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INTRODUCTION:
Occupational health hazard is a major area of scientic scrutiny around 
the globe. Over the years, various preventive and protective measures 
have been suggested for different groups of workers to protect them 
against occupation related health hazards. Many of these measures are 
in practice in most of the developed countries, but in developing 
countries like India this area is much neglected, resulting into 

[1] occupation related health risks in various groups of workers. One of 
major form of occupational health hazard is pulmonary insufciency 

[2]in workers associated with exposure to occupational dust.    Several 
acute and chronic pulmonary diseases are caused by inhaling 
hazardous chemical agents at the workplace which include silica, 

[3-6]cement, toxic particles, metal fumes etc.  This can lead to 
complications, such as pulmonary infections, pulmonary tuberculosis, 

[7]pneumothorax, cardiac failure and hemoptysis.  

Construction has emerged as one of the major industrial activities in 
India during recent times. Many labourers associated with 
construction work are exposed to dust which can be a signicant risk 
factor for workers' respiratory functions. The occupational related lung 
diseases are most likely due to the deposition in the lung and are 
inuenced by the type of dusts, the period of exposure, the 

[8]concentration and the size of the airborne dust in the breathing zone.  
Studies shown that dust generated from quarries contain 71% silica 
which has been classied by the International Agency for Research on 

[9,10]Cancer as a Carcinogenic agent for humans.  

Reduced lung function parameters, such  as forced expiratory volume 
 / forced vital capacity   (FEV / FVC) , peak expiratory ow rate (L) (L) 1

(PEFR ) due to continuous exposure to silica dust , along with L/min

airway obstruction have been reported in several construction task 
[11-groups, working with materials such as concrete, ceramic and brick. 

14]. Besides, cigarette smoking is a key lifestyle factor that affects 
pulmonary health. Especially heavy smoking combined with 
occupational contact with dust had been recently associated with 
various severe respiratory diseases, including lung cancer, silicosis, 

[11-14]emphysema and tuberculosis infection.  

Manual stone crushing is one the activities associated with 
construction work especially in Tripura. Since no specic professional 
training is required and there is high level of unemployment, a large 
section of unskilled labourers are engaged in manual stone crushing in 
Tripura. To the best of our knowledge, the health implications of 
continuous exposure to stone dust have not been studied among such 
workers in Tripura. 

With this background, we evaluated pulmonary function status and 
burden of exposure to stone dust among manual stone crushers 
working in construction industries in Tripura- a North Eastern state of 
India.

MATERIALS AND METHODS: 
Study design and participants:
An institutional based cross sectional study was conducted in two 
phases (before COVID Pandemic; between January 2019 and June 
2020 and after COVID Pandemic between February 2022 and 
September 2022) among construction workers and local peoples of 
Agartala, capital of Tripura.

A simple random sampling method was used to include subjects for the 
study. Total number of subjects (all male) included were 240 with 
equal distribution of both occupational dust exposed (n = 120) and not 
exposed control (n = 120) group. An informed consent form according 
to Indian Council of Medical Research (ICMR) guideline was 
prepared and explained to each subject regarding the content of the 
form and importance of the study in their own language. Only willing 
volunteers were included in the study. Subjects with presence of self 
reported acute or chronic respiratory disease, clinically signicant 
anemia or presence of any kind of bone deformity of the chest and 
spine were excluded. Socioeconomic status of the subjects was 
evaluated through a pre validated questionnaire prepared for the 
purpose following WHO recommendation. Age (yrs), height (cm) and 
weight (kg) of subjects were recorded following the standard 
recommendation of the World Health Organization (WHO). Body 
mass index was calculated. 

A complete spirogram was performed using a dry volume sensing 
spirometer tted with software (Helios 702, RMS, India). 
Standardized procedures conforming to all the recommendation of 
American Thoracic Society (ATS) on spirometry performance were 
followed (Standardization of Spirometry, 1994 Update. American 
Thoracic Society., 1995). The spirometer was checked regularly for 
any kind of defect. Volume check was done every morning before 
starting of the experiment according to ATS recommendation. All the 
maneuvers were explained and demonstrated to the subjects before 
performance. All the subjects were allowed to have practice before 
actual reading. The subjects were instructed to take a deep breath until 
the lung were full and then blow out through the mouth as forcibly and 
as fast and as long as possible till the maximum capacity, sealing the 
lips tightly around a clean mouth piece. The recording is done at the 
same time of the day for all subjects in a private and quiet room. The 
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ABSTRACT
Background: Occupational related lung diseases are most likely due to the deposition in the lung and are inuenced by the type of dusts, exposure 
duration, concentration and the size of the dust in the breathing zone. In India, many labourers work in construction work with high involvement of 
stone crushing inspite of the associated health hazards. The health implications of continuous exposure to stone dust have not been studied among 
workers in Tripura. In the present study we assessed the pulmonary health of dust exposed construction workers of Tripura, India. Materials and 
Methods: A cross-sectional study method was used to include subjects (n =240). An informed consent form according to ICMR guideline was 
prepared. A complete spirogram was performed using a dry volume sensing spirometer. Forced vital capacity (FVCL), forced expiratory volume in 
1 second (FEV1L), FEV1/FVC ratio, forced expiratory ow (FEF 25 – 75 %) and peak expiratory ow rate (PEFRL/Min) were recorded. T- test, 
ANOVA and Correlation analysis were performed using SPSS 16.0.  Higher mean values of lung function parameters in control group in Results:
comparison to exposed worker group were observed. Lung function measures showed non signicant negative correlation with smoking status of 
subjects. Duration of dust exposure showed signicant negative correlation with FVC L, FEV1 and FEF 25-75 % and non signicant negative 
correlation with FEV1/FVC% and PEFRL/min.  It might be exposure to dust containing silica in stone crushing workers leads to Conclusion:
deterioration of pulmonary function and it is correlated with the duration of the exposure. 
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recording was taken both in sitting and standing position with nose clip 
on. Each subject was allowed to repeat the maneuver for a maximum of 

[15]ten times to obtain acceptable data . Spirometric parameters 
recorded for analysis are forced vital capacity (FVC ), forced L

expiratory volume in 1 second (FEV1 ), FEV /FVC ratio, forced L 1

expiratory ow (FEF ) and peak expiratory ow rate (PEFR ).25 – 75 % L/Min

Blood pressure (BP) was measured in sitting position in the right arm 
with an appropriate sized cuff. Throughout the study same 
sphygmomanometer (Brand/model- Doctor Japan: Life Line) was 
used. 

Statistical analysis: 
Data were analyzed by using SPSS 16.0. Unpaired student T- test was 
used for comparative analysis of parameters between two groups. 
ANOVA was performed to analyse the data of more than two groups. 
Correlation analysis was performed to assess the correlation between 
dependent variables (lung function parameters) with independent 
variables. P<0.05 is the level of signicance.  

RESULTS
Results showed signicantly higher mean values (p<0.05) of all the 
anthropometric parameters (except age) in control subjects compared 
to dust exposed worker group. The lung function parameters like 
FEV /FVC % and FEF were signicantly higher (p<0.05) in 1 25-75 % 

control group in comparison to dust exposed group.  Other lung 
function parameters like FVC, FEV1, PEFR and mean values of both 
SBP (mmHg) and DBP (mmHg) showed non-signicant difference 
(p>0.05) between dusts exposed worker group and non exposed 
control group. [Table 1]

Based on the smoking history, subjects were classied into non 
smoker, moderate, heavy and previous smoker. Lung function 
measures showed non-signicant mean difference across the group 
(p>0.05) in overall subjects, in dust exposed worker group and non 
exposed control group respectively. [Table 2]

Age specic studies of lung function parameters showed non-
signicant mean difference across the age group for overall subjects 
(except FEV /FVC %; P<0.05). Similar results were observed in dust 1

exposed worker group. [Table 3] In non exposed control group, the 
results showed signicant linear decrease of mean values of 
FEV /FVC%, FEF % and PEFR (p<0.05) and non signicant 1 25-75 L/min 

linear decrease of mean values of FVC  and FEV  with the increase of L 1

subjects age. [Table 3]  

Subjects (n = 120) were classied into three different groups based on 
duration of occupational exposure such as exposed for 1-5 years, 5-10 
years and above 10 years. Analysis of lung function parameters of 
subjects with different level of occupational exposure showed 
signicant decrease of mean values of lung function parameters with 
the increase of duration of occupational exposure (except FEV  / FVC 1

(%), PEFR ; ). [Table 3]L/min

In overall subjects correlation analysis showed that age had a non 
signicant negative correlation with FVC  and signicant negative L

correlation with FEV , FEV /FVC%, FEF % and PEFR . Height 1 1 25-75 L/min

of the subjects showed signicant positive correlation with FVC , L

FEV , FEF and PEFR  and non signicant positive correlation 1 25-75% L/min

with FEV /FVC%. None of the lung function parameters showed 1

signicant correlation with weight and BMI of subject. Smoking status 
of subject showed non-signicant negative correlation with all the 
lung function parameters. Duration of occupational dust exposure 
showed signicant negative correlation with FVC , FEV  and FEF L 1 25-75 

% and non signicant negative correlation with FEV /FVC% and 1

PEFR of subjects. [Table 4]L/min 

 Correlation analysis of dust exposed worker group showed that all the 
lung function parameters negatively correlated with age of subjects 
(p>0.05). Height and weight of the subjects showed non-signicant 
positive correlation with FVC , FEV , FEV /FVC% and FEF % and L 1 1 25-75

negative correlation with PEFR  of subjects. FVC , and FEV  of L/min L 1

subjects showed positive correlation with BMI and whereas 
FEV /FVC%, EFE % and PEFR  showed non signicant 1 25-75 L/min

negative correlation with BMI of subjects. All the lung function 
parameter showed non signicant negative correlation with smoking 
status of subjects. Similarly duration of dust exposure showed 
signicant negative correlation with FVC , FEV  and FEF  % and L 1 25-75

non signicant negative correlation with FEV /FVC% and PEFR of 1 L/min 

subjects. 

In control group except FVC  all other lung function parameters L,

showed signicant negative correlation with age. FEV  showed 1

signicant positive correlation with height of subjects. Height showed 
non signicant positive correlation with FVC , FEV /FVC%, FEF L 1 25-

% and PEFR of subjects. Weight of subjects showed non signicant 75

positive correlation with FVC  and FEV  and negative correlation with L 1

FEV /FVC%, FEF % and PEFR of subjects. Both BMI and smoking 1 25-75

status of subjects showed non signicant negative correlation with 
almost all the lung function parameters. BMI of subjects showed non-
signicant positive correlation with FVC . [Table 4]L

DISCUSSION:
This study demonstrated the combined effect of cigarette smoking and 
occupational exposures on respiratory function. The anthropometric 
parameters, lung function indices and cardiovascular parameter were 
compared between workers exposed to occupational dust from stone 
crushing and control subjects not exposed to occupational dusts. The 
spirometric indices such as mean of FEV /FVC% and FEF % in dust 1 25-75 

exposed workers were signicantly lower than those of the unexposed 
control group.  Similarly, Aminian et al. reported a signicant 
reduction in mean percentage of the lung function parameters, 
including FEV /FVC%, FVC and PEF, FEF % and FEV  in 1 L 25-75 1

[16]workers exposed to cement.  However, in our subjects, though we 
observed reduction in other lung function parameters (FVC , FEV  L 1

and PEFR) in dust exposed workers compared with unexposed control 
group, but the reduction is not statistically signicant. This is 
consistent with the nding of Rafeemanesh et al. who did not found 
signicant differences in lung function between exposed group and 

[17]control group.  The reduction of lung function parameters among 
workers may associated with the exposure of occupational dust and 

[18]duration of dust exposure.  

A non signicant mean difference in lung function parameters was 
observed among different group of smoker of control subjects. The 
highest mean values of lung function measures were observed in non 
smoker group compared to moderate, heavy and previous smoker 
group. There is almost linear declining trends of lung function 
measures was observed among non-smoker, moderate, heavy and 
previous smoker respectively. Our nding is supported by several 
previous ndings where authors reported that occupational dust 
exposed smoker workers had a signicantly increased risk of abnormal 
spirometric ndings compared to non smoker workers. Compared to 
non smokers, the smoker workers and those exposed to occupational 
pulmonary health hazards had a 3.48 times and 3.45 more likelihood of 
abnormal spirometric ndings. The lower values of spirometric 
measures in smoker and occupational dust exposed workers might be 
attributed to smoking and dust exposure might have a synergic impact 

[19]on lung function.  

Among dust exposed workers there is a non signicant decline of mean 
lung function values was observed with the increase of subject's age.  
Whereas in control group signicant decrease of mean values of 
FEV /FVC%, FEF % and PEFR was observed with the increase of 1 25-75

subjects age. Our nding is supported by the study ndings of Ruivo et 
[20]al.  In the present study the effect of duration of exposure on lung 

function among worker showed signicant mean difference across the 
duration of exposure (except FEV  / FVC (%), PEFR).  Study done by 1

Meo et al. also reported a signicant reduction in FVC , FEV  and L 1
[21]MVV in cement mil workers exposed for 5-10 years.  

Correlation analysis of exposed worker group showed that all the lung 
function parameters negatively correlated with subject's age (p>0.05). 
This result is supported by the study conducted by Dehghan, 

[22]Mohammadi, Sadeghi and Attarachi.  Height and weight showed 
non signicant positive correlation with FVC , FEV , FEV /FVC% L 1 1

and FEF % and negative correlation with PEFR. FVC , and FEV  25-75 L 1

showed positive correlation with BMI and whereas FEV /FVC%, EFE 1

% and PEFR showed non signicant negative correlation with BMI. 25-75

All the spirometric measures showed non signicant positive 
correlation with smoking status of exposed group.  Similarly duration 
of dust exposure showed signicant negative correlation with FVC , L

FEV  and FEF % and non signicant negative correlation with 1 25-75

FEV /FVC% and PEFR of subjects. Study done by Kumar et al also 1

reported signicant reduction in lung function values with duration of 
[23]exposure.  Our ndings corroborate the ndings of studies 
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[24]conducted by Neghab et al. and Jaen et al.  Honda et al. found a 
general tendency for some parameters of pulmonary function to 

[25]become smaller as estimated cumulative exposure increased.  
Exposure to occupational pulmonary health hazards and cigarette 
smoking was related to spirometric abnormalities, a ndings supported 

[26]by the study conducted by Jaakkola et al. 

The cross sectional design of this study is a major limitation. With 
cross sectional studies, temporal and casual relationship cannot be 
clearly ascertained. Therefore, longitudinal and industry-based studies 
with large sample size and determination of occupational exposure are 
necessary to nd out the casual association between occupational 
exposure and spirometric abnormalities. 

CONCLUSION
This study showed a signicant correlation among occupational 
exposures to pulmonary health hazards, decreased spirometric 
parameters. Exposure to dust containing silica in stone crushing 
workers leads to deterioration of pulmonary function and it is 
correlated with the duration of the exposure. Protection of the workers 
may be provided by wet working, proper ventilation, screening of 
workers before hiring, providing them with suitable masks and safety 
glasses. Workers should have information about health risks, suitable 
working conditions, personal hygiene and preventive measures. They 
should undergo frequent medical examination. 

Table 1: Comparison of anthropometric, pulmonary function and 
cardiovascular parameters between dusts exposed worker group 
and control groups.

BMI , body mass index; FVC , forced vital capacity; FEV1, forced 
expiratory volume in one second ; FEV1/FVC % , ratio of FEV1/FVC; 
FEF, forced expiratory ow ; PEFR, peak expiratory ow rate; SBP , 
systolic blood pressure, DBP, diastolic blood pressure, SD, standard 
deviation; p = level of signicance; ns = non signicant; * = p<0.05

Table 2: Comparison of pulmonary function parameters between 
different groups of subjects with smoking status.

FVC , forced vital capacity; FEV1, forced expiratory volume in one 
second ; FEV1/FVC % , ratio of FEV1/FVC; FEF, forced expiratory 
ow ; PEFR, peak expiratory ow rate; n = number of subjects; ns = 
non signicant

Table 3: Comparison of pulmonary function parameters of 
different age group of subjects and different level of exposure of 
worker subjects.

FVC , forced vital capacity; FEV1, forced expiratory volume in one 
second ; FEV1/FVC % , ratio of FEV1/FVC; FEF, forced expiratory 
ow ; PEFR, peak expiratory ow rate; SD- Standard deviation; p = 
level of signicance; ns = non signicant; * = p<0.05

Table 4: Correlation between pulmonary function parameters, 
anthropometric parameters, smoking status and duration of dust 
exposure.
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Parameters Mean + SD p

 Exposed group  (n = 
120)

Control group (n = 
120)

Anthropometric parameters 

Age (yrs ) 29.97±12.37 31.46±9.38 0.59ns

Height (cm) 159.98±6.6 166.17±6.92 0.001*

Weight (kg) 52.97±7.18 62.30±11.02 0.001*

BMI 20.51±2.26 22.56± 3.74 0.013*

Pulmonary function parameters

FVC L 2.00±1.08 2.22±1.13 0.114ns

FEV1 L 1.60±0.99 1.93±1.06 0.272ns

FEV1/FVC% 80.00±18.38 85.23±17.09 0.001*

FEF 25-75% 2.23±1.13 2.54±1.57 0.001*

PEFR L/min 3.09±1.59 3.78±2.36 0.188ns

Cardiovascular parameters

SBP (mmHg) 126.6±13.21 122.50±13.88 0.24ns

DBP 
(mmHg)

78.10±6.27 80.33±11.38 0.35ns

Pulmonary 
function 
Parameters

Overall Subjects p

Non 
smoker
(n=120)

Moderate 
smoker 
(n=80)

Heavy 
smoker
(n=20)

Previous 
smoker
(n=20)

FVC L 2.12±0.72 1.85±1.06 1.98±0.66 2.06±1.24 0.92ns
FEV1 L 1.98±0.76 1.70±1.02 1.58±0.60 1.83±1.11 0.93 ns
FEV1 
/FVC (%)

94.04±
14.99

90.78±
15.0

78.51±
14.30

89.47±
14.64

0.44 ns

FEF25-
75%

2.74±1.30 2.38±1.45 1.82±0.99 2.43±1.39 0.83 ns

PEFR L / 
min

2.77±1.31 3.22±1.97 2.77±1.77 3.56±2.16 0.67 ns

Exposed group 

Non 
smoker
(n=40)

Moderate 
smoker
(n=60)

Heavy 
smoker
(n = 12)

Previous 
smoker
(n=8)

FVC L 1.52±1.22 2.07±0.10 2.01±0.17 1.89±1.06 0.79ns

FEV1 L 1.38±1.01 1.81±0.23 1.84±0.43 1.80±1.05 0.74 ns

 FEV1 
/FVC (%)

94.98±8.7
0

87.73±15.
59

91.74±12.3
2

93.55±10.9
4

0.78 ns

FEF25-
75%

2.02±0.93 2.3±1.02 2.37±1.26 2.42±1.32 0.80 ns

PEFR (L / 
min

2.72±1.16 3.68±2.23 3.33±2.41 3.27±1.89 0.76 ns

Control group
Non 
smoker
(n=80)

Moderate 
smoker 
(n=20)

Heavy 
smoker 
(n=8)

Previous 
smoker
(n=12)

FVC L 2.13±1.01 2.37±1.17 1.89±1.13 1.75±1.19 0.72ns
FEV1 L 2.07±1.05 2.09±1.11 1.34±0.89 1.42±0.98 0.55 ns
FEV1 
/FVC (%)

96.58±
3.33

86.32±
16.52

69.3±
5.55

82.47±
23.12

0.44 ns

FEF25-
75%

3.26±1.32 2.66±1.56 1.35±1.00 2.26±1.95 0.63 ns

PEFR (L/ 
min)

4.89±1.56 4.04±2.46 1.86±1.08 3.06±2.40 0.50 ns

Pulmonary 
function 
Parameters

Age groups p
<20 yrs
(n=28)

20-40yrs
(n=168)

40-60yrs
(n=44)

FVC L 2.25±1.16 1.99±1.20 1.74±0.71 0.60ns
FEV1 L 2.10±1.10 1.82±1.07 1.33±0.67 0.21 ns
FEV1 /FVC (%) 93.51±7.90 92.83±10.81 73.53±19.95 0.001*
FEF25-75% 3.09±1.49 2.40±1.32 1.69±1.13 0.06 ns
PEFR (L / min) 4.47±2.60 3.42±1.79 2.58±2.0 0.10 ns

Exposed group

<20 yrs
(n=20)

20-40yrs
(n=80)

40-60yrs
(n=20)

FVC L 1.69±1.18 1.99±1.04 1.77±0.79 0.85ns
FEV1 L 1.58±1.05 1.86±1.02 1.54±0.76 0.82 ns
FEV1 /FVC (%) 95.48±7.42 94.35±9.14 85.44±16.21 0.12ns
FEF25-75% 2.06±1.12 2.70±1.07 2.29±1.28 0.49 ns
PEFR (L / min) 2.82±1.44 3.43±1.19 3.72±2.48 0.46 ns

Control group
<20 yrs
(n=8)

20-40yrs
(n=88)

40-60yrs
(n=24)

FVC L 2.64±1.38 2.28±1.18 1.72±0.71 0.42ns
FEV1 L 2.45±1.26 2.05±1.06 1.15±0.59 0.11 ns
FEV1 /FVC (%) 92.25±6.66 90.31±12.95 63.60±18.04 0.001*
FEF25-75% 3.69±1.99 2.72±1.45 1.19±0.77 0.03 *
PEFR L / min 6.03±3.54 3.98±1.94 1.63±0.86 0.008 *

Duration of 
exposure

 1-5 yrs
(n=8)

5-10yrs
(n=80)

Above 10 
yrs (n=32)

FVC L 2.17±1.05 1.00±0.23 1.08±0.83 0.01*
FEV1  L 2.03±0.95 0.92±0.14 0.94±0.68 0.009 *
FEV1 /FVC % 94.66±7.72 93.48±11.18 91.05±14.48 0.704ns
FEF25-75% 2.62±1.08 1.37±0.65 1.60±0.94 0.03 *
PEFR L / min 3.31±1.38 2.35±1.20 2.85±2.17 0.56ns

Anthropo
metric 
Variables

Overall subjects

FVC L FEV1 L FEV 1/ 
FVC%

FEF25-75 
%

PEFR 
L/min

r p r p r p r p r p
Age (yrs) -0.1

99
0.13 -0.3

00
0.02
*

-0.449 0.001*
*

-0.34
4

0.00
7**

-0.
270

0.04
*



FVC , forced vital capacity; FEV1, forced expiratory volume in one 
second ; FEV1/FVC % , ratio of FEV1/FVC; FEF, forced expiratory 
ow ; PEFR, peak expiratory ow rate; *correlation is signicant at the 
0.05 level ; **correlation is signicant at the 0.01 level
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