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Context

Air pollution is a global environmental 
issue that can pose serious health 

risks (WHO, 2018) such as headaches, 
coughing, sneezing, asthma, pneumonia, 
and even lungs cancer. It is a significant 
risk to pregnant women, elderly people, 
unborn babies and infants. People with 
cardiopulmonary diseases and low socio-
economic conditions are highly vulnerable 
to the effects of air pollution. Experts 
speculate that the COVID-19 outbreak may 
have worsened due to polluted air since it 
weakens the immune system and reduces 
an individual’s ability to combat infection 
(Gerretsen, 2020).

For the past few decades, air pollution 
has been a concern in Nepal, especially in urban areas 
such as Kathmandu Valley. Bhattarai and Shrestha (1981) 
collected data on dust in the air at 18 different places in 
Kathmandu in 1980 and found the dust level to be above 
the acceptable range. The lead content in the samples was 
above the accepted level of 0.6 parts per million (ppm). 
When total suspended particle (TSP), nitrogen dioxide 
(NO2), PM10, sulphur dioxide (SO2), lead, and carbon 
monoxide (CO) were monitored in 1992 and 1993, TSP was 
the main problem (555 µg/m3) at that time. In November 
1992, PM10 was 92 µg/m3 and reached 271 µg/m3 in 
November, 2002 in the Putalisadak station, Kathmandu 
(CEN and ENPHO, 2003). Today, even after 30 years, the 
air quality in Kathmandu valley has not improved but 
further deteriorated. Towards the end of March 2021 
the air quality index of the Valley reached a hazardous 
level. The hospitals in Valley reported increased cardio-
respiratory infections. For the first time, the Government 
closed educational institutions for four days. The bowl-
shaped structure of the Valley restricts air movement and 
captures the pollutants in the lower atmosphere during 
winter and calm air movement (Saud & Paudel, 2018). 

In 2019, the Health Effects Institute attributed 42,100 
deaths in Nepal to air pollution. The in-patient  
morbidity data of Nepal (2018-19) showed that chronic 
pulmonary obstructive diseases were the top most 
reasons behind in-patient admission (13,412 people  
were admitted in 2018-19) and 12,281 affected by 
pneumonia occupied the third position for in- 
patient morbidities. 

For out patient consultations in 2018-19, upper respiratory 
tract infections, headache and ARI/lower respiratory tract 
infections occupied second, third, and fourth positions, 
respectively, thus indicating air pollution-related diseases 
are quite common in Nepal (DoHS, 2019). In 2014-
2015, Karki et al. (2015) attributed 5% of respiratory 
hospitalizations, 6% of chronic obstructive pulmonary 
disease (COPD), 10% of acute respiratory infections, and 
15% of pneumonia in Kathmandu Valley to air pollution. 
It shows that air pollution and health problems due to air 
pollution are also rapidly emerging in fast-growing cities 
such as Bhaktapur, with an increase in toxic gases, fumes, 
and dust particles.

This publication is a product of the project "Risk to Resilience through Collective Local Actions", implemented by the Institute for Social and Environmental Transition 
and Naxa Pvt. Ltd with the financial support of DanChurchAid (DCA) and Changunaryan Municipality, to reduce the impact of disasters and build the resilience of 
the communities in urban areas of Changunarayan Municipality, Bhaktapur District. The project promotes resilient and sustainable urban growth, referring to the 
Sendai Framework for Disaster Risk Reduction (DRR) priorities through collective local actions. 



Valley population has increased almost four times in 2011 since 1971 and reached 2,517,023, and it was expected 
to cross three million by 2021 (CBS, 2014). The urban areas in the Valley increased by 412% since 1989 and there was a 

significant increment in built-up areas with 2,153 ha in 1989 to 11,019 ha in 2016 (Ishtiaque et al., 2017). There  were 222 
new constructions in the municipality from 1943 to 1963 and 6,796 between 2003-2017 in Changunarayan municipality. 
The 58.8% of new constructions, since 1943, have created a demand for more energy and resource in the municipality.

Vehicle
Vehicles are significant sources of particulate matter 
(PM), nitrogen oxide (NOx), carbon monoxide (CO), and 
hydrocarbon (HC) (Winkler et al., 2018). By the fiscal year 
2074/75, 3.23 million vehicles were registered in Nepal. 
Among them, 1.17 million vehicles were registered in 
the Bagmati Zone. As per the 2017 municipality profile, 
12,011 local vehicles regularly ran along the road of 
Changunaryan municipality. Of these vehicles, 4,976 
were motorbikes, 224  private cars, 71 business cars, 62 
minibuses/trucks, 53 buses/trippers, and 16 were heavy 
equipment vehicles.

Brick kiln/factories
The brick kilns and factories located in the periphery of 
Kathmandu Valley use coals and emit smoke, dust, and 
CO (Gautam, 2010). More than 80% of brick kilns in the 
Bhaktapur District are located in the Changunarayan 
municipality, totaling to 54 (Himalayan News Service, 

Causes and sources of air pollution
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2019). Wards 2, 3, 5, 7, 8, and 9 have 12, 9, 4,1,11, and 17 
brick kilns, respectively. These kilns are primarily seasonal 
and operate for about half a year from November to May, 
and they were in operation during the 2021 lockdown.

Others
Burning of waste, construction activities, fuelwood, and 
forest fires are other sources of air pollution. The forest 
fire towards the end of March 2021 brought the air 
quality index of the Valley to a hazardous level, and all 
the educational institutes were closed between March 
30-April 2, 2021. People complained about coughing, 
sneezing, sore and itchy throat, and eye irritations. 
Changunarayan municipality was also affected by the 
forest fire.
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Results and discussion
• On average, the particulate matter (PM2.5) in 2019 and 

2020 were moderate (24.20 μg/m3 and 28.12 
μg/m3 respectively) signifying air quality as detrimental 
for sensitive people and ones who were likely to 
develop cardio-pulmonary symptoms. PM2.5 value 
reached as high as 94.10 μg/m3 and 154.30 μg/m3

respectively on December 5, 2019, and February 9, 
2020, signifying unhealthy and very unhealthy air 
quality (Bliss Air, n.d.). 

• The average PM2.5 values for 2019 were unhealthy for 
November (59.36 μg/m3 ) and December (65.89 μg/m3) 
again because of temperature inversion and increased 
heating appliances, waste burning, and industrial and 
vehicular emissions. Higher PM2.5 values in winter 
signify increasing cases of air-related diseases at that 
time. Such unhealthy level can cause pre-mature 
deaths in individuals with cardio-pulmonary diseases 
and elderly (Bliss Air, n.d.). 

• The primary sources of PM2.5 in Bhaktapur District are 
brick kiln emissions, vehicles, biomass, and 
waste burning.

• PM2.5 data was not available for January and 
November 2020. Winter data for February and 
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Yearly comparision of PM2.5

December 2020 showed that the mean PM2.5 values 
were higher 
(78.82 μg/m3 for February and 79.67 μg/m3 for 
December). These high values once again indicate the 
case of temperature inversion during winter, along 
with heating appliances use and open burning for 
maintaining warmth. 

• On average, the air quality was unhealthy for the 
general population in February and December 2020 
and primarily unhealthy for the sensitive population in 

Study site
Air pollution and health data

Data type
PM2.5 level, vehicles estimation, 
number of brick kilns/industries, fuel 
type, types and length of the road, 
waste management strategies, sources 
of air pollution, air pollution-related 
diseases, impacts of air pollution 
on health and measures for health 
protection and gender issues.

Year
PM2.5 (2019 and 2020); Diseases (July 
2018-August, 2021).

Data source
Changunarayan Municipality Office, 
Bhaktapur Air Quality Monitoring 
Station, Department of Environment, 
the Department of Health Service 
website, and key informants from 
Changunarayan Municipality 
(community members, health 
professionals, teachers, ward and 
municipality representatives, 
I/NGOs representatives).

Bhaktapur District
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Mean monthly comparision of PM2.5 (2019)
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Effects of air pollution on human body

Eye, ear, nose and throat irritation, breathing problem

Headache and anxiety, impact on central nervous system

Impact on respiratory system: Irritation, inflammation and 
infection, asthma, reduced lungs function, COPD, lungs cancer

Cardio vascular diseases

Impact on liver, spleen and blood

Low birth weight, congenital abnormalities, pre-term 
birth, still birth, reduced lungs function in babies
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Table 1: 2019 Maximum and minimum PM2.5 level (μg/m3)

   Jan Feb Mar Apr May  June July Aug Sept Oct Nov Dec

 Max1  40.86 31.59 38.58 29.54 28.03 13.19 93.05 22.81 5.69 13.67 88.07 94.10

 Min 12.47 8.34 6.91 9.29 9.38 4.41 3.18 1.95 1.32 3.39 9.47 33.26



March 2020. Whereas for the peak monsoon months 
of July-August, the air quality was good and remained 
at a moderate state for April, May, June, September,  
and October.

This research considered 21 key diseases (bronchial 
asthma, COPD, cardiac failure, congestive heart failure, 
ischemic heart diseases, rheumatic heart disease, 
hypertension, headache, mumps, tuberculosis, acute 
suppurative otitis media, chronic suppurative otitis media, 
acute tonsillitis, pharyngitis/sore throat, laryngitis, rhinitis, 
sinusitis, nasal polyps, head and neck cancer, other 
cardiovascular problems, and cancers)3 that were directly 
or indirectly related to air pollution. 

• From July 2018-August 2021, 32,716 people 
suffered from air pollution-related diseases. It 
noticeably declined between July 2020-August 2021 
during the time of complete COVID-19 lockdown. 
Staying indoors, use of masks, hand washing 
activities, 
and lower traffic may have decreased the air  
related cases.

• Female patients comprised of 58% and males 
of 42%  for air pollution-related diseases. Thus, 
females are more vulnerable to air-related diseases 

as compared to males. Poor nutrition, physical and 
mental stress, and already exiting health issues 
could explain female vulnerability towards air 
pollution (US EPA, n.d.). Indoor air pollutants from 
cooking may have aggravated the health of the 
female population. Women use LPG gas stove for 
preparing meals and use firewood and cow dung to 
prepare cattle meals and boiling water. Fuelwood is 
still used by 19.2% of households and animal dung 
by 17.9% households. Similarly, 34.8% and 18.9% of 
households used LPG and kerosene, respectively. 

• Headache was a common disease in 7822 patients, 
of which 5074 were female. Hyewon et al. (2018) 
have correlated the PM2.5, PM10, NO2, O3, and CO 
with headache and migraine. 

• Acute tonsillitis was the second-highest morbidity 
case (5452), hypertension was the third-highest 
(5364), and COPD was the fourth (3487). 

• COPD affected more women (1891) than men 
(1596) in Changunarayan Municipality. Women have 
a high risk of chronic obstructive lung disease due 
to household wood smoke from cooking. Women 
in Changunarayan use wood as a fuel for preparing 
food for livestock. Particulate matter released from 
fossil fuel combustion can cause inflammation in 

Table 2: 2020 Maximum and minimum PM2.5 level (μg/m3)

   Jan Feb Mar Apr May  June July Aug Sept Oct Nov Dec

 Max2    154.30 58.59 34.86 30.42 36.27 22.69 14.36 28.13 34.84  - 95.98

 Min   2.94 0.02 14.21 16.91 12.08 7.87 6.58 4.82 26.53  - 62.86



Way forward 

the lungs and reduce pulmonary function in COPD 
patients (Jiang et al., 2016). 

• In Changunarayan, emissions from brick kilns, 
vehicles, and road dust are depleting the air quality, 
which could be responsible for air-related diseases 

Notes
1 The color coding in the table matches with the air quality index of PM2.5 https://blissair.com/what-is-pm-2-5.htm.
2 The color coding in the table matches with the air quality index of PM2.5https://blissair.com/what-is-pm-2-5.htm.
3 CCAC & WHO, 2012; Chen et al., 2021; DoHS, 2019; Giorgini et al., 2016; Hyewon et al., 2018; Jiang et al., 2016; Karki 

et al., 2015; Li et al., 2020; Saud & Paudel,  2018; WHO, 2018.

in the area.Out of 11.7 kilometers of road in the 
municipality, 47.5% are still foot track lacking 
proper constructions and black topping. It could be 
the reason behind the road dust problem. 
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This study aimed to understand the impacts of air 
pollution on health in Changunarayan Municipality, 

acknowledging the presence of limited data. The 
analysis of data for 2019 and 2020 showed that PM2.5 
concentration peaked during winter primarily due to 
temperature inversion and biomass/waste burning. The 
concentration remained unhealthy and is risking lives, 
particularly of vulnerable groups such as cardiopulmonary 
patients, children, elderly, and pregnant women. 
Conversely, air quality was relatively good in the 2019 
and 2020 monsoon as rainfall washed away air pollutants. 
Following measures could be taken to address the air 
pollution problem:

• The local Government should strengthen its policies 
and regulation and collaborate with private sectors 
to promote cleaner brick kilns and electric vehicles. 
They can impose penalties for the polluters and 
likewise provide subsidies for promoting cleaner 
energy. 

• Empower the local communities and share 
information through local FM stations, multi-media/
social media, and newspapers on air pollution and 
health to improve communication effectiveness.

• Investment in well-maintained roads to decrease 
road dust, promoting mass transport systems, 

and declaring a cycle-friendly city could be other 
encouraging steps for comba�ng long-term air 
pollution.

• Monitor emissions and fuel consumption of 
brick kilns and factories and ensure the health 
and safety of the workers/vulnerable groups. Also, 
encourage the use of green technologies through 
policy support.

• Plastic and open waste burning should be 
discouraged, and integrated waste management 
should be practiced. 

• Installing and monitoring incinerators to manage 
hospital waste is crucial to improving the people’s 
health of Changunaryan Municipality.

• Multi-stakeholders’ collaboration to promote clean 
energies, organize health camps for check-ups and 
community counseling. 

• Additional research is required to look at the 
status of other pollutants besides PM2.5, and the 
municipality can also maintain monthly morbidity 
and mortality case data and age data to support 
researchers for more nuanced analysis. Air 
quality monitoring stations can be installed in the 
municipality for measuring key parameters such as 
CO, PM2.5, PM10, TSP, SO2, NO2 etc.
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