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ABSTRACT
Objective: To evaluate the effect of exposure to silica dust on pulmonary functions and to determine the
factors associated with abnormal lung functions tests.
Material and Methods: This cross-sectional analytical study was carried out in six months time in 176
male workers of stone crushing industries in the suburbs of Peshawar. Participants were selected through
convenient sampling. Workers who had worked at the site for two years or more were included in the study
while those workers who had worked for less than two years, who did not give consent and those who were
not cooperative or who were absent on the day of the study, were excluded from the study. They were first
interviewed on the questionnaire and then Pulmonary Functions Tests (PFT) were performed by a spirometer. Data were analyzed through SPSS software version 16.0.
Results: Out of the total of 176 participants the PFT results of 127 (72.2 %) participants were healthy.
Abnormal results were found in 49 (27.8 %) partici pants. Spirometry results of 41 (23.3 %) participants
showed a restrictive pattern and 8 (4.5 %) obstructive. A strong relationship was found between the duration and intensity of exposure and PFTs results (p-value < 0.001). Those who were working for 8 hours
or more per day and those who were working for 10 or more than ten years were having more deranged
PFTs. Similarly, PFTs were more deranged in those participants who smoked heavily (p-value < 0.016).
Conclusion: Silicosis being a significant public health problem and mainly remains a submerged portion
of the iceberg is caused by prolonged exposure to crystalline silica. The working community of this occupation
is poor class, illiterate and less aware and sensitive about their health, which makes the situation worse.
Keywords: Silica, Stone crusher workers, Silicosis, Duration of exposure, Pulmonary function tests.

INTRODUCTION

infrastructures like building constructions and roads.
The operations involved by these units emit process
and fugitive dust 1. Mainly rural, migrant and unskilled
or low skilled workers are employed in this sector,
often with seasonal employment. Exploitation of the
labor by the management and their low socioeconomic
situation give rise to deficiency of programs to address
workers safety and health in this segment2. Silica is the
main component of many maters like rock, mineral
ores and sand. Silicon dioxide (SiO2) is the generic
name of sand which means the chemical compound
that is present naturally in different states like amor-

Occupational exposure to dust particularly silica
dust is a well-known phenomenon and a common
public health problem especially in developing countries which is usually ignored. Stone crushing units are
small-scale industries spread in the cities in a poorly
organized sector and provide essential material for
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like stone cutting, agate, silica milling, mines and other
such industries. They comment that as this sector is
unorganized and comorbidities such as tuberculosis
and malnutrition also play a role, so mortality is high
due to silicosis10. While in a study in Nowshera district
of Pakistan, Ishtiaq M et al. found that 49.50 % of the
coal workers had coal workers pneumoconiosis and
silicosis and 52.50 % had findings in their pulmonary
functions tests11. Signs, symptoms and pulmonary
functions were found to be more significant in the
exposed workers of stone crushing industries as compared to the controls. Forced Vital Capacity (FVC) and
Forced Expiratory Time (FET) are at a low level while
Forced Expiratory Volume in one second (FEV1) /
FVC ratio and Mid Expiratory Flow rate (MEF) were
at a high level12. A positive relationship was found between the manual stone quarrying and occurrence of
respiratory disease symptoms. Regarding knowledge of
the exposure, about 83% of workers know that their
work exposes them to health hazards but cannot quit
owing to poverty or lack of other jobs opportunities
and social welfare, etc.”13. Extensive work has been
done globally, but little literature was found regarding
this topic in Khyber Pakhtoonkhwa and particularly in
Peshawar. Secondly, more than ten thousand workers
are employed in 150 to 200 traditional stone crushing
units in Peshawar who work under much hazardous
environment and thus pose a high risk to their health.
The stone crushing workers of Peshawar district are
one of the neglected groups, and therefore this study
was carried out to measure silica exposure and its
effect on human lungs among these workers and also
evaluated the associated factors.

phous, crystalline and glassy forms3.
Silicosis and chronic bronchitis are the main
diseases which are caused by exposure to crystalline
silica. Silica crystals are also known human carcinogens
and are a risk factor for systemic autoimmune diseases
as well4. As silicosis progresses, airflow obstruction
increases and is presented with a cough, chest pain and
shortness of breath. There is increased risk of TB and
other mycobacterial diseases in patients with silicosis
because macrophage function is weakened by silica5. In
developing countries, due to lack of awareness of the
problem and effective preventive measures, workers
with these diseases can go undiagnosed and untreated6.
Several studies have explained the association of dust
exposure and lungs problems in the workers exposed
to different types of dust in their occupations. Silicosis
is, therefore, the most prevalent lung disease among
pneumoconiosis in the communities. Being respiratory
ailment, silicosis impairs the lungs functions. However, when there is much damage to the lung tissue the
pulmonary functions are deteriorating as occurs in the
advanced stages of the disease. The best indicator in
the pulmonary function tests is the Forced Expiratory Flow (FEF) rate7. Workers who are exposed to
silica dust for more than ten years, mostly develop
respiratory problems. Other contributing factors like
the density of dust, increasing age, tobacco smoking
and length of exposure to dust containing silica have
a direct effect on the severity of the problems8.
Concer ning the global and regional scenario,
silicosis remains a genuine threat to some people on
a daily basis, and still, the mortality from this disease
is in thousands around the world every year. More
than 500,000 cases of silicosis were recorded in China
between 1991 and 1995. The prevalence of the problem was found to be 55 % in India, in one group of
young quarrying workers of sedimentary rocks. In the
north-east of Brazil, the prevalence of silicosis in the
workers was found to be 26 % in the exposed group.
According to the National Institute of Occupational
Safety and Health (NIOSH), more than 1,700,000
labors in the US are daily exposed to crystalline silica
dust5. With the increase in the number of years of
exposure, the risk of developing the disease among
the workers increased. Silicosis was found to be 12 %
who workers for 30 years or more9.

MATERIAL AND METHODS
This community-based cross-sectional analytical study was conducted in stone crushing workers
of stone crushing units in the suburbs of Peshawar.
The study population was male workers of the stone
crushing machines. The age range was 17 to 56 years.
A total of 176 workers of stone crushing machines
were selected by convenient sampling from PAF road,
Kohat road, Warsak road and Peer Bala. The data collection was started in November 2016 and completed
in April 2017. So it took almost six months time. Those
workers who had worked at the site for two years or
more were included in the study. Those workers who
had worked for less than two years, who were absent
on the day of the study, who did not give consent and
those who were not cooperative, were excluded from

Chaudhury et al. state that in India almost 3 million workers were found exposed to silica in industries
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the study.

software version 16.0. Descriptive statistics, i.e., percentages, mean and standard deviation were used to
describe the parameters of the study. P- the value of
0.05 or less was considered for statistical significance.
Chi-square test and t-test were applied for calculating
proportion and percentages.

A questionnaire was used as the data collection
tool, and demographic and occupational details of the
participants were recorded on it. The first part of the
questionnaire was related to socio-demographic characteristics and second part had a medical history of the
participants with a focus on respiratory problems. All
the participants were informed about the procedure,
and the n a written consent was taken from them.
Weight (in Kg) and height (in cm) of the participants
were measured. Pulmonary functions were measured
by a portable spirometer (Spirolab II). The essential
rea dings of PFTs like Forced Vital Capacity, Forced
Expiratory Volume in the first, second and ratio between FEV1 /FVC % were recorded.

RESULTS
Out of the total of 176, Pulmonary Functions
Tests (PFT) results of 52 (29.5 %) participants showed
abnormal readings and 124 (70.5 %) were heal thy. Out
of the abnormal results, the PFTs of 41 participants
(23.3 %) showed a restrictive pattern and 11 (6.2 %)
obstructive pattern as shown in the following table.
Job duration of the stone crushing industries
workers was divided into three categories. Those
working for less than five years, 5-10 years and more
than ten years. 62 (35.2 %) workers were there in the
first group, i.e., their job duration was less than five
years. 71 (40.3 %) participants were working for 5-10
years and 43 (24.4 %) for more than ten years.

The dependent variable like the Pulmonary
Functions Tests (PFTs) and the independent variables like age, gender, weight, height, the silica dust
exposure intensity and duration and smoking status
were all recorded on the pretested questionnaire. The
data collected were analyzed using SPSS for Windows

When the frequencies of daily working hours of
the workers were analyzed most of the workers 107
(60.8 %) were working daily for 6 hours. 46 workers
(26.1 %) were working for 8 hours or more and 23
(13.1 %) for 4 hours every day.

Table-1: Pulmonary Functions Tests (PFT) Results.
Cumulative
Percent

Frequency Percent
Valid Normal

124

70.5

70.5

Restrictive

41

23.3

93.8

Obstructive

11

6.2

100.0

Total

176

100.0

Out of the total 176 participants, 108 (61.4 %)
were non-smokers, 31 (17.6 %) were occasional smok-

Table-2: Relationship of PFTS and job duration (Cross-tabulation).
Job duration in years and Result PFTs Cross-tabulation
Result PFTs
Job duration in
years

Total

Normal

Restrictive

Obstructive

Less than 5
Years

55

6

1

62

5-10 Years

52

15

4

71

More than
10 Years

17

20

6

43

124

41

11

176

Total

Chi Sq. value

Degree of
freedom

p-value

30.13

4

< 0.001

Table-3: Relationship of daily working hours and PFTs (Cross-tabulation)
Result PFTs
Normal
Daily Working
Hours
Total

Restrictive

Obstructive

Total

4 Hours

18

3

2

23

6 Hours

83

19

5

107

8Hours or more

23

19

4

46

124

41

11

176

4

Chi Sq. value

Degree of
freedom

p-value

13.63

4

< .009
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Table-4: Relationship of Smoking status with PFTs (Cross-tabulation)
Smoking status

Result PFTs

Non-Smoker

Total

Normal

Restrictive

Obstructive

85

19

4

108

Occasional smoker

21

8

2

31

5-10 Cigarettes per day

13

12

3

28

One pack or more per day
Total

5

2

2

9

124

41

11

176

80

Frequency

40

20

5-10 years
Job Duration In Years

More than 10 Years

Fig 1. Job duration of the participants.
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Frequency

60

40

20

Less than 5 Years

5-10 years
Job Duration In Years

More than 10 Years

Fig 2. Daily working hours of the workers.
Job Duration In Years

Frequency

60

40

20

Less than 5 Years

5-10 years
Job Duration In Years

6

< 0.016

It is observed and what is expected that PFTs
are more deranged in the workers who also smoke and
particularly where the intensity of smoking is more.
It is seen from the above Table No. 4 that as the intensity of cigarette smoking increases the prevalence
of abnormal PFTs increases. Out of 176 participants,
124 showed normal PFTs results, 41 had the restrictive
pattern, and 11 had an obstructive pattern. Prevalence
of abnormal PFTs was 21 % in the non-smokers, 32 %
in the occasional smokers, 53 % in those who smoke
5-10 cigarettes per day and 44 % in those who smoke
one pack or more per day. The Chi-square value is

80

0

15.53

The daily working hours of the participants were
divided into three categories. Those working for four
hours, those working for 6 hours and those working
for 8 hours or more per day. It can be seen in the above
table that in the first category out of 23 workers, 5 (21
%) have abnormal PFTs. In the second group, i.e., the
participants working for 6 hours, out of 107 workers,
24 (22 %) have abnormal PFTs, and in the third category, out of 46 workers, 23 (50 %) have abnormal
PFTs. The Chi-square value is 13.63 for 4 degrees of
freedom, and the p-value is < 0.009, which means
that there is an overwhelming association between
an increase in the working hours of the workers and
abnormal PFTs.

Job Duration In Years

0

p-value

The association of PFTs and job duration in
years when calculated, it was found that as the exposure
duration, which is the job duration, increases, the PFTs
of the participants become more deranged. The ChiSquare value given in the above table is 30.13, with 4
degrees of freedom and p-value < 0.001. The p-value
(< 0.001) signifies a strong association between PFTs
and increase in the working years in the stone crushing
industries workers because the exposure to silica dust
increases with the passage of time.

60

Less than 5 Years

Degree of freedom

ers, 28 (15.9 %) workers were smoking 5-10 cigarettes
per day, and 9 (5.1 %) participants were smoking one
pack or more per day as is given in the graph above.

Job Duration In Years

0

Chi Sq. value

More than 10 Years

Fig 2. Daily working hours of the workers.
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15.33 for 6 degrees of freedom, and the p-value is <
0.016 which means that there is strong evidence that
smoking is associated with abnormal PFTs in these
workers.

Sachin B Rathod, Smita and R. Sorte 19 it was found
that there is a significant inverse relationship between
years of exposure to occupational quartz and PFTs,
particularly FVC, FEV1 and the ratio of FEV1/FVC.
Mohammad Golshan et al., during six years longitudinal study found that the decrease in FVC, FEV1,
FEFE75 and FEF25-75 is 8.17 %, 10.6 %, 10.7 %,
and 13.4 % respectively from normal (predicted) values
with the p-value of < 0.001 which reflects a highly
significant association between the two variables. They
also report in this study that for yearly age advancing
the predicted decrease of FEV1 is 25-30 ml for normal
American adults while the measurements noted in their
research was 61. 95 ml which are double the normal
values20. While S. Smilee Johncy et al. determined that
percent decrease in FVC, FEV1, FEV1/FVC %, PEFR
and FEF25-75 % is 27, 31.46, 15.36, 24.93 and 27.01
respectively in construction workers who are exposed
to dust (silica)21. All these findings strongly support the
results of our study of the association of prolonged
exposure to silica dust and compromised PFTs.

1. Relationship of job duration and
Pulmonary Functions tests
2. Relationship of daily working hours
and Pulmonary Functions tests
3. Relationship of Pulmonary Functions
tests and smoking
DISCUSSION
The workers at stone crushing units are exposed
to dust and gases comprising mainly silica along with
other carbon-containing elements like iron, and manganese. Silica dust is known to hurt the lung functions
of the exposed workers. It was found in this study
that stone crushing industries workers were exposed
to higher concentration of silica dust and therefore
were having higher (45 %) occurrence of respiratory
symptoms which is similar to the study of AN Nwibo
in Nigeria14.

In our study, it was observed that PFTs are
more deranged in the workers who also smoke and
particularly where the intensity of smoking is more.
It was also noted that as the intensity of cigarette
smoking increases the prevalence of abnormal PFTs
increases. Prevalence of abnormal PFTs was 21 % in
the non-smokers, 32 % in the occasional smokers, 53
% in those who smoke 5-10 cigarettes per day and 44
% in those who smoke one pack or more per day. It
was concluded that there is strong evidence (p-value <
0.016) that smoking is associated with abnormal PFTs
in the stone crushing industries workers. Harkirat Kaur
et al. also had the same results in a cross-sectional study
in which they found that as the number of cigarettes
packs smoked per year increases the pulmonary functions decreases and the negative association was most
significant and most progressive in FEV1, FEV1/FVC
22
. It was also assessed that smokers with silicosis were
two times more at risk of developing lung cancer than
non-smokers with silicosis 23. The results of our study
are too much similar to the results of Rubeena Bano
et al.24 and Sunita Nighute and Abhijit Awari 25 who
found that the risk of impaired lung functions is 17
to 18 times more in smokers than the non-smokers.

In our study, 29.5 % participants had abnormal
PFT results. The PFTs results of 41 participants (23.3
%) showed a restrictive pattern and 11 participants (6.2
%) obstructive pattern. This is comparable with the
study of Dr. Priyanka Mirdha, who observed highly
significant (p < 0.01) decrease in pulmonary function parameters (FVC, FEV1, FEV1/FVC, PEFR)15.
During six years follow up studies it was found that
respiratory parameters declined regularly but slowly
and gradually. In adult workers as the age advances
pulmonary functions falls and volume and airflow in
spirometry decreases16. Hertzberg VS et al. observed
that as the silica exposure increases in smokers, the
percent- predicted FVC and FEV1 and FEV1/FVC
are decreased17.
The association of PFTs and job duration in
years in our study was worked out, and it was found
that PFTs of the workers are compromised as the
exposure duration increases. A strong association
(p-value < 0.001) was observed between the increase in
job duration and PFTs in the stone crushing industries
workers due to the increased exposure to silica dust
with the passage of time. In similar studies conducted
by Sjur Humerfelt, Geir E Eide, Amund Gulsvik 18 and

CONCLUSION
Workers at stone crushing industries are exposed
to silica and carbon-containing pollutants which are
6
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considered to have an argumentative effect on their
pulmonary functions. It was found in this study that
stone crushing industries workers were exposed to high
concentration of dust which adversely affects their
lung functions. The values for FVC, FEV1, and the
ratio of FEV1 and FVC were lower than the predicted
values. Among those who had deranged PFTs, three
fourth showed a restrictive pattern and one-fourth
obstructive pattern in their PFTs.

Environmental Medicine, 2010, 14 (3) 87-90.

The risk of developing COPD is also high in
these workers. A strong dose-response relationship
between dust and PFTs was noted. It was found in this
study that the already lowered lung functions due to
dust exposure are further deranged by smoking. There
is a strong substantiation that smoking augments the
silica dust effect on airflow obstruction and deranging
PFTs. A strong association was found between the
increase in the working years and working hours of
the workers and abnormal PFTs.
The labor class people are very less aware and
keen about health and particularly the prevention from
stone dust (silica) and its complications. The symptoms
of silicosis are less considered by these workers as the
cause of ill health because they believe these disorders
are part of the job risk. These workers do not adopt
respiratory protecting measures during working hours
which increased the exposure and eventually increased
the risk of chronic airflow limitations and lungs impairment. Therefore for prevention of silica dust associated chronic obstructive pulmonary disease, reducing
or eliminating both dust and smoking is essential.

REFERENCES
1.

Sivacoumar R, Jayabalou R, Subrahmanyam YV, Jothikumar N and Swarnalatha S. Air pollution in the stone
crushing industry and associated health effects, Indian
J Environ Health 2001;43 (4): 169-73.

2.

Sivacoumar R., Jayalobou R., Swarnalatha S., and Balakrishnan K., Particolate Matter form Stone crushing
Industry: Size Distribution and Health Effects. J. Environ. Eng. 2006, 132 (3), 405-14.

3.

Abdul Rahman Bahrami, Faridah Golbabai, Hossein
Mahjub, Farshid Qorbani, Mohsan Aliabadi and Mohamad aliBarqi; Determination of Exposure to Respirable
Quartz in the Stone Crushing Units at Azendarian-West
of Iran; Industrial Health 2008, 46, 404–8.

4.

Rajnarayan R Tiwari, Raj Narain, YK Sharma and Sunil
Kumar, Comparison of respiratory morbidity between
present and ex-workers of quartz crushing units: Healthy
workers’ effect, Indian Journal of Occupational and

7

5.

Silicosis, educate Eliminate Eradicate By Tina Luton
www.discoveringstone.com.au.issue 12 www.indianet.
nl/pdf/silicosis.pdf)

6.

Gregory R. Wagner, Screening and surveillance of
workers exposed to mineral dust,1996 World Health
Organization, ISBN 92 4 154498 8

7.

Rajnarayan R. Tiwari, Yashwant K. Sharma and Habibullah N Saiyed, Peak Expiratory Flow: A Study among
Silica-exposed Workers, India, Indian Journal of Occupational and Environmental Medicine, 2004, 8 (1)

8.

Bushra Iftikhar, Muhammad Hussain Khan, Hamid Hussain, Mazhar Iqbal, Ghulam Sarwar Jadoon, Relationship
between silica dust exposure and chronic obstructive pulmonary disease in workers of dust generating industries
of district Peshawar, Gomal J Med Sci Jan - Jun 2009;7
(1):46-50.

9.

http://emedicine.medscape.com/article/302027-overview#a6

10.

Nayanjeet Chaudhury, Ajay Phatak, Rajiv Paliwal,
Chandra Raichaudhari, Silicosis among agate workers at
Shakarpur: An analysis of clinic-based data, Lung India
2010, 27 (4): 221- 24.

11.

Ishtiaq M et al., Prevalence of pneumoconiosis among
coal miners of Cherat, district Nowshera - Pakistan. J
Postgrad Med Inst 2014; 28 (2):139-44.

12.

DA Green, G McAlpine, S Semple, H Cowie and A
Seaton, Mineral dust exposure in young Indian adults: an
effect on lung growth, Occup Environ Med 2008;65:306310

13.

O C Ugbogu, J Ohakwe, and V Foltescu, Occurrence
of respiratory and skin problems among manual
stone-quarrying workers, African Journal of Respiratory
Medicine, March 2009, Pp 23-26

14.

AN Nwibo, EI Ugwuja, NO Nwambeke, OF Emelumadu, LU Ogbonnaya, Pulmonary Problems among Quarry
Workers of Stone Crushing Industrial Site at Umuoghara, Ebonyi State, Nigeria, The International Journal of
Occupational and Environmental Medicine, 2012; 3 (4)
178-85.

15.

Priyanka Mirdha et al., Pulmonary Function Test in
Stone Crusher Plant Workers Sch. J. App. Med. Sci.,
2015; 3(5C):1989-91.

16.

Mohammad Golshan, Babak Amra, Mehri Faghihi,
Effects of Long-Term Occupational Silica Exposure
on Pulmonary Function Tests in Fire Brick Workers,
Tanaffos 2003; 2 (5), 23-28.

17.

Hertzberg VS, Rosenman KD, Reilly MJ, Rice CH.,
Effect of occupational silica exposure on pulmonary
function, Chest. 2002; 122 (2):721-8.

18.

Sjur Humerfelt, Geir E Eide, Amund Gulsvik, Asso-

A study of the relationship between pulmonary....

JKCD December 2017, Vol. 7, No. 3

ciation of years of occupational quartz exposure with
spirometric airflow limitation in Norwegian men aged
30–46 years, Thorax 1998; 53: 649-55
19.

Sachin B Rathod, Smita R. Sorte, Effect of duration
of exposure to silica dust on lung function impairment
in stone crusher workers of Marathwada region, India,
International Journal of Current Research and Review
2013; 5 (4): 121-25

20.

Mohammad Golshan, Babak Amra, Mehri Faghihi,
Effects of Long-Term Occupational Silica Exposure
on Pulmonary Function Tests in Fire Brick Workers,
Tanaffos 2003; 2 (5), 23-28.

21.

S. Smilee Johncy, K. T. Ajay, G. Dhanyakumar, N. Prabhu Raj, T. Vivian Samuel, Dust Exposure and Lung
Function Impairment in Construction Workers, J Physiol
Biomed Sci. 2011; 24 (1): 9-13

8

22.

Kaur DH, Thaman DRG, Dhillon DSK, Kaur S. Relationship between Smoking and Pulmonary Functions.
National Journal of Integrated Research in Medicine
2011; 2 (4): 1-6.

23.

Terry Brown, Silica exposure, smoking, silicosis and lung
cancer—complex interactions, Occupational Medicine
2009; 59: 89–95.

24.

Rubeena Bano, Mahagaonkar AM, Kulkarni NB, Nadeem Ahmad, Nighute S, Study of pulmonary function
tests among smokers and non-smokers in a rural area,
Pravara Med Rev 2009; 4 (1) 11-16

25.

Sunita Nighute and Abhijit Awari, A Study of the
Pulmonary Function Test among Smokers and Non
Smokers in a Rural Area of Gujarat, Journal of Clinical
and Diagnostic Research. 2011, 5 (6): 1151-53

