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Abstract

Background: Cement industries are playing a key role in economic growth and infrastructure development. But
its production is a dusty process and is a major source of air pollution. Its exposure may affect respiratory
system and impairment of pulmonary functions.

Objective: This study was aimed to assess the effects of cement dust on pulmonary functions of workers
working in cement factory.

Methods: This case control study was conducted in the department of physiology, Chittagong Medical College,
Chattogram in collaboration with Heidelberg Cement Bangladesh Ltd. in Chattogram from January 2018 to
December 2018. A total of 88 male workers, aged between 20-45 years were included in this study by
consecutive sampling method who met the inclusion criteria. Workers working at least two years in direct
contact of cement dust were considered as exposed (case) group. Non exposed (control) group were selected
from office workers of same factory those who were not directly exposed to cement. Each group included 44
subjects. A predesigned data collection form containing information regarding general information, job history,
present and past disease, drug history was filled up. Individual’s height, weight was measured and BMI was
calculated. FVC, FEV, FEV,/FVC (%) was recorded by a digital spirometer (Chestgraph HI-101, Japan) in upright
sitting posture. After compiling data,statistical analyses were done by using SPSS version Windows 25. Unpaired
student’s ‘t’ test was done for statistical analysis.

Results: Exposed (case) group showed significant reduction of FVC and FEV, (p<0.001)with unaltered FEV,/
FVC (%) (p>0.05) in comparison to non exposed (control) group.

Conclusion: The results of this study concluded that occupational exposure to cement dust reduce pulmonary

functions of cement workers.
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Introduction

Development of this modern world markedly depends
on cement industry due to rapid urbanization and
industrialization."Cement is a major construction
material that is used for housing and infrastructure
development.'As this industry creates employment
and business opportunities for people, millions of
people are engaged in this sector.23

But the cement manufacturing projects are considered
as major source of air pollution due to different
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hazardous emissions.! This industry is the third
largest source of air pollution.2 Occupational airborne
diseases are considered as one of the important cause
of death and disabilityamong people.* Per year about
386000 deaths occur due to exposure of airborne
particles.*

Cement is a light gray powder which diameter is
ranged between 0.05 to 5.0 um.% 6Two types of
cement are available — natural and artificial.2 Artificial
cement is known as Portland cement which is a
mixture of oxides of Calcium (CaO) (61-67%), Silicon
(Si0O,) (19-23%), Aluminium (Al,O5) (3-6%), Iron
(Fe,O3) (2-6%), Magnesium (MgO) (1-2%), Selenium,
Thallium and some other impurities.® Major pollutants
contained in cement are Nitrogen oxide (NOx), Sulfur
dioxide (SO,) and Carbon monoxide (CO).2 SO, may
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cause throat and nose irritation, Nitrogen oxide may
cause lung tissue damage and CO can cause
reduction of Oxygen delivery to various organs and
tissues.? It may also contribute to smog formation in
air which create respiratory problems.?

Long term exposure of cement dust may cause varying
degree of lung function reduction, respiratory
symptoms like dyspnea, chest pain, sneezing,
phlegm, wheeze, prolonged and recurrent cough,
pneumoconiosis, bronchitis, sinusitis, bronchial
asthma and lung cancer.2 69

Cement dust particles may enter through respiratory
tract or gastrointestinal tract or both by inhalation or
swallowing.® Health risk on people depends on
deposition pattern, exposure duration, size and
composition of the particles, individual susceptibility
and biological responses exerted by particles in various
region of respiratory tract.!- 10-11

Though millions of people are engaged with this
industry but most of them are unaware of hazardous
effect of cement on human body.'? So, they work
without proper protective equipment, high quality face
mask, appropriate training and inadequate knowledge
regarding their working environment.'2 Several previous
study observed pulmonary function test like FVC, FEV,
and FEV,/FVC (%) of cement workers by spirometer
to observe the effect of cement on pulmonary
functions.57 13-16 Some researchers found significant
reduction, some found unaltered lung function in their
study subjects.57- 13-16 |n Bangladesh, no adequate
data is available regarding the effect of cement dust
on pulmonary functions. So, this study was designed
to evaluate the effect of cement dust on pulmonary
functions such as forced vital capacity (FVC), forced
expiratory volume in 1st second (FEV,) and FEV,/
FVC (%) to make awareness and protect the workers
from developing chronic respiratory disease, which
may be also helpful for lowering medical costing of
the workers and development of economic growth of
the country.

Materials and Methods

This case control study was conducted in the
department of physiology,Chittagong Medical College,
Chattogram with collaboration of Heidelberg Cement
Bangladesh Ltd. Chattogramfrom January 2018 to
December 2018. Ethical approval was obtained from
the IRB of the Chittagong Medical College. Study
subjects were selected from workers of Heidelberg
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cement factory Itd. at Chattogram. Forty four
apparently healthy, 20-45 yearsaged non-smoker
male, working 8-10 hrs/day for six days/week for more
than 2 years in direct contact of cement were selected
as exposed (case) group.Age matched non exposed
(control) group were taken from office workers of same
factory those who were not in direct contact of cement
dust. They were explained about the aims, objectives
and whole procedure of the study clearly. They were
also encouraged for voluntary participation and allowed
freedom to withdraw from the study at any time. They
were also ensured that collected data will be used
only for research purpose. Informed written consent
was taken from each individual.

On the basis of inclusion and exclusion criteria
subjects were selected by consecutive sampling
method. On the day of data collection information of
subjects regarding age, job duration, site and position
of work place, use of safety gadget,physical condition,
drug and smoking history, acute or chronic
cardiorespiratory abnormality of subjects were
recorded. Subjects having history of any respiratory
disease, skin rash, chronic cough, fever, acute
infection, hypertension, chest deformities, history of
major abdominal or thoracic surgery, diabetes,
hypertension, those who were taking bronchodilators,
sedative, antitubercular therapy, steroid, beta blocker,
chemotherapeutics were excluded from the study.

Height was measured in feet-inches by plotting a
height measuring scale against the wall. Standing
straightly on bare foot, from the top of the vertex to
the bottom of the foot height was recorded.Weight
was measured in kilogram (Kg) by a standard analogue
weighing machine on bare foot and avoid excess
clothing. Then BMI was calculated general physical
examination was performed.

For exclusion of diabetes mellitus RBS was
measured by glucometer (One touch ultra, USA, A
W-061-566-01A) and to exclude anaemia Hb% was
done instantaneously by Sahli-Adam’s acid hematin
method with the help of a trained technician.

After analysing the case record form, selected
subjects were undergone spirometry. Prior to
spirometry, they were demonstrated clearly and
practiced several times. Those who performed
perfectly were included as study subject.

For spirometric test subjects were asked to sit upright
on a comfortable chair quietly with loose clothing and
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relaxed for 5 minutes. Then switch of the spirometer
was on and information regarding subject’s ID, age,
height (cm), weight (kg), sex, race was imputed in
the device. Disposable card board mouthpiece was
used for each individual.After nose clipping,
mouthpiece was placed in between the lips of
subject.'” They were asked to hold the mouthpiece
horizontally in their hand and put the lips tightly around
the mouthpiece for good sealing. Then they were
asked to inhale as deeply and rapidly as possible
and exhale forcefully as possible for possible longest
period into the mouthpiece.!” After three attempts,
the best of three recordings was taken.Then nose clips
were removed andthe machine was powered off.!” The
readings of FVC, FEV,, FEV,/FVC (%) were collected
from the tracing of spirometer and recordedin data
collection form.

After compiling data were analysed by using SPSS
(Statistical Program for the Social Sciences) version
on 25. Between groups comparison of variables were
done by unpaired student’s ‘t’ test. p value <0.05 was
accepted as level of significance.

Results
The mean (x SD) age of non exposed (control) group
and exposed (case) group were 37.05+6.52 years and
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37.23+8.29 years respectively. The mean (£ SD) height
of non exposed (control) group and exposed (case)
group were 164.89+4.68 cm and 164.50+3.91 cm
respectively. The mean (xSD) weight of non exposed
(control) group and exposed (case) group
were60.18+3.71 kg and 60.02+3.55 kg respectively. The
mean (x SD) BMI of non exposed (control) group and
exposed (case) group were 22.10+0.88 kg/m? and
22.17+0.73 kg/m? (table I). Non significant difference
(p>0.05) were observed regarding age, height, weight
and BMI of both group workers (table I).

Mean (x SD) FVC of non exposed (control) group and
exposed (case) group were 3.13+0.37 liter and
2.22+0.30 liter respectively.Mean (+ SD) FEV, of non
exposed (control) group and exposed (case) group
were 2.9710.33 liter and 2.13+0.28 liter respectively.
Mean (+ SD) FEV,/FVC (%) of non exposed (control)
group and exposed (case) group were 95.01+£5.35 %
and 95.8215.23 % respectively (table Il). The mean of
FVC and FEV, was significantly (p<0.001) reduced
in exposed (case) group workers (Table Il). Bar charts
also showing the difference between two groups
regarding FVC and FEV (figure 1 and figure 2). But
FEV,/FVC (%) showed non significant (p>0.05)
difference in both group (table II).

Table I: Age, Height, Weight and BMI ofnon exposed (control) and exposed (case) group (n=88)

Variables Non exposed Group Exposed Group p value
(control) (case) (tvalue)
[n=44] [n=44]
Mean + SD Mean + SD
(Range) (Range)

Age (years) 37.05+6.52 37.23+8.29 0.909 "
(22-45) (21-45) (0.114)
Height (cm) 164.89£4.68 164.50 £ 3.91 0.675"
(152-172) (157-172) (0.420)
Weight (Kg) 60.18 £3.71 60.02 + 3.55 0.837ns
(52-68) (52-68) (0.206)
BMI (Kg/m?2) 22.10+0.88 2217 +£0.73 0.713"ms
(19.70-22.90) (20.10-22.90) (0.369)

Statistical analysis done by UnpairedStudent’s ‘t'-test. Data expressed as Mean + SD, n = number of the subjects, Figures in
parenthesis indicate Range, ns = not significant (p>0.05), BMI = Body Mass Index.
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Table lI: FVC, FEV, andFEV,/FVC (%)of non exposed (control) and exposed (case) group (n=88)

Variables Non exposed group Exposed group p value
(control) (case) (tvalue)
[n=44] [n=44]
Mean + SD Mean + SD

(Range) (Range)
FVC (Liter) 3.13+0.37 2.22+0.30 <0.001"
(2.53-3.91) (1.70-2.86) (12.61)
FEV, (Liter) 2.97+0.33 2.13+0.28 <0.001"
(2.38-3.67) (1.58-2.78) (12.72)
FEV,/FVC (%) 95.01+5.35 95.82+5.23 0.473"s
(80.40-100) (81.45-100) (0.721)

Statistical analysis done by Unpaired Student’s ‘t’-test. Data expressed as Mean + SD, n = number of the subjects,FVC = Forced Vital

Capacity, FEV, = Forced Expiratory Volume in 1st Second

**= statistically significant test (p<0.001), ns = not significant (p>0.05)
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Figure 1: Bar diagram showing mean of measured
FVC of non exposed (control) and exposed (case)
group (44 in each group)

Discussion
In this study, no significant difference was observed
between non exposed (control) and exposed (case)
group workers in respect of age, height, weight and
BMI. It indicates that subject selection was similar in
both group.

Pulmonary functions FVC and FEV, showed
significant reduction among exposed (case) group
workers in comparison to non exposed (control) group
workers. But FEV,/FVC (%) showed insignificant
difference. This study finding simulate with some
previous studies done by other researchers.? 7- 13-15,
8|t was supposed that, as cement dust contain
chromium and silica which act as foreign particle,
accumulated in respiratory tract may cause lung
irritation and inflammation with mucus
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Figure 2: Bar diagram showing mean of measured
FEV, of non exposed (control) and exposed (case)
group (44 in each group)

hypersecretion.®: 12 16.19 Some researcher supposed
that, due to inflammation Histamine and Serotonin is
released from degranulated amines.® So, bronchial
smooth muscles and vascular endothelium are affected
and produces symptoms of atopic condition.® Dust
particles sized 3um-10uym can deposited in
tracheobronchial tree and <3um can be deposited in
alveoliand produce clinical presentation.3 As cement
dust particle size is within respireable range, it
produces respiratory sign symptoms and pulmonary
function impairment.

Occupational health risk influenced by some factors
like duration of dust exposure, deposition pattern,
chemical composition, size and concentration of dust
particles. % 12According to Environment
Conservation Rules; 1997, in Bangladesh the level of
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suspended particulate matter (SPM) are fixed at below
200ug/m?3.20 Butthe research work carried out in which
factory, SPM was 230 pg/m?, which is slightly more
than the recommended level for our country.

Some researchers proposed that pulmonary function
reductionmight be due to inadequate dust control
system, overtime duty, improper use of personal
protective equipment (PPE).'0. 13. 21 |n this study, it
was observed that the workers were using PPE though
they used non medicated cotton face mask. So, in this
study FVC, FEV, reduction among exposed (case) group
may be due to their inappropriate and interrupted use of
PPE or poor quality facemaskused by the workers.
Inadequate dust filtration system of that factory may be
also responsible for pulmonary function impairment.

Non significant difference regarding FEV,/FVC (%) may
be due proportionate reduction of both FVC and FEV
of exposed (case) workers.22 It was also supposed
that unaltered FEV,/FVC (%)may be due to restrictive
type lung function impairment.® 7- 14.23 As x-ray chest
or surface electromyography of the workers were not
done, so it was not confirmed that the study subjects
had restrictive type lung function impairment or not.
Study done by Meo SA et al. in 2002 suggested that
reduced lung and chest wall compliance among dust
exposed workers might be responsible for restrictive
changes in lung.?2 It was confirmed by impairment of
intercostal muscle performance by surface
electromyography (SEMG)in that study.22

Some study findings dissimulate with this study result.
Sumana PV et al in 2016 and Rafeemanesh E et al. in
2015 was observed insignificant change of pulmonary
functions among cement exposed worker.% 16 They
supposed that the use of personal protective equipment
by the workers under strict supervision and dust
exposure level within threshold limit in their working
area may responsible for insignificant impairment.5. 24

This study result suggested that exposure to cement
dust affect respiratory system and progressive lung
function impairment of workers. If pre-employment and
periodic health checkup at least once in a year can
be ensured, the further impairment can be reduced
and productivity of the workers can be increased.

Conclusion
This study result concluded that cement dust
exposure significantly reduced pulmonary functions.
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Though exact mechanism is not known behind this
reduction but it may be due to their improper dust
filtration system or ineffective personal protective
equipment by the workers and unawareness about
the health risk related to cement.If further study can
be done with large sample size, individual dust
exposure level measurement and chest x-ray, it may
provide more accurate result.
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