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Abstract

Introduction: Brick kiln workers are exposed to high concentrations of dust and smoke, predisposing them
to respiratory problems and impaired lung function. The objective of this study was to assess the prevalence
of respiratory symptoms and evaluate peak expiratory flow rate among these workers in Bhaktapur.

Method: A cross-sectional study was conducted among brick kiln workers from three brick kilns in Bhaktapur
district between 02 Apr to 30 Jun 2025 after obtaining ethical approval. Sample size was calculated to be
267. Using a 2:1 ratio of workers:unexposed controls, 178:89, aged >18 years, were matched for age and
compared for respiratory symptoms and peak expiratory flow rate. Student t-test was used to assess the
difference in the mean of peak expiratory flow rate, with p<0.05 considered statistically significant.

Result: The prevalence of respiratory symptoms among 178 brick kiln workers was 32(17.97%) for chronic
cough, 23(12.9%) for phlegm, 19(10.7%) for shortness of breath, 20(11.2%) for chest pain, and 10(5.6%) for
wheezing. The mean peak expiratory flow rate of brick kiln workers, 415.17+53.09 L/min was significantly
lower than that of the control group, 499.25+19.89 L/min (p<0.001). Within the brick kiln workers, smokers
had a significantly reduced mean peak expiratory flow rate of 376.86+22.59 L/min compared to non-smokers
475.70%£21.37 L/min (p< 0.001).

Conclusion: Brick kiln workers in Bhaktapur have a high prevalence of respiratory symptoms and significantly
reduced peak expiratory flow rate, particularly among smokers.
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Introduction

Brick manufacturing is an important industry in
Nepal’s Kathmandu Valley. More than 120 of
the country’s total 1,700 brick kilns are located
here, providing work to over 30,000 people
every year.! As a consequence, the kiln furnaces
emit large amounts of harmful gases, including
sulfur oxides, nitrogen oxides, fluoride
compounds, hydrogen sulfide, carbon
monoxide, carbon dioxide, suspended
particulate matter, and varying levels of
carcinogenic dioxins.2Apart from smoking,
occupational exposures play a significant role in
decreased pulmonary function, chronic
respiratory diseases, contributing to around
13% of COPD, 11% of asthma cases, and nearly
all instances of silicosis, asbestosis, and
pneumoconiosis globally.3

Brick manufacturing has expanded rapidly
across Southeast Asia, with Nepal showing
especially notable growth.* In recent years, the
rise in urbanization and the growing need for
building materials for development projects
have led to an increase in both the number and
production capacity of brick kilns. Most brick
kilns in the Kathmandu Valley operate from the
month of December until May ° Previous study
has documented a higher prevalence of
respiratory symptoms like chronic cough,
phlegm, and bronchitis among brick kiln
workers compared to control groups.®

Studies conducted in other countries have
consistently reported a decline in peak
expiratory flow rate (PEFR) among workers in
dusty environments, but there is a lack of
similar research focused on brick kiln workers
locally.?” This study was conducted to assess the
prevalence of respiratory symptoms and
measure PEFR among brick kiln workers in
Bhaktapur, Nepal, and to compare findings with
a control group.

Method
This cross-sectional study was conducted in

three different nearby worksites of brick kiln
workers at Duwakot, Bhaktapur, 02 Apr to 30 Jun

2025. The study protocol was approved by the
Institutional Review Committee of Kathmandu
Medical College with reference number
02042025/01. Approval was also obtained from
the owner of the brick kilns to collect worker
data. The study included adult brick kiln workers
aged 18 years or older who had been working at
the brick kilns for more than 1 year. Workers
with a prior history of chronic respiratory
diseases diagnosed before joining the brick kiln
work, those currently on treatment for acute
respiratory infections, history of systemic illness
(diabetes, hypertension, thyroid dysfunction),
use of medications such as anti-asthmatics,
anti-depressants, and those unwilling to
participate were excluded. The sample was
selected from the study population using the
purposive sampling technique.

Sample size was calculated using the following
formula: n=z’pg/e?, (where z=1.96 at 95%
confidence interval, p=22.4% (prevalence taken
from the previous study)3, e=5 %), n=267.

Taking 2:1 ratio between the brick kiln workers
and the control group, 178 brick kiln workers
and 89 controls were included in the study.

The brick kiln workers were assessed for
respiratory symptoms and peak expiratory flow
rate. For the control group, 89 staff from the
Kathmandu Medical College hospital at
Duwakot who came from different places were
chosen. Informed consent was taken from all
participants after thoroughly explaining the
purpose of the study to them.

A semi-structured interview was conducted
with the brick factory workers and the control
group after preparing a questionnaire that
comprised of socio-demographic profile (age,
gender, height, weight, type of work, years of
exposure to brick factory, number of years of
smoking, and any associated co-morbidities).
This study employed the Nepali-adapted
version of the “American Thoracic Society
Division of Lung Disease (ATS-DLD)” standard
guestionnaire for data collection. This widely
used tool helps in identifying respiratory
symptoms and diseases. It includes questions
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on common chronic respiratory issues such as
cough, phlegm production, wheezing, asthma,
and shortness of breath.®

Respiratory symptoms were assessed only in
the brick kiln workers. We used the following
working definition for the study purpose.

Chronic cough: Defined as coughing at least 4-6
times daily on most days of the week (=5 days)
for a minimum of 3 months per year, sustained
over at least 2 consecutive years.

Chronic phlegm: Defined as sputum production
occurring at least twice daily on most days of
the week (=5 days), for a minimum of 3 months
each year, over at least 2 consecutive years.

Wheezing: Presence of wheezing or whistling
sounds in the chest on most days or nights
during the preceding 2 months.

Dyspnea: Presence of self-reported shortness
of breath during usual physical activities.*

The PEFR (L/min) was measured with Mini
Wright's peak flow meter (Ferraris Pocket peak
flow meter) for both brick kiln workers and the
control group. Brick kiln workers were assessed
at the worksite itself. While the control group
was assessed for PEFR in the hospital. Prior to
recording the subjects’ PEFR, the use of the
instrument was repeatedly demonstrated and
explained to them. The peak flow meters with a
disposable mouthpiece were given to the
subject. They were instructed to stand erect
and hold the instrument in a horizontal position
in such a way that the hand did not obstruct the
movement of the pointer. The pointer was kept
at the lowest level. The nostrils were clipped
with a nose clipper. They were trained to take a
deep breath, put the mouthpiece of the peak
flow meter inside the mouth, and exhale
forcefully. Three readings were taken, with
intervals of approximately 10 seconds between
each.

The best of three readings was recorded. After
each use, the mouthpiece of the peak flow

meter was disinfected using 70% ethanol and
allowed to air-dry before reuse.®

The data was entered and analysed using the
IBM SPSS (Statistical Product and Service
Solutions) v22.0. All the values were expressed
in mean and SD. Demographic characteristics
and the prevalence of respiratory symptoms
were summarized using descriptive statistics.
The difference in mean Peak Expiratory Flow
Rate (PEFR) between brick kiln workers and
controls was assessed using an unpaired
Student's t-test. A p-value <0.05 was considered
statistically significant.

Result

The present study was conducted on 267
participants. Among them, 178 were brick kiln
workers and 89 were control group. The mean
age of brick kiln workers was 46.44+11.82
years, comparable to 45.36+14.80 years in the
control group. Brick kiln workers had a slightly
lower mean height but higher mean BMI than
controls, Table 1.

Among brick kiln workers, 98(55.05%) were
males, and 55(30.89%) were in the 41-50 years
age group. Out of the total workers,
109(61.23%) were smokers, and 114(64.04%)
were illiterate. The predominant type of work
was moulding, which was done by 76(42.69%)
workers, and 77(43.25%) workers had more
than 10 years of work experience, Table 2.

The mean PEFR was significantly lower among
brick kiln workers compared to controls
(415.17453.09 L/min vs. 499.25+19.89 L/min,
p< 0.001). Smokers within the brick kiln group
had markedly reduced PEFR compared to non-
smokers (376.86+22.59 L/min vs. 475.70+21.37
L/min, p<0.001), Tables 3 and 4.

The prevalence of respiratory symptoms among
brick kiln workers was 32(17.97%) for chronic
cough, 23(12.9%) for phlegm, 19(10.7%) for
shortness of breath, 20(11.2%) for chest pain,
and 10(5.6%) for wheezing, Table 5.
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Table 1. Anthropometric data of brick kiln workers and control group, n=267

Parameter Brick kiln worker (n=178) Control group(n=89)
Age (years) 46.44+11.82 45.36+14.80
Height (cm) 160.35+6.72 162.394+5.96
Weight (kg) 59.17+6.87 57.49+6.25
BMI (kg/m?) 22.98+2.02 21.79+1.96

Table 2. Sociodemographic profile of brick kiln workers, n=178

Parameter n %
Gender

Male 98 55.05
Female 80 44.94
Age category (years)

<30 22 12.35
31-40 41 23.03
41-50 55 30.89
51-60 42 23.59
>60 18 10.11
Smoking status

Smoker 109 61.23
Non-smoker 69 38.76
Education status

Illiterate 114 64.04
Up to primary level 47 26.40
Up to secondary level 15 8.42
Above 2 1.12
Type of work at brick kiln

Carriage and placement 52 29.21
Molding 76 42.69
Baking 50 28.08
Duration of work in years

<5 64 35.95
5-10 37 20.78
>10 77 43.25

Table 3. Comparison of PEFR among smoker and non-smoker brick kiln workers, 178
Parameter Smoker (n=109) Nonsmoker (n=69) p-value

PEFR (L/min) 376.86+22.59 475.70+21.37 <0.001

Table 4. Comparison of PEFR among brick kiln workers and control group, n=267
Parameter Brick kiln worker (n=178) Control group (n=89)

PEFR (L/min) 415.17+53.09 499.25+19.89 <0.001
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Table 5. Prevalence of respiratory symptoms among brick kiln workers, n=178

Respiratory symptom n %

Frequent cough

Present 82 46.06

Absent 96 53.93

Chronic cough

Present 32 17.97

Absent 146 82.02

Frequent phlegm

Present 52 29.21

Absent 126 70.78

Chronic phlegm

Present 23 12.9

Absent 155 87.1

Shortness of breath

Present 19 10.7

Absent 159 89.3

Chest pain

Present 20 11.2

Absent 158 88.8

Wheezing

Present 10 5.6

Absent 168 94.4
Discussion reported among kiln workers, though the mean

The brick manufacturing process generates
considerable dust, with silica being the main
contaminant, along with emissions resulting
from fuel combustion.® Evidence indicates that
long-term inhalation of such pollutants can
trigger inflammation and the production of
harmful oxygen radicals, resulting in localized
lung tissue damage and respiratory
discomfort.1®

The brick kiln workers in the present study were
comparable to controls in age, 46.44+11.82 vs
45.36+14.80, and slightly higher in BMI. A large
proportion were smokers, 61.23 % and illiterate,
64.04%, with most involved in moulding and
having >10 years of experience. In a study
conducted in Bangladesh among brick field
workers, reported that 42.29% of the
respondents were current smokers.!! The
present sociodemographic setup aligns with
findings from rural Nepal and Pakistan: for
example, a Nepalese study emphasized
illiteracy, long working hours, and job-specific
high exposures among kiln workers in
Kathmandu Valley.® In a study done in Pakistan,
similar education and smoking patterns were

age was lower (~31 vyears), illustrating
demographic variability across regions.? These
similarities underline the persistent
vulnerability of kiln workers, typically low-
educated, male-dominated, recurrent smokers
across South Asia.

The PEFR was lower in brick kiln workers than in
controls 415.17+£53.09 vs 499.25+19.89, and
the finding was statistically significant (p<
0.001). This mirrors findings from Maharashtra,
India, where brick kiln workers exhibited
significantly lower PEFR.2 Another study found
that brick kiln workers in West Bengal, India,
had a markedly lower PEFR compared to
healthy individuals of similar age and sex.
Likewise, research conducted in Punjab
observed reductions in several spirometry
measures among workers exposed for more
than eight years, compared to those with less
than eight years of exposure, indicating possible
cumulative effects over time.? The study
showed that brick kiln workers are more prone
to reduced respiratory function than the
control unexposed group working in the
hospital due to higher exposure to dust
particles in the brick kiln factory.
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In the present study, smoking brick kiln workers
had markedly reduced PEFR 376.86+22.59 in
comparison to nonsmoking brick kiln workers
475.70421.37. Similarly, the results of other
studies showed significant decreases in PEFR in
workers who were also smokers.?**> Smoking
adds an independent risk for reduced lung
function and respiratory illnesses among brick
kiln workers already exposed to dust. Evidence
indicates that while dust exposure in kilns
causes breathing problems, smoking intensifies
these impacts. As a result, kiln workers who
smoke face a sharper decline in lung capacity
and more pronounced respiratory symptoms
compared to those exposed only to dust.®

Smoking damages air sacs in the lungs and
triggers inflammation, reducing the lung's
ability to exchange gases and maintain proper
airflow. When this effect is combined with
irritation from workplace dust exposure, it can
accelerate lung function deterioration, which
can be observed through reduced peak
expiratory flow rates.’”

The common rrespiratory symptoms among
our brick kiln workers were chronic cough 18%,
chronic phlegm 13%, dyspnoea 11%, chest pain
11% and wheeze 6%. In a study done in Sarlahi,
Nepal, the most commonly experienced
symptom was chronic cough at a rate of 12.3%
and only 10.8% had chronic phlegm.* In another
study, chronic cough accounted for 14.3% and
16.6% for chronic phlegm, reporting that silica
exposure in brick industries contributes to
silicosis, which impairs lung function and
reduces breathing efficiencycy.® In other
countries the prevalence of these symptoms
are higher.>® For instance, in a study done in
Pakistan, chronic cough was 22.4%, phlegm
21.2%, dyspnoea with wheeze 13.8%.3 In
another study done in West Bengal, the
prevalence of respiratory symptoms was
dyspnoea 46.8%, phlegm 39.2%, and chest
tightness 27.6%.°The cross-sectional study
done in 350 brick industry workers in Egypt
showed shortness of breath 28.6% as the most
prevalent respiratory symptoms, followed by
expectoration 19.4%.° A study conducted in
Croatia found that brick kiln workers

experienced chronic cough in 31.8% of cases
and phlegm production in 26.2% of cases.®

The gases from brick kiln form mists in the
workplace that are well known to cause airway
inflammation, leading to increased mucus
secretion, narrowing of the bronchi, and a
decline in lung function when inhaled over
extended periods.’® The absence of regular
health screenings, adequate protective gear,
and health insurance may be a key factor
contributing to the occurrence of respiratory
diseases among brick kiln workers in Nepal.*

The variation observed in the prevalence of
respiratory symptoms in our study may be
attributed to several factors. Differences in kiln
design and fuel types, such as reduced coal
usage, might influence exposure levels.
Additionally, informal rest practices and
potential underreporting by workers could
affect symptom reporting. Another
consideration is the "healthy worker effect,"
where only healthier individuals may continue
working in such environments, leading to an
underestimation of health risks.?°

These findings highlight that brick kiln work
poses a significant occupational hazard, with
consistent evidence of reduced lung function
and respiratory symptoms caused by exposure
to particulate matter and silica. The marked
decline in PEFR among smokers indicates that
tobacco use amplifies the harmful effects of
occupational dust, underscoring the need for
integrated smoking cessation and workplace
safety measures.

The present study has certain limitations. Its
cross-sectional design prevents establishing
causality, and the use of PEFR alone without full
spirometry limits the ability to distinguish
obstructive  from restrictive patterns.
Workplace exposures such as particulate matter
and silica were not directly measured, and
respiratory symptoms were self-reported,
introducing potential recall bias. Furthermore,
the study was conducted in a single geographic
area, which may limit generalizability.
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Longitudinal designs with comprehensive
spirometry and personal exposure monitoring
should be done to better assess exposure-
response relationships. Implementation of
engineering controls, provision of effective
respiratory  protective  equipment, and
integration of smoking cessation into workplace
programs are essential. Regular occupational
health surveillance and stronger policy
measures to regulate emissions and improve
kiln technology are recommended to protect
this vulnerable workforce.

Conclusion

The brick kiln  workers in this study
demonstrated significantly reduced PEFR
compared to controls and a notable prevalence
of respiratory symptoms, with smokers being
particularly affected. These findings indicate
that occupational dust exposure, compounded
by tobacco use, poses a substantial risk to
respiratory health in this population. Urgent
preventive measures, including improved
workplace safety, smoking cessation programs,
and regular health surveillance, are essential to
protect and promote the well-being of this
vulnerable workforce.

Author contribution

Conception, design: GK; Data acquisition: GK,
KG, PKK; Data analysis, interpretation: GK;
Drafting: GK, KG, PKK; Revision: GK, KG; Final
approval of the version to be published: All;
Agreement to be accountable for all aspects of
the work: All.

Acknowledgment

We would like to acknowledge the brick kiln
workers and hospital staff for supporting with
the research.

Conflict of interest

None

Funding

None

Supplementary material

Data and supplementary material that support
the findings of this study are available from the
corresponding author upon reasonable request.

References

1. Johnston JD, Collingwood SC, LeCheminant JD,
Peterson NE, Reynolds PR, Arroyo JA, et al.
Personal Exposure to Fine Particulate Air
Pollution among Brick  Workers in
Nepal. Atmosphere. 2023;14(12):1783.  DOI
Google Scholar Full Text

2. Bansal N, Lanjewar A, Acharya S, Shukla S.
Assessment of pulmonary function test in brick
factory workers. Journal of Family Medicine and
Primary Care. 2022;11(11):6916-9. DOI Google
Scholar PubMed Full Text

3. Shaikh S, Nafees AA, Khetpal V, Jamali AA, Arain
AM, Yousuf A. Respiratory symptoms and
illnesses among brick kiln workers: a cross
sectional study from rural districts of Pakistan.
BMC Public Health. 2012;12:999. DOl PubMed
Google Scholar Full Text

4. Kumari P, poudel L, Chaudhary L, Choulagai BP.
Prevalence and associated factors of respiratory
symptoms and illnesses among brick kiln
workers in Nepal- A cross-sectional study.
Environmental and Occupational Health
Practice. 2024;6(1). DOl Google Scholar Full
Text

5. Joshi SK, Dudani I. Environmental health effects
of brick kilns in Kathmandu Valley. Kathmandu
University Medical Journal. 2009;6(1):3-11.
PubMed Google Scholar Full Text

6. Sanjel S, Khanal SN, Thygerson SM, Carter WS,
Johnston JD, Joshi SK. Respiratory symptoms
and illnesses related to the concentration of
airborne particulate matter among brick kiln
workers in Kathmandu valley, Nepal. Annals of
Occupational and Environmental Medicine.
2017 Mar 27;29:9. DOl PubMed Google
Scholar Full Text

7. Naima Khot, Shweta Phadke. Assessment of
peak expiratory flow rate in industrial workers
of MIDC, Lote. International Journal of Health
Sciences and Research. 2024; 14(6):46-54. DOI
Google Scholar Full Text

8. Khakurel G, Gautam K, Chalise S. Diurnal
Variability of Peak Expiratory Flow Rate in
Healthy Adult Employees of a Medical College of
Kathmandu. Journal of Institute of Medicine
Nepal. 2021 Apr;43(1):15-8. Google Scholar
Full Text

Journal of Chitwan Medical College. 2025;15(55):76-83. www.jcmc.com.np 82


https://doi.org/10.3390/atmos14121783
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.%09Johnston+JD%2C+Collingwood+SC%2C+LeCheminant+JD%2C+Peterson+NE%2C+Reynolds+PR%2C+Arroyo+JA%2C+South+AJ%2C+Farnsworth+CB%2C+Chartier+RT%2C+Layton+LN%2C+et+al.+Personal+Exposure+to+Fine+Particulate+Air+Pollution+among+Brick+Workers+in+Nepal.+Atmosphere.+2023%3B+14%2812%29%3A1783&btnG=
https://www.mdpi.com/2073-4433/14/12/1783
https://doi.org/10.4103/jfmpc.jfmpc_504_22
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Bansal+N%2C+Lanjewar+A%2C+Acharya+S%2C+Shukla+S.+Assessment+of+pulmonary+function+test+in+brick+factory+workers.+J+Family+Med+Prim+Care+2022%3B11%2811%29%3A6916-6919&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Bansal+N%2C+Lanjewar+A%2C+Acharya+S%2C+Shukla+S.+Assessment+of+pulmonary+function+test+in+brick+factory+workers.+J+Family+Med+Prim+Care+2022%3B11%2811%29%3A6916-6919&btnG=
https://pubmed.ncbi.nlm.nih.gov/36993005/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10041189/
https://doi.org/10.1186/1471-2458-12-999
https://pubmed.ncbi.nlm.nih.gov/23164428/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.%09Shaikh+S+et+al.+Respiratory+symptoms+and+illnesses+among+brick+kiln+workers%3A+a+cross+sectional+study+from+rural+districts+of+Pakistan.+BMC+Public+Health+2012+12%3A999&btnG=
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-12-999
https://doi.org/10.1539/eohp.2024-0003-OA
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.%09Kumari+P%2C+poudel+L%2C+Chaudhary+L%2C+Choulagai+BP.+Prevalence+and+associated+factors+of+respiratory+symptoms+and+illnesses+among+brick+kiln+workers+in+Nepal-+A+cross-sectional+study.+Environ+Occup+Health+Practise.+2024%3B6%3Aeohp.2024-0003-OA.&btnG=
https://www.jstage.jst.go.jp/article/eohp/6/1/6_2024-0003-OA/_pdf/-char/en
https://www.jstage.jst.go.jp/article/eohp/6/1/6_2024-0003-OA/_pdf/-char/en
https://pubmed.ncbi.nlm.nih.gov/18604107/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Joshi+SK%2C+Dudani+I.+Environmental+health+effects+of+brick+kilns+in+Kathmandu+Valley.+Kathmandu+University+Medical+Journal+2009%3B6%281%29%3A3-11.+&btnG=
http://www.kumj.com.np/issue/21/3-11.pdf
https://doi.org/10.1186/s40557-017-0165-0
https://pubmed.ncbi.nlm.nih.gov/28361005/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Sanjel+S%2C+Khanal+SN%2C+Thygerson+SM%2C+Carter+WS%2C+Johnston+JD%2C+Joshi+SK.+Respiratory+symptoms+and+illnesses+related+to+the+concentration+of+airborne+particulate+matter+among+brick+kiln+workers+in+Kathmandu+valley%2C+Nepal.+Ann+Occup+Environ+Med.+2017+Mar+27%3B29%3A9&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Sanjel+S%2C+Khanal+SN%2C+Thygerson+SM%2C+Carter+WS%2C+Johnston+JD%2C+Joshi+SK.+Respiratory+symptoms+and+illnesses+related+to+the+concentration+of+airborne+particulate+matter+among+brick+kiln+workers+in+Kathmandu+valley%2C+Nepal.+Ann+Occup+Environ+Med.+2017+Mar+27%3B29%3A9&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC5369281/
https://doi.org/10.52403/ijhsr.20240608
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.%09Naima+Khot%2C+Shweta+Phadke.+Assessment+of+peak+expiratory+flow+rate+in+industrial+workers+of+MIDC%2C+Lote.+Int+J+Health+Sci+Res.+2024%3B+14%286%29%3A46-54&btnG=
https://www.ijhsr.org/IJHSR_Vol.14_Issue.6_June2024/IJHSR08.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diurnal+Variability+of+Peak+Expiratory+Flow+Rate+in+Healthy+Adult+Employees+of+a+Medical+College+of+Kathmandu&btnG=
https://nepjol.info/index.php/JIOM/article/download/37466/28980

General section

Khakurel et al. PEFR among brick kiln workers

Original article

10.

11.

12.

13.

14,

AbdEI-Samie AA, Soror KM. Respiratory health
study of brick industry workers, survey and
environmental assessment. Egyptian Journal of
Occupational Medicine. 2023;47(3):1-15. DOI
Google Scholar Full Text

Kaushik R, Khalig F, Subramaneyaan M, Ahmed
RS. Pulmonary dysfunctions, oxidative stress
and DNA damage in brick kiln workers. Human
and Experimental Toxicology. 2012;31:1083-91.
DOl PubMed Google Scholar Full Text

Das S, Hasan MS, Akhter R, Huque S, Khandaker
S, Gorapi MZ, et al. Socioeconomic conditions
and health hazards of brick field workers: A case
study of Mymensingh brick industrial area of
Bangladesh. Journal of Public health and
Epidemiology. 2017;9(7):198-205. DOI Google
Scholar Full Text

Tandon S, Gupta S, Singh S, Kumar A.
Respiratory Abnormalities among
Occupationally Exposed, Non-Smoking Brick
Kiln Workers from Punjab, India. Int J Occup
Environ Med. 2017 Jul;8(3):166-73. DOI
PubMed Google Scholar Full Text

Das B. Assessment of occupational health
problems and physiological stress among the
brick field workers of West Bengal, India.
International Journal of Occupational Medicine
and Environmental Health. 2014 Jun;27(3):413-
25. DOI PubMed Google Scholar Full Text
Al-Shamma YMH, Dinana FM, Dosh BA.
Physiological study of the effect of employment
in old brick factories on the lung function of
their employees. Journal of Environmental
Studies. 2009; 1: 39-46. DOl Google Scholar
Full Text

15.

16.

17.

18.

19.

20.

Seema P, Damayanthi MN. Comparison of
forced expiratory volume among the smokers
and non-smokers in brick kiln workers.
International Journal of Community Medicine
and Public health. 2016;3912):3399-402. DOI
Google Scholar Full Text

Raza A, Ali Z. Impact of Air Pollution Generated
by Brick Kilns on the Pulmonary Health of
Workers. Journal of Health and Pollution. 2021
Aug 17;11(31):210906. DOI PubMed Google
Scholar Full Text

Mehta BM, Satani K. Study of peak expiratory
flow rate in young smokers in
community. International Journal of
Community Medicine And Public Health.
2022;9(2):872—6. DOl Google Scholar Full Text
Zuskin E, Mustajbegovic J, Schachter EN, Kern J,
Doko-Jelinic J, Godnic-Cvar J. Respiratory
findings in workers employed in the brick-
manufacturing industry. Journal of
Occupational and Environmental Medicine.
1998 Sep;40(9):814-20. DOl PubMed Google
Scholar Full Text

Sahu S, Roy B, Moitra S. Assessment of the lung
function status of goldsmiths working in an
unorganized sector of India. Lung India.
2013;30:33-7. DOI PubMed Google Scholar
Full Text

Olivieri M, Mirabelli MC, Plana E, Radon K, Anto
JM, Bakke P, et al. Healthy hire effect, job
selection and inhalation exposure among young
adults with asthma. European Respiratory
Journal. 2010 Sep;36(3):517-23. DOI PubMed
Google Scholar Full Text

Journal of Chitwan Medical College. 2025;15(55):76-83. www.jcmc.com.np 83


https://doi.org/10.21608/ejom.2023.176107.1299
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09AbdEI-Samie+AA%2C+Soror+KM.+Respiratory+health+study+of+brick+industry+workers%2C+survey+and+environmental+assessment.+Egypt+J+Occup+Med&btnG=
https://journals.ekb.eg/article_317097_f88056e582787fbee1f6fd6fb92a94f5.pdf
https://doi.org/10.1177/0960327112450899
https://pubmed.ncbi.nlm.nih.gov/22736249/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.%09Kaushik+R%2C+Khaliq+F%2C+Subramaneyaan+M%2C+Ahmed+RS.+Pulmonary+dysfunctions%2C+oxidative+stress+and+DNA+damage+in+brick+kiln+workers.+Hum+Exp+Toxicol&btnG=
https://journals.sagepub.com/doi/full/10.1177/0960327112450899
https://doi.org/10.5897/JPHE2017.0927
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Das+S%2C+Hasan+MS%2C+Akhter+R%2C+Huque+S%2C+Khandaker+S%2C+Gorapi+MZ%2C+et+al.+Socioeconomic+conditions+and+health+hazards+of+brick+field+workers%3A+A+case+study+of+Mymensingh+brick+industrial+area+of+Bangladesh.+J+Pub+heal+Epidemiol&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.%09Das+S%2C+Hasan+MS%2C+Akhter+R%2C+Huque+S%2C+Khandaker+S%2C+Gorapi+MZ%2C+et+al.+Socioeconomic+conditions+and+health+hazards+of+brick+field+workers%3A+A+case+study+of+Mymensingh+brick+industrial+area+of+Bangladesh.+J+Pub+heal+Epidemiol&btnG=
https://www.researchgate.net/profile/Sajan-Das/publication/318054502_Socioeconomic_conditions_and_health_hazards_of_brick_field_workers_A_case_study_of_Mymensingh_brick_industrial_area_of_Bangladesh/links/59576630a6fdcc2beca6b6e2/Socioeconomic-conditions-and-health-hazards-of-brick-field-workers-A-case-study-of-Mymensingh-brick-industrial-area-of-Bangladesh.pdf
https://doi.org/10.15171/ijoem.2017.1036
https://pubmed.ncbi.nlm.nih.gov/28689213/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Tandon+S%2C+Gupta+S%2C+Singh+S%2C+Kumar+A.+Respiratory+Abnormalities+among+Occupationally+Exposed%2C+Non-Smoking+Brick+Kiln+Workers+from+Punjab%2C+India.+Int+J+Occup+Environ+Med.+2017+Jul%3B8%283%29%3A166-173.&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC6679629/
https://doi.org/10.2478/s13382-014-0262-z
https://pubmed.ncbi.nlm.nih.gov/24952141/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Das+B.+Assessment+of+occupational+health+problems+and+physiological+stress+among+the+brick+field+workers+of+West+Bengal%2C+India.+Int+J+Occup+Med+Environ+Health.+2014+&btnG=
https://ijomeh.eu/Assessment-of-occupational-health-problems-and-physiological-stress-among-the-brick-field-workers-of-west-bengal-india,2028,0,2.html
https://doi.org/10.21608/jesj.2009.178426
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Al-Shamma+YMH%2C+Dinana+FM%2C+Dosh+BA.+Physiological+study+of+the+effect+of+employment+in+old+brick+factories+on+the+lung+function+of+their+employees.+J+Environ+Stud&btnG=
https://jesj.journals.ekb.eg/article_178426.html
http://dx.doi.org/10.18203/2394-6040.ijcmph20164263
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Seema+P%2C+Damayanthi+MN.+Comparison+of+forced+expiratory+volume+among+the+smokers+and+non-smokers+in+brick+kiln+workers.+Int+J+Community+Med+Public+health&btnG=
https://www.ijcmph.com/index.php/ijcmph/article/view/100
https://doi.org/10.5696/2156-9614-11.31.210906
https://pmc.ncbi.nlm.nih.gov/articles/PMC8383793/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Raza+A%2C+Ali+Z.+Impact+of+Air+Pollution+Generated+by+Brick+Kilns+on+the+Pulmonary+Health+of+Workers.+J+Health+Pollut&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=15.%09Raza+A%2C+Ali+Z.+Impact+of+Air+Pollution+Generated+by+Brick+Kilns+on+the+Pulmonary+Health+of+Workers.+J+Health+Pollut&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC8383793/
https://doi.org/10.18203/2394-6040.ijcmph20220255
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Mehta%2C+B.+M.%2C+%26+Satani%2C+K.+%282022%29.+Study+of+peak+expiratory+flow+rate+in+young+smokers+in+community.+International+Journal+Of+Community+Medicine+And+Public+Health%2C+&btnG=
https://www.ijcmph.com/index.php/ijcmph/article/view/9302
https://doi.org/10.1097/00043764-199809000-00011
https://pubmed.ncbi.nlm.nih.gov/9777566/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.%09Zuskin+E%2C+Mustajbegovic+J%2C+Schachter+EN%2C+Kern+J%2C+Doko-Jelinic+J%2C+Godnic-Cvar+J.+Respiratory+findings+in+workers+employed+in+the+brick-manufacturing+industry.+J+Occup+Environ+Med.+1998+Sep%3B40%289%29%3A814-20&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=17.%09Zuskin+E%2C+Mustajbegovic+J%2C+Schachter+EN%2C+Kern+J%2C+Doko-Jelinic+J%2C+Godnic-Cvar+J.+Respiratory+findings+in+workers+employed+in+the+brick-manufacturing+industry.+J+Occup+Environ+Med.+1998+Sep%3B40%289%29%3A814-20&btnG=
https://journals.lww.com/joem/abstract/1998/09000/respiratory_findings_in_workers_employed_in_the.11.aspx
https://doi.org/10.4103/0970-2113.106131
https://pmc.ncbi.nlm.nih.gov/articles/PMC3644831/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=18.%09Sahu+S%2C+Roy+B%2C+Moitra+S.+Assessment+of+the+lung+function+status+of+goldsmiths+working+in+an+unorganized+sector+of+India.+Lung+India+&btnG=
https://pmc.ncbi.nlm.nih.gov/articles/PMC3644831/
https://doi.org/10.1183/09031936.00125709
https://pubmed.ncbi.nlm.nih.gov/20185427/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=19.%09Olivieri+M%2Cet.al.+Healthy+hire+effect%2C+job+selection+and+inhalation+exposure+among+young+adults+with+asthma.+Eur+Respir+&btnG=
https://pubmed.ncbi.nlm.nih.gov/20185427/

