (SPSS) version 20. Sample proportions were
compared by Chi square test. Multiple linear Regression
(MLR) analysis was applied to identify the factors
associated with lung function values. The outcome
variables analyzed were Forced Vital Capacity (FVC),
Forced Expiratory Volume in One Second (FEV1),
FEV1/FVC%),
Peak
Expiratory
Flow
(PEF),
FEF25% - 75% and MVV (Maximal voluntary ventilation)
Index. The significant level used for evaluating the test of
significant at p value 0.05 or less.

Smoking Index
According to Nitti, the study participants were classified
into three categories of smoker viz. (1) Mild smokers:
Smoking Index less than 200, (2) Moderate smokers:
Smoking Index 200-400, and (3) Heavy smokers:
Smoking Index more than 400. Smoking Index= (number
of cigarettes/ ‘biri’ (a handmade cigarette) smoked daily
multiplied by the number of smoking years) [17].
Pulmonary Function Test (PFT)
Different pulmonary functional variables, Viz., FVC,
FEV1, FEF, FEF 50%, FEV1/FVC of the bell metal
workers as well as of control subjects (age matched
apparently healthy sedentary men) were measured by a
portable PC based MICRO-DATO Spirometer (Sibelmed,
Barcelona) in standing position. Measurements were
carried out according to standard protocols of the American
Thoracic Society guidelines [18]. Participants were
instructed to take maximum inspiration and blow as
rapidly, forcefully and completely as possible followed by
full and rapid inspiration to complete the flow volume loop.
The best of the three trials was considered for data analysis.

RESULTS
A total 363 male participants were included in this study.
Of these, 263 bell metal workers were treated as exposed
group and 100 participants were in unexposed group
(control). The age of the exposed workers ranged between
18-60 years with a mean value 41.14 ± 11.8 years while the
age of the control group ranged between 20-60 years with a
mean of 39.56 ± 12.28 years (Table 1). Among the study
participants, non-smokers were about 52.85%, of whom
47.15% were in exposed group and 42% were in control
group (Table 2). Different pulmonary function parameters
of the bell metal workers were compared with the control
participants. From the results it was observed that all
pulmonary function variables (FVC, FEV1, FEV1/FVC%,
PEF, FEF 25%-75%, MVV index) were significantly lower
(p<0.05 or less) among the bell metal workers compared to
that of control group (Table 1).

Table 1: Physical characteristics and pulmonary functional parameters of bell metal workers and control group
Variables

Bell metal workers (n= 263)

Control subjects (n= 100)

Mean ± SD

Range

Mean ± SD

Range

Age (yrs)

41.14±11.8

18-60

39.56±12.28

20-60

Height (cm)

162.27±4.26

146.4-179

163.56±5.81*

142-176

Weight (kg)

53.21±5.26

42-74

57.45±7***

39-81

BMI

20.18±1.5

17.01-27.01

21.48±2.51***

15.78-32.47

FVC (litter)

3.17±0.71

1.26-5.49

3.43±0.69**

1.89-5.59

FEV1 (litter)

2.54±0.66

0.8-4.55

3.01±0.52***

1.32-3.91

FEV1/FVC (%)

81.42±10.53

59.82-100

88.69±7.77***

61.9-99.7

PEF (litter/sec)

6.22±1.97

1.68-10.42

7.02±1.67***

2.61-10.4

FEF25%-75% (litter/sec)

3.27±1.18

0.45-6.75

4.01±3.01*

0.91-32.33

MVV-Index (litter/min)

81.66±19.05

26.85-136.45

90.07±19.24***

39.6-116.22

Work experience (Years)

24.05±11.26

4 - 48

-

-

w.r.t (with respect to) control group *p<0.05; **p<0.01;***p<0.001
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The study participants were classified into three groups
according to their age and the pulmonary functions were
compared in different age groups (Table 2). From the
results it was revealed that the pulmonary functions showed
significant variation in different age groups and the
ventilatory parameters were progressively decreased with
advancement of age (p<0.001).
The Posthoc analysis of different lung function parameters
between different age groups was done. In comparison
between the age group ≤30 years and 31 to 45 years, it was
revealed that all the pulmonary parameters (e.g. FVC,
FEV1, FEV1/FVC, PEF, FEF25%-75% and MVV-Index
were decreased in 31 to 45 years age group than age group
≤30 years. But in age group 31 to 45 years, FEV1,
FEV1/FVC and FEF25%-75% values were decreased

significantly (p<0.001) and FVC and PEF values did not
change significantly. In addition, there were significantly
decrease in FVC (p<0.01), FEV1 (p<0.001), FEV1/FVC
(p<0.001), PEF (p<0.05), FEF25%-75% (p<0.05) and
MVV-Index (p<0.05) when these results compared between
age group 31 to 45 years and >45 years. It was also
revealed that all these pulmonary parameters were
decreased significantly (p<0.001) we compared between
age group >45 years and age group ≤30 years. Again, when
of all pulmonary parameters we compared among all age
groups the results (F values) showed significant variation
(p<0.001).

Table 2: Mean ± SD of pulmonary functions of bell metal workers in different age groups
Pulmonary
parameters

F-ratio

Age Group (Years)
≤30 (n=67)

31 to 45 (n=92)

>45 (n=104)

FVC (litter

3.38±0.7

3.25±0.55

2.97±0.78***##

8.477†††

FEV1(litter)

3.03±0.54

2.72±0.51***

2.05±0.51***###

80.923†††

FEV1/FVC (%)

90.36±6.43

84.41±7.54***

72.89±8.48***###

115.819†††

PEF (litter/sec)

6.99±1.41

6.58±1.76

5.41±2.17***#

17.442†††

FEF25%-75%
(litter/sec)

4.09±0.86

3.4±0.99***

2.62±1.14***#

43.91†††

MVV-Index
(litter/min)

92.58±15.55

85.12±14.64**

71.56±19.7***#

33.95†††

w.r.t. Age Group ≤30 years; **p<0.01;***p<0.001;
w.r.t. Age Group 31 to 45 years ###p<0.001 and
w.r.t. Age Group ≤30 years and Age Group >45 years †††p<0.001

Table 3 showed the changes in pulmonary parameters with
duration of exposure (denoted by years of experience) in
bell metal workers. As there was an increase in the duration
of exposure there was gradual decline in mean values of all
the pulmonary variables. The FVC in group A (duration of
exposure (≤15 years) was found to be 3.37±0.67L which
significantly decreased gradually as duration of exposure
was increased. Similarly, FEV1, FEV1/FVC (%), PEF,
FEF25%-75% and MVV-Index were also found to be
decreased significantly (p<0.001) as the duration of
exposure was increased.

Different respiratory symptoms and disorders among the
workers and control group have been presented in Table 4.
Statistical analysis (Chi square test) showed, the prevalence
of COPD among the bell metal workers (31.56%) was
significantly (p<0.001) higher than that of the control
group. A large percentage of the bell metal workers
reported to have breathlessness (41.83%), asthma
(26.62%), and wheezing (22.43%). The occurrence of these
symptoms were significantly (p<0.001) higher in bell metal
workers than that of the control (unexposed) group.
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Table 3: Comparisons in pulmonary function indices (Mean ± SD) stratified by working experience of bell metal
workers
Pulmonary parameters

Work Experience Group (Years)

F ratio

Group A (≤15

Group B (16-30 yrs)

Group C (>30 yrs)

yrs) (n=78)

(n=107)

(n=78)

FVC (litter)

3.37±0.67

3.15±0.64*

3.02±0.78**

5.155††

FEV1(litter)

3.02±0.52

2.6±0.55***

2.01±0.49***###

75.752†††

FEV1/FVC (%)

90.33±5.62

83.48±8.3***

70.58±6.35***###

166.405†††

PEF (litter/sec)

7.04±1.4

6.29±1.89**

5.3±2.19***##

17.248†††

FEF25%-75% (litter/sec)

4.05±0.83

3.22±1.0***

2.55±1.23***###

41.054†††

MVV-Index (litter/min)

91.91±15.05

81.74±16.63***

71.29±20.23***###

27.473†††

w.r.t. Group A *p<0.05; **p<0.01;***p<0.001
w.r.t. Group B #p<0.05; ##p<0.01; ###p<0.001
w.r.t. Group A and Group C †† p<0.01; ††† p<0.001

Table 4: Prevalence of pulmonary symptoms/ disorders among exposed (bell metal workers) and non-exposed
(controls) workers
Pulmonary symptoms

Exposed group (n= 263)

Control Group (n= 100)

COPD

31.56%

3%***

Asthma

26.62%

7%***

Wheezing

22.43%

10%***

Breathlessness

41.83%

13%***

Chest Cold

11.41%

14%

Bronchitis

3.42%

4%

w.r.t Exposed group ***p<0.001

Logistic regression was used to assess the levels and
impacts of age, smoking habit and work experience of the
bell metal workers on COPD prevalence (Table 5). After
adjustment of all potential factors, it was revealed that the
most predominant risk factor for COPD among workers
were work experience (year of exposure) and smoking.
Indeed, COPD was significantly greater (χ2=9.548, p<0.01)
in smokers than non-smokers. The smokers had 2.55 times
higher risk of COPD than that of non-smokers. The
prevalence of COPD was the maximum in experienced
group (>30 years) and it was gradually increased with the
advancement of work experience and age. It was most
prevalent among the workers having >30 years of

experience (χ2 =168.695, p<0.001) as well as among the
workers having >45 years of experience (χ2=109.297,
p<0.001).
The COPD increases significantly (χ2=168.695, (p<0.001)
in all experienced (minimum 4 years experience) workers
than young experienced and same trend was found in all
age variable of the workers (χ2=109.297, p<0.001). It was
revealed that highly experienced workers (>30 years) had
(p<0.001) higher risk of COPD (AOR=322.6,
10.12-1028.75) than that of less experienced workers (≤15
years).

Copyright © 2015-2017| IJLSSR by Society for Scientific Research is under a CC BY-NC 4.0 International License

Page 1185

Int. J. Life. Sci. Scienti. Res., 3(4)

JULY 2017

Table 5: Logistic regression shows unadjusted and adjusted odd ratio of COPD by smoking, work experience and
age groups of the bell metal workers
n

COPD%

χ2

COR

95th CI

AOR

95th CI

Yes

124

41.13

9.548

2.34**

1.37-3.98

2.55*

1.11-5.87

NO

139

23.02

(p<0.01)

1

Work

≤15

77

1.28

168.695

1

experience

16 to 30

103

12.15

(p<0.001)

10.98*

1.4-85.85

9.33*

0.39-224.12

(years)

>30

83

88.46

374.57***

47.99-2923.54

322.6***

10.12-10282.75

Age group

≤30

67

1.49

109.297

1

(years)

31 to 45

93

11.96

(p<0.001)

8.85*

1.11-70.35

1.13

0.04-28.16

>45

103

68.27

146.44***

19.46-1102.1

1.19

0.4-37.16

Variables
Smoking

COR= Crude Odd Ratio, AOR= Adjusted Odd Ratio
*p<0.05; **p<0.01;***p<0.001

DISCUSSION
This cross-sectional study revealed the temporal association
between bell metal workers (exposed group) and the
control subjects (non-exposed group). The bell metal
workers had a significantly higher prevalence of chronic
pulmonary symptoms in comparison to the control group.
This might be attributed to the fact that the bell metal
workers were exposed to a variety of chemicals, gases and
fumes evolved in the workplace. This finding was in
agreement with other studies carried out on different
foundry workers [19, 5]. Like other foundry workers, the bell
metal workers have reported to exhibit a variety of clinical
manifestations, including asthma, cough, phlegm,
wheezing, metal fume fever, impairment of pulmonary
functions and COPD.
Initially, smoking index and duration of work experience
were significantly associated with the pulmonary capacity,
when age was a covariate which was included in the
regression that no longer became significant. Thus, the
smoking is independent factor which usually reported to
impair pulmonary function; in this study smoking was
found to further exacerbate pulmonary function in bell
metal workers. Furthermore, both work experience and
smoking index were known to be associated with age thus
lead to pretence of the individual pulmonary adverse
effects. In human, silica and coal dust, metal fumes have
been shown to produce emphysema in highly-exposed alloy
manufacturer [20].
Declines in FEV1, FEV1/FVC were the indicators of
pulmonary obstructive abnormalities [21]. Decrease in
pulmonary parameters especially FEV1 was the first
measurable sign of the initiation of bronchitis and
obstructive lung disease in smokers [22] which were shown
in our study population an official report of the American
Thoracic Society documented the relationship between
occupational exposures and an increased risk in chronic
cough, lower FEV1, and a lower FEV1/FVC [23].

In general, all pulmonary parameters value reduced in all
smoker categories (Table 2). It was mostly important that
smokers had lower pulmonary values when it was
compared to non-smokers in the bell metal worker. The
result suggests that smoking affects the lung capacity,
making the volume that is associated with the FVC test
smaller than that of non-smokers. The reduction in FVC of
smoker may be explained by the reduction in strength of
the respiratory muscles. Smoking affects the respiratory
muscles through the influence of free radicals on the
vascular system [24], leading to a reduction in respiratory
muscle blood supply which adversely impacts respiratory
function. Smoking may be attributed to greater airway
obstruction because smoke, which causes direct irritant and
toxic effect on airways and pulmonary parenchyma by the
mechanism of oxidative injury [25]. Another research found
that FEV1 is decreased by 0.42ml for each bidi/cigarette
smoked per day [26]. Obstructive pulmonary dysfunction is
more common in young adult smokers with impaired
pulmonary functions who have been apparently healthy [27].
Reduction of FEF25-75% was an indicator of small airway
obstruction also. A significant dose response (length of
work experience) was seen even with the addition of age
which might establish the small airway function that was
the first to get affected as a result of contact to pulmonary
pollutants [28]. On the other hand, pulmonary function
indices (FEV1, FVC, FEV1/FVC) in bell metal workers
significantly decreased from the lower age group to higher
age group ( <30 years to 31-45 years and ≥45 years) and
with length of experience successively, representing that
the pulmonary ventilation capacity of exposed workers
would decrease with the increasing of length of work
experience. Vidja et al. [29] was reported the similar
observations.
Some investigators showed that decrease in PEF might be
due to a significant reduction in expiratory and inspiratory
flow rate. The low volumes PEF of the workers indicated
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flow rates in small airways, i.e., this with internal diameters
of <2 mm. This might be decreased at small lung volumes
both in restrictive and obstructive diseases [30]. In the
present study, obstructive lung was observed which might
be due to inflammatory reactions, respiratory irritation, and
the resultant narrowing of the airways caused by metal dust
and mist. Similar agreement has been made by US
Department of labour [31].
There was a significant decline in MVV-Index in
successively exposed and aged workers. MVV-Index
showed all mechanical factors of breathing. Decreased
value of MVV -Index indicated increase in airway
resistance, decreased lung compliance or reduced
respiratory muscle force [32].
When one develops lung disease, one’s lungs are no longer
able to take in enough air. Additionally, many people who
have lung disease have improperly functioning air sacs in
the lungs, so the oxygen that a person takes not fully absorb
into the blood. This implied that other mechanisms than
bronchial obstructions were involved. The long term
exposure of these pulmonary pollutants to the working
environment could cause the occurrence of interstitial
fibrosis and pulmonary nodules, thereby affecting the
function of pulmonary ventilation and air exchange [33].
In this study we examined the relation between pulmonary
symptoms and occupational exposures of the bell metal
workers and we found high risk for the occurrence of
COPD, asthma, wheezing and breathlessness among the
workers after adjusting age and smoking habits. A study on
Obstructive Lung Disease in Northern Sweden also
certified determination of the proportion of COPD cases i.e.
due to smoking [34]. By using the GOLD criteria for the
diagnosis of COPD, the population attributable high risk of
COPD for smoking was 45% in the age group of >45 years.
Particles generated during copper and tin processing were
probably small in size during bell metal work. These small
metal particles, by virtue of their greater surface area to
mass ratio, could carry a much larger fraction of toxic
compounds, such as hydrocarbons, Si, Cu and Sn etc
metals on their surface. Importantly, they remain airborne
for long periods and deposit in greater numbers and
deeper into the lungs than larger particles do [35].
Therefore, chronic exposure to these small particles could
lead to chronic inflammation of the respiratory tract and
lung parenchyma in bell metal workers.
Occupational asthma became the second prevalent
pulmonary disease following pneumoconiosis. It was
reported to be associated with several occupation groups in
the literature including automobile and furniture painters,
welders, textile workers, paper factory workers, plastics
manufacturers, farm workers, and chemical processors [36].
The bell metal foundry workers also had a high risk of
occupational asthma. In addition, it was formerly reported
that there are an increased number of lung cancer cases
among foundry workers [18]. In our study, we found that
there was an increase in occupational asthma with a
moderate degree of bronchitis among the bell metal

JULY 2017

workers and did not find any case of pneumoconiosis and
lung cancer in the bell metal workers. But long-term
follow-up is needed to analyze the risk of neoplastic
disease and pneumoconiosis in these workers. High
prevalence of occupational asthma in foundry workers due
to expose of high concentration of air contaminants and
smoking had an additive effect on pulmonary system [7].
Wheezing and breathlessness are also associated with
asthma [37].

CONCLUSIONS
The bell metal workers were observed to have high risk of
developing pulmonary symptoms and a decrease in
pulmonary capacity. All pulmonary parameters like FEV1,
FEV1/FVC, FEF25-75%, and PEF and MVV index were
lower than that of control subjects. Bell metal with smoking
habit, however, showed a higher value of FVC in
comparison to control subjects and the reason(s) for this
remained unclear and required further elucidation.
Advancement of age with long work experience and
smoking habit were the important causative factors of
higher prevalence of COPD among the bell metal workers.
It was difficult to isolate the main causative factor for the
same, as there were several pulmonary pollutants in which
the bell metal workers were exposed in multiple tasks
within their workplace. The effects observed might be as a
result of combination of exposures of different pollutants
present in their working environment. Encouragement of
smoking cessation and adoption of technical preventive
measures, such as having well ventilated work station,
health education programme and wearing protective masks
were needed to reduce the respiratory impairment. It was
suggested that bell metal workers must undergo periodic
medical surveillance test (spirometry and STP test) in order
to reduce the pulmonary hazards.
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