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Abstract
Purpose – Occupational exposure to dust is a major health and safety concern for workers in developing
countries. Such laborers are often exposed to dust without being aware of its threat to their health. In the
process of crushing stone, mineralogical materials are released into the environment. The material includes
dust, fumes, ashes or other industrial waste which may constitute toxic elements. The purpose of this paper is
to investigate the respiratory health problems of stone crushing industry workers in Bangladesh.
Design/methodology/approach – This cross-sectional descriptive research study was conducted by
adopting a multi-method approach. Data were collected by use of a questionnaire survey, focus group
discussions, in-depth interview and spirometric examinations. Focus group discussions and questionnaire
surveys were conducted among 240 workers. The respondents were divided in six groups for the spirometric
examination. The questionnaire was formulated by following standards set by the American Thoracic Society
Division of Lung Disease questionnaire and European Coal and Steel Community. Data on respondent’s
height, weight and smoking habits were collected by using a structured checklist. Meanwhile, lung functions
were assessed by spirometry. A Statistical Package for Social Sciences was used to analyze the data.
Findings – The results show that there was a significant relation between respiratory problems and inhalation of
dust and particulate matter and cigarette smoking. It also shows that coughing was the most common problem
among the respondents. The majority of respondents suffered from obstructive types of respiratory problems.
Originality/value – Findings of the study reveals that chronic exposure to dust at stone crushing plants
increases the risk of respiratory problems and the impaired lung function of workers. It also reveals that there
is a significant relation between respiratory problems and inhalation of dusts and cigarette smoking. Raising
awareness about health risks amongst workers could reduce these health hazards. The government should
make a national policy for the prevention, control and elimination of silica exposure and silicosis. The results
would help to raise awareness of the issue. Finally, it would raise awareness on respiratory health problems of
workers at stone crushing industries in Bangladesh and help the government to make a policy for the
prevention, control and elimination of silica exposure and silicosis, and thus enhancing public health policy
and practices in the country.
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Introduction
Occupational exposure to dust is a major concern for the health safety of workers in
developing countries. The workplace health hazard and safety issues get less attention in
public health discourse, academic debates and health policies in Bangladesh. This study
investigates the respiratory health problems among workers in stone crushing industries in
Lalmonirhat district, about 360 km north of Dhaka, the capital of the country. It also
explores the extent and nature of respiratory health problems among workers.

Inhalation of dust containing silica causes silicosis and lung fibrosis[1, 2]. In the process of
crushing stone, mineralogical materials are released into the environment as dust, fumes, ashes
or other industrial waste which may constitute toxic elements and may cause a health risk to
the workers. Several studies[3-6] found that there is a significant association between loss of
lung function and cumulative respirable dust exposure. Chronic exposure to quarry dust
deteriorates proper functioning of the lungs[7]. But impaired lung function-cigarette smokers
are at higher risk[8]. Silica dust causes lung cancer[9]. There is a close relationship between the
risk of lung cancer and exposure to silica and duration of exposure[10]. But the risk of getting
lung cancer may be restricted to persons with silicosis and is not directly linked to silica dust.
The objectives of this study were to find out the extent and nature of work-related respiratory
health problems and spirometric abnormalities among stone crushing workers.

Methods
This cross-sectional descriptive research was conducted by adopting a multi-method
approach. It was approved by the Ethical Review Committee from the National Institute of
Preventive and Social Medicine. Data were collected by using a questionnaire survey,
in-depth interview and spirometric examinations between July and August 2016.

Primarily, several in-depth interviews and group discussions were conducted at
individual level and in-group among the workers who were at least 18 years of age, and
involved in the job for at least 6 months without any gap at the plants. During the interviews
and discussion, the workers were informed about the research details including aims and
objectives, questionnaire information and spirometric examination procedures.
Some 300 workers voluntarily agreed to participate in the research. Later, they were
divided in six groups in order to better manage the coordination and analysis of the in-depth
interview, group discussion and spirometric examination. Each of the groups consisted of
50 workers and investigated within their daily working hours. The group members were
invited individually for the spirometric examination and completing the questioners within
their scheduled time periods. On an average, 40 workers from each group took part in the
examinations on each scheduled week. Finally, 240 workers took part in the research and
completed the questionnaires. Information on awareness of health risks was collected
through in-depth interviews and group discussion.

The questionnaire was formulated by following the standards set by the American
Thoracic Society Division of Lung Disease questionnaire (ATS-DLD-78-A) and the European
Coal and Steel Community[12]. The questionnaire focused on the socio-demographic
characteristics, occupation details as well as the present and past respiratory problems of the
respondents. A data collector was assigned to help them complete the questionnaires.
Upon completing the questionnaires, an assistant technician collected data on height and
weight with the height scale and weight machine. The data on respondent’s height, weight
and smoking habits were collected by using a standard checklist. After measuring the height
and weight, the spirometry was performed by a trained technician. No instruction was given
to the respondents on discontinuing any drugs (if any) for their respiratory problems.
A stethoscope (Litman-II) was used for chest examination.

A portable Spirometer (Spirotel, Version: 3.2) was used in the study. The Spirometry
Procedure Manual by Centers for Disease Control and Prevention[11] was followed for the
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spirometric examination. During the procedure, respondents were told to continue with their
medication for respiratory problems as advised by their physicians. Sitting in a fully upright
position, each respondent was asked to place a mouthpiece attached to the spirometer in
their mouth and make a tight seal with their lip. A nose clip was applied to ensure proper
airflow in to the spirometer. Respondents were each asked to breathe normally and slowly
blow out until their lungs were emptied of breath and then take another deep breath to fill
up their lungs completely. As soon as the lungs were full, they were asked to blowout as fast
as they could. This procedure was repeated three times in order to ensure best results for
each participant. Through this procedure, the following outcomes were measured: forced
vtal capacity (FVC) – the amount of air that can be forced out from the lung after forced
inhale of air; peak expiratory flow rate (PEFR) – how fast one can blow out air from the
lungs; and finally, forced expiratory volume in first second (FEV1) – the volume of air that
can be forced out in one second after taking a deep breath.

The calculation of FEV1/FVC allows the identification of obstructive or restrictive
respiratory problems. An FEV1/FVCo70 percent where FEV1 is reduced more than FVC
signifies an obstructive defect such as chronic obstructive pulmonary disease (COPD) and
asthma. Whether an FEV1/FVCW70 percent where FVC is reduced more so than FEV1
signifies restrictive defects such as interstitial lung diseases (e.g. pulmonary fibrosis) and
chest wall deformities.

A Statistical Package for Social Sciences (SPSS) was used to analyze the data. Earlier, the
data were checked, verified and coded. For tabular chart and graphical representation,
MS Word and MS Excel 2007 were used. Statistical tests were done depending on the
distribution of data. The mean and standard deviation were calculated for all data.

Results
There are 26 stone crushing plants in Burimari Land Port area of Patgram upazila in
Lalmonirhat. About 600 workers are engaged in the plants. Of them, 240 permanent workers
took part in the research. The majority (48.80 percent) of the respondents were aged between
26 and 35 years. Of them, 76.70 percent were male and 23.30 percent were female.
The majority of the respondents (52.50 percent) were smokers while 47.50 percent were
non-smokers. It was found that 28.30 percent of respondents worked at stone crushing sites
for 12 months or less; 32.50 percent worked for 13-36 months; 35.00 percent for 37-60 months;
and 4.20 percent for more than 60 months. On average, the respondents worked at the
plants for 34.18 months. Of them, 74.2 percent worked eight hours a day, while 20.00 percent
worked for 10 hours and only 5.80 percent worked six hours a day. Overall, the findings show
that coughing, shortness of breath, wheezing and tightness of chest are the main problems
related to respiration developed in the respondent’s body. According to Figure 1, coughing is
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the most prevalent respiratory problem among the workers. About 28.33 percent (68) of the
workers suffered from cough, 4.58 percent (11) from shortness of breath, 2.29 percent (7)
from wheeze and 1.68 percent (4) from tightness of chest. It is notable that 63.12 percent of the
workers did not suffer from any respiratory problems.

Meanwhile, data in the Table I show that about 75.00 percent of the male workers suffer
from obstructive types of respiratory problems and 66.67 percent suffer from restrictive
respiratory problems, while only 25.00 percent of female workers suffer from obstructive
types of respiratory problems.

There is significant relation between pulmonary function and duration of work. Table II
shows that the Mean±SD FEV1 and FVC values for males were significantly decreased with
duration of work, respectively, 3.31± 0.31 and 3.92± 0.25 L for⩽ 12 months; 3.02± 0.33 and
3.72± 0.32 L for 13-36 months; and 2.97± 0.34 and 3.74± 0.33 L for 37-60 months. While for
females, the values were 2.28± 0.17 and 2.68 ± 0.22 L for⩽ 12 months; 2.06± 0.34 and
2.38± 0.34 L for 13-36 months; and 1.70± 0.84 and 2.31± 0.29 L for 37-60 months. However, the
value of lung function test increased (3.28± 0.31 and 3.85± 0.17) among the group of workers
engaged in their work for more than 60 months. It is possible that those workers suffered from
respiratory problems and, therefore, could not continue their work in the same profession after
60 months, and the number of the respondents in this category was also not significant.

Smoking habits and personal protection against dust/use of PPE are also highly correlated
with pulmonary functions. Table III shows that Mean±SD FEV1 and FVC values for male
were also significantly decreased in smokers, i.e. 3.06± 0.36 and 3.76± 0.33 L; while for
non-smokers, 3.10± 0.36 and 3.82± 0.28 L. The Mean±SD PEFR values for males were also
significantly decreased in smoker, i.e. 481.08± 36.299 L/min, while for non-smokers,
482.45± 30.81 L/min. Mean±SD FEV1 and FEV1: FVC values for females were also
significantly decreased in smokers, i.e. 2.04± 0.39 L and 79.57± 8.06, while for nonsmokers,
2.16± 0.29 L and 84.31± 5.36. The Mean±SD PEFR values for females were also
significantly decreased in smokers, i.e. 329.71± 43.21 L/min, while for non-smokers,
354.37± 21.67 L/min.

Duration of work Gender
PEFR (L/min)
Mean± SD

FEV1 (L)
Mean± SD

FVC (L)
Mean± SD

FEV1: FVC
Mean± SD

⩽ 12 months Male (39) 471.28± 25.46 3.31± 0.31 3.92± 0.25 83.74± 4.39
Female (29) 363.97± 11.60 2.28± 0.17 2.68± 0.22 84.83± 2.56

13-36 months Male (56) 477.68± 24.64 3.02± 0.33 3.72± 0.32 80.61± 4.75
Female (22) 347.73± 21.81 2.06± 0.34 2.38± 0.34 84.55± 6.87

37-60 months Male (79) 484.28± 40.88 2.97± 0.34 3.74± 0.33 79.32± 5.94
Female (5) 293.40± 22.39 1.70± 0.84 2.31± 0.29 73.60± 6.50

W 60 months Male (10) 522.00± 25.73 3.28± 0.31 3.85± 0.17 81.10± 2.28
Female (0) – – – –

Table II.
Mean values of

pulmonary functions
in relation to duration

of work

Characteristics
Obstructive type

% (n¼ 16)
Restrictive type

% (n¼ 6)

Sex Male 75.00 (12) 66.67 (4)
Female 25.00 (4) 33.33 (2)

Smoking habit Smoker 87.50 (14) 83.33 (5)
Non-smoker 12.50 (2) 16.67 (1)

Use of personal protection equipment (PPE), e.g. dust mask PPE use 25.00 (4) 83.33 (5)
PPE not use 75.00 (12) 16.67%(1)

Table I.
Types and

characteristics of the
respondents having of
respiratory problems
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Results of spirometric findings are shown in Figure 2. Among 240 respondents, 218
(90.80 percent) were normal, 16 respondents (6.70 percent) had developed obstructive types
of respiratory problems and only 6 respondents (2.50 percent) developed restrictive types of
respiratory problems.

Discussion
Findings show that coughing, shortness of breath, wheezing and tightness of chest are the
main problems related to respiration developed in the workers’ bodies. It also reveals that
chronic exposure to dust at stone crushing plants increase the risk of respiratory problems
and impaired lung function of workers. The prevalence of restrictive types of respiratory
problem is higher compared to obstructive types of problems. Obstructive types of
respiratory problems are developed due to COPD and silicosis. A simple chest X-ray can
differentiate between COPD and silicosis. On the other hand, restrictive types of respiratory
problems develop due to bronchial asthma, chronic bronchitis and other respiratory issues.
According to the results, there is a significant relation between the pulmonary function of
participants and duration of work. It also reveals that there is a significant relation between
respiratory problems and inhalation of dusts and cigarette smoking, while smoking habits
and personal protection against dust/use of PPE are also highly correlated with pulmonary
functions. Additionally, occupational exposure to dust can also affect other organs. There is
a possible link between dust inhalation and skin problems[13], cardiovascular deaths[14]
and heart disease[15].

Characteristics Gender
PEFR (L/min)
Mean ± SD

FEV1 (L)
Mean ± SD

FVC (L)
Mean ± SD

FEV1: FVC
Mean ± SD

Smoking habits Smoker: male (119) 481.08± 36.29 3.06± 0.36 3.76± 0.33 80.74± 5.40
Smoker: female (7) 329.71± 43.21 2.04± 0.39 2.54± 0.35 79.57± 8.06
Non-smoker: male (65) 482.45± 30.81 3.10± 0.36 3.82± 0.28 80.75± 5.39
Non-smoker: female (49) 354.37± 21.67 2.16± 0.29 2.53± 0.32 84.31± 5.36

Personal protection PPE use: male (48) 502.92± 31.28 3.13± 0.35 3.77± 0.31 81.90± 3.48
PPE use: female (27) 342.11± 32.13 2.04± 0.36 2.44± 0.36 82.04± 7.69
PPE not use: male (136) 474.03± 32.28 3.05± 0.36 3.78± 0.32 80.34± 5.87
PPE not use: female (29) 359.83± 14.91 2.24± 0.19 2.61± 0.25 85.28± 2.83

Table III.
Mean values of
pulmonary functions
in relation to smoking
habits and personal
protection against
dust/use of PPE

6.70% (16) 2.50% (6)

90.80% (218)
Normal

Obstructive

RestrictiveFigure 2.
Types of respiratory
problem among
respondents
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Raising awareness and taking safety measures could reduce the health hazard presented.
Through this research, it is hoped that discussion about the issue may be initiated to help
the government make a national policy for the prevention, control and elimination of silica
exposure and silicosis, and thus enhance public health policy and practices in the country.

However, this study had some limitations. These include the following: the dust
concentration within the industrial environment was not measured due to lack of
instruments and resources; verification of the use of PPE and confirmation of the length of
employment of individual workers was not possible due to non-availability of records;
respiratory symptoms were totally subjective; no chest X-rays were done; and the type of
silica in the workplace was not evaluated.

Conclusion
Chronic exposure to dust at stone crushing plants may increase the risk of respiratory
problems and impaired lung function. Employers lacking in appropriate safety measures
against dust are at higher risk of the problem. The risk is high among the workers who
smoke cigarettes. Exposure to dust and smoking for long periods of time can develop
silicosis in the human body. The symptoms of silicosis include fever, cough and shortness of
breath, weight loss, respiratory insufficiency, heart failure and, finally, death. It may often
cause chronic cough-like symptoms, but not tuberculosis. Raising awareness of the workers
could reduce the health hazard of the worker. The government should make a national
policy for the prevention, control and elimination of silica exposure and silicosis so that
primary prevention can be ensured. Raising awareness of the workers and plant owners
could reduce the health hazard. The government should make a national policy for the
prevention, control and elimination of silica exposure and silicosis. The results would help to
raise awareness of the issue.
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