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ABSTRACT

Aim: There are different categories of workers depending upon their involvement in
mining operation who are exposed to different levels of dust and for different durations.
The occurrence and degree pulmonary impairment may differ among different workers
in the same mining environment. The aim of the study was to evaluate and compare the
respiratory function parameters of actively engaged exposed mine workers to that of
supportive workers with respect to their duration of work exposure.

Methods: 207 workers from coal mine were divided into two groups as per job profile.
Group 1 consisting of 115 workers engaged in active mining operations and Group 2
consisting of 92 workers not continuously exposed to mining operations during their
working hours. The lung functions of the workers were assessed by using Spirometer.
ANOVA and Independent “t” test were used p value of <0.05 was considered as statisti-
cally significant.

Result: Lung parameters, i.e., forced vital capacity, forced expiratory volume in one sec-
ond, and forced expiratory flow (25-75%) were significantly reduced among Group 1
workers except for peak expiratory flow rate which was non-significantly reduced. The dif-
ferences among the parameters of lung function were statistically significant with expo-
sure <30 years of work; however, the difference was insignificant >30 years of exposure.
Conclusion: Pulmonary impairment is more evident in early years among the mine
worker actively engaged in mining operations as compared to workers engaged in allied
mining operation as the level of exposure to dust varies largely. However, after long-term
exposure the impairment of allied workers is also in line with that of actively engaged
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Introduction

Coal is an important energy source for many human
and industrial activities. India is one of the larg-
est producers of coal with abundant coal reserves
widely spread throughout the country [1]. More
than 4 lacs of miners are working in coal mines [2].
These mine workers are exposed to various phys-
ical and chemical hazards during their working
environment of which dust-related health hazards
still remain the most common occupational health
problem. During mining operations such as drill-
ing, blasting, crushing, grinding, milling, sawing,
and polishing, a large amount of dust is dispersed
in air [3,4] and inhalation of these dust particles

irritate and set up an inflammatory reaction in
airways leading to defective oxygen diffusion and
impaired lung function [5]. To detect this pulmo-
nary impairment, spirometry is one of the most
important diagnostic tools which assess various
lung function parameters among workers exposed
to dust. It is a preferred tool for health surveillance
as it is inexpensive, non-invasive, and causes min-
imum discomfort to the subject. It gives informa-
tion about decrease in lung volume and the type
of respiratory impairment. There are different cat-
egories of workers depending upon their involve-
ment in mining operation. Hence, these workers are
exposed to different levels of dust and for different
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time durations of exposure. Therefore, it may be
assumed that both the occurrence and degree pul-
monary impairment will differ in different workers
in the same mining environment. The present study
was undertaken to evaluate and compare the respi-
ratory functions of actively engaged exposed mine
workers to that of supportive workers with respect
to their duration of work exposure.

Material and Methods

The study was conducted in accordance with eth-
ical guidelines among workers engaged in coal
mining operation belonging to age group of 22-60
years with same socio-demographic status. The
information regarding their height weight, blood
pressure, smoking, occupation, and illness history
was recorded. General examination and detailed
respiratory system examination was carried out.
The subjects having diseases which affect the pul-
monary functions such as pulmonary tuberculosis,
bronchial asthma, chronic bronchitis, emphysema,
and other respiratory diseases were excluded. Also,
patients with clinical abnormalities of neuromus-
cular diseases, vertebral column, thoracic cage, and
who had undergone recent eye surgery, abdominal,
or chest surgery, and with the history of ischemic
heart disease were excluded from the study. A total
of 207 study subjects who were fit to perform spi-
rometry satisfactorily as per standard procedure
were included in the study.

The study population was divided into two
groups according to their job profile. Group 1 con-
sisting of 115 workers from mining department
engaged in active mining operations during their
working hours like loader, blaster, etc., and Group
2 consisting of 92 workers like from electrical and
mechanical department engaged in related sup-
portive work not continuously exposed to mining
operations during their working hours. The lung
functions of the workers were assessed using Spi-
rometer.

Spirometer was calibrated and operated at ambi-
ent temp range and spirometry was conducted as
per standard procedure [6]. The parameters mea-
sured included forced vital capacity (FVC), forced
expiratory volume in one second (FEV,), peak expi-
ratory flow rate (PEFR), and forced expiratory flow
(FEF,,,, ,,)- The subject was seated in an upright
position with a nose clip applied during the entire
procedure. The subject was instructed to blow out
maximally after deep inspiration. While performing
the test, the subjects were encouraged to perform
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to their optimum level and after adequate rest three
technically satisfactory results were recorded. The
best result was considered for analysis. Pulmonary
function test results were calculated from the stan-
dard prediction equation.

Statistical Analysis

The data of pulmonary function tests were presented
as the Mean * SD for each of the parameters. Statis-
tical analysis was done by applying comparison tests
of significance such as One Way Analysis (ANOVA)
test and independent “t” test. Significant p value
(=0.05) and (<0.005) were considered as statistically
significant and highly significant values, respectively.

Result

The demographic characteristics of average mean
+ SD values of age (year), height (cm), weight (kg),
body mass index (BMI, kg/m?), and length of dust
exposure (year) of both the groups are presented
in Table 1. From the inter-group comparison, pul-
monary function test has revealed that by applying
the independent t-test the average mean + SD val-
ues of all the lung parameters, i.e., FVC, FEV,, and
FEF,,,. ., were significantly reduced among Group
1 workers except for PEFR which was non-sig-
nificantly reduced as shown in Table 2. Both the
groups were compared to study impact of work
exposure on their pulmonary function parameters
for exposure of <30 years and >30 years as shown
in Table 3.

The smokers and nonsmokers among both the
groups were compared and it was observed that the
values of all the parameters were lowered in smok-
ers as compared to nonsmokers in both the groups
but only PEFR was statistically significant in Group
1 as shown in Table 4.

Discussion

Mining is one of the most dusty occupations. The
mine workers are highly exposed to respirable

Table 1. Demographic characteristics of the coal mine
workers.

Parameters Group-l (n =115)  Group-Il (n =92)
Age (years) 52.3+6.29 49.4+9.41
Height (cm) 164.0 + 6.53 165.0 + 6.67
Weight (kg) 68.6 £13.2 65.4 +9.98
BMI (kg/m?) 25.3+4.00 24.1+3.60
Work-exposure (years) 29.4 £ 6.00 25.7+9.43
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Table 2. Inter-group comparison of coal miners in relation
to ventilatory function test.

Parameters Group-| Group-Ill p-value
(n =115) (n=92)

FVC (L) 2.68 £0.28 2.78 £0.38 0.0472%*

FEV, (L) 2.33+0.32 2.47 +£0.35 0.0042**

FVC(L)/FEV,(L) 87.27+7.58  88.99+5.82 0.0214*

PEFR (L/sec) 5.94+1.46 5.84 +1.60 0.6239 (NS)

FEF (L) 2.92+0.96 3.19+0.82 0.03215*

*p = 0.05 significant, **p = 0.005 highly significant and FVC:
Forced vital capacity, FEV : Forced expiratory volume in one
second, PEFR: Peak expiratory flow rate, NS: Non-significant,
and FEF: Forced expiratory flow.

Table 3. Inter-group comparison of pulmonary function in
relation to work exposure.

Factors FVC (L) FEV, (L) PEFR(L/sec)  FEF (L)

Group-l (47) 2.63+0.28 2.30+0.30 6.14+1.56 2.93+0.95
Group-Il (47) 2.81+0.37 2.50+0.33 5.76+1.48 3.24+0.87
p value 0.0097*  0.0041** 0.2335(NS) 0.1075 (NS)
Group-l (68) 2.71+0.28 2.36+0.33 5.81+1.37 2.91+0.98
Group-Il (45) 2.74+0.39 2.44+0.36 592+1.72 3.13+0.77
p value 0.7195 (NS) 0.1987 (NS) 0.7196 (NS) 0.1807 (NS)

*p = 0.05 significant, **p = 0.005 highly significant and FVC:
Forced vital capacity, FEV : Forced expiratory volume in one
second, PEFR: Peak expiratory flow rate, FEF: Forced expiratory
flow, and NS: Non-significant.

dust concentration during mining activity at their
workplace. Initially the defense mechanism of the
body tries to get rid of the dust from the lungs;
however, after continuous exposure for longer
duration causes accumulation in lung as body fails
to clear the excess amount of dust getting continu-

ously accumulated. The body reaction to clear this
accumulated dust results in release of proteolytic
enzymes causing proliferation of connective tissue
leading to impairment of the lung functions of the
exposed workers [7]. The present study was con-
ducted in coal mines to compare lung impairment
among the coal mine workers actively engaged in
mining operations as compared to that to workers
engaged in allied mining operations as both the
workers are exposed to mining environment but
the level of exposure to dust varies largely.

[t was observed that both the groups were com-
parable with mean age around 50 years and work
exposure more than 25 years.

The outcomes of lung indices were affected by
the confounding effect of, i.e., age and height, which
was associated with the exposure. Hence, in this
context analysis of variance, i.e., Analysis of Covari-
ance (ANCOVA) was used to improve the effect size
of an experiment and also to eliminate the covariate
effect. The values of different dependent variables
were adjusted by using regression model of covari-
ates, i.e,, ANCOVA after eliminating the confounding
effect.

On comparison of various parameters of pul-
monary functions, it was observed that FVC, FEV,,
and FEF,,, .., were significantly decreases in
Group 1, i.e.,, active mine workers. The deteriora-
tion of lung parameters observed in active mine
workers of the study is consistent with several
previous studies [8-18]. To ascertain whether
the difference is related to duration of exposure,
the two groups were compared with work expo-
sure <30 years and >30 years. It was observed
that the difference among the parameters were
statistically significant with exposure <30 years

Table 4. Comparison of pulmonary function in relation to smoking.

Work experience < 30

Work experience > 30

Factors FVC (L) FEV, (L) PEFR (L/sec) FEF (L) FVC (L) FEV, (L) PEFR (L/sec) FEF (L)
Group-|

Non-smoker 2.63+0.28 231+0.25 6.35%+1.72 297+092 274%+0.27 240+031 596+154 3.03+0.98
Smoker 2.77+0.25 236+038 538+1.28 2.74+094 278+0.20 2.34+034 497+1.14 2.68+0.89
Ex-smoker 251+030 221+042 6.00£1.05 296+1.15 259%0.33 2.25+039 522%026 2.74x1.04
p value 0.472 (NS) 0.488 (NS) 0.369 (NS) 0.888 (NS) 0.105 (NS) 0.155 (NS) 0.0304* 0.255 (NS)
Group-ll

Non-smoker 284+0.36 253+034 6.04+145 3.29+087 2.74+040 2.44+037 592+1.83 3.21+0381
Smoker 2.73+045 240+0.33 589+1.03 3.17+095 2.86+0.37 259+0.25 581+131 3.13+0.33
Ex-smoker 258+0.00 2.25+¥0.01 511+1.18 2.53+0.00 260+040 2.28+0.41 6.05+1.85 2.78+0.92
p value 0.843 (NS) 0.704 (NS) 0.121 (NS) 0.311 (NS) 0.641 (NS) 0.534 (NS) 0.922 (NS) 0.216 (NS)

*p = 0.05 significant, and FVC: Forced vital capacity, FEV,: Forced expiratory volume in one second, PEFR: Peak expiratory flow rate,

FEF: Forced expiratory flow, and NS: Non-significant.
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of work; however, the difference was insignificant
>30 years of exposure. This indicates that the pul-
monary impairment among active mine workers
is more evident in earlier years. However, after
long exposure the impairment of allied workers
also gets affected in line with that of active mine
workers. This may explain that dust does play a
role in impairment of pulmonary function of both
kinds of mine workers. As active mine workers are
exposed to high level of dust compared to that of
allied workers, the impairment happens earlier.

Smoking is widely recognized as a risk factor lead-
ing to the obstructive type of respiratory impairment
[19-21]. Several epidemiological studies explored the
relation of prolonged coal dust exposure with com-
bined tobacco smoke effect on respiratory functions
of exposed workers showed markedly decreased ven-
tilatory indices of workers [22-24]. To determine the
role of this confounding factor, both the groups were
further compared according to their smoking habits.
It is observed that values of all the parameters were
lowered in smokers as compared to nonsmokers in
both the groups but only PEFR was statistically signif-
icant in group 1 with exposure of >30 years. It may be
concluded that smoking has additive role with dust in
impairment of lung functions.

Conclusion

The present study showed that the degree of pul-
monary impairment is more evident in early years
among the mine workers actively engaged in mining
operations as compared to the workers engaged in
allied mining operation as the level of exposure to
dust varies largely. However, after long-term expo-
sure the impairment of allied workers is also in line
with that of actively engaged mine workers.
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