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Abstract

This study aims to review the literature about air pollution, both outdoor and household, and its health consequences in
Bangladesh. We searched articles in March 2021 using the PubMed/Scopus database. Peer-reviewed published documents with
analytical data and results were retrieved. We also reviewed studies related to ambient and household air quality, the sources of
air pollution, the health and economic implications, and the role of NGOs and Govt. of Bangladesh. The sources of ambient air
pollution in Bangladesh include Anthropogenic origins like the burning of fossil fuel, coal, wood, open burning of waste or
agricultural residues, emission from motor vehicles and industries, use of biomass fuel for cooking, and transboundary air
pollution; and Natural sources like windblown dust, sea spray, forest fires, and methane gas emitted by animals. Brick kilns,
surface dust, and vehicle emissions contribute about 85.0% of local air pollution in Dhaka, the largest urban area. The contribution
from transportation is aggravated by traffic congestion, contaminated fuels, including leaded fuels, two-stroke auto-rickshaws,
overloading, and the dust generated due to friction with the roadways. Industries inside cities and brick kilns surrounding the town
are also significant contributors. In recent years, the air pollution of Dhaka city has worsened, causing adverse health effects and
environmental degradation. The government response has included eliminating the leaded fuel, initiating the use of Compressed
Natural Gas (CNG), and phasing out the two-stroke auto-rickshaw, replacing them with CNG driven auto rickshaw. It also
implemented and updated regulations, formulated policies and strategic plans.

1. INTRODUCTION

The World Health Organization (WHO) member states adopted in 2015 a resolution to address adverse health effects of air
pollution and declared air pollution as a public health emergency (WHO, 2016). In 2019 over 90% of the world's population were
exposed to an annual average PM2.5 concentration that exceeded the WHO air quality guideline value of 10 pg/m3, and air
pollution became the fourth risk factor in 2019 for premature death worldwide. It is estimated that air pollution caused 6.67
million deaths worldwide in 2019, nearly 12 % of the total global deaths (SOGA, 2020a). In Bangladesh, there were 123,000 deaths
attributable to air pollution in 2017, increasing to 173,500 in 2019 (SOGA, 2019). The proportion of the elderly population has
increased in the last decades due to increased life expectancy in Bangladesh, contributing to an additional risk factor for air
pollution related deaths. About 58% of the air pollution in Dhaka is caused by brick kilns (Begum et al., 2014), with other major
contributors including unplanned urbanization, pollutants from 53 large construction projects, and brick kilns (IQAIr,
2020a)..Bangladesh has one of the highest levels of exposure to PM2.5, ranking ninth among the top ten countries with the
highest level of PM2.5 in outdoor air (SOGA, 2020b).

2. METHOD

This study aimed to review the literature about outdoor and household air pollution and its health consequences in and around the
major city areas of Bangladesh. A search of articles was conducted in March 2021 using the PubMed/Scopus database,
Bangladesh government'’s publications, DoE reports and report of national and international organizations. Peer-reviewed
published documents with analytical data and results were retrieved. We retrieved studies related to ambient and household air
quality, the sources of air pollution, the health and economic implications, and the role of NGOs and Govt. of Bangladesh.
Published current reports and appropriate dissertations were also considered. Our search yielded more than 100 documents
related to air pollution in Bangladesh and other Asian countries. Irrelevant documents and studies published only in the abstract
form were excluded. Articles published from 2010 until 2021 were selected.

3. BACKGROUND HISTORY OF AIR POLLUTION ACTIVITIES IN BANGLADESH

3.1. Governance

The Air Pollution Control Board (APCB) started air monitoring activities in Bangladesh under the environment pollution project in
1977. In 1985 the APCB was renamed the Department of Environment Pollution Control (DEPC), and in 1989, DEPC was
restructured and renamed the Department of Environment (DoE). The Director General of the Department of Environment (DGDoE)
is responsible for overseeing the activities of the DoE (Background DoE), with a Director Air Pollution in charge of air pollution
issues (Organogram- DoE).

Page 2/20



3.2. Air Pollution Monitoring in Bangladesh

1n 1997, the Department of Environment (DoE) of the Government of Bangladesh started measuring total Suspended Particles
(TSP) in different cities as part of their regulatory activity. The DoE launched the Air Quality Management Project (AQMP) in 2000
with assistance from the World Bank. In 2002, the DoE started measuring PM; and PM, s and the other criteria pollutant, Oxides
of Nitrogen (NO), Carbon Monoxides (CO), Sulfur dioxide (SO,), and Ozone (03), as well as methane and non-methane
hydrocarbons (NMHCs) for regulatory purposes (BGD, 1995; CASE, 2018).

At present, there are 16 Continuous Air Monitoring Stations (CAMS) under DoE supported CASE project (Fig 1) with 24-hour
continuous monitoring of NO, CO, SO,, O3, PMs, and methane, and non-methane hydrocarbons (NMHCs). Data from network
stations are transferred to a central data center at the DoE office in Dhaka, where the database is maintained with quality control,
evaluation, validation, and statistical analysis. Data are then stored in the final database for further analysis, reporting,
presentations, and future use. Precision, accuracy, representativeness, and comparability of data are monitored continuously with
DoE maintained Standard Operating procedures (SOP) (CASE, 2018). Recently DOE has installed 15 transferable Compact
Continuous Air Monitoring Stations (C-CAMS) in many districts head quarter of Dhaka division (DOE-2018-2019). Other air
monitoring stations are BAEC Campus, Ramna, BITAC campus, and Tejgaon, run by DoE, the US-Embassy in Dhaka with its own
continuous air monitoring station (CAMS) at Baridhara, a station in Satkhira of Khulna Division run by The Council of South Asian
Cooperative Environment Program (SACEP) (SACEP 1998), and the Bangladesh Atomic Energy Commission (BAEC), University of
Dhaka (DU), Bangladesh University of Engineering and Technology (BUET), International Center for Diarrheal Disease Research,
Bangladesh (ICDDR, B) have their air quality monitoring systems.

Since 2014, 12 cities (8 divisional headquarter plus Gazipur, Narayangonj, Narshindi, and Savar) have been informed about the
daily AQl levels through radio, TV, and internet, with messages in the Bangla and the English languages. In addition, data of 15
CAMS are analyzed, and people are advised to take health-related precautionary measures if AQl rises above 200.

(Insert Figure 1 here)

4. MAJOR SOURCES OF OUTDOOR AIR POLLUTION

The sources of ambient air pollution in Bangladesh include both anthropogenic and natural. Anthropogenic sources include
burning fossil fuel, including coal, wood, open burning of waste or agricultural residues, emission from motor vehicles, power
generation and industries, biomass fuel for cooking, and transboundary air pollution. The Natural sources include windblown dust,
sea spray, and forest fires (Natural air pollution sources). Natural sources mainly remain localized, while anthropogenic sources
are more widely distributed and exceed natural sources (WHO, 2018a). For example, a 2014 report in Dhaka showed that brick
kilns, surface dust, and vehicle emissions contribute about 85% of local air pollution (William, 2020). Other sources of air pollution
include open landfills, incineration of plastic waste, and industrial processes (William, 2020). We will discuss some of the major
sources of ambient air pollution in more detail.

4.1. Brick Kilns

There are 8122 brick kilns throughout the country (DOE- 2022), with about 1000-1200 around Dhaka (CASE, 2018). Due to rapid
industrial growth and urbanization, the number of brick kilns has increased. During September 2010 and July 2012 about 58% of
the air pollution in Dhaka was caused by brick kilns (Begum et al., 2014), with other major contributors including unplanned
urbanization, pollutants from large construction projects, and brick kilns (IQAir, 2020a). Approximately 2.2 million tons of coal are
burned, yielding tons of PM, sulfur dioxide, carbon monoxide, volatile organic compounds, and other toxic substances such as
furans and dioxin (DoE, 2019a). This emission could be substantially reduced if natural gas replaced coal and wood in brick kiln
industries (Begum et al., 2018).

4. 2. Motor Vehicles
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The number of motor vehicles is increasing rapidly in Bangladesh, from 1.49 million in 2010 to 4.44 million in 2020, and 5.11
million in February 2022 (BRTA-Number of registered vehicles). The majority of these vehicles are reconditioned or old and lack
proper maintenance. Congested traffic, bad parking management, contaminated fuels, overloading, and the dust generated due to
frictions with the roadways contribute to air pollution (DoE, 2019a). Data from 2002 to 2007 showed that 30-50% of PM collected
from different areas of Dhaka city are fine particles generated from transport related sources (Begum et al., 2010), especially from
diesel buses and trucks (45%) and auto-rickshaws (40%) (DoE, 2019a). Petrol-fueled light-duty vehicles (cars/ vans) and auto-
rickshaws contribute 85% of total carbon monoxide (CO), while diesel-fueled buses and trucks contribute 84% of total Nitrogen
oxides (NOx). In the late nineties, Dhaka was the most polluted city globally, including having the highest levels of lead in the air
(463 nanograms/m?). The government banned leaded gasoline in 1999, followed by an embargo on the two-stroke engine auto-
rickshaws. As a result, the lead concentration in the air was reduced (Begum and Hopke, 2018).

4.3 Power Plants:

Eighty percent (80%) of the power generation in Bangladesh is gas-based, while the remaining 20% is coal, liquid, and furnace oil-
based. Combustion of coal during electrical utilities contributes about 70% of sulfur dioxide (SO,) and 30% of nitrogen oxides
(NOx) (Arnab et al., 2013). One hydraulic power station, the Barapukuria thermal power plant, with SO,, NOx, and PM emissions in
allowable levels (Masud et al., 2014). As a result, many significant infrastructure projects, like roads, rail, bridges, and large
buildings, have been undertaken. These projects have led to environmental degradation, dust production, and displacement of
communities without proper safety and environmental precautions (Nahar et al., 2021). The road dust and soil dust from these
construction projects are significant contributors to air pollutants, especially PM, during the dry season (DoE, 2018, 2019).

4.4 Trans-boundary air pollution

Bangladesh is surrounded on three sides by India, a highly polluted country. Transboundary pollutants typically originate in North-
Western India, West Bengal, Nepal, and the neighboring areas, with pollutants traveling from 200 to 500 km across the border to
Bangladesh. . On an average 30% of the air pollution in the largest cities of Bangladesh originates in India (World Bank 2022).
November to January was the high time when particulate matters from transboundary regions (North-western Indian regions,
Nepal and its neighboring areas, and Indian state of West-Bengal) pollutes the area. The CAMS data of the DoE suggest that
western divisions of Bangladesh was more polluted than the eastern divisions between 2013 and 2021 although most of the
industries are located in eastern region (World Bank 2022). The transboundary air pollution may be the cause of it which was
suggested by Begum (Begum et al 2014). Therefore regional coordination is necessary for actual air quality improvements (World
Bank 2022). In addition, the burning of agricultural fields in India in October and November emits smoke plumes that blanket
almost the whole of Indo-Gangetic plain (IGP) from the West to the East, including Bangladesh (Singh and Kaskaoutis, 2014), and
can even be transported through Himalayan foothills (Bonasoni et al. 2010)

5. OUTDOOR AIR QUALITY IN BANGLADESH

We discuss outdoor air quality in two ways. Firstly, we use the AQI to report specific air quality data. Then, finally, we report air
quality trends.

5.1 The Bangladesh Air Quality Index (AQI)

In Bangladesh, the AQl is based on five criteria pollutants: Particulate Matter (PM; and PM, 5), Nitrogen Dioxide NO,, carbon
Monoxide CO, Sulfur Dioxide SO, and Ozone (0O3). The Bangladesh government has adopted the WHO guideline values, and the Air
Quality Index (AQI) is based on the government adopted guidelines for these five pollutants:

(Insert Table 1 here)

The AQl in Bangladesh is reported on a scale as good 0-50, moderate 51-100, Cautious 101-150, unhealthy 151-200, very
unhealthy 200-300, and highly unhealthy 301-500. Data is collected from Continuous Air Monitoring Stations (CAMS) in 12 cities
throughout Bangladesh, as discussed above (CASE, 2018) (Figure-1).
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Table-2 shows that, in 2020, based on the AQI, the air quality averaged across the country was unhealthy to highly unhealthy on
an average of 161 days per year, moderate on an average of 145, and good 59 days per year. The average number of days of
unhealthy to extremely unhealthy air quality per year was 210 days in Dhaka, the country's most polluted city (IQAir, 2020b), 176
days in Narayanganj, and 187 days in Gazipur, the middle part of Bangladesh. On the other hand, the air quality of Sylhet, the
northeast part of the country, was considerably better. The air quality in all the reported areas had seasonal variations, according
to CAMS data Figure-2. Due to high PM concentrations, the air quality was inferior from November to April. However, the air quality
was good to moderate from May to October, with low PM concentrations. From May to October, windstorms and rainfall
contributed to improving air quality in the city. The weather is favorable for raw brick manufacturing and burning during the winter
months, contributing to significant pollution in Dhaka. For example, From November 2013 to April 2014, PM concentrations in
Dhaka were found 7-8 times higher than the WHO guideline, 50 ug/m? for PM;, and 15 ug/m? for PM, 5 (CASE, 2018). Similar
variation of PM,, and PM, 5 was reported in annual report of the Department of Environment in 2022 (DOE-Annual Report-2018-
2019).

(Insert Figure 2 here)
(Insert Table 2 here)

AQI =50 Good, AQI 51-100 Moderate, AQI 101-200 Cautious to Unhealthy, AQI 201-300 Very Unhealthy, AQl >300 Extremely
Unhealthy

5.2 Air quality data
(Insert Table 3 here)

In Dhaka, for example, PM, 5 and PM;, exceeded the National Ambient Air Quality Standard (NAAQS) limit on 72% and 40% of the
total studied days, respectively. In comparison, O exceeded 1.7% SO, 0.38% of days, and CO, 0.32% of days (Rahman et al.
2019).

(Insert Table 4 here)

AS shown in Table-4, there is a seasonal variation, with daily mean concentrations of PM, 5 being higher than Bangladesh NAAQS
limit in all the areas in winter. PM,4 was found higher than the NAAQS limit in all the areas in winter, pre-monsoon, and post-
monsoon. However, PM; was elevated in monsoon only in Narayangonj. None of the gaseous pollutants were found to be above
NAAQS limits in any season. In Dhaka, the average concentration of PM, 5 from 2016 to 2020 was 86.1 ug/m? (William, 2020):
37.7ug/mé3, in September 2019, 64.6 pg/m? in October and 181.8 pg/m? in January 2020 with an annual average concentration of
83.3 pg/m3 (IQAir,

2020c),

6. HOUSEHOLD AIR POLLUTION

6.1. Household air pollution

Biomass fuel emissions from cookstoves are responsible for 41% of the household pollutants (Nahar et al., 2016; Weaver et al.,
2019; Salje et al., 2014) . According to a 2020 study, 85.5% of the participants used biomass fuel. The respondents' average years
of cooking were 26.9+8.59, and their daily average cooking time was 3.09 hours (Ahmad et al., 2020). The total biomass fuel
consumption is 44 million tons annually (MoPEMR, 2013). Among the biomass fuels used by households, wood (41%) is the
most common, followed by leaves, bamboo, cow dung, straw, paddy husk, jute sticks, bagasse, and sawdust (Mamun et al. 2009).
One family can consume 7 to 8 kg of biomass fuel daily in rural households, where traditional stoves are the norm (MoPEMR -
2013).. However, the efficiency of traditional stoves is poor, and only about 5-15% of available fuel energy is utilized (Mamun et al.,
2009). Improved cooking stove saves more than 50% of traditional fuels and energy efficiency varies from 22-30% (Rasel A., Raju
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A.-2018). Moreover, due to incomplete combustion, these traditional stoves emit heavy smoke and many harmful pollutants such
as PMs, carbon monoxide, sulfur dioxide, nitrous oxides, as well as formaldehyde and other carcinogens (Weaver et al. 2019).

The ICS reduces over 20 percent in PM , 5, and 90 percent in carbon monoxide emissions (WB-2018). About 30 million
households in Bangladesh use biomass fuel (Mamun, 2009; MoPEMR, 2013). This includes 90% of households of rural areas,
about 24 million households (Mamun et al. 2009). After standardization of collected information, it was found that in 2019 the
proportion of the population with primary reliance on clean fuels and technologies for cooking was 23%, while it was 13.6% in
2011. Similarly, the number of people with primary reliance on clean fuels and technologies for cooking was 38.739 million in
2019 and 20.932 million in 2011 (GHO, 2021). In Bangladesh, the number of solid fuel users has decreased to 6.5 million
population from 2010 to 2019 (SOGA, 2019). In addition, Bangladesh Improved Cook Stoves Program has installed 1.7 million
Improved Cook Stoves since its inception in 2013, reducing greenhouse gas emissions (Ahmed, 2019). Department of Health
Survey revealed that 50% of urban households in Bangladesh use solid fuel. Considering that Bangladesh's urban population is
about 55 million and the average household size is 5, about 5.5 million urban households use solid fuels for cooking purposes
(NIPORT, 2016).

Linear regression analysis of emitted PM, s and CO concentrations from biomass stove showed a decreasing trend of geometric
mean to neighbor homes sharing a wall with the indexed home than neighbor homes that do not share a wall with indexed home.
Thus, exposure is a risk if a neighboring house uses biomass fuel for cooking purposes (Weaver et al., 2019; Salje et al., 2014). In
addition, the concentration of dust particles, VOC, e.g., benzene, toluene, xylene, and CO and CO,were significantly higherin
biomass fuel users (P< 0.05) than fossil fuel user kitchens. Other factors contributing to indoor air pollutants are tobacco smoke,
poor ventilation, dust, building materials, carpets, pesticides, mosquito coils, chemicals, and diesel generators (Nahar et al., 2016;
Dasgupta et al., 2009).

6.2. Diesel Generator

Diesel generators (DG) are used in almost 100% of high-rise buildings of Dhaka city. If they are used for several hours, the
concentrations of PM, s and PM; increased by 50-100%. In households using DG for more than eight hours, the PM levels

remained high throughout the day and the average levels of PM, < and PM,, were 130 pg/m? and 300 pg/m? respectively, and
maximum levels reached 300 pg/m?and 1900 pg/m? respectively (Jha, 2018).

7. HEALTH IMPACT OF AIR POLLUTION IN BANGLADESH
7.1. Morbidity

Both short and long-term exposure to high levels of air pollution increases the risk of respiratory infection, heart diseases, and lung
cancer. Children, the elderly, the already ill, and poor people are more susceptible (WHO, 2019). Long time exposure to ambient
particulate matter accounts for 62% of all pollution-attributable deaths and 55% Disability Adjusted Life Years (DALYs) (SOGA,
2020b). Ambient air pollution was the cause of 736 Years of Life Lost (YLL) and 816 Disability Adjusted Life Year (DALY) per
100,000 population in Bangladesh in 2012 (WHO, 2016), and the Disability Adjusted Life Year (DALY) due to air pollution was
2608 per 100,000 population in 2016 in Bangladesh (WHO, 2021). WHO rapid scenario analysis report stated that 80% of the
PM, 5 related deaths could be avoided, and the countries with a higher concentration of PM, 5 will be benefited the most in

reducing the burden of disease; if air pollution could be reduced according to WHO guideline values (WHO, 2021), i.e., 10 pg/m?®.
7.2. Mortality

According to WHO, 13.7 million deaths occur globally each year due to environmental risk factors, with household air pollution and
ambient air pollution contributing 3.8 million and 4.2 million deaths, respectively (GHO, 2018a). Ambient air pollution caused
37,449 deaths in Bangladesh in 2012 (WHO, 2016). Total death attributable to ambient air pollution in Bangladesh was 82,398 in
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2016 (GHO, 2018b). Disease-specific analysis reveals that Lower Respiratory Tract Infection (LRTI), Chronic Obstructive
Pulmonary Diseases (COPD), Lung Cancer, Ischemic Heart Disease (IHD), and stroke were the cause of 3850, 8316, 4375, 10291,
and 10617deaths respectively in 2012 (WHO, 2016). WHO further reported that in 2012 crude death rate due to ambient air
pollution was 24 per 100,000 population. In 2016 the crude death rate was 103.4 due to air pollution (ambient and household),
while in the case of household air pollution, it was 69.47 per 100,000 population (WHO, 2021). This indicates an increase in the
death rate due to ambient air pollution from 24 in 2012 to 34 per 100,000 in 2016. Air pollution causes the third-highest risk for
premature death in the South East Asian region, including Bangladesh (World Bank, 2021). Another report stated that in
Bangladesh, 123,000 deaths were related to household and ambient air pollution in 2017 and 173,500 in 2019 (AQLI, 2021). Five
diseases, namely lung cancer 13%, lower respiratory tract infection 7%, chronic obstructive pulmonary diseases 7%, Ischemic heart
disease 6%, and stroke 5% are attributable to air pollution among the top 10 diseases of death in Bangladesh (SOGA, 2019). Eco-
Social Development Organization (ESDO), an action-research conservation NGO in Bangladesh,

reported (https://esdo.org/resource-center/publication/annual-reports/) in 2019, at least 200,000 people in Bangladesh might
have died because of long term exposure to polluted air (ESDO, 2020).

Based on scientific evidences and available literature the international Agency for Research on Cancer (IARC) proclaimed in
October 2013 that outdoor air pollution is a carcinogenic agent for humans (IARC -2013). A systematic review and meta-analysis
stated that long-term exposure to indoor pollution had a significant effect on COPD deaths as well as its symptoms (Bellipay S. P,
et al 2021). Exposure to PM, s may cause developmental delay, and psychological and behavioral problems later in life including
attention deficit hyperactivity disorder, anxiety and depression (WHO-2021). In 2019 exposure to ambient PM, s caused estimated
78,145 - 88,229 deaths in Bangladesh (World Bank 2022). Estimated baseline death in 2030 due to air pollution in Dhaka and
other part of the Bangladesh is 16,591 and 169,545 respectively (World Bank -2023).

7.2.1. Respiratory disease:

The ESDO reported that asthmatic patients rose from 3,326 in 2015 to 78,806 in 2019. The ESDO report did not analyze the
contribution of air pollution on increased asthmatic morbidity in Bangladesh but stated that air pollution may have contributed to
the increase (ESDO, 2020). There is an association between prenatal exposure to air pollutants and adverse birth outcomes, e.g.,
preterm birth, lower birth weight, and developmental lung defects, further associated with respiratory diseases and reduced lung
function in children and adults (Kim et al., 2018). Air pollution may damage lung development in children and adolescents and is
one of the main factors for allergic respiratory diseases (Gonzalez-Diaz et al., 2016). The health effects of air pollution depend on
the components and sources of pollutants, which vary with countries, season, and time. Particularly air pollution can induce the
acute exacerbation of COPD and increase respiratory morbidity and Mortality (Jiang et al., 2016).

7.3. Health impacts of household air pollution in Bangladesh

In Bangladesh, 8,656 deaths and 791,065 DALY's were caused due to Lower Respiratory Tract Infection, attributable to household
air pollution in children under 5 in 2010 (WHO, 2016). In 2019 the total number of deaths in Bangladesh due to indoor air pollution
was 74,000 (SOGA, 2020a). A community-based study in Bangladesh revealed that improved cooking stoves reduce respiratory
infection among children in a rural area, and 46.5% and 69.0% of the exposed women and children respectively who used
Traditional Cooking Stoves (TCS) suffered more from respiratory illnesses than the users of ICS (Khandker et al. 2015; Khandker
et al. 2014). Another community-based study revealed that women who used biomass fuel suffered significantly more (22.1%)
from COPD than those who used non-biomass fuel (8.2%) for cooking purposes (Nahar et al. 2016). In Bangladesh, the number
of solid fuel users has decreased to 6.5 million population from 2010 to 2019 (SOGA, 2019). Bangladesh Improved Cook Stoves
Program has installed 1.7 million Improved Cook Stoves since its inception in 2013 that have contributed to reducing greenhouse
gas emissions (Ahmed, 2019). It might have an impact on reducing the total number of 26,100 deaths due to household air
pollution. However, from 2010 to 2019, the total number of deaths attributable to PM, s pollution increased (SOGA, 2020b). The
concentration of PM, 5 in the air of Bangladesh has increased from 56.03 in 2010 to 62.79 in 2016 (GHO, 2021), which might have
contributed to an increased number of total deaths due to PM, 5 pollution. An urban-based survey in Bangladesh revealed that
40% of Bangladeshi households exclusively use biomass fuel, and 54% use indoor kitchens. The prevalence of respiratory
symptoms in under-five children was higher among in-house biomass fuel users. Multiple logistics regression analysis showed
that respiratory symptoms among under-five children were increased among in-house biomass fuel users compared with non-
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biomass users, and the risk of respiratory symptoms was significantly associated with mother's birth complications (Hasan et al.
2019). Among 5934 study households, 5150 (87%) households used solid fuels in 2011, which reduced to 4864 solid fuel user
households (85%) in 2014. This study reveals that prenatal exposure to ambient PM , 5 was associated with stunting in boys but
not girls, and postnatal exposure was associated with stunting in both genders (Kurata et al. 2020).

7.4. Economic Implications due to Air Pollution in Bangladesh

The Organization for Economic Co-operation and Development (OECD) reported that the market impact on labor productivity,
health expenditures, and agricultural crop yield loss attributable to outdoor air pollution are projected to increase by 1% global
GDP cost by 2060 (OECD, 2016). Expanding economic activity and energy demand will lead to significantly increased emissions
of air pollutants and considerable effects on the economy in the absence of strict policy to limit air pollution. The OEDC report
estimated that air pollution will increase healthcare costs from USS$ 21 billion in 2015 to USS 176 billion in 2060, and the
productivity loss due to workers' sickness or absence is projected to increase from 1.2 billion (currently) to 3.7 billion (OECD,
2018). Every year losses in Bangladesh due to environmental degradation and pollution amount to about US $ 6.5 billion (World
Bank, 2018). Air pollution reduces the productivity of healthy workers, including in the Ready-Made Garment (RMG) industry, which
is significant for continued competitiveness and high GDP growth in Bangladesh. The annual productivity loss of health workers
in the RMG industry caused by ambient air pollution is estimated at US $90 million annually. The treatment and time costs of
iliness attributed to air pollution are estimated at US $130 million (World Bank, 2018).

8. ROLE OF GOVERNMENT IN COMBATING AMBIENT AIR POLLUTION IN
BANGLADESH

8. 1 Bangladesh government policies

Bangladesh's government has prioritized air pollution strategies and undertaken sector-specific policies and rules. The
Environment Conservation Act (ECA) 1995, The Environment Conservation Rules 1977, The Environment Pollution Control
Ordinance 1977, Bangladesh Environment Court Act 2000, and other Acts relevant to Environment have been updated to impose
intense penalties on polluters and industries (Bangladesh Environmental Protection act, Bangladesh Environmental Conservation
Act, Bangladesh Environmental Court Act, Bangladesh Environment Pollution Act, Bangladesh Motor Vehicle Ordinance 1983).
Bangladesh government has planned to reduce urban PM, s concentration from 78ugm/m? level in 2013 to 73ugm/m? in 2020
under its seventh five-year plan. To achieve this goal government has implemented the clean air program, cleaner fuel and
transport standards, and strict enforcement of the Brick Kiln Act 2013.

Brick Kilns

The Brick Manufacturing and Kiln Construction (Control) Act 2013 converted traditional brick kilns into more energy-efficient kilns
to reduce air pollution, especially PM, in urban air (DOE, 2019a) methods in brick manufacturing industries. Replacing Fixed
Chimney Kilns (FCK) with Improved Zigzag Kilns (IZKs) burn less coal and emit less PM, and water scrubber systems can absorb
PM to reduce emissions. This intervention is supported by funding and technical support by the infrastructure Development
Company Limited (IDCOL), the DoE, World Bank, Asian Development Bank (ADB), and other donor agencies. In the meantime,
72.48% of the brick kilns have been converted into fuel saving environment friendly technology (DoE-2022). This also supports
projects in household energy, rural electrification, biogas, and solar energy (ESMAP, 2019a).

Motor vehicles and fuels

The Government of Bangladesh promulgated motor vehicle ordinance 2011 for vehicle emissions standards. Vehicles are tested
at roadside checkpoints to control vehicular emissions. (DoE, 2012). In addition, the government banned the import of vehicles
older than five years and reduced import duties on newer vehicles. The vehicle emissions standard of 1977 was strengthened in
2005 and reinforced in 2014 to correspond to Euro 3, and has . tightened to convert all pre-Euro diesel-run vehicles into IV Euro by
2023 (BNAP-2018-Aprl.2020).
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In terms of fuels, the Chittagong oil refinery was upgraded to lower the sulfur content in the oil below 500 ppm. To reduce the
sulfur concentration in the air (DOE, 2019b), compressed natural gas (CNG) was introduced to replace gasoline, which improved
the ambient air in Dhaka. In July 1999, the government banned leaded gasoline, and in 2003, forbidding two-stroke three-wheeled
baby taxis that had used leaded fuel_.and was strict to run the standard of 350 ppm by 2020 and has tightened to run the standard
of 50 ppm by 2023 (BNAP-2018)

Industry

For Environmental Clearance purposes, industries/projects are categorized into four classes: Green, Amber-A, Amber-B, and Red.
The government has exempted 5% VAT and five-year income tax on equipment and spare parts of renewable energy projects,
including energy audits. Bangladesh Bank (the central bank) launched the Bangladeshi Taka (BDT) 2 billion green banking
refinance scheme in August 2009; to help reduce industrial pollution and increase power supply (UNEPA, 2015). As a result, there
is an increasing trend in green finance in Bangladesh (Rana and Siddique, 2019). The Bangladesh Government has contributed
7% of public expenditure for green growth activities (Macgregor et al. 2016). In addition, the government introduced a 1% 'green
tax' as an environment protection surcharge for the budget 2014-2015 fiscal year and adopted the renewable energy policy of
Bangladesh 2008 (Bhuiyan et al. 2020). The IDCOL supports financing for the Green Building project, the Green Brick program,
and energy-efficient machinery in industrial sectors, as well as the GoB's goal of achieving 20% energy conservation compared to
2013 levels by 2030 (IDCOL-2021).

Clean Cook stoves

Bangladesh Improved Cook Stoves Program has installed 1.7 million Improved Cook Stoves. Bangladesh Environment and
Development Society (BEDS) provides technical and financial support to the people of a selected coastal village in Bangladesh. It
has supplied the villagers with fuel-efficient cooking stoves, solar lamps, solar panels, solar homes, and solar generators (BEDS,
2020).

8.2 International and national NGOs/Institute's role

Among the 40 most polluted cities of the world, 37 are situated in Southeast Asia. Air pollution causes the third highest risk for
premature death in the South East Asian region, including Bangladesh (World Bank, 2021). The economic impact due to air
pollution (ambient and household) is estimated at US$ 3.69 billion in urban Bangladesh and US$ 0.81billion in Dhaka alone,
which are 1.89 percent and 0.41 percent of the 2015 national GDP, respectively (World Bank, 2018). South Asia is the epicenter of
ambient air pollution, with air pollution being transported across borders and spreading to places far away from the source. The
World Bank declared the vision "South Asia Clean Air 2030" and urged a coordinated effort at regional, national, and local levels to
address this problem (World Bank, 2021).

The Department for International Development (DFID) of the United Kingdom has carried out an intensive study to identify
knowledge and policy gaps around air pollution in South Asia, including Bangladesh. This report states that the use of fiscal
measures requires excellent monitoring, enforcement capacity, and good governance. A strategy to take two-stroke engine vehicles
and old vehicles off the roads is progress. The Air Pollution Reduction Strategy highlights several capacity constraints for
controlling air pollution, including insufficient monitoring, laboratory, inventory compilation, health impact assessment, and stove
certification resources. Pollution reduction strategies in Bangladesh are based on qualitative multi-criteria evaluation because of
the lack of quantitative benefit-cost modeling (Sharma et al., 2019).

The World Bank has been providing technical and financial support to the Bangladesh government to develop legislation and
strategies on air pollution control measurements, e.g., implementation of CASE project and create a draft "Clean Air Act-2019"
(World Bank, 2019). In addition, the German International Cooperation (GIZ) is working with the Bangladesh government through
energy-efficient technology that helps reduce fossil fuel use, indoor air pollution, and greenhouse gas emissions (G1Z, 2021).

9. ROLE OF GOVERNMENT IN COMBATING HOUSEHOLD AIR POLLUTION IN
BANGLADESH
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9.1. Action Plan for Clean Cook Stove

About 6.5 million population has stopped solid fuel use in the kitchen from 2010 to 2019 due to increased awareness of the
health risks of indoor air pollution (SOGA, 2020b). WHO-Environmental Health Unit (WHOEHU) of Bangladesh carried out several
pilot studies collaborating with the Directorate General of Health Services (DGHS). WHO-EHU has also developed a training
manual on the health effects of indoor air pollution and trained community-based health workers to share the message within
their respective working areas. The community health workers advise the mothers to keep the children away from the kitchen
during the cooking time and involve family members to prepare food by rotation. An unpublished report reveals that respiratory
tract infection among children was reduced during the post-training period. The Director Non-Communicable Diseases of the
DGHS is training health workers to a limited extent; however, extensive work on awareness-raising of health workers is required to
achieve the government's target for reducing ambient air pollution exposure. The Bangladesh Country Action Plan for Clean Cook
stove aims to achieve a 100% clean cooking solution by 2030 with a comprehensive intervention plan involving potential donors,
entrepreneurs, NGOs, and policymakers (MoPEMR, 2013).

9.2. Use of Improved Cooking Stove (ICS)

Improved Cook Stoves are cooking devices designed to improve combustion and the efficiency of biomass. They consume less
fuel, reduce cooking time and emission and increase convenience. A local ICS was developed by the Bangladesh Council of
Scientific and Industrial Research (BCSIR) in 2005. In May 2013, the Honorable Prime Minister of Bangladesh inaugurated the ICS
program, and the World Bank is providing necessary financial support for the implementation of the program. The Research and
Development section of (IDCOL) upgraded the stove and has increased the thermal efficiency above

35% https://idcol.org/home/ics. German International Cooperation (GIZ) and DoE started promotional activities for ICS to increase
ICS use. This stove is connected with a chimney to bring smoke out of the kitchen to reduce exposure to the pollutants. The
proper and regular use of this ICS reduces fuel consumption by 50% (Shankar et al., 2021). In addition, it reduces the smoke
emission the concentrations of CO and PM, 5 by 23% and 59%, respectively, compared to traditional Stoves (MoPEMR, 2013) and
thus decreases the adverse health effects. The IDCOL has distributed 2.90 million improved cooking stoves that will contribute to
reducing the use of solid fuels, indoor air pollution, and greenhouse gases (IDCOL-2021-page 92) and has set a target of sharing a
total of 5 million ICS by June 2023. https://idcol.org/home/ics. The Energy Sector Management Assistance Program (ESMAP) is
helping the Bangladesh government embed and scale-up cooking programs by developing a supply chain, focusing on consumer
behavior, innovative market-based strategies, and efficient stove technologies (ESMAP, 2019b). Furthermore, the German
International Cooperation (GIZ) is supporting the Bangladesh government to implement Improved Cooking Stoves (ICS), Retained
Heat Cooker (RHC), Promotion of technology, and improving energy efficiency (GIZ, 2021). In addition, the Green Climate Fund
(GCF) and World Bank signed an agreement to expand the market for improved cooking stoves in Bangladesh. This project will
help reduce greenhouse gas emissions and deforestation and lessen health risks for the Bangladeshi population. An estimated
30,324,800 people will benefit from this project, and it will reduce emissions by 254 940, 000 tCO2 equivalent (IDCOL, 2019).

10. CONCLUSION

In 2020, Dhaka was the 2nd most polluted city, and Bangladesh became the world's top polluted country. The government has
implemented, and updated regulations formulated policies and strategic plans, and undertook several sector-specific programs
and activities to control air pollution. The data generated by the CAMS are used to define the nature and severity of pollution in the
cities, identify pollution trends in the country, and develop air models and support the Air Quality Index for public information. The
government has exempted tax on equipment and spare parts of renewable energy projects. Programs include energy audit,
distribution of improved cookstoves, improved rice parboiling. Bangladesh Bank (the central bank) launched the Bangladeshi
Taka (BDT) 2 billion green banking refinance scheme in August 2009 to help reduce industrial pollution and increase power
supply. Eleven priority measures are included in Bangladesh's National Action Plan on Short-lived Climate Pollutants (SLCP) six of
them are black carbon sources (BNAP-April-2020). The government has planned to convert 100% brick kilns into improved Zigzag
and 100% traditional cook stove users into improved cook stove users by the year 2030 and has tightened to convert all pre-Euro
diesel-run vehicles into IV Euro by 2023. The Government has also planned to eliminate the open burning of crop residues by 2040
(BNAP-2018). It is estimated that implementation of the national action plan -2018 will contribute to a reduction of 40% in black
carbon emissions by 2030 and avoid 9,000 premature deaths by the year 2030 (BNAP-April 2020) and by the year 2040 the
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avoided premature deaths will be 16,300 (BNAP-June 2020). By proper implementation of air pollution control strategy 9% of
estimated baseline death in Dhaka city and 6% of estimated baseline death in rest of the country can be avoided (World Bank -
2023)
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Tables

Table-1: National Ambient Air Quality Standards for Bangladesh

Name of pollutant

Quality maintaining
criteria

Fulfillment of quality criteria

Carbon monoxide (CO)

10 mg/m3 (9 ppm)

Average in 8 hours. Not to be exceeded more than once per year

40 mg/m 3 (35 ppm)

Average in 1 hour. Not to be exceeded once a year

Particulate Matter 10|50 pug/m3 Annual average. The yearly arithmetic mean should be less than or equal to 50 ug/m?3
(PM;)
150 pg/m 3 24 hours on average. The 24- hour average of 150 pg/m? should be equal to or less than
1 per calendar year.
Particulate Matter 2.5( 15 pg/m?3 Annual average. The yearly arithmetic mean should be less than or equal to 15 ug/m?3
(PMy5)
65 pg/m3 24 hours on average. The 24- hour average should be less than 65 pg/m3 throughout the
calendar year.
Ozone (O3) 235 pg/m3 (0.12| 1 hour. The maximum hourly average should not exceed 0.12 ppm for more than one day
ppm) in a calendar year.
157 pg/m3  (0.08] 8 hours average should not exceed 0.08 ppm in 24 hours
ppm)

Sulfur-di-oxide (SOy)

80 png/m?3 (0.03 ppm)

Annual concentration should not exceed 80 pg/m3 (0.03 ppm)

365 pg/m3  (0.14] The annual average should not exceed.
ppm)
Lead (PB) 0.5 pg/m3 The annual average should not exceed
NOx 100 pg/m3  (0.053| The annual average should not exceed
ppm)

Table -2: Average day in the year of AQI category in different areas of Bangladesh from 2013 to 2017 (DOE, 2019a)
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Area The average number of days in a year
AQI <50( AQI 51-100| AQI 101-200| AQI 201-300 Very| AQI >300 Extremely
Good Moderate Unhealthy unhealthy unhealthy
Dhaka 27 128 118 33 59
Gazipur 41 137 93 38 56
Narayangonj | 42 147 76 34 66
Chittagong 47 165 94 35 24
Sylhet 61 185 94 21 4
Rajshahi 153 108 71 22 11
Barisal 45 144 107 39 30
Average 59 145 93 32 36

Table-3: Annual mean concentrations of PM;, and PM, 5 in different cities of Bangladesh from 2013 to 2017 (DOE, 2019a).

City PM10 (pg/m3) | PM2.5 (ng/m3)
WHO guideline |50 15

Dhaka 155.8 86.1

Gazipur 161.3 100.7
Narayangonj 203.3 108.0
Chittagong 132.2 78.7

Sylhet 102.5 54.6

Barisal 126.7 85.6

Overall 146.9 85.6

Table-4: Five years (2013-2017) mean concentrations of PMs and Gaseous Pollutants in selected CAMS during Winter, Pre-monsoon,
Monsoon, and Post-monsoon (DOE, 2019a).
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Pollutants Districts Winter | Premonsoon | Monsoon | Postmonsoon | Average
PM2.5 (ug/m3) Darus Salam | 175.8 75.1 32.8 89.3 85.8
NAAQS-65 Narayonganj | 203.2 63.1 26.3 103.2 94.4
Gazipur 167.5 69.7 27.4 85.7 83.4
PM10 (pg/m?) Darus Salam | 280.3 145.2 64.5 158.1 154.9
NAAQS-150 Narayonganj | 358.0 164.1 86.0 214.3 195.3
Gazipur 257.3 131.6 50.6 142.0 139.1
SO, (ppb) Darus Salam | 18.9 10.9 5.9 7.0 10.9
NAAQS-140 Narayonganj | 16.0 9.5 3.4 7.4 8.8
Gazipur 15.7 15.6 8.9 5.9 12.2
NO; (ppb) Darus Salam | 28.1 15.4 7.8 20.3 16.9
NAAQS-53 Narayonganj | 18.8 10.2 6.0 16.3 12.3
Gazipur 9.0 3.9 5.4 6.3 6.1
CO (ppb) Darus Salam | 3.6 2.9 1.3 2.1 2.4
NAAQS-9 Narayonganj | 1.4 0.6 0.4 1.0 0.8
Gazipur 2.1 1.3 1.1 1.1 1.4
O3 (ppb) NAAQS-80 | Darus Salam | 9.7 9.7 12.6 3.8 9.2
Narayonganj | 4.8 7.5 4.7 5.6 5.5
Gazipur 6.3 7.1 6.7 9.6 7.1
Winter- November to January, Summer- February to April, Rainy (Wet)- May to October
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Figure-1: Locations of Continuous Air Monitoring Stations (CAMS) in Bangladesh (CASE, 2018)
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Figure 1

Location of Continuous Air Monitoring Stations in Bangladesh (CASE,2018)
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Figure 2

Distribution of PM10 and PM2.5 from 2013 to 2018 in Dhaka
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