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Abstract: Lungs continuously exchange the gases between the environment and
the blood and thus are the first to face the onslaught from the environmental
pollutants. The silica present in the stones is one of the topmost pollutants that
adversely affect the lungs. Irreversible pathological changes in the airways occur
on chronic silica dust exposure with presentation varying from mild symptoms to
debilitating illness. These changes are reflected in form of impaired lung function
tests. This cross-sectional study was designed to determine the effect of silica on
pulmonary function test of stone crusher workers of Jammu region. The study was
carried out among 18 to 55 years aged 100 male stone crusher workers and 100
age, gender, height and weight matched controls. The information regarding
anthropometry, occupational history and medical history was collected with the
help of a predesigned structured questionnaire. Pulmonary function tests were
performed with the help of computerized spirometer, DTSpiro and tested for
statistical difference among exposure and control groups by independent t-test.
The Mean = SD of pulmonary function test parameters including forced vital
capacity (FVC), forced expiratory volumes (FEV), flow rates (including PEFR and
FEF) except FEF7s and Maximum voluntary ventilation (MVV) were significantly
reduced among stone crushers compared to control subjects. Among chronic
respiratory problems, cough was the most common symptom reported in 26%
stone crushers, followed by breathlessness in 20%, phlegm in 18% and chest
tightness in 14% stone crushers. Chronic exposure to silica dust is associated with
lung function impairment. Lack of availability of treatment for damage to airways
demands strict implementation of preventive measures at the crusher sites.
Keywords: Lung function, Silica, Stone crusher workers, Respiratory problems.

INTRODUCTION

Respiratory impairment due to environmental

Occupational health problems usually arise as
a result of direct exposure to environmental factors
which may be physical, chemical or biological in
nature. Recent estimates by WHO reveal that 12.6
million deaths each year accounting for 23% of all
deaths worldwide and 22% of the global disease burden
can be attributed to environment. Out of 133 diseases or
injuries categorized by WHO, 101 were significantly
associated with the environmental factors. These
estimates vary across different regions due to
differences in environmental exposures and access to
health care [1].

factors is known since ancient times. Lungs are directly
exposed to atmospheric air and thus are predisposed to
detrimental effects of various air contaminants [2].
Chronic exposure of lung to these contaminants in the
working place can result in illness [3]. Variety of
particulate matter suspended in the air affects lung
function and result in an irreversible condition known
as pneumoconiosis. Impaired lung function has been
reported in workers of various industries like cotton,
coal mining, grain/flour mill, tobacco, barley, talc and
in stone processing industries [4].

In India, approximately 11.5 million workers
are exposed to silica dust in both organized and
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unorganized sectors [5]. Stone processing industry due
to unique working conditions and environmental factors
is associated with a very high degree of respiratory
morbidity. The preventive measures against inhalation
of dust particle are generally poor especially in the
unorganized sector due to lack of concerns regarding
occupational health. Non availability of Occupational
Health & Safety services especially in developing
countries can be attributed to inadequate strategies and
policies for occupational workers [6].

The stone contains free silica and the stone
crushing process release a high level of respirable
crystalline silica dust in the working environment [7].
The greater the reduction in size during subsequent
crushing stages from larger to smaller ones, higher is
the particulate emission. The inhaled silica particles are
removed from the lung at a very slow rate and continue
to exert their effect even after cessation of the dust
exposure. Chronic exposure to silica dust ultimately
ends in an irreversible condition called silicosis that
affects airway patency and lung parenchyma. Fibrotic
and proliferative changes occur that cannot be reversed
with the current treatment facilities available, thus
lending urgency to their prevention [3].

Health impact in the form of airway
obstruction and other respiratory symptoms due to silica
dust exposure in this industry is well documented [8-
10]. Changes occurring in the respiratory system caused
by prolonged silica dust exposure lead to a reduction in
the pulmonary function tests values. Periodic
measurement of lung functions would thus help in
detection of lung abnormalities in the early stages.
Impaired lung function as a result of chronic silica dust
exposure among stone crushers has been reported in
previous studies done in India [11-14] and abroad [15-
17] but no such study has been conducted in this part of
the country. Hence, the present study was designed to
evaluate the respiratory effects of occupational
exposure to silica dust in stone crushers of Jammu
region.

MATERIALS AND METHODS

The present study was conducted among 100
stone crusher workers of Stone Crusher units located in
the vicinity of Jammu city and its outskirts. 100 healthy
subjects not exposed to silica dust matched for age,
gender, height and weight comprised the control group.
The sample size was estimated on the basis of findings
of a study by Shaik A et al., [14] and the maximum
sample size was obtained by taking FEV3 values from
the study. Taking Mean * SD values of FEV3 in stone
crusher (2.5014 + 1.075) and control group (2.830 +
0.405) from the study a sample size of 97 subjects in

each group was obtained at 95% confidence level and
80% power. Finally, 100 subjects in each of the
exposure and control groups were taken in the study

Subjects were selected by multistage random
sampling technique. The information about the
locations of various crusher units was furnished from
the concerned local bodies and 10 crusher units were
selected randomly. From each of the 10 crusher units
selected, 10 subjects willing to participate in the study
were randomly selected. These comprised of male
workers aged 18 to 55 years and exposed to dust at least
for a minimum of one year. Subjects who had past h/o
cardio-respiratory illness e.g. TB, bronchial asthma etc.,
past h/o neuro-muscular diseases with gross clinical
abnormalities in the thoracic cage and vertebral column
and subjects who had past h/o thoracic or abdominal
surgery were excluded from the study.

After seeking permission from the concerned
authority and detailing them about the purpose of the
study, the eligible subjects were selected after taking a
detailed history and thorough examination. Pulmonary
function tests were performed with the help of
computerized spirometer, DTSpiro (Maestro Medline
System Ltd, Himachal Pradesh). All the participants
were informed about the study in detail to avoid the
anxiety in the subjects and to develop a good rapport.
Three readings were recorded and best of the three was
taken for the calculation. The lung function test
parameters recorded were forced vital capacity (FVC),
forced expiratory volumes (FEVos, FEVi, FEVj,
FEVos%, FEVik, and FEVsy), flow rates (including
PEFR and FEF., FEFs,, FEF2s.75, FEFo,z.l,z) and
Maximum voluntary ventilation (MVV). Institutional
Ethics Committee permission was sought before
collecting the data.

The data collected was analyzed by SPSS
version 20 statistical software and tested for normality
distribution by Shapiro Wilk test that revealed data to
be normally distributed. ‘Students independent t-test’
was applied to determine the significance of difference
in the lung function test parameters between the
exposure and the control groups.

RESULTS

The baseline physiological characteristics like
age, weight, height and body surface area (BSA) that
affects pulmonary function tests were comparable
among stone crusher and control subjects (Table-1). All
the vitals including respiratory rate, pulse rate, systolic
blood pressure and diastolic blood pressure were
slightly higher in stone crushers compared to controls
although the differences were statistically non-
significant.
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Table-1: Comparison of baseline characteristics in the exposure and the control groups
Stone Crushers, (n=100) Controls, (n=100) | p value
Mean + SD Mean + SD
Age (yrs) 34.94 £9.81 32.87£9.14 0.124
Weight (kgs) 61.11 +£13.01 60.65 + 8.92 0.771
Height (cms) 166.09 + 7.83 167.98 + 6.90 0.072
B.S.A (sgm) 1.67+0.18 1.68+0.14 0.612
Table-2: Comparison of pulmonary function tests in the exposure and the control groups
Stone Crushers (n=100) Controls (n=100) p value
Mean + SD Mean + SD
FVC (Liters) 3.17+£0.74 3.77+£0.82 <0.001
FEV.5 (Liters) 1.15+0.69 2.36 £0.48 <0.001
FEV1 (Liters) 245+0.8 3.14 £ 0.67 <0.001
FEV3 (Liters) 3.07+0.76 3.73+£0.78 <0.001
FEV.5/FVC (%) 35.71 £19.02 63.29 £ 12.76 <0.001
FEV1/FVC (%) 75.86 £ 15.74 82.92 £9.94 <0.001
FEV3/FVC (%) 95.42 +£4.21 97.67 £2.98 <0.001
FEF2s (Liters/sec) 4.79+181 7.08+1.42 <0.001
FEFso (Liters/sec) 384+16 459 +1.83 0.002
FEF7s (Liters/sec) 2.14 £ 0.96 233+14 0.263
FEF2s-75 (Liters/sec) 341+1.39 4.02+1.62 0.004
FEFo.-1.2 (Liters/sec) 2.52+0.81 2.93+0.87 0.001
PEFR (Liters/sec) 529+ 177 7.61+1.58 <0.001
MVV (Liters/min) 90.69 + 13.13 105.91 +11.38 | <0.001
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Fig-1: Prevalence of various respiratory symptoms among stone crushers

The Mean + SD of pulmonary function test
parameters including forced vital capacity (FVC),
forced expiratory volumes (FEV), flow rates (including
PEFR and FEF) except FEF7s and Maximum voluntary
ventilation (MVV) were significantly reduced among
stone crushers compared to control subjects (Table-2).

Stone crushers had not only reduced lung
function but also suffered from respiratory morbidity.
Among chronic respiratory problems, cough was the
most common symptom reported in 26% stone crushers,

followed by breathlessness in 20%, phlegm in 18% and
chest tightness in 14% stone crushers (Fig-1).

DISCUSSION

Silica associated diseases remain an important
public health concern because of its association with
multiple diseases and increased mortality. Many
operations involved in stone crusher plants including
crushing,  screening,  material  handling  and
transportation are potential sources of dust emission
with a high concentration at crusher feed and discharge
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points. Exposure to silica dust affects airway patency
and lung parenchyma and particularly walls of
respiratory bronchioles and alveolar ducts [18]. The key
event in the genesis of pulmonary disease is the
interaction between the silica particle and alveolar
macrophages [19]. Secretion of inflammatory cells and
fibrogenic growth factors in airway epithelium results
in proliferation of fibroblast and collagen synthesis
initiating a fibrogenic response [20]. This process leads
to irreversible fibrotic changes in the lungs resulting in
the reduction of lung function.

We observed a highly significant reduction in
forced vital capacity (FVC) and forced expiratory
volumes (FEVo,s, FEV1, FEVs, FEVosw, FEV1y and
FEV3y) in stone crusher workers compared to controls.
Previous studies have also reported a reduction in mean
values of FVC [13, 16, 17], FEVqs [21], FEV1 [16, 21]
FEV3 [14], FEV,s/FVC% [21] and FEV1/FVC [13, 21]
among workers exposed to silica dust.

FVC is very sensitive to diseases that affect the
lung elasticity and its mechanical properties. FVC,
FEV: and FEV1/FVC not only indicate presence and
severity of obstructive or restrictive pattern but also
give an estimate of overall respiratory impairment [22].
FEVos represents the rapidity with which an individual
can ventilate his lungs. Forced expiratory volumes and
the corresponding ratios later than 1 sec have not been
used frequently for lung function testing, although
FEV3/FVC has been asserted to be of value [23]. An
isolated reduction in FEV3s/FVC may occur in airway
injury resulting from hyperinflation and air trapping
[24]. FEV3/FVC has been found to be superior to the
FEV1/FVC in the detection of abnormal airway
obstruction in smokers [25].

Expiratory flow rates including PEFR, FEFgs,
FEFso, FEFzs.75, and FEFo212 were all significantly
reduced in stone crushers than the control group. These
findings are consistent with many studies that also
reported statistically significant reduction in mean
PEFR [14, 26], FEF.s [21], FEFs, [21, 27], FEFs [21,
27], FEF 2575 [12, 21, 27] and FEF 0.2-1.2 [21] values in
silica dust exposed workers. Silica dust exposure leads
to a reduction of expiratory flow rates (FEF) mainly due
to fibrous tissue formation and inflammatory infiltrates
in the airways and lung parenchyma [20]. Besides these
inflammatory and structural alterations, airflow
obstruction occurs as a result of mucus gland
hyperplasia and hypersecretion of mucus in conducting
airways [28]. However current evidence suggests that
increased secretion of mucus without structural
alterations in airways is unlikely to cause significant
airflow obstruction [20].

We also observed a significant reduction in
MVV among stone crushers compared to controls
which is in agreement with findings of previous studies
[29, 30]. It is a dynamic test of lung function and is

considered to be a good guideline for the mechanical
efficiency of lungs as both the neuromuscular and
respiratory systems are evaluated. Besides providing
measures of lung volume changes and resistance
offered by airways, it also gives an assessment of
respiratory muscle functioning and thorax-lung
complex compliance [31]. A Significant reduction in
MVV may indicate insufficient neuromuscular reserve,
abnormal respiratory mechanics, or an inadequate
effort.

CONCLUSION

Exposure to silica dust is an important
occupational health hazard to stone crusher workers. It
is considered as an important etiological factor for
respiratory  morbidity and pulmonary function
impairment, depicted by the reduction in lung function
test parameters. As chronic silica dust exposure causes
irreversible damage to the airways with limitation in the
availability of curative treatment, the adoption of
preventive measures is important to reduce the
morbidity and mortality associated with silica dust
exposure.
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