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Main Messages

Bangladesh is highly vulnerable to the effects of air pollution. It has
been ranked as the most polluted country in the world; its capital, Dhaka,
has been ranked as the second-most polluted city in the world between 2018
and 2021 (IQAir 2021). Air pollution was the second-largest risk factor, causing
most deaths and disability in Bangladesh in 2019. An estimated 78,145 to 88,229
deaths and 1.0 billion to 1.1 billion days lived with illness in Bangladesh in 2019
were attributable to ambient air pollution (World Bank, forthcoming). The
associated economic losses are considerable, estimated between 3.9 and
4.4 percent of the country’s gross domestic product during the same year.

Sufficient evidence is available globally to establish the relationship
between air pollution and adverse health effects; the information specific to
Bangladesh is, however, sparse. Accordingly, there is a need to better under-
stand the air pollution levels in the country and document their interaction
with human health. This report, one of the first of its kind from Bangladesh,
seeks to establish the relationship between ambient air pollution and the asso-
ciated short-term health impacts. It uses household-level data collected from
12,250 individuals, stratified by sources of ambient air pollution chosen from
Dhaka and rural Sylhet reflecting varying concentration levels of air pollut-
ants. The report uses fine particulate matter (PM, ) to track exposure to out-
door air pollution, because it is considered the most harmful to human health
among the air pollutants of major public health concern identified by the
World Health Organization (WHO).

Key highlights of the report are as follows:

e Air pollution levels within the country vary significantly, with the west-
ern regions (Khulna and Rajshahi) more polluted than the eastern ones
(Sylhet and Chattogram). Dhaka is the most polluted division, while Sylhet
istheleast polluted (based on average PM, levels recorded by the Department
of Environment [DoE] between 2013 and 2021). Moreover, historical analysis
of the data between 2013 and 2021 from the DoE suggests that the air pollu-
tion levels in Dhaka have become increasingly concentrated, while they have
been dissipating in Sylhet over the years.

xi
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e The highest concentrations of pollution in urban Bangladesh are found in
sites with major construction and persistent traffic, followed by sites
with brick kilns. The highest PM, , concentration levels, as per the data col-
lected during the dry season for this study, were recorded in locations with
major construction and persistent traffic; these levels were approximately
150 percent above the WHO Air Quality Guidelines (AQG) 2021, equivalent
to smoking 1.7 cigarettes per day (Echenique 2018). The second-highest con-
centration of PM, _levels were in locations near brick kilns, with an average
exposure of 136 percent above the WHO AQG 2021, or equivalent to smoking
1.6 cigarettes per day. This finding is in comparison to rural Sylhet, consid-
ered the least polluted region in the country, where, worryingly, the PM, _
exposure levels were 80 percent above WHO’s AQG 2021, or equivalent to
smoking 1.2 cigarettes per day.

* The report establishes a direct association between ambient air pollution
and human health. Exposure to PM,  is significantly and positively associ-
ated with breathing difficulties, cough, and lower respiratory tract infections.
A1lpercent increase in exposure to PM, . over WHO’s 2021 AQG is associated
with a 12.8 percent increase in the probability of a person experiencing
breathing difficulties, 12.5 percent for cough, and 8.1 percent for lower respi-
ratory tract infection.

¢ Most vulnerable to the effects of air pollution are the elderly (ages
65 years or more), children (ages 0 to 5 years), and people with comorbid-
ities. Cough and breathing difficulties—conditions typically associated with
air pollution—were highest among these groups, after controlling for several
confounding factors, including demographic and socioeconomic character-
istics, as well as comorbidities experienced by the individual. Moreover,
comparison across sites reveals that lower respiratory tract infections were
the highest among children and the elderly living in locations with major
construction and traffic than in locations with brick kilns and persistent traf-
fic and in the comparator site. People with underlying health conditions such
as allergies, diabetes, and hypertension, and those who live in areas with
major construction and traffic, are similarly more likely to experience lower
respiratory tract infections than those living in other locations.

The government of Bangladesh has policies and measures in place to mitigate
the impacts of air pollution. The 2012 Air Pollution Reduction Strategy for
Bangladesh stipulates strategies to reduce emission levels, promote use of
improved technologies to improve air quality, and undertake institutional
reforms to improve coordination and governance. In addition, a Clean Air Bill
was drafted in 2019 that will facilitate preparation of the National Air Quality
Management Plan and identify critical areas to improve air quality (HEI 2020).
In September 2021, the government released the Mujib Climate Prosperity Plan
Decade 2030, which shifts the discourse on climate change from “vulnerability
to resilience to prosperity” for Bangladesh.

Climate change and air pollution interact with each other—climate variables
(temperature, surface pressure, and relative humidity) and air pollutants act
together and aggravate climate change. Climate change is projected to worsen in
Bangladesh and to be aggravated by contributing factors like urbanization; as a
result, air pollution levels are likely to intensify over time. Hence, there is an
urgent need for the health sector to be better prepared to deal with the



impending crisis. The primary evidence derived from this report underscores
the need for the following important steps:

e Improving health service delivery platforms to deal with air pollution-related
mortality and morbidity, with a focus on vulnerable populations, such as the
elderly and children

» Strengthening the public health response mechanism

» Expanding the scope and accuracy of the air pollution data captured, not only
to better track a rapidly evolving situation, but also to formulate effective
responses to related and emerging health issues

» Engaging in further research to improve the understanding on the topic and
devising measures to effectively address the impacts of air pollution.
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Executive Summary

Air pollution was the fourth-leading risk factor for premature mortality
globally in 2019, causing an estimated 6.67 million deaths (HEI 2020). A large
majority of such deaths were caused by ambient, outdoor air pollution due to
inhalation of fine particulate matter (PM, ) (World Bank 2020). While most
individuals are susceptible to the health effects of air pollution, those living in
low- and middle-income countries are most impacted by “unbreathable” air as
they are exposed to very high levels of air pollution, typically exceeding the
safe limits set by the World Health Organization (WHO 2022). Bangladesh is
particularly vulnerable to the effects of air pollution—the country has been
ranked as the most polluted in the world between 2018 and 2021. Dhaka, its
capital, has ranked as the second-most polluted city in the world over the
same period (IQAir 2021).

Air pollution was the second-largest risk factor that caused most deaths and
disability in Bangladesh in 2019, with four of the top five causes of total deaths
in the country being directly associated with air pollution: stroke, ischemic
heart disease, chronic obstructive pulmonary disease, and lower respiratory
tract infection (HEI 2020). An estimated 78,145 to 88,229 deaths and 1.0 billion
to 1.1 billion days lived with illness in Bangladesh in 2019 were attributable to
ambient air pollution (World Bank, forthcoming). The economic losses
incurred due to these adverse effects are considerable, estimated between
3.9 and 4.4 percent of the country’s gross domestic product during the same
year.

WHO identifies at least six air pollutants of major public health concern: fine
particulate matter (PM, ), coarse particulate matter (PM, ), ozone at ground
level (O,, not the ozone layer in the upper atmosphere), nitrogen dioxide (NO,),
sulfur dioxide (SO,), and carbon monoxide (CO). Of these, PM,, is considered
the most harmful for human health and is known to cause several health issues.
Because of its microscopic size, PM, _can pass through the nose and get into the
bloodstream through the lungs, affecting all major human organs. (PM numbers
indicate the size of particles: PM, , indicates particles of 2.5 micrometers, and so
forth.) Short- and long-term diseases caused by exposure to PM,  are related to
the cardiovascular and respiratory systems, often worsening existing health
conditions like asthma, bronchitis, and lung cancer.

XV
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There is a synergistic relationship between climate change and air pollution—
climate variables (temperature, surface pressure, and relative humidity) and air
pollutants interact and contribute to climate change. Emission of greenhouse
gases (such as carbon dioxide and ozone), PM from burning of fossil fuels, and
extreme weather conditions like heat waves and drought due to global warming
worsen the quality of air. It is likely that climate change will significantly aggra-
vate air pollution, particularly in densely populated areas (Orru, Ebi, and
Forsberg 2017).

Although there is considerable global evidence that establishes the relation-
ship between air pollution and adverse health effects, information specific to
Bangladesh is sparse. Moreover, the available evidence is constrained due to lim-
itations in geographical coverage of studies, the fact that they were conducted
with small nonrepresentative samples, or a lack of localized granular air pollu-
tion data that can effectively link the impact of air pollution on health. Hence,
there is a need to better understand the air pollution levels in the country and
document their interaction with human health.

This report uses data collected from 12,250 individuals, stratified by sources
of ambient air pollution chosen from Dhaka and rural Sylhet reflecting varying
concentration levels of air pollutants. These include sites in Dhaka city covering
locations (in Dhaka city) with major construction and traffic, sites (in Dhaka
city) with persistent traffic (no construction), sites (in the outskirts of Dhaka)
capturing locations with brick kilns, and sites (in rural Sylhet) as the comparator.
The survey collected information on individuals’ physical and mental health
conditions, household-level background information, and air pollution data,
localized at the community and household levels. Analysis of the primary data
was complemented by an analysis of existing literature and historical data on air
pollution levels from across the country. This report, one of the first of its kind
from Bangladesh, aims to establish the relationship between ambient air pollu-
tion and the associated short-term health impacts.

Key highlights of the report are the following:

e Air pollution levels within the country vary significantly, with the west-
ern regions (Khulna and Rajshahi) more polluted than the eastern ones
(Sylhet and Chattogram). Dhaka is the most polluted division, while Sylhet
the least polluted (based on average PM, _levels recorded by the Department
of Environment [DoE] between 2013 and 2021). Moreover, historical analysis
of the data between 2013 and 2021 from the DoE suggests that the air pollu-
tion levels in Dhaka are becoming increasingly concentrated, while they have
been dissipating in Sylhet over the years.

 The highest concentrations of pollution in urban Bangladesh are found in
sites with major construction and persistent traffic, followed by sites
with brick kilns. The highest PM,, concentration levels, as per the data col-
lected during the dry season for this study, were recorded in locations with
major construction and persistent traffic, approximately 150 percent above
the World Health Organization (WHO) Air Quality Guidelines (AQG) 2021,
equivalent to smoking 1.7 cigarettes per day (Echenique 2018). The sec-
ond-highest concentration PM, levels were in locations near brick kilns,
with an average exposure of 136 percent above the WHO AQG 2021, or equiv-
alent to smoking 1.6 cigarettes per day. This is in comparison to rural Sylhet,
considered the least polluted region in the country, where, worryingly, the
PM,  exposure levels were 80 percent above WHO’s AQG 2021, or equivalent
to smoking 1.2 cigarettes per day.



* Thereport establishes a direct association between ambient air pollution
and human health. Exposure to PM, _ is significantly and positively associ-
ated with experiencing breathing difficulties, cough, and lower respiratory
tract infections. A 1 percent increase in exposure to PM, . over WHO’s AQG
2021 is associated with a 12.8 percent increase in the probability of a person
experiencing breathing difficulties, 12.5 percent for cough, and 8.1 percent for
lower respiratory tract infection.

e Most vulnerable to the effects of air pollution are the elderly (ages
65 years or more), children (ages 0 to 5 years), and people with comor-
bidities. Cough and breathing difficulties—conditions typically associ-
ated with air pollution—were highestamongthese groups, after controlling
for several confounding factors, including demographic and socioeco-
nomic characteristics as well as comorbidities being experienced by the
individual. Moreover, comparison across sites reveals that lower respira-
tory tract infections were the highest among children and the elderly liv-
ing in locations with major construction and traffic than in locations with
brick kilns and persistent traffic and in the comparator site. People with
underlying health conditions such as allergies, diabetes, and hyperten-
sion, and those who live in areas with major construction and traffic, are
similarly more likely to experience lower respiratory tract infections than
those living in any other location.

The government of Bangladesh has policies and measures in place to mitigate
the impacts of air pollution. The 2012 Air Pollution Reduction Strategy for
Bangladesh stipulates strategies to reduce emission levels, promote use of
improved technologies to improve air quality, and undertake institutional
reforms to improve coordination and governance. In addition, a Clean Air Bill
was drafted in 2019 that will facilitate preparation of the National Air Quality
Management Plan and identify critical areas to improve air quality (HEI 2020).
In September 2021, the government released the Mujib Climate Prosperity Plan
Decade 2030, which shifts the discourse on climate change from “vulnerability
to resilience to prosperity” for Bangladesh. Priority areas and points emphasized
by the plan are (1) accelerating adaptation to the effects of climate change;
(2) transitioning from the use of manual labor to advanced technology and
future-proofing industry with technology transfer; (3) increasing public revenue
to spend on the most vulnerable populations; (4) undertaking comprehensive
climate and disaster risk financing and management; (5) leveraging
twenty-first-century technologies for well-being; and (6) maximizing renewable
energy, energy efficiency, and power and transportation sector resilience.

Driven by climate change and compounded by contributing factors like
urbanization, air pollution levels are likely to intensify further over time. Hence,
there is an urgent need for the health sector to be better prepared to deal with
the impending crisis. The primary evidence derived from this report under-
scores the need for the following:

o Improving health service delivery platforms to deal with air pollution-
related mortality and morbidity, with a focus on vulnerable populations,
such as the elderly and children. Curative services need to be further
improved to deal with the health impacts. This would also entail strengthen-
ing the capacity and awareness of health professionals.

» Strengthening the public health response mechanism. Community-level
screening for specific health conditions associated with air pollution

Executive Summary
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(like cough and breathing difficulties) among people living in areas with rel-
atively high air pollution (such as major construction sites and persistent traf-
fic) will assist the government in early detection and facilitate responses to
emerging health issues. In addition, outreach activities can raise awareness of
potential health risks due to air pollution and promote healthy lifestyle
choices.

e Expanding the scope and accuracy of the air pollution data captured, not
only to better track a rapidly evolving situation, but also to formulate
effective responses to related and emerging health issues. Installation of
additional continuous air monitoring stations to the existing fleet of 13 sta-
tions is needed to collect more localized and granular information on the air
pollutants. If the installation of the additional stations is coupled with regular
tracking of weather data (on temperature, humidity, precipitation, and sur-
face pressure) by the Bangladesh Meteorological Department, it would be
possible to make detailed air quality assessments across the country and
determine the impact of air pollution.

e Engaging in further research to improve the understanding on the topic
and devising measures to effectively address the impacts of air pollution.
Potential areas can include the nexus between climate change and air pollu-
tion, assessment of all preexisting health conditions that can be aggravated by
air pollution, association between air pollution and coronavirus disease
(COVID-19) to understand the influence and trajectory of climate change,
and the potential effect of immunization in reducing morbidity due to air
pollution.

With air pollution levels anticipated to increase in the coming years, the
negative effects on individuals will continue to amplify, thereby increasing the
national burden and cost of care in the medium to long term. More specifically,
to deal with the issues highlighted in this report, options for public intervention
are presented in table ES.1 The findings and recommendations contained in this
report are expected to assist practitioners and subject matter experts in policy
dialogue under the overall framework of the government’s Mujib Climate
Prosperity Plan Decade 2030.



TABLE ES.1 Matrix of policy options

Executive Summary | Xix

THE MINISTRY OF HEALTH AND FAMILY WELFARE AT THE LEAD, IN COLLABORATION WITH RELEVANT MINISTRIES, LOCAL
GOVERNMENT, AND OTHER STAKEHOLDERS

Adaptive Policy Actions
measures for recommendation 1 o . .
« Increase awareness and sensitivity of health care professionals on the health risks
the health Improve health A . . . .
) . associated with exposure to ambient air pollution.
sector service delivery to
deal with the health  « Enhance the capacity of medical practitioners through targeted training to detect and
effects of air treat air-pollution-driven morbidity.
ollution, with a . . . . .
P « Institute a mainstream response to deal with mental health issues through the provision
focus on vulnerable . . . . .
. of community-based solutions for prevention and treatment (for instance, the creation of
populations such as eer support groups)
the elderly and P pport groups).
children. « Train nonspecialists to detect and treat common mental disorders.
Policy «  Establish community-level mobile teams to screen for health risks associated with air
recommendation 2 pollution. These teams should work in shifts and be available during the evening to cover
Strengthen the the population not available during the daytime.
ublic health I : ) .
P ) + Prioritize the screening of the elderly and children, who are more susceptible to the
response mechanism . .
effects of air pollution.
to promote
preventive measures. « Create awareness among the general population about the adverse effects on health due
to air pollution through outreach activities using community health workers and
volunteers.

» Mobilize communities, local leaders, and social influencers to promote preventive actions
such as regular use of face masks, which can reduce inhalation of harmful pollutants to an
extent.

+ Identify areas with relatively high air pollution as “hot spots” where these actions need to
be prioritized.

THE MINISTRY OF ENVIRONMENT, FOREST, AND CLIMATE CHANGE CAN LEAD, IN CONSULTATION WITH THE RELEVANT
MINISTRIES AND STAKEHOLDERS
Adaptive Policy Actions
measures recommendation 3 A ) O -
through a Record more « Increase the number of continuous air-monitoring stations throughout the country to be
multisectoral granular and able to collect more localized and granular information on the various air pollutants.
approach localized data with +  Strengthen capacity to capture additional data points using updated technology.

high fidelity to
monitor air pollution

Use existing sources of information, coupled with localized ground-level information, to
continually monitor the impact of air pollution on human health.

levels closely.
« Establish effective public outreach systems to provide early warning during days expected
to have high air pollution levels.
Policy « Collect repeated time-series data on air pollution as well as on specific health issues that

recommendation 4
Conduct further
research to
substantiate the
effects of air
pollution on health
as well to establish
the nexus between
climate change and
air pollution.

are influenced by air pollution, from a larger sample over a longer time horizon.

Undertake analytical work to investigate issues such as the association between air
pollution and COVID-19; substantiate the nexus between climate change and air
pollution; analyze the effects of preexisting health conditions that can be exacerbated
due to exposure; and study the effect of immunization such as pneumococcal vaccines
among children in reducing morbidity precipitated by air pollution.

Set up mechanisms to make available research grants and/or innovation funds to
encourage technical work.
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Glossary

TABLE G.1 Types of air pollutants and their health effects

POLLUTANT

DESCRIPTION

HEALTH EFFECTS

Carbon
monoxide (CO)

CO is a colorless, odorless gas that can be harmful when
inhaled in large amounts. The greatest sources of CO to
outdoor air are cars, trucks, and other vehicles or
machinery that burn fossil fuels.2

Breathing air with a high concentration of CO
reduces the amount of oxygen that can be
transported in the bloodstream to critical organs like
the heart and brain.?

Nitrogen
dioxide (NO,)

NO, is the main source of nitrate aerosols, which form an
important fraction of PM, _and, in the presence of
ultraviolet light, ozone. The major sources of
anthropogenic emissions of NO, are combustion
processes: heating, power generation, and engines in
vehicles and ships.

NO, has been linked to asthma, bronchial symptoms,
lung inflammation, and reduced lung function.
Bronchitis in asthmatic children increases in
association with long-term exposure to NO..

Ozone (O,)

Ozone is one of the major constituents of photochemical
smog, formed by the reaction of sunlight with pollutants
such as nitrogen oxides from vehicle and industry
emissions and volatile organic compounds emitted by
vehicles, solvents, and industry. The highest levels of
ozone pollution occur during periods of sunny weather.

Ozone can cause breathing problems, trigger asthma,
reduce lung function, and cause lung diseases.

Particulate
matter (PM)

Major components of PM are sulfate, nitrates, ammonia,
sodium chloride, black carbon, mineral dust, and water.
They consist of a complex mixture of solid and liquid
particles of organic and inorganic substances suspended
in the air. Small particulate pollution has health impacts
even at very low concentrations, and no threshold has
been defined below which no damage to health is
observed. PM numbers indicate the size of particles:
PM, , indicates particles of 2.5 micrometers, and PM, |
indicates 10 micrometers.

Cardiovascular and respiratory diseases, as well as
lung cancer, have been linked to PM. While PM,  can
penetrate and lodge deep inside the lungs, PM, , can
penetrate the lung barrier and enter the blood
system.

Sulfur dioxide
(SO,)

SO, is a colorless gas with a sharp odor; it is produced
from the burning of fossil fuels (coal and oil) for domestic
heating, power generation, and motor vehicles.

SO, affects the respiratory system and the functions
of the lungs and causes irritation of the eyes.
Inflammation of the respiratory tract causes
coughing, mucus secretion, aggravation of asthma,
and chronic bronchitis and makes people more prone
to infections of the respiratory tract.

Source: WHO 2021.

a. Based on EPA 2022.

xxi
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TABLE G.2 Bangladesh’s National Limits 2005 for air pollution and the WHO Air Quality Guidelines 2021 for
each pollutant

POLLUTANT BANGLADESH’S NATIONAL LIMITS 2005 WHO AQG

Carbon monoxide (CO) 8-hour: 10 mg/m? 24-hour: 4 mg/m?

Nitrogen dioxide (NO,) Annual: 100 pg/m? Annual: 10 pg/m?3, 24-hour: 25 pg/m?3
Ozone (0,) 8-hour: 157 pg/m? Peak season: 60 pg/m?3, 8-hour: 100 pg/m?
Particulate matter: Fine (PM, ,)? Annual: 15 pg/m?3, 24-hour: 65 ug/m? Annual: 5 pg/m?3, 24-hour: 15 pg/m?
Particulate matter: Coarse (PM, ) Annual: 50 pg/m?3, 24-hour: 150 pg/m?3 Annual: 15 pg/m?3, 24-hour: 45 ug/m?
Sulfur dioxide (SO,) 24-hour: 365 pg/m? 24-hour: 40 ug/m?

Source: GoB 2018; WHO 2021.

Note: m* = cubic meter; mg = milligram; pg = microgram. Annual and peak season reflect long-term exposure, while 24-hour and 8-hour reflect
short-term exposure; 24-hour is the 99th percentile, that is, three to four exceedance days per year. Peak season is defined as an average of the daily
maximum 8-hour mean O, concentration in the six consecutive months with the highest six-month running average O, concentration.

a. For PM, , there is no “safe” threshold, because small particulate pollution has health impacts even at very low concentration levels (WHO 2021).
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Background and Context

AIR POLLUTION, BANGLADESH’S VULNERABILITY,
AND OBJECTIVES

Air pollution is a major cause of premature death and disease globally and is
the world’s largest environmental risk to health (India State-Level Disease
Burden Initiative Air Pollution Collaborators 2020). The World Health
Organization defines air pollution as the contamination of the indoor or outdoor
environment by any chemical, physical, or biological agent that modifies the nat-
ural characteristics of the atmosphere (WHO n.d.). In 2019, air pollution was the
world’s fourth-leading risk factor for early deaths and caused an estimated 6.67
million deaths globally (HEI 2020). Exposure to ambient or outdoor air pollu-
tion results in morbidity and mortality from diseases such as chronic obstructive
pulmonary disease (COPD), ischemic heart disease, lung cancer, pneumonia,
and stroke. Most deaths attributed to air pollution are caused by inhalation of
fine particulate matter with a diameter of 2.5 micrometers (PM, ) (World Bank
2020).

Almost 99 percent of the global population breathes air containing high
levels of pollutants that exceed the safe limits set by WHO. Low- and middle-
income countries suffer more than better-off countries, with exposure levels
that are significantly higher (WHO n.d.). Health damages caused by air pollu-
tion are substantial—around 4.1 million deaths and 15 billion days of illness in
2016. This translates into an estimated welfare cost of approximately US$5.7
trillion, equivalent to 4.8 percent of global gross domestic product (GDP)
(World Bank 2020).

Between 2018 and 2021, Bangladesh was ranked as the most polluted country
in the world and Dhaka as the second most polluted city over the same duration
(measured using annual average PM, , concentration weighted by population)
(IQAIr 2021). Consequently, the effect on human health is deleterious; exposure
to ambient PM, , caused an estimated 78,145-88,229 deaths in Bangladesh in
2019 and between 220,000 and 248,000 disability-adjusted life years lived with
illness, corresponding to 1.0-1.1 billion days lived with illness (World Bank,
forthcoming a). The annual cost of these health effects translates to losses of
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FIGURE 1.1

between US$11.5 billion and US$13 billion in 2019, equivalent to 3.9 to 4.4 percent
of Bangladesh’s GDP that year. A third of the estimated deaths caused by
exposure to ambient PM, , were in the Dhaka division, the most polluted part of
the country. Four of the top five causes leading to deaths between 2009 and 2019
in Bangladesh were directly associated with air pollution: chronic obstructive
pulmonary disease, ischemic heart disease, stroke, and lower respiratory tract
infection (figure 1.1). Moreover, air pollution remained the second-strongest
risk factor leading to deaths and disability in Bangladesh between 2009 and
2019 (figure 1.2). Approximately 31,300 more deaths were attributed to PM, _ in
2019 than in 2010 (HEI 2020).

The overall objective of this report is to identify the short-term effects of
ambient air pollution on human health in Bangladesh using a combination of
household data primarily on individual health conditions, localized data on air
pollution levels, and analysis of existing literature. Given the varying sources of
air pollution, the data collection sites included Dhaka (as the primary location)
and Sylhet (as the comparator) during the dry season (between January and
February 2022). The recommendations contained are based on the evidence
generated through this report and contextualized for strengthening the health
systems to be better prepared to deal with air-pollution-related mortality and
morbidity. The findings and recommendations are expected to assist practi-
tioners and subject matter experts in policy dialogue under the overall frame-
work of the government’s Mujib Climate Prosperity Plan Decade 2030. At the
same time, the report will contribute to advancing the World Bank’s corporate
mandate relating to climate change.

Top 10 causes of total number of deaths in 2019 and percent change 2000-2019,
all ages combined

2009 2019 % change, 2009-2019

Stroke Stroke 22.8%

Ischemic heart disease Ischemic heart disease 47.2%
Neonatal disorders e COPD 23.7%

Lower respiratory tract infection a Neonatal disorders -49.2%
COPD Lower respiratory tract infection -257%

Tuberculosis a Diabetes 45.9%

Diarrheal diseases Diarrheal diseases 1.9%

Cirrhosis 9 e Tuberculosis —26.3%

Diabetes e b e Cirrhosis 2.6%

Drowning Other malignant neoplasms 41.4%
Other malignant neoplasms @ \21 Drowning -60.3%

Source: IHME 2019.

. Communicable, maternal, neonatal, and nutritional diseases
’ Noncommunicable diseases

Injuries

Note: COPD = chronic obstructive pulmonary disease.
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Top 10 risks contributing to total number of disability-adjusted life years in 2019 and

percent change 2000-2019, all ages combined

2009 2019 % change, 2009-2019

Malnutrition 1 1 Malnutrition

Air pollution e—e Air pollution

Tobacco (3. High blood pressure
High blood pressure T 4 Tobacco

Dietary risks (5

WaSH Q High fasting plasma glucose
High fasting plasma glucose High body-mass index
Occupational risks
e WaSH
High LDL ——® High LDL
. Metabolic risks

. Environmental/occupational risks

5 Dietary risks

Occupational risks (]

High body-mass index @

Behavioral risk

Source: IHME 2019.
Note: LDL = low-density lipoprotein cholesterol; WaSH = water, sanitation, and hygiene.

HISTORICAL TRENDS OF AMBIENT AIR POLLUTION
IN BANGLADESH

This section explores the trends in ambient air pollution (PM, ) in Bangladesh
between 2013 and 2021 using data collected through continuous air monitoring
stations (CAMS) by the Department of Environment (DOE), Ministry of
Environment and Forestry, government of Bangladesh. The analysis focuses on
data from Dhaka and Sylhet, the two areas surveyed as part of this report. The
findings presented are generalized trends, and more localized information is
needed to understand these patterns better.

The CAMS data suggest that Dhaka was the most polluted division in
Bangladesh between 2013 and 2021—with an average PM,  concentration of
87 micrograms per cubic meter (ug/m?*)—while Sylhet was the least polluted,
with an average PM, . concentration of 46 ug/m?. The western divisions, compris-
ing Khulna and Rajshahi (average PM, . concentrations of 65 ug/m?*and 66 pg/m’,
respectively), were more polluted than the eastern ones of Sylhet and Chattogram
(average PM,  concentrations of 61 ug/m’ and 46 ug/m’, respectively) over the
same period. Barisal was the second most polluted division after Dhaka with an
average PM, _ concentration level of 73 ug/m?* between 2003 and 2021. Map 1.1
provides a graphical overview of the pollution levels across the country.

Notably, although national manufacturing and industrial activities are more
concentrated in the eastern divisions of the country while the western is more
agriculturally intensive, air pollution levels are higher in the west than the east.
This may be explained, at least to some extent, by transboundary air pollution as
suggested by findings from Begum et al. (2014). Estimates indicate that 40 per-
cent of total PM,, concentration in Khulna originates from outside of the coun-
try, for example (World Bank, forthcomingb).

-49.0%
-18.2%
48.3%
11.1%
24.3%
36.5%
64.0%
4.4%
-31.1%
29.0%

3
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MAP 1.1
PM, . average annual concentration levels (micrograms per
cubic meter), 2013-2021

AVERAGE AIR POLLUTION LEVELS:
(2013-2021)

50-60
60-70
70-80
80-90

T nooara
~=—-—-—="DIVISION BOUNDARIES
INTERNATIONAL BOUNDARIES

Bay of Bengal

@ |Brodes |
o|MAY 2022

Source: Original figure for this publication.
Note: PM, ; = fine particulate matter with a diameter of 2.5 micrometers.

Comparison of trends in air pollution levels by the administrative divisions
are illustrated in map 1.2. Sylhet, Chattogram, and Barisal divisions were less
polluted in 2021 compared to 2013 (as measured by exposure to PM, ), while the
levels increased for Dhaka, Khulna, and Rajshahi divisions. For Mymensingh
and Rangpur divisions, data for 2013 were not available, as the CAMS were
set up in 2018-2019.

Analysis of annual trends in PM, _ exposure levels for Dhaka and Sylhet divi-
sions suggests that pollution levels have been intensifying in Dhaka while
decreasing in Sylhet between 2003 and 2021. Figure 1.3 shows annualized obser-
vations of PM, _ levels and linear trends in its exposure over time.

For Dhaka, the major sectors contributing to air pollution are the small indus-
tries (including brick kilns) and residential. Equally important are the source of
air pollution that varies considerably, with the main sources being outside
of Dhaka division and transborder pollution. Estimates indicate that 20 percent
of total PM, _ concentration in Dhaka originates from outside of the country
(World Bank, forthcoming b).
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MAP 1.2
Average annual PM, . concentration levels (micrograms per cubic meter)

a. 2013 b. 2021
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Source: Original figure for this publication.
Note: PM, , = fine particulate matter with a diameter of 2.5 micrometers.

FIGURE 1.3

PM, . annual average concentration levels for Dhaka and Sylhet, 2013-2021
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Source: Original figure for this publication.
Note: PM, . = fine particulate matter with a diameter of 2.5 micrometers.
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FIGURE 1.4

PATHWAYS OF AIR POLLUTION’S IMPACT ON HEALTH

There are at least six air pollutants of major public health concern identified by
WHO, which include fine particulate matter (PM,,), coarse particulate matter
(PM, ), ozone at ground level (O,, not the ozone layer in the upper atmosphere),
nitrogendioxide (NO,),sulfur dioxide (SO,),and carbon monoxide (CO). Particulate
matter, a mixture of solid particles and liquid droplets found in the air, is a common
proxy indicator for air pollution. PM, _are particles with a diameter of 2.5 microns
or less and PM, are particles with a diameter of 10 microns or less (World Bank
2020). For comparison, human hair measures between 50 to 180 microns in diam-
eter, a salt grain measures 70 microns, and fine beach sand measures 90 microns
(figure 1.4) (IQAir 2021). The human nose is able to filter most of the coarse parti-
cles, but the fine (PM, ) and ultrafine (PM,) particles enter the lungs and can even
be absorbed into the blood, causing considerable risk to human health.

PM, _is considered the most harmful for human health as it causes multiple
health issues and is most prevalent in the air (IQAir 2021). Due to its micro-
scopic size, PM, _ can, as mentioned, enter the bloodstream through the lungs,
affecting all major organs. Exposure to PM, . can lead to both short- and
long-term diseases in the cardiovascular and respiratory systems and exacerbate
preexisting conditions such as asthma and lung cancer, among others. Exposure
to PM, , can be particularly detrimental for children, with consequences rang-
ing from low birth weight and developmental delay at age three, to psychologi-
cal and behavioral problems later in life, including symptoms of attention deficit
hyperactivity disorder, anxiety, and depression (WHO 2021). The other air
pollutants, such as NO,and SO,, cause diseases related to the cardiovascular
and respiratory system causing cough and mucus secretion, worsening

Relative sizes of particulate matter

90 um (microns) in diameter

© PV,
Combustion particles,
HUMAN HAIR organic compounds, metals, etc.
50-70 pm <2.5pum (microns)
in diameter

(microns) in diameter

©rv,
Dust, pollen, mold, etc.
<10 pm (microns) in diameter

FINE BEACH SAND

Source: US Environmental Protection Agency (2022), https://www.epa.gov/pm-pollution/particulate-matter-pm-basics.
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TABLE 1.1 Diseases linked to air pollution, by organ system

7

Brain Stroke, dementia, Parkinson’s disease

Eye Conjunctivitis, dry eye disease, blepharitis, cataracts

Heart Ischemic heart disease, hypertension, congestive heart failure, arrhythmias

Lung Chronic obstructive pulmonary disease, asthma, lung cancer, chronic laryngitis, acute and chronic bronchitis
Liver Hepatic steatosis, hepatocellular carcinoma

Pancreas Type 1 and 2 diabetes

Gastrointestinal

Gastric cancer, colorectal cancer, inflammatory bowel disease, Crohn’s disease, appendicitis

Urogenital Bladder cancer, kidney cancer, prostate hyperplasia

Joints Rheumatic diseases

Bone Osteoporosis, fractures

Nose Allergic rhinitis

Skin Atopic skin disease, skin aging, urticaria, dermographism, seborrhea, acne

Source: Schraufnagel et al. 2019.

asthma and chronic bronchitis, and making people more susceptible to respira-
tory tract infections. As air pollution affects the respiratory and cardiovascular
systems over time, it can make people more vulnerable to COVID-19 (HEI
2020). For instance, a study conducted in the United States found that mortality
from COVID-19 infection increased by 11 percent for every 1 microgram
per cubic meter increase in air pollution (measured using exposure to PM, )

(Wu et al. 2020).

The glossary provides an overview of the types of air pollutants, their major
health impacts, and the safe exposure limits set by the government of Bangladesh
in 2005 and the WHO (2021) air quality guidelines. Table 1.1 presents an over-
view of organ systems that are affected by air pollution. Appendix A provides a
detailed review of existing literature assessing the effect of air pollution on

health.

THE CLIMATE CHANGE AND AIR POLLUTION NEXUS

Air pollution causes the climate to change, while climate change worsens the
quality of breathable air (UCAR 2022). This is mainly due to the emission of
greenhouse gases such as CO,, O,, and particulate matter from the burning of
fossil fuels. Due to global warming, extreme weather conditions such as heat
waves and drought are more frequent, which can adversely affect air quality. In
addition, burning fossil fuels and other unclean energy sources causes increased
levels of particulate matter and other pollutants in the air. Air pollutants and
climate variables (temperature, surface pressure, and relative humidity) inter-
act and contribute to climate change. In densely populated regions, climate
change is expected to significantly exacerbate air pollution (Orru, Ebi, and
Forsberg 2017). In several urbanized areas of the world, air pollution patterns
are evolving due to climate change and other factors, with a significant impact
on respiratory health. For example, studies from Europe on heatwave episodes
have consistently shown a synergistic effect of air pollution and high tempera-
tures (Sario 2013). Based on existing literature, the conceptual framework for
these interactions is summarized in figure 1.5.
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FIGURE 1.5
Climate change and air pollution nexus: a theoretical framework

Air pollution

Climate change

Ozone <----

__________ > Particulate matter <------

Carbon monoxide <-----.

e

(‘« _______________

Source: Original compilation from authors for this publication.

APPROVAL PROCESSES

Approval from the Bangladesh Medical Research Council (BMRC) was obtained
prior to commencement of the survey. All ethical protocols and standards of
BMRC were adhered to during fieldwork. The following procedures were
followed:

e Written informed consent of the interviewees was obtained.

e Names of respondents were not recorded; instead, a unique identity number
was attached to the household. The privacy of information collected was
ensured by keeping it anonymous (not attaching names of the respondents to
the data).

 Data on nationality and religion were not collected.

e Respondents’ personal information was not included in data files.

e Results were presented in aggregate form, without identifying any
individual.

The draft report was shared with the Institute of Epidemiology and Disease
Control Research (IEDCR) of the Ministry of Health and Family Welfare and the
Department of Environment of the Ministry of Environment, Forestry, and
Climate Change of the government of Bangladesh before finalization. For quality
assurance, the report was reviewed at an internal World Bank meeting, chaired
by Dandan Chen, Acting Country Director for Bangladesh and Bhutan. The
review was organized to discuss the methodology, findings, and the potential
implications of the conclusions and recommendations for Bangladesh. Based on
detailed discussions during the internal review and extensive comments
provided by the reviewers, the report was finalized. Reviewers included the
following World Bank experts: Stephen Geoffrey Dorey (Health Specialist),
Jostein Nygard (Senior Environmental Specialist), and Muthukumara Mani
(Lead Economist), as well as Igbal Ahmed (Senior Environmental Specialist),
M. Khaliquzzaman (Senior Environmental Consultant), and Ana Luisa Gomes
Lima (Senior Environmental Specialist).
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Data, Methods, and
Respondent Profile

DATA AND METHODS

The survey for this study was implemented between January and February
2022, when the country experiences the highest levels of air pollution. The
survey canvassed 12,250 individuals from 2,500 households, stratified across
four sites reflecting the varying sources and levels of pollution: (1) persistent
traffic,! (2) major construction? and persistent traffic, (3) brick kilns, and
(4) comparator sites, across 100 primary sampling units (PSUs). Based on
reported findings from Bangladesh’s Department of Environment (GoB
2018), the first two sites are located in the North and South Dhaka City
Corporations (DCCs), while the brick kilns are located in the outskirts of the
DCC area—these together represent the most polluted part of the country, as
mentioned in chapter 1. The comparator is rural Sylhet, selected because it is
one of the least polluted locations in the country (GoB 2018). Map 2.1 shows
the locations of the PSUs across the sites. Areas in the outskirts of Dhaka
covering brick kilns also include other factories and industries as well as the
Siddhirganj power plant. Because the main source of air pollution in these
areas is the brick kilns, the site has been named accordingly.

The sampling was designed to capture the range of varying pollution expo-
sures and associated morbidities across each of the study sites.? The selection of
the PSUs was driven by the presence of points of interest (POIs) for each loca-
tion. Adjacent PSUs are located at least 0.75 kilometers apart to minimize cross-
PSU contamination of pollutants to the extent possible. In each PSU, a listing
exercise was carried out within a 0.25-kilometer radius of the POI to identify
potential households to be included in the survey. The final list of 25 households
from each PSU (25 PSUs per each of the study areas) were randomly selected
based on stratification criteria set a priori# Appendix B, table B.1 shows the
distribution of the sample.
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MAP 2.1
Primary sampling unit locations
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Source: Original maps for this publication.
Note: Figure shows the distribution of the primary sampling units by study sites.

The structured questionnaire administered during the survey comprised
both individual- and household-level questions. Individual-level questions
were directed at each member of the household. For members below 10 years of
age, the mother or primary caregiver furnished the requisite information.
The primary female member of the household responded to household-level
questions. Individual-level information revolved primarily around the house-
hold members’ physical and mental health conditions that are typically associ-
ated with exposure to air pollution, socioeconomic outcomes, time spent
indoors and outdoors, and related factors. The household-level information
includes a relative wealth index as well as the source of energy for cooking.
Further details on information collected are presented in appendix C.



Personal air-quality measuring devices® were used to collect ambient and
household pollution conditions (Jauvion et al. 2020). The devices produce
reading for several pollutants: (1) particulate matter (PM) 1, (2) PM
(3) PM,,
ent air pollution, typically in a central location within each PSU, air quality

2.5
(4) nitrogen dioxide, and (5) volatile organic compounds. For ambi-

was measured between 09:00 and 11:00 hours and once more between 19:00
and 21:00 hours for two days: a day before and on the day of the survey, with
the assumption that the ambient weather conditions remain comparable
over the two days. The average of all four readings is used to calculate the
final exposure to ambient air pollution. The same strategy was used to mea-
sure indoor conditions for each of the households, typically in a central
room.¢ The final figures used for analysis are the average of ambient-outdoor
and household-indoor air pollution levels, weighted by the amount of time
spent indoors or outdoors.

Based on the existing literature and WHO’s 2021 Air Quality Guidelines
(AQG) (WHO 2021), the study focuses on the PM, _ and PM,, for all subsequent
analysis. To normalize the exposure levels and facilitate a more intuitive under-
standing, the air pollutants are expressed as the percentage above (or below) the
WHO’s 2021 AQG 20217 A binary logistic model was used to establish correla-
tions between physical and mental health outcomes among the respondents, as
well as for the analyses of heterogeneity across the four study sites. A detailed
explanation of the methods, including results interpretation, are furnished in
appendix C.

RESPONDENT PROFILE

This section delineates the underlying demographic and socioeconomic
characteristics of the respondent pool. Figure 2.1 shows the demographic
characteristics of the sample. Approximately 51 and 49 percent of the sample
are represented by women and men, respectively. Elderly people older than
65 years, followed by children between 0 and 5 years, represent the smallest
proportion of the study population. The largest proportion are represented
by those 16 to 35 years of age. Approximately 46 percent of the respondents
are married. About 39.9 percent of the respondents above the age of 5 report
never attending any formal schooling, while less than 1 in 10 (8.8 percent)
have completed high school education or more.

Figure 2.2 presents the activity status of respondents above 5 years of age,
across each of the study sites. Around 17.8 percent of all respondents are engaged
in low-skilled outdoor wage work, as day laborers, porters, and other workers at
the time of the survey. The proportion of individuals engaged in low-skilled
indoor work is 7 percent overall. Approximately 15.1 percent of the respondents
in the sample are engaged in indoor skilled wage activities. Nearly a third of the
sample (31.3 percent) are homemakers.

Socioeconomic status using relative wealth index quintiles is presented in fig-
ure 2.3. Of the 18.7 percent of the sample in the poorest quintile, the largest pro-
portion live in areas with major construction and persistent traffic, followed by
those with persistent traffic. While the trends among those in the mid quintiles
(poor, mid, and rich) are mixed, the richest among the sample are from the com-
parator site, followed by those living in areas with brick kilns.

Data, Methods, and Respondent Profile
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FIGURE 2.1
Demographic distribution of the sample
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FIGURE 2.2
Activity status of respondents, by study site
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polluted locations in the country.



FIGURE 2.3
Relative wealth status of respondents, by study site
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Note: Dotted lines represent the aggregated sample mean for each wealth quintile. The surveyed
households were stratified across four sites reflecting the varying levels of pollution: (1) persistent traffic in
the North and South Dhaka City Corporation areas, (2) major construction and persistent traffic in North
and South Dhaka City Corporation areas, (3) brick kilns in the outskirts of Dhaka city, and (4) comparator

site in rural Sylhet, given that it is one of the least polluted locations in the country.

STUDY LIMITATIONS

This is the first study of its kind, in which localized pollution levels (at the
PSU and household levels) are measured using personal air quality measure-
ment devices and, as such, merits further validation of the readings in the
current setting. The study attempts to mimic a 24-hour exposure level using
data collected twice per day (in the morning and evening) over a two-day
period—the findings will therefore not be directly comparable to a true
24-hour estimate. However, as the study uniformly deploys the data collec-
tion strategy, both in terms of timing and duration of the readings, any poten-
tial biases will be universally applied across all locations, thereby providing
relative readings of the levels of exposure to pollutants. At the individual
level, the study is unable to account for exposure to second-hand smoke or
conditions the individuals experience when in inaccessible locations such as
the workplace. However, the study does account for time-use during the day
to collect information on the number of hours individuals spend outdoors
(such as in the streets, on balconies, or other open locations); indoors with-
out air-conditioning (as represented by homes or shops); and locations with
air-conditioning or heating, ventilation, and air-conditioning systems (such
as in homes, offices, or vehicles) to reach an approximate weighted measure.
For historical analyses of air pollution levels, data from the Department of
Environment have been used, based on the 11 continuous air-monitoring
stations spread across the country. (Two additional stations were installed as
recently as 2019/20. See appendix B, map B1.). The historical analysis is thus
at best an indication of observed patterns.
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NOTES

1. Persistent traffic refers to large arterial roads that are known to be perennially congested
with traffic.

2. Major construction refers to large city-level infrastructural development projects such as
elevated expressways and the metrorail network construction taking place in the Dhaka
City Corporations.

3. For an ex post power calculation of the minimum effect size that can be captured by this
sample, the study assessed the incidences of self-reported respiratory illnesses as an
individual-level health outcome. For the control group, the mean of this binary variable is
0.17, with an intracluster correlation across the PSUs of 0.01. The average number of indi-
viduals for whom this data is collected is 137 per enumeration area. Based on these param-
eters, the minimum detectable effect for this outcome is 0.041 at 80 percent power.

4. 1In line with the guidelines set a priori, the sample households were stratified by demo-
graphic characteristics to mimic the most recent population census (BBS 2011):
(D) households with children below 10 years old (40 percent), (2) households with elderly
population (15 percent), and (3) mixed households (45 percent).

5. Devices used were Flow 2 by Plume Labs. Benchmarking the Flow 2 against approximately
14,000 static reference monitors (such as the FEM GRIMM and FEM T640), spread
globally, suggests an average accuracy of the devices ranging between 90 percent to
95 percent (Jauvion et al. 2020).

6. For both indoor and outdoor conditions, as the devices produce real-time figures, exposure
readings were collected and averaged over a five-minute period during each collection
episode.

7. Although there is no threshold below which there is no impact on health, WHO
recommends exposure to no higher than 15 micrograms per cubic meter (ug/m?) of PM,
and 45 pg/m?of PM,  over a 24-hour period. See the glossary for further details.
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Findings from the
Household Survey

INTRODUCTION

The chapter provides an overview of the pollution levels recorded using the
personal air quality measurement devices across the different study sites.
It includes details of short-term illnesses as reported by the respondents using a
14-day recall period, noncommunicable diseases (NCDs) using a 12-month recall
period, and mental health conditions using a 14-day recall period. Lastly, the
chapter provides correlation estimates short-term illnesses such as productive
cough, breathing difficulties and lower respiratory tract infections and
individual, household, and locational characteristics.

EXPOSURE TO AIR POLLUTANTS

Figure 3.1 shows the respondent-level, weighted exposure to five pollutants—
particulate matter 1 (PMI)’ PM, , PM,, nitrogen dioxide (NO,), and volatile
organic compounds (VOCs)— across the four study sites.! The exposure to PM,
ranged between 26.9 micrograms per cubic meter (ug/m?) to 29.9 ug/m?. The
highest levels were reported in locations with major construction and heavy
traffic while the lowest were in areas with persistent traffic. Locations with
major construction and persistent traffic experienced the highest levels of PM, ,
and PM,, (38 ug/m’ and 60 ug/m’, respectively). Consistent with information
presented in the previous chapter, the lowest instance of both these pollutants
(27 ug/m?® and 31 ug/m?, respectively) was recorded at the comparator location,
Sylhet. Nitrogen dioxide (NO,) and VOCs follow a similar pattern, where loca-
tions with major construction and persistent traffic report highest levels of
both—20 parts per billion (ppb) and 17 ppb, respectively. The highest levels of
NO, were reported by locations near brick kilns (17 ppb) while the comparator
location reported the lowest levels of exposure to VOCs (117 ppb).
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FIGURE 3.1
Weighted exposure to air pollutants, by study site
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Source: Based on original calculations for this publication.
Note: The surveyed households were stratified across four sites reflecting the varying levels of pollution: (1) persistent traffic in the North
and South Dhaka City Corporation areas, (2) major construction and persistent traffic in North and South Dhaka City Corporation areas,

(3) brick kilns in the

outskirts of Dhaka city, and (4) comparator site in rural Sylhet, one of the least polluted locations in the country. The

gray bars show the average exposure to pollutants by study site. Each dot represents a respondent in the survey. The figures are weighted
by the amount of time an individual spends in indoor and outdoor conditions. The personal air quality measurement devices used to collect

data on exposure to

air pollutants produce real-time readings (see the first section of chapter 2). The data for both outdoor and indoor

readings were measured twice a day during specific times, a day before and on the day of the survey. The figure in each pane represents

the average and the

box plot shows the range between the 25th and 75th percentiles. The y axis is in a logarithmic form. Means tests

across study sites are presented in appendix B table B.1. PM = particulate matter. PM numbers indicate the size of particles: PM, indicates
particles of 1 micrometer, and so forth. NO, = nitrogen dioxide. ppb = parts per billion. pg/m?* = micrograms per cubic meter. VOC = volatile

organic compound.

As discussed earlier, this study limits all subsequent analyses to PM, _ and
PM,, the two major air pollutants that have the most impact on health. To foster
a more intuitive understanding of exposure levels, the pollution levels are nor-
malized as a percentincrease (or decrease) from the World Health Organization’s
(WHO’s) 2021 Air Quality Guidelines (AQG) (WHO 2021) over a 24-hour period
(15ug/m® for PM,_ and 45 ug/m® for PM,; see the glossary). Average
respondent-level exposure to PM, . and PM, is presented in figure 3.2. Exposures
to PM,, are highest in locations with major construction and persistent traffic—
approximately 150 percent above WHQO’s 2021 AQG or equivalent to smoking

1.7 cigarettes per day (assuming no exposure to air pollution).2 This is followed
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FIGURE 3.2
Weighted exposure to air pollutants, by study site, compared to WHO Air Quality Guidelines
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Note: The figure shows the weighted average exposure to PM, , and PM, by study site. Each dot represents a respondent in the survey. The
figures are weighted by the amount of time an individual spends in indoor and outdoor conditions. The air pollution levels are presented as a
percentage above (or below) the World Health Organization’s (WHQO'’s) 2021 Air Quality Guidelines (AQG). The figure in each pane represents
the average and the box plot shows the range between the 25th and 75th percentiles. Means tests across study sites are presented in
appendix B, table B.3. The surveyed households were stratified across four sites reflecting the varying levels of pollution: (1) persistent traffic
in the North and South Dhaka City Corporation areas, (2) major construction and persistent traffic in North and South Dhaka City Corporation
areas, (3) brick kilns in the outskirts of Dhaka city, and (4) comparator site in rural Sylhet, one of the least polluted locations in the country.
PM = particulate matter. PM numbers indicate the size of particles: PM, . indicates particles of 2.5 micrometers, and so forth.

by locations with brick kilns, where this is an average exposure of 136 percent
above WHO’s 2021 AQG, or equivalent to smoking 1.6 cigarettes per day
(assuming no exposure to air pollution). While the levels are the lowest in the
comparator location, the exposure to PM,, remains 83 percent above
WHO’s 2021 AQG, or equivalent to smoking 1.2 cigarettes per day (assum-
ing no exposure to air pollution). Concurrently, the greatest exposure to PM,,
approximately 32 percent above WHQ’s 2021 AQG, is experienced by respondents
living in locations with major construction and persistent traffic. People living
near brick kilns, however, experienced less exposure to PM, , approximately 5 per-
cent below WHO’s 2021 AQG, while in the comparator areas, exposure to PM
was the lowest (30 percent below WHO’s 2021 AQG). Exposure across the primary
sampling units (PSUs) are further illustrated in map 3.1.
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MAP 3.1
Exposure to PM, . and PM_

a. Major construction and traffic b. Kilns
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Source: Based on original calculations for this publication.

Note: PM = particulate matter. PM numbers indicate the size of particles: PM, ; indicates particles of 2.5 micrometers, and so forth. The figures show the
average exposure to PM, . and PM, , aggregated at the primary sampling unit level. The air pollution levels are presented as a percentage above (or below)
WHO's 2021 Air Quality Guidelines (AQG). The surveyed households were stratified across four sites reflecting the varying levels of pollution: (1) persistent
traffic in the North and South Dhaka City Corporation (DCCs) areas, (2) major construction and persistent traffic in North and South Dhaka City
Corporation areas, (3) brick kilns in the outskirts of Dhaka city, and (4) a comparator site in rural Sylhet, one of the least polluted locations in the country.
Panel a shows locations with major construction and traffic in Dhaka North and South City Corporations. Panel b shows locations in the outskirts of DCCs
with brick kilns. Panel ¢ shows the comparator location in rural Sylhet.

The differentials between indoor and outdoor exposure conditions are also
revealing (see appendix B figure B.3). Conforming to expectations, the exposure
levels to PM, , and PM, are notably lower indoors than outdoors in locations
with persistent traffic. In locations with major construction and persistent traf-
fic, the difference between the average indoor and outdoor exposure to PM, . is
comparable—254 percent and 246 percent, respectively. Whereas for PM ,
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FIGURE 3.3

Pollution and socioeconomic status
5 -
4 -

1
|
1
1
|
1
1
|
1
1
|
!
1
|
1
1
|
I
¥
4
[~}

.

Relative asset score
o
1

T T T T T T

100 200 300 400 500 600
Percent above (or below) the WHO's 2021 AQG

-100

HPM,, EPM

5

Source: Based on original calculations for this publication.

Note: The figure shows the relationship between exposure to pollution particles (PM, ; and PM, ) and relative
continuous socioeconomic status using a fitted linear curve (bivariate linear model) at the individual level. The air
pollution levels are presented as a percentage above (or below) the World Health Organization’s 2021 Air Quality
Guidelines over a 24-hour period. The slopes of PM, ; and PM, both are significant below the 1 percent level,
indicating a statistically significant negative relationship. AQG = Air Quality Guidelines; PM = particulate matter;
WHO = World Health Organization. PM numbers indicate the size of particles: PM, . indicates particles of

2.5 micrometers, and so forth.

the exposure levels indoors are in fact higher than outdoors—138 percent versus
120 percent. While the trends of exposure for those living near brick kilns are
comparable to those in locations with persistent traffic, the indoor and outdoor
conditions in the comparator location do not vary.

Figure 3.3 shows the relationship between a continuous relative socioeco-
nomic status score and pollutants PM, . and PM,  using a bivariate linear method.
The slope coefficients of PM, , and PM,  are 0.089 and -0.117, both with p-values
below the 1 percent level. This suggests that a higher relative socioeconomic
status (by one point of the asset score) is associated with reduced exposure to
pollutants PM, _and PM, by 8.9 and 11.7 percentage points (or 45 and 91 percent),
respectively.

SHORT-TERM ILLNESSES

This section analyzes several self-reported illnesses or conditions experienced
by the respondents, which are associated with short-term exposure to
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air pollution. These are cough (includes gradations such as the presence of spu-
tum and/or blood), breathing difficulties with or without accompaniment by
wheezing sounds, fever (duration and with or without chills), eye problems (red-
ness, burning sensations, wateriness, or itching), and skin conditions (rashes,
hives, itching, acne, or dermatitis).

Figure 3.4 shows the proportion of respondents reporting these conditions
across the study sites. Overall 13.8 percent reported experiencing a cough in the
14-days preceding the survey, with the highest proportions (15.5 percent) in loca-
tions near brick kilns and 14.2 percent living near major construction sites and
traffic. Of the 4 percent reporting breathing difficulties across the sample, the
highest proportion (5.3 percent) are from those living near major construction
sites with persistent traffic. Approximately 19.2 percent of the sample experi-
enced a fever over the recall period, of which the highest was among those living
near brick kilns. Approximately 9 percent of the respondents experienced eye
problems and 8 percent reported skin conditions. In all instances, the highest
proportion were reported among those living near brick kilns.

Figure 3.5 shows the proportion of respondents across age groups suffering a
health condition. Among those who reported experiencing a cough in the 14-day

FIGURE 3.4
Short-term illnesses (14-day recall), by study site
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Source: Based on original calculations for this publication.

Note: The figure shows the distribution of air-pollution-related ilinesses experienced by respondents
using a 14-day recall period. Dotted line represents the mean for the whole sample. Eye problems
include redness, burning sensations, wateriness, or itching; skin conditions include rashes, hives,
itching, acne, or dermatitis. Means tests across study locations are presented in appendix B table B.5.
The surveyed households were stratified across four sites reflecting the varying levels of pollution: (1)
persistent traffic in the North and South Dhaka City Corporation areas, (2) major construction and
persistent traffic in North and South Dhaka City Corporation areas, (3) brick kilns in the outskirts of
Dhaka city, and (4) comparator site in rural Sylhet, one of the least polluted locations in the country.



FIGURE 3.5
Short-term illnesses (14-day recall), by age groups
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Cough Breathing difficulties Fever Eye problems Skin conditions

Note: Figure shows the distribution of air pollution related illnesses experienced by respondents using a 14-day recall.
Eye problems include redness, burning sensations, wateriness, or itching. Skin conditions include rashes, hives,
itching, acne, or dermatitis. Means tests across gender are presented in appendix B table B.5. Means tests across age

groups are presented in appendix B table B.5.

period preceding the survey, the highest numbers were reported by the elderly
(65 years and older) followed by children (0 to 5 years)—25.8 percent and
18.1 percent, respectively. The elderly also experienced the highest burden
(13.0 percent) when it comes to experiencing breathing difficulties, fever
(26.2 percent), eye problems (24.6 percent), and skin conditions (9.5 percent).
For skin conditions such as rashes, hives, itching, acne, or dermatitis, the elderly
and adults (20 to 64 years) were most susceptible (9.5 percent) while the lowest
incidences were reported by children O to 5 years (4.4 percent).

Figure 3.6 outlines the trends in these illnesses by gender. The difference
between the genders when it comes to experiencing cough of breathing difficul-
ties was negligible. A higher proportion of women reported having a fever during
the 14-days preceding the survey than men (20.7 percent versus 17.5 percent).
Similarly, 10.6 percent of women reported having an eye problem compared to
74 percent men.

Figure 3.7 shows the trends in experienced illnesses by socioeconomic status.
Approximately 17.9 percent of the richest reported a cough followed by
13.6 percent of the poorest. The difference in proportion of individuals who
experienced breathing difficulties among the richest and the poorest is negligible
(approximately 4.9 percent 4.8 percent, respectively). The richest also reported
the highest rates of fever (21.1 percent) followed by the poorest (20.2 percent).
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FIGURE 3.6
Short-term illnesses (14-day recall), by gender identity
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Note: The figure shows the distribution of air-pollution-related ilinesses experienced by respondents using a
14-day recall. Eye problems include redness, burning sensations, wateriness, or itching. Skin conditions include
rashes, hives, itching, acne, or dermatitis. Means tests across gender are presented in appendix B table B.5.
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Skin conditions

Around 10.3 percent of the richest reported an eye problem, followed by
9.5 percent among the poorest. Skin conditions were experienced by the richest
(11.6 percent) much more than those in the lower wealth quintiles. Overall, for all
types of illnesses, the proportion is the highest among the richest, followed by the

poorest.

The survey also assessed prevalence of COVID-19 among the respondents.
Approximately 0.19 percent of the all respondents experienced COVID-19, with
the highest proportions of respondents living in areas with brick kilns
(0.27 percent), major construction and persistent traffic (0.24 percent), per-
sistent traffic (0.2 percent), and comparator (0.06 percent). As expected, the
rates were highest among the elderly (65 years and older) at 0.47 percent,
followed by adults (20 to 64 years) and adolescents (6 to 19 years).



FIGURE 3.7
Short-term illnesses (14-day recall), by socioeconomic status
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Skin
conditions

Note: The figure shows the distribution of air-pollution-related ilinesses experienced by respondents using a 14-day
recall. Eye problems include redness, burning sensations, wateriness, or itching. Skin conditions include rashes,
hives, itching, acne, or dermatitis. Means tests across socioeconomic status are presented in appendix B table B.5.

LOWER RESPIRATORY TRACT INFECTIONS

Using a series of cascading questions that leverages information collected on the
symptoms and illnesses experienced by the respondent over a 14-day period pre-
ceding the survey, the study assigns scores in conjunction with a cut-off point
above which the individual is considered to have a lower respiratory tract infec-
tion. The symptoms and illnesses used to construct this scoring mechanism are
detailed in appendix B table B.11. The condition was not substantiated by a radio-
logical test and, therefore, is indicative of the presence of the infection.

Figure 3.8 shows the proportion of individuals with a lower respiratory tract
infection for the full sample and across the study sites. Overall, 13.9 percent of the
respondents reported a lower respiratory tract infection with the highest pro-
portion of respondents (16.1 percent) living near brick kilns. This is followed by
respondents living in locations with major construction and persistent traffic
(14.2 percent), the comparator site (13.0 percent), and those with persistent traf-
fic (12.4 percent). Disaggregation by age groups suggests that the elderly (65 years
and older) experience the highest burden of lower respiratory tract infections, at
28.8 percent (see figure 3.9). They are followed by children (0 to 5 years) and
adults (20 to 64 years), with prevalence of 15.2 percent each. Women, in general,
report a higher proportion of lower respiratory tract infections (14.9 percent)
than men (12.7 percent).

[
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FIGURE 3.8
Proportion of individuals with lower respiratory tract infections,
by location
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Note: The figure is calculated as the proportion of individuals who scored at least 6 in the
Respiratory Infection Score, indicating a likely presence of a lower respiratory tract infection
(see appendix B table B.2 for the scoring system). The condition was not substantiated by a
radiological test and, therefore, is indicative of the presence of the infection. Dotted line
represents overall mean for the full sample. Means tests across study locations are presented
in appendix B table B.6. The surveyed households were stratified across four sites reflecting
the varying levels of pollution: (1) persistent traffic in North and South Dhaka City
Corporation areas, (2) major construction and persistent traffic in North and South Dhaka
City Corporation areas, (3) brick kilns in the outskirts of Dhaka city, and (4) comparator site in
rural Sylhet, one of the least polluted locations in the country.

Figure 3.10 further breaks down the prevalence of the proportion of
individuals with lower respiratory tract infections, stratified by age groups and
location. Among children between 0 and 5 years, the highest prevalence of
lower respiratory tract infections are reported by those living in locations with
major construction and traffic (17.2 percent), followed closely by those living
near brick kilns (171 percent). In line with expectations, children living in com-
parator sites report the lowest rates (12.9 percent). The highest proportions
reporting a lower respiratory tract infection were among adolescents (6 to
19 years) and adults (20 to 64 years) who live near brick kilns (10.1 percent and
18.4 percent, respectively). Comparably to children, the highest reported
instances of the condition among the elderly were those living in locations with
major construction and traffic (33.3 percent), followed by those living in the
comparator sites (30.8 percent). The proportion of the elderly living in locations
with persistent traffic or near brick kilns reported the lowest incidences of the
condition—25.7 percent and 25.5 percent, respectively.



FIGURE 3.9
Proportion of individuals with lower respiratory tract infections,
by demographic status
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Note: The figure is calculated as the proportion of individuals who scored at least 6 in the
Respiratory Infection Score (see appendix B, table B.2), suggesting a lower respiratory tract
infection. The condition was not substantiated by a radiological test and, therefore, is
indicative of the presence of the infection. Means tests across demographic characteristics
are presented in appendix B table B.6. The surveyed households were stratified across four
sites reflecting the varying levels of pollution: (1) persistent traffic in the North and South

Dhaka City Corporation areas, (2) major construction and persistent traffic in North

and

South Dhaka City Corporation areas, (3) brick kilns in the outskirts of Dhaka city, and
(4) comparator site in rural Sylhet, one of the least polluted locations in the country. Means

tests across study locations are presented in appendix B table B.6.

The relationship between exposure to PM, _ and PM, and the (continuous)

Respiratory Infection Score using a bivariate linear method is prese

nted in

figure 3.11. Slopes of PM, , (blue line) and PM, | (orange line) have coefficients of
0.107 and 0.073, the former with a p-value below the 5 percent level. This suggests
that a one percent increase in the exposure to PM,, above WHO’s 2021 AQG,
increases the probability of the Respiratory Infection Score (that is, experiencing
a lower respiratory tract infection by one point) by 10.7 percentage points.

NONCOMMUNICABLE DISEASES

This section discusses the prevalence of NCDs experienced by respondents in
the 12 months preceding the survey. The conditions were mentioned by the

respondents as diagnosed by medical professionals.

Findings from the Household Survey
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FIGURE 3.10

Proportion of individuals with lower respiratory tract infections, by location and age
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Note: The figure is calculated as the proportion of individuals who scored at least 6 in the Respiratory Infection Score, a likely presence of a
lower respiratory tract infection (see appendix B, table B.2 for the scoring scheme). The condition was not substantiated by a radiological test
and, therefore, is indicative of the presence of the infection. Means tests across study locations are presented in appendix B table B.6.

The surveyed households were stratified across four sites reflecting the varying levels of pollution: (1) persistent traffic in the North and
South Dhaka City Corporation areas, (2) major construction and persistent traffic in North and South Dhaka City Corporation areas, (3) brick
kilns in the outskirts of Dhaka city, and (4) comparator site in rural Sylhet, one of the least polluted locations in the country.

Figure 3.12 shows the prevalence of the NCDs across the four study sites.
Approximately 16.6 percent of respondents reported suffering from allergies,
with the highest proportion (194 percent) in areas with brick kilns and the low-
est (14.6 percent) in the comparator site. Of those who suffered from an allergy
(table 3.1), the top three variations include food allergies (68.5 percent), dust
allergies (39.1 percent), and allergies to mold (4.2 percent).

On average, diabetes was reported by 4.0 percent of the respondents, and
observations did not vary significantly across the four study sites. Similarly,
approximately 2.3 percent of the respondents reported experiencing a heart
condition, and the proportion did not vary significantly across the study sites.
With regard to hypertension, the highest proportion was reported by those liv-
ing in the comparator site (9.6 percent) and the lowest (6.3 percent) in locations
with major construction and persistent traffic.

Chronic or persistent respiratory problems were reported by approximately
1.8 percent of the respondents. Those living in areas with persistent traffic
reported the highest proportions (2.4 percent) while the lowest were in compar-
ator site (1.3 percent). Approximately 1.0 percent of the respondents experienced
a stroke during the 12 months preceding the survey. Of this sample, the highest
reported rates (1.2 percent) are from comparator site (1.4 percent), while the
lowest are from locations near brick kilns (0.7 percent).



FIGURE 3.11
Relationship between pollutants and lower respiratory tract infection
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Note: The figure shows the relationship between air pollutants (x-axis) and Respiratory
Infection Score (y-axis) using a fitted linear curve (bivariate linear model) at the
individual level. Exposure to PM, ; and PM,  are presented as a percentage above (or
below) the World Health Organization’s 2021 Air Quality Guidelines, over a 24-hour period.
Respondents with a Respiratory Infection Score above 5 (dotted line) are likely to have a
lower respiratory tract infection in the 14 days preceding the survey, but this has not
substantiated by radiology test and, therefore, is indicative and not clinically proven. The
slope of PM, , is significant below the 5 percent level, indicating a statistically significant
positive relationship. AQG = Air Quality Guidelines; PM = particulate matter;

WHO = World Health Organization. PM numbers indicate the size of particles:

PM, . indicates particles of 2.5 micrometers, and so forth.

Figure 3.13 shows the distributions of the NCDs, stratified by age groups.
Allergies span well across each of the age groups. The highest reported rates
were from adults (20 to 64 years) and the elderly (65 or more years).
Approximately 6.3 percent of the children reported suffering from an allergy,
the lowest among the age groups. As expected, diabetes is the highest among the
elderly) and nearly three times higher than adults—17.1 percent versus
6.0 percent. Similarly, hypertension and stroke rates are the highest among
the elderly, at least three times higher than among adults.

Figure 3.14 shows the distribution of NCDs by gender. The prevalence of
these conditions is higher among women than men. Approximately 17.9 percent
of the women in the sample reported allergies compared to 15.0 percent among
the men; diabetes is higher among women than men (4.6 percent versus
3.3 percent); and chronic respiratory conditions is also higher among women

Findings from the Household Survey
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FIGURE 3.12
Prevalence of noncommunicable diseases (NCDs), by study site
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Source: Based on original calculations for this publication.
Note: The figure shows the means of NCDs, as diagnosed by a medical professional, using a 12-month recall period. Means tests across
study locations are presented in appendix B table B.7. The surveyed households were stratified across four sites reflecting the varying
levels of pollution: (1) persistent traffic in the North and South Dhaka City Corporation areas, (2) major construction and persistent traffic
in North and South Dhaka City Corporation areas, (3) brick kilns in the outskirts of Dhaka city, and (4) comparator site in rural Sylhet, one
of the least polluted locations in the country.

TABLE 3.1 Highest reported allergies

condition

Food allergy 68.5%
Dust allergy 39.1%
Mold allergy 4.2%

Source: Based on original calculations for this publication.
Note: Responses restricted to individuals who reported suffering from allergies.

(1.9 percent) than men (1.7 percent). While the proportion of individuals with
heart conditions does not vary significantly by gender, the rate of hypertension

is markedly higher among women than men (9.2 percent ve

rsus 6.2 percent).

Perhaps an anomaly in contrast to other conditions, stroke is nearly three times
higher among men than women—1.4 percent versus 0.6 percent.
Figure 3.15 shows the distribution of the NCDs across the socioeconomic status

of the respondents. Those in the richest wealth quintile report t

he highest rates of

all morbidities, while generally the lowest rates are reported by those in the poorest
quintile. With regard to allergies, the proportion among the richest is nearly twice
as among the poorest (22.2 percent versus 13.3 percent). Similarly, 8 percent of the
richest report having diabetes compared to only 2.3 percent among the poorest.

A similar trend is noted for heart diseases, hypertension, and stroke. On the other

hand, the proportion of respondents reporting chronic respiratory conditions is
comparably more evenly distributed than other diseases. Approximately 2.5 percent
of the richest report experiencing such conditions, while the same is true for

2.0 percent of those in the poorest socioeconomic quintile.
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FIGURE 3.13
Prevalence of noncommunicable diseases (NCDs), by age
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Source: Based on original calculations for this publication.
Note: The figure shows the means of NCDs, as diagnosed by a trained medical professional, using a 12-month recall period. Means tests
across age groups are presented in appendix B table B.7.

FIGURE 3.14
Prevalence of noncommunicable diseases (NCDs), by gender identity
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Source: Based on original calculations for this publication.
Note: The figure shows the means of NCDs, as diagnosed by a trained medical professional, using a 12-month
recall period. Means tests across gender identity are presented in appendix B, table B.7.
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FIGURE 3.15
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Prevalence of noncommunicable diseases (NCDs), by socioeconomic status
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Note: The figure shows the means of NCDs, as diagnosed by a trained medical professional, using a 12-month recall period. Dotted line shows

the average for each NCD. Means tests across socioeconomic status are presented in appendix B, table B.7.

The relationship between exposure to pollutants PM, . and PM,, and preva-
lence of chronic respiratory conditions is explored at the PSU level using a bivar-
iate linear method (see figure 3.16). Slopes of PM,, (blue line) and PM
(orange line) have coefficients of 0.003 and 0.005, the latter with a p-value
below the 10 percent level. This suggests that a 1 percent increase in the expo-
sure to PM, above WHO’s 2021 AQG (see the glossary) raises the probability of
having chronic respiratory conditions increasing in the PSUs by 0.5 percent.

CORRELATES OF PRODUCTIVE COUGH, BREATHING
DIFFICULTIES, AND RESPIRATORY INFECTIONS

This section explores factors correlated with the probability of a respondent
experiencing a productive cough, breathing difficulties, or having a lower respi-
ratory tract infection. The heterogeneity of these conditions by demographic
characteristics and presence of comorbidities across the study sites is also
analyzed.

Productive cough

Overall, exposure to PM, _ is significantly associated with productive cough.
Column 3 in figure 3.2 shows the factors associated with a respondent experienc-
ing a productive cough with thick sputum. A 1 percent increase in the exposure
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FIGURE 3.16
Relationship between pollutants and chronic respiratory conditions
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Note: The figure shows the relationship between air pollutants (x-axis) and chronic respiratory
conditions at the PSU-level (y-axis) using a fitted linear curve (bivariate linear model).
Exposure to PM, ; and PM, is presented as a percentage above (or below) the World Health
Organization’s 2021 air Quality Guidelines over a 24-hour period. The slope of PM_ is
significant below the 10 percent level, indicating a statistically significant positive relationship.
AQG = Air Quality Guidelines; PM = particulate matter; WHO = World Health Organization.

PM numbers indicate the size of particles: PM, , indicates particles of 2.5 micrometers, and

so forth; PSU = primary sampling unit.

to PM, . over WHO’s 2021 AQG increases the probability of a respondent experi-
encing productive cough by 12.5 percent. Appendix B table B.8 shows detailed
outputs, while results from the heterogeneity analysis are provided in
appendix B table B.9.

In terms of demographic characteristics, children (0 to 5 years) and the
elderly (65 or more years) are more likely to experience productive cough
than adults ages 20 to 65 years (the reference group). The odds of reporting
a productive cough are 59.7 percent higher for children and 169.9 percent
higher for the elderly than adults. Heterogeneity of effects across study sites
show some notable results. For instance, children living in areas with major
construction and persistent traffic have 88.3 percent higher odds of reporting
a productive cough than children living in the comparator site (see
appendix B table B.9). In parallel, children in locations with brick kilns are
474 percent less likely to report a productive cough than children living in
areas with major construction and persistent traffic (see appendix B table B.9).
Notably, children living in locations with major construction and persistent
traffic are more likely to have productive coughs than those living near brick
kilns or comparator locations. The number of hours spent in outdoor
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conditions and increasing socioeconomic status are positively associated
with the probability of reporting a productive cough.

Exposure to outdoors by an additional hour increases the probability of
reporting a productive cough by 2.3 percent. While the vulnerability does not
vary by gender identity, a larger household size is associated with lower chances
of experiencing a productive cough (4.9 percent). A higher socioeconomic status
is negatively associated with the condition. Except for those in the highest quin-
tile, people in higher quintiles are progressively less likely to report a productive
cough than the poorest.

Medically confirmed comorbidities in individuals during the 12 months
preceding the survey increase the odds of reporting a productive cough. Those
with allergies are 188.1 percent more likely to report a productive cough than
those without. Similarly, individuals who report having diabetes (66.3 percent),
heart conditions (63.1 percent), or stroke (76.4 percent) are more likely to expe-
rience a productive cough than those who do not. Individuals who have had a
stroke during the recall period are at a significantly higher risk of reporting the
condition (580 percent) than those who have not. Comparison of individuals
with allergies or having had a stroke or living near bricks kilns have
39.7 percent and 91 percent lower odds, respectively, of reporting a productive
cough than those living near major construction sites with persistent traffic—
see appendix B table B.9. Overall, individuals with comorbidities such as aller-
gies or having had a stroke have lower odds of reporting a productive cough
when they live close to brick kilns than locations with major construction and
persistent traffic.

Breathing difficulties

Location plays a strong predictive role for respondents suffering breathing dif-
ficulties. Individuals living in locations with persistent traffic and major con-
struction and persistent traffic alone have significantly higher odds of
experiencing breathing difficulties than those living in comparator locations—
by 41.1 percent and 65.1 percent, respectively. Exposure to PM, . plays a similar
role—a 1 percent increase in exposure over WHO’s 2021 AQG is associated with
a 12.8 percent increase in the probability of experiencing breathing difficulties.
Factors associated with an individual experiencing breathing problems in the
14 days preceding the survey are presented in table 3.2. (Appendix B table B.8
shows detailed outputs, while results from the heterogeneity analysis are pro-
vided in appendix B table B.10.)

Children (0 to 5 years) are 70.3 percent and the elderly (65 or more years)
197 percent more likely to report breathing difficulties than adults (20 to
64 years). Moreover, children living in locations with major construction
and persistent traffic are more susceptible to breathing difficulties than oth-
ers. The odds of these children experiencing the condition living in locations
with major construction and traffic are 2374 percent higher when compared
to those living in comparator location and 63.7 percent higher in contrast to
those living in locations with persistent traffic (see appendix B table B.10).
The living near brick kilns have a lower probability of experiencing breath-
ing difficulties than those living in the comparator sites (see appendix B
table B.10).



Socioeconomic status is negatively associated with the probability of
experiencing breathing difficulties—compared to the poorest, the poor and
the rich have 34.4 percent and 32.6 percent lower probabilities, respectively.
As with productive coughs, comorbidities play a large role in respondents
experiencing breathing difficulties over a 12-month recall period. Individuals
with allergies are 250.4 percent more likely to experience this condition than
those without. Moreover, individuals with allergies living in areas with major
construction and persistent traffic are 127.9 percent more likely than those in
the comparator areas and 42.1 percent less likely than those near brick kilns
to experience breathing difficulties (see appendix B table B.10). Conditions
such as diabetes (77.4 percent) and heart diseases (237.6 percent) are also
associated with a higher risk of experiencing breathing difficulties.

Overall, individuals living in locations with persistent traffic and with
major construction and persistent traffic are more susceptible to experienc-
ing breathing difficulties than those in comparator locations. Exposure to
PM, is significantly and positively associated with breathing difficulties.
The elderly (65 or more years) and children (0 to 5 years) are more likely to
report breathing difficulties than adults (20 to 64 years). Analysis of hetero-
geneity across locations suggests that children living near major construc-
tion sites and persistent traffic are more vulnerable than those living
elsewhere. Socioeconomic status is negatively associated with the likelihood
of the condition. Comorbidities such as allergies, diabetes, and heart condi-
tions are strongly associated with breathing difficulties. Notably, individuals
with allergies living in locations with major construction and traffic are at
higher risk of having breathing difficulties than those living near brick kilns
or in the comparator locations.

Lower respiratory tract infection

Individuals living in traffic-prone areas are 25.2 percent less likely to report
a lower respiratory tract infection than those in the comparator site. In par-
allel, a 1 percent increase in exposure to PM,, over WHO’s 2021 AQG
increases the odds of alower respiratory tract infection by 8.1 percent. Factors
associated with respondents experiencing a lower respiratory tract infection
is presented in table 3.2. (Appendix B table B.8 shows detailed outputs, and
results from the heterogeneity analysis are provided in appendix B table B.11.)
The Respiratory Infection Score was used to determine whether an individ-
ual is likely experiencing a lower respiratory tract infection (as described in
the first section of chapter 2 and appendix B table B.2) and not substantiated
by radiological tests.

Age plays a determining role in experiencing a lower respiratory tract infec-
tion. Children (0 to 5 years) are 97.9 percent more likely to suffer from a lower
respiratory tract infection than adults (20 to 64 years). Assessment of the hetero-
geneity across the study site shows that children living in locations with major
construction and traffic have 137 percent greater odds of experiencing a lower
respiratory tract infection than children living in the comparator site. In parallel,
children living in locations with persistent traffic or near brick kilns are less
likely to report a lower respiratory tract infection than children living in the
presence of major construction and persistent traffic, by 37.9 percent and

Findings from the Household Survey
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TABLE 3.2 Correlates of having a productive cough, breathing problems, or a respiratory infection

Category Variables Productive cough Breathing difficulties Lower respiratory tract infection
Persistent traffic ! —@— 0.806 ! —— 1.411% ! —@— 0.748**

Study sites Major cohstruct|on ! ®— 0.996 ! - 1.657%% ! 0.929

(Comparator) and traffic ! ! !
Brick kilns ! —o— 1.027 ! —e— 1.177 ! —@— 0.943

Air pollutants PM, @ 1.125% -o- 1.128* ®1.081*

(% of safe exposure) PM,, 1 - 1.005 1 -®- 1.066 1 -1.033
0-5 years : : 1.703* ; 1.979%x*

Age (20-64years) 6 19 years ! 0.738 ! 0.659* ; 0.836
65+ years 1 2 69g¥k* 1 2.970%%* 1 2.304%%*

Gender identity Male ! > 0.883 ! o— 1.107 ! & 0.891

(Female) ! 1 ;

Time use Hours spent outdoors | @ 1.023* | ® 1.015 | ® 1.015*
Homemaker —0— 0.854 —80—0.831 —8— 0.697**
Indoor low-skilled work ——@— 0.870 —®——0.653 —0— 0.726*

Activity (Outdoor
low-skilled work)

Indoor skilled work
Student

——0—0.854

——0—0.710

—@— 0.6471***
e 0.483%%

Other . ——e—— 0654 | ——8———0.620

None (children —0—0.786 ——0——0.687 — 0 0.645%*

<5 years) | ——@— 0.879 . —0—0.661 1 ——@— 0.533%*

Poor | 0.749** | 0.656%* | 0.746%*
Wealth quintiles Mid ! 0.736* ! 0.791 ! 0.745%*
(Poorest) Rich 3 1.055 3 0.674** 3 0.827***

Richest : 1.150 : 0.912 : 0.942
Household Household size : @ 0.951* : €0.977 : @ 0.946%*
characteristics Improved stove used | —— 1.005 | ——0.858 | -@—- 0.988

. | 2.881% ~@- ; 3.504% —@— | 2.714%* -0~

Allergies ' ' '

Diabetes | 0— 1.663™ | —O——1.774"% —0— 1.627%*
Comorbidities Heart disease 1 —O— 1.631* : 3.376%* —@— 1 — @ 1.736***

Hypertension ; —@— 0.991 ; —0—1.232 ; —®—1.109

stroke ‘ 1.764% ——@—— | @ 1.130 ‘ ——0—— 1.682**

0.3 0.5 1.0 2.0 4.0 0.3 0.5 1.0 2.0 4.0 |0.3 0.5 1.0 2.0 4.0

Adjusted odds ratios Adjusted odds ratios Adjusted odds ratios

Source: Based on original calculations for this publication.

Note: The table shows adjusted odds ratios (AOR) from a logistic model. The binary dependent variables are whether a respondent has reported
experiencing a productive cough with a thick sputum (column 3), experienced breathing problems (column 4) and is likely to have a lower respiratory
tract infection (column 5) as calculated using relevant symptoms report in appendix B table B.8, using a 14-day recall period (not substantiated by
radiology tests and hence not clinically proven). Base categories are reported in parentheses in the “Category” column. The surveyed households were
stratified across four sites reflecting the varying sources levels of pollution: (1) persistent traffic in the North and South Dhaka City Corporation areas;
(2) major construction and persistent traffic in North and South Dhaka City Corporation areas; (3) brick kilns in the outskirts of Dhaka city; and (4)
comparator site in rural Sylhet, one of the least polluted locations in the country. The models account for primary sampling unit-level heterogeneity
(output not reported) and report robust standard errors. The x-axis is in logarithmic form. Results are also interpretable as percentage changes ([AOR - 11 *
100 = Percentage Change). Detailed outputs from the model are presented in appendix B table B.8.

*x *x and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

47.9 percent, respectively. (See appendix B table B.11 for further details.) The
elderly (65 or more years) are 130.4 percent more likely to suffer from a lower
respiratory tract infection than adults.

The type of primary activity plays a large role in determining whether an indi-
vidual experiences a lower respiratory tract infection. Compared to those
engaged in outdoor low-skilled work, all others appear to have greater protec-
tion against the condition. Higher socioeconomic status is negatively associated
with the probability of having a lower respiratory tract infection; for instance,
those in the rich quintile are 17.3 percent less likely to experience a lower respi-
ratory tract infection than the poorest. Moreover, an additional hour outdoors is
associated with a 1.5 percent increase in the odds of having a lower respiratory
tract infection.



Medically confirmed comorbidities are significantly associated with the
chances of having a lower respiratory tract infection. Individuals with allergies
are 1714 percent more likely to have experienced a lower respiratory tract infec-
tion than those without. Moreover, those with allergies living in locations with
major construction and persistent traffic have a 42.8 percent higher chance of
having a lower respiratory tract infection than individuals with allergies in the
comparator area. The same is true for respondents with allergies living close to
brick kilns—these individuals report 29.9 percent lower odds of having a lower
respiratory tract infection than those living in locations with major construction
and persistent traffic.

Respondents with comorbidities such as diabetes, heart conditions, and
experience of a stroke have greater odds of experiencing a lower respiratory
tract infection by 62.7 percent, 73.6 percent, and 68.2 percent, respectively. The
likelihood among individuals with these comorbidities of having a lower
respiratory tract infection is higher among respondents living near major con-
struction sites with persistent traffic. (See appendix B table B.11.)

Overall, exposure to PM, _ is associated with experiencing a lower respira-
tory tract infection. Age plays a large determining role in the vulnerability to
such infections. Among the age groups, children (0 to 5 years) and the elderly
(65 or more years) are more vulnerable than adults (20 to 64 years), with the
elderly likely to have this condition more than children. It is worthwhile to
note that children living near sites with major construction and persistent traf-
fic are far more vulnerable to lower respiratory tract infections than children
living in any other location. People with comorbidities such as allergies, diabe-
tes, heart conditions, or stroke have considerably higher odds of having a lower
respiratory tract infection than those without. At the same time, individuals
with allergies, diabetes, or heart conditions living near major construction
sites with persistent traffic are more susceptible to the infection than those
living elsewhere.

MENTAL HEALTH AND POLLUTION

This section discusses the prevalence of depression among respondents using a
two-week recall. Depression levels were measured using the WHO-5 screening
questionnaire and expressed as levels exceeding the threshold of 50.

Figure 3.17 shows the prevalence of depression across the study sites.
Depression is most reported in locations with persistent traffic and areas of
major construction and traffic (13.7 percent), while the lowest rates are reported
among those living near brick kilns (11.2 percent).

Figure 3.18 shows the prevalence of depression across demographic charac-
teristics. It is important to note that the age categorizations used to analyze
depression are more granular than for the rest of the report, mostly driven by the
fact that the WHO-5 is validated for those above 15 years of age and that the
underpinning drivers of depressive symptoms vary by age groups. In line with
expectations, depression increases with age, with those 65 years or older being
particularly susceptible. Females are more depressed than men, 13.7 percent
compared to 11.8 percent. The trends of increased depression with increasing
age and a higher prevalence among females are in line with experiences in other
countries, as documented in existing literature.

Findings from the Household Survey

37



38 | BREATHING HEAVY

FIGURE 3.17
Prevalence of depression across study sites
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Source: Based on original calculations for this publication.

Note: The figure shows the prevalence of depression, determined using the WHO-5
depression screening tool. Individuals whose responses are below a cutoff score of 50 are
considered depressed. The dotted line represents the mean for the full sample. Means tests
across study locations are presented in appendix B table B.12. The surveyed households were
stratified across four sites reflecting the varying sources and levels of pollution: (1) persistent
traffic in the North and South Dhaka City Corporation areas, (2) major construction and
persistent traffic in North and South Dhaka City Corporation areas, (3) brick kilns in the
outskirts of Dhaka city, and (4) comparator site in rural Sylhet, one of the least polluted
locations in the country.

FIGURE 3.18
Prevalence of depression across demographic characteristics
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Source: Based on original calculations for this publication.

Note: The figure shows prevalence of depression, determined by using the WHO-5
depression screening tool (using a cutoff of < 50), across demographic characteristics.
Means tests across demographic characteristics are presented in appendix B table B.12.
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Correlates of depression

Table 3.3 shows the correlates of depression using a multivariate logistic model
(see appendix B table B.13 for further details). A 1 percent increase in exposure
to PM,, above WHO’s 2021 AQG is associated with a 20 percent higher

TABLE 3.3 Correlates of depression

Category Experiment
Persistent traffic )= 1.050
(sctgiypsai:aetsor) Major construction and trafic = (0.955
Brick kilns —@— 0.762**
Air pollutants (% of WHO PM, @ 1.202%
2021 Air Quality Guidelines) PM,, @ 1.017
36-49 years i 1.069
Age (15-35 years) 50-65 years 1.395%**
65+ 2.87 1%
Gender identity (Male) Female == 1.357*
Time use Hours spent outdoors @ 1.032%*
Primary 3 == 0.60 1***
Secondary === 0.67 3%+
Education (none) High school (e (0,67 5*F*
High school and above (e (0,63 7**
Religious education O 0.391*
Household Improved fuel @ 1.027
characteristics Household size —@— 0.897
Poor ; 0.835*
Wealth quintiles Mid 0.736™*
(Poorest) Rich 0.637%%*
Richest i 0.583%**
Breathing difficulties 3 e ] 56 1%F*
Cough e 1,089
Short-term illnesses |
Fever 3 == 1.217**
Respiratory infection —— 1.263
Allergies 3 =)= 1.082
Diabetes (e 1,134
Comorbidities Heart disease e ] 37 7%*
Hypertension e 1251
Stroke } Qe 2,77 2%
O‘.2 0,5‘ 1‘.0 2‘.0 5‘.0

Source: Based on original calculations for this publication.
Note: The figure shows adjusted odds ratios (AORs) from a logistic model. The binary dependent variable is whether a respondent is depressed as per the
World Health Organization-5 scale. Robust standard errors are calculated using the Huber-White approach (1967). Results are interpretable as percentage
changes ([AOR - 1] * 100 = percentage change). The surveyed households were stratified across four sites reflecting the varying sources levels of pollution:
(1) persistent traffic in the North and South Dhaka City Corporation areas, (2) major construction and persistent traffic in North and South Dhaka City
Corporation areas, (3) brick kilns in the outskirts of Dhaka city, and (4) comparator site in rural Sylhet, one of the least polluted locations in the country.

** ¥ and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

Adjusted odds ratios
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probability of the individual reporting being depressed, while no association is
found with exposure to PM, . Residing in areas with persistent traffic and areas
with major construction and traffic were not associated with increased likeli-
hood of depression compared to the comparator sites. Interestingly and some-
what counterintuitively, those residing in areas near brick kilns have a 24 percent
lower chance of depression than the comparator areas. While each hour spent
outdoors increased the likelihood of depression by 3 percent, there was no sta-
tistically significant relationship detected between the type of cooking fuel used
and depression. Association between other confounding factors and depression
(including age, gender identity, educational attainment, socioeconomic status,
underlying health conditions, and so forth) has also been explored and the find-
ings are in line with existing literature (Mahmud, Raza, and Hossain 2021).

The findings show exposure to PM, , in Bangladesh to be contributing to
depression, as are the number of hours a person spends outdoors—taken together,
this indicates a possible vulnerability of aggravated depression levels with wors-
ening air quality, as time spent outdoors is usually associated with well-being
and reduced adverse mental health outcomes. A recently conducted systematic
review of studies from across the world utilizing meta-analysis methods did not
find a statistically significant relationship of exposure to PM,, and PM,, (short
term and long term) with depression but cited methodological limitations and
the need for additional research to further examine this relationship (Fan et al.
2020). A recent systematic review exploring the connection between PM,
exposure and depression found a significant association, indicating depression
increasing with higher levels of exposure to PM, . (Braithwaite et al. 2019).
Collectively, the lack of consensus evident from these reviews indicates the need
for further research into the effects of exposure of air pollutants on mental
health outcomes. Accordingly, the current report is a valuable contribution as an
entry point in the scientific knowledge surrounding this relationship in
Bangladesh, where previously there were no known estimations.

NOTES

1. The pollutants are weighted by the numbers of hours the respondents spent exposed to
indoor and outdoor conditions. The breakdown of outdoor and indoor levels of pollutants
are presented in appendix B figures B.1 and B.2. PM numbers indicate the size of particles:
PM, indicates particles of 1 micrometer in diameter, and so forth.

2. One cigarette per day is the rough equivalent of a PM, level of 22 ug/m?* exposure to air
pollution (Echenique 2018).
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Conclusions and the
Way Forward

INTRODUCTION

Bangladeshis extremely vulnerable to the effects of air pollution, with an estimated
78,145 to 88,229 deaths in 2019 alone, caused by exposure to fine particulate mat-
ter with a diameter of 2.5 micrometers (PM,,) (World Bank, forthcoming).
Bangladesh was ranked as the most polluted country in the world and its capital
Dhaka as the second most polluted city each year between 2018 and 2021 (IQAir
2021)+ Moreover, between 2009 and 2019, four of the five top causes of total deaths
in Bangladesh were directly associated with air pollution.2 The economic cost of
these impacts on health is huge, estimated between 3.9 and 4.4 percent of
Bangladesh’s gross domestic product in 2019 (World Bank, forthcoming).

Although there is global evidence linking air pollution and its effect on health,
evidence from Bangladesh is limited. Moreover, the evidence that is available is
constrained by narrow geographical coverage, conducted with small, nonrepre-
sentative samples, or a lack of localized granular air pollution data that can effec-
tively establish the link between air pollution and health. One of the important
prerequisites to addressing these gaps is to first understand the contextual
extent of the problem: that is, understanding the levels of air pollution in various
parts of Bangladesh, and next, establishing how exposure to air pollutants
interacts with and affects human health.

This report, the first of its kind from Bangladesh, provides evidence on the
short-term effects of ambient air pollution on human health. The analysis,
guided by existing literature, is based on individual- and household-level pri-
mary data on health conditions, localized air pollution data collected during the
survey, and historical data from across the country on air pollution levels. The
main highlights of the report are the following:

e Dhaka is the most polluted division, while Sylhet is the least polluted in
Bangladesh. The western side of the country appears to be more polluted
than the eastern parts.

 Sites with major construction and persistent traffic are the largest sources of
ambient air pollution rather than brick kilns, as commonly believed.
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e The elderly, children, and individuals with underlying health conditions are
more vulnerable than others to the health risks associated with ambient air
pollution.

e There is a direct association between exposure to ambient air pollution and
impact on human health.

To mitigate the impacts of air pollution, the Department of Environment’s
Air Pollution Reduction Strategy for Bangladesh 2012 stipulates specific mea-
sures to reduce emission levels, promote the use of improved technologies to
improve air quality, and establish institutional reforms for coordination and gov-
ernance. In 2019, Bangladesh drafted the Clean Air Bill, which will help prepare
the National Air Quality Management Plan and identify critical air quality areas
(HET 2020). More recently, in September 2021, the government of Bangladesh
released the Mujib Climate Prosperity Plan Decade 2030, which shifts the dis-
course on climate change from “vulnerability to resilience to prosperity” for the
country. Priority areas and points emphasized by the plan are (1) accelerating
adaptation to the effects of climate change; (2) transitioning labor and
future-proofing industry with technology transfer; (3) increasing public revenue
to spend on the most vulnerable members of the population; (4) establishing
comprehensive climate and disaster risk financing and management; (5) leverag-
ing twenty-first century technologies for human well-being; and (6) maximizing
renewable energy, energy efficiency, and power and transportation sector
resilience.

With air pollution levels anticipated to worsen over time in Bangladesh,
driven by climate change as well as factors such urbanization and industrializa-
tion, there is an urgent need for the health sector to be better prepared to deal
with the impending crisis. It is expected that the report will assist practitioners
and subject matter experts in policy dialogue under the overall framework of the
government’s Mujib Climate Prosperity Plan Decade 2030.

While measures to reduce the impact of climate change would contribute to
tackling air pollution, the following summarized recommendations are linked to
the findings presented in this report and are not aimed at managing air pollution
in general.

ADAPTIVE MEASURES FOR CONSIDERATION BY THE
HEALTH SECTOR

The following may be undertaken under the leadership of the Ministry of Health
and Family Welfare, in collaboration with relevant stakeholders, including the
local government.

Recommendation 1: Improve health service delivery to deal with the
health effects of air pollution, with a focus on vulnerable groups such as the
elderly and children. Curative care, particularly delivered through public
health platforms, needs to be further strengthened to treat the health problems
brought on by air pollution. Doing this would help ease the additional and incre-
mental burden of health expenditure on the population. The following mea-
sures can be implemented as a part of the efforts to strengthen the health care
delivery system:

e Increase awareness of and sensitivity of health care professionals to the
health risks associated with exposure to ambient air pollution.



» Enhance the capacity of medical practitioners through targeted training to
detect and treat air-pollution-driven morbidity.

e Institute a mainstream response to deal with mental health issues through
the provision of community-based solutions for prevention and treatment.
These can include, for instance, the creation of peer support groups at local
community levels.

» Training nonspecialists to detect and treat common mental disorders.

Recommendation 2: Strengthen public health response mechanism to
promote preventive measures. Community-level screening for specific condi-
tions such as persistent coughs and breathing difficulties among people living in
areas with relatively high air pollution levels (“hot spots”) will assist the govern-
ment in detecting and addressing emerging health issues. The following actions
can be considered to achieve this goal:

e Establish community-level mobile teams to screen for health risks associated
with air pollution. These teams should work in shifts and be available during
the evening to cover the population not available during the day.

» Prioritize the screening of the elderly and children, who are more susceptible
to the effects of air pollution.

e Create awareness among the general population about the adverse effects on
health due to air pollution through outreach activities using community
health workers and volunteers.

e Mobilize communities, local leaders, and social influencers to promote pre-
ventive actions such as regular use of face masks, which can reduce inhalation
of harmful pollutants to an extent.

e Identify areas with relatively high air pollution as hot spots where these
actions need to be prioritized.

ADAPTIVE MEASURES IMPLEMENTED THROUGH
A MULTISECTORAL APPROACH

The Ministry of Environment, Forest, and Climate Change may be well posi-
tioned to lead this multisectoral approach in consultation with stakeholders.

Recommendation 3: Record more granular and localized data with high fidel-
ity to monitor air pollution levels closely. Together with the weather data (on tem-
perature, humidity, and precipitation) collected by the Bangladesh Meteorological
Department, the agencies will be able to provide a fuller picture of the extent of air
pollution in Bangladesh. Actions to be implemented are the following:

e Increase the number of continuous air-monitoring stations throughout the
country to collect more localized and granular information on the various air
pollutants.

e Strengthen capacity to capture additional data points using updated technol-
ogy. Geostationary operational environmental satellites-R series and the joint
polar satellite system monitor the particle pollution in the atmosphere. These
track smoke particles from wildfires, airborne dust during dust- and sandstorms,
urban and industrial pollution, and ash from erupting volcanoes (SciJinks n.d.).

e Use existing sources of information, coupled with localized ground-level
information, to continually monitor the impact of air pollution on human
health. Such evidence should be used for decision-making purposes.

Conclusions and the Way Forward
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Establish effective public outreach systems to provide early warning during
days expected to have high air pollution levels.

Recommendation 4: Conduct further research to substantiate the effects

of air pollution on health as well to establish the nexus between climate
change and air pollution. This report provides a litany of information, but addi-
tional work in this space will help triangulate the findings and assist in better
understanding the health impacts of air pollution. Accordingly, policy makers
should be supported in undertaking evidence-based actions. Actions that can be

implemented are the following:

Collect repeated time-series data on air pollution as well as on specific health
issues that are influenced by air pollution from a larger sample over a longer
time horizon. The availability of such data and information will assist in
quantifying the relationship between air pollution and physical and mental
health.

Undertake analytical work to investigate issues such as the association
between air pollution and COVID-19, substantiate the nexus between climate
change and air pollution, analyze the effects of preexisting health conditions
that can be exacerbated due to exposure, and explore the effect of immuniza-
tion such as pneumococcal vaccines among children in reducing morbidity
precipitated by air pollution.

Set up mechanisms to make available research grants and/or innovation
funds to encourage technical work.

NOTES

1.
2.

Measured using annual average PM,  concentration.
Stroke, ischemic heart disease, chronic obstructive pulmonary disease, and lower respira-
tory tract infection (IHME 2019).
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APPENDIX A

Detailed Review of Existing Literature

Linking Air Pollution and Health

This appendix presents an analysis of the short- and long-term effects of
ambient air pollution based on 85 peer-reviewed studies. This literature was
scanned using PubMed and Google Scholar databases. In addition, a more
targeted search was conducted of research papers and reports focusing
specifically on some of the air pollutants. Additionally, to provide a complete
overview, this appendix summarizes the effect of indoor air pollution on
human health.

Air pollution is defined as any substance in the air that may harm humans,
animals, vegetation, or materials (Kampa and Castanas 2008). Air pollutants
are generated from various sources, and each pollutant can have differing char-
acteristics depending on the composition, source, and conditions under which
they were produced. Fine particulate matter (PM) is a particular cause of con-
cern for human health, as these very small particles can penetrate deep into the
lungs, enter the bloodstream, and travel to organs causing systemic damages to
tissues and cells. The main pathway of exposure from air pollution is through
the respiratory tract.

Short-term effects of air pollution on health are temporary and can range
from discomfort, such as irritation of the eyes, nose, skin, and throat; wheezing;
coughing; tightness in the chest; headache; nausea; dizziness; and breathing
difficulties to more serious effects including chronic obstructive pulmonary
disease (COPD), asthma, pneumonia, lung and heart problems, and high rates
of hospitalization (a measure of morbidity) (Manisalidis et al. 2020). These
problems can be aggravated by extended periods of long-term exposure to air
pollutants. The health of susceptible individuals (such as the elderly, children,
and those with preexisting health conditions) can be adversely impacted even
atlow exposure levels. In children, air pollution can cause reduced lung growth
and function, respiratory infections, and aggravated asthma. Air pollution
exposure in early human life is associated with cardiovascular, mental, and
perinatal disorders, leading to infant mortality or chronic disease in adults
(Manisalidis et al. 2020).

Long-term effects of air pollution on health include chronic asthma, pul-
monary insufficiency, cardiovascular diseases, and cardiovascular deaths.
Type 2 diabetes, systemic inflammation, and neurodegenerative conditions
like Alzheimer’s disease and dementia have also been linked to long-term air
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pollution exposure (Schraufnagel et al. 2019). The International Agency for
Research on Cancer (IARC) classifies air pollution, in particular PM
leading cause of cancer (Bernard et al. 2001; IARC 2013).

,oasa

EFFECTS OF AMBIENT AIR POLLUTION ON HEALTH:
SHORT TERM

Respiratory-related problems. Epidemiological and experimental studies
show an association between exposure to ambient air pollution and respiratory
allergy. There is strong evidence to support an association between exposure to
PM and the development of asthma (Sompornrattanaphan et al. 2020) and can
exacerbate preexisting asthma (Bowatte et al. 2015). Asthma, a complex disease
influenced by both environmental and genetic factors, is one of the most com-
mon chronic, noncommunicable diseases in children and adults (Papi et al.
2018). It is characterized by variable respiratory symptoms and variable airflow
limitation. Several air pollutants have been found to be positively associated
with increased emergency department (ED) visits in Seoul, the Republic of
Korea, for example (Noh et al. 2016). The air pollutants studied included carbon
monoxide (CO), nitrogen dioxide (NO,), ozone (0,), sulfur dioxide (SO,), and
PM, . The strongest association was a 9.6 percent increase in the risk of ED
visits for asthma per interquartile range (IQR) increase in O, concentration.
IQR changes in NO, and PM,  concentrations were also significantly associated
with ED visits. Rahman et al. (2022) explored respiratory ED visit associations
with exposures to PM, , in Dhaka city, Bangladesh, and found a significant asso-
ciation between PM, _ with increased respiratory ED visits up to 0.84 percent of
ED visits per 10 micrograms per cubic meter ([1g/m?) increase of exposure to
PM, . The health effect varied with season, the highest being during monsoon
season, when fossil-fuel combustion sources dominated exposures (Rahman
etal. 2022).

Acute lower respiratory infection (ALRI), which comprises pneumonia and
bronchiolitis, is the largest single cause of mortality among young children
worldwide and is responsible for a substantial burden of disease among young
children in developing countries. In Ho Chi Minh City, Vietnam, the short-
term effects of daily average exposure to air pollutants on hospital admissions
of children less than 5 years of age for ALRI were assessed (Le etal. 2012). In the
dry season, risks for ALRI hospital admissions with average pollutant lag (one
to six days) were highest for NO, and SO, in the single-pollutant case-crossover
analyses, with excess risks of 8.50 percent and 5.85 percent observed, respec-
tively. The results support the presence of an association between air pollution
and increased ALRI admissions. A systematic review and meta-analysis
showed a positive association between daily levels of ambient air pollution
markers and hospitalization of children due to pneumonia (Nhung et al. 2017).
PM, _has been linked to adverse respiratory outcomes in children. Sherris
etal. (2021) analyzed data from health surveillance of children less than 5 years
of age between 2005 and 2014 in one neighborhood of Dhaka, Bangladesh,
including daily physician-confirmed diagnoses of pneumonia and upper respi-
ratory infection. It was found that elevated ambient PM, levels were associ-
ated with an increased incidence of child pneumonia, and this relationship
varied among days with different source composition of PM, .. COPD refers



to a group of diseases that cause airflow blockage and breathing-related prob-
lems. Ambient air pollution is associated with lower lung function and
increased COPD prevalence (Doiron et al. 2019).

Cardiovascular diseases (CVD) and hypertension. A study examined cardio-
vascular health effects of PM,, exposure in Dhaka (Khan et al. 2019). A signifi-
cant effect of PM, _ was observed two to four days after the exposure, with a
12 percent increase in CVD emergency room visits. The extent of delay was dif-
ferent according to the nutritional status of patients. A meta-analysis of studies
in seven international and Chinese databases found that short-term exposures to
air pollutants (PM,, PM, , SO,, NO,) were significantly associated with hyper-
tension (Yang et al. 2018a). Ambient air pollution is also associated with higher
hypertension prevalence and elevated blood pressure in children and adoles-
cents (Yan et al. 2021).

Cancer. In a study conducted in Chongqing, Guangzhou, and Beijing, China,
daily data on PM, _, PM,, SO,, O,, and lung cancer mortality were collected to
assess the short-term effect of air pollution on cancer (Wu et al. 2020). After
stratification, the current-day PM, , PM,, and O, during the warm season in
Beijing and PM,_, PM, , and SO, during the cold season in Chongging and
Guangzhou were found to be positively associated with lung cancer mortality
(excess risk ranged from 0.93 percent to 7.16 percent with each 10 pug/m?® incre-
ment in different pollutants). Male and elderly lung cancer patients were more

sensitive to the short-term effect of air pollution.

Menstrual disorders. Short-term (concurrent day and within one week prior)
ambient air pollution exposure has been linked to menstrual disorders in Xi’an,
a metropolis in northwestern China (Liang, Xu, Fan, et al. 2020). Data on outpa-
tient visits between 2010 and 2016 (2,239 days) were collected and a total of
51,893 outpatient visits for menstrual disorders were recorded. A 10 ug/m?
increase of PM, and NO, concentrations corresponded to 0.236 percent and
2.173 percent increase in outpatient visits for menstrual disorders (at concurrent
day and previous one day), respectively. The association was more significant in
young females (18-29 years), and there was no obvious association observed
between SO, and menstrual disorder outpatient visits.

Human papillomavirus (HPV) infections. HPV infections are common sexu-
ally transmitted diseases among reproductive-age women and are viewed with
increasing concern. Short-term exposure to ambient pollutants and daily outpa-
tient visits for HPV infections in China were assessed by Liang, Xu, Li, et al.
(2020). A 10 pg/m?® increase of PM, , PM, , SO,, and NO, or a 0.1 mg/m° rise of
CO in concurrent day concentrations were associated with increased risk in
daily outpatient visits for HPV infections. The association was more significant
in women ages 41 and older. The study concluded that short-term exposure to
ambient pollutants may be associated with an increased risk of HPV infections.

Mental health effects. Daily concentrations of ambient air pollution were
averaged from 19 fixed monitoring stations across three subtropical Chinese cit-
ies, and data on the morbidity of mental disorders were collected from three
psychiatric specialty hospitals (Li et al. 2020). The number of daily outpatient
visits for mental disorders increased with higher air pollutant (PM,, PM, ,
SO, and NO,) concentrations, and the effect of NO, appeared to be consistently
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significant across the three cities. In addition, it was found that air pollution
exhibited stronger effects for males and adults. The study concluded that acute
exposure to air pollution, especially NO,, might be an important trigger of men-
tal disorders. In Xi’an, a northwestern Chinese metropolis, a 10 Jg/m? increase
of SO, and NO, levels corresponded to a significant increase in the number of
outpatient visits for depression on concurrent days, and this relationship
appeared stronger in the cold seasons. However, the association of PM , was only
significant in males ages 30 to 50 on concurrent days. A hospital-based study in
northwestern China (Zhou et al. 2021) found a positive association between
SO, and NO, and daily outpatient visits due to anxiety (after adjusting for the day
of the week and weather conditions including temperature, humidity, sunlight
hours, and rainfalls) of 4.11 percent for SO, and 3.97 percent for NO,.

EFFECTS OF AMBIENT AIR POLLUTION ON HEALTH:
LONG TERM

Common morbidities associated with long-term exposure. Lipfert (2018)
investigated the long-term association (exposure range from 60 days to 35 years)
of morbidity with air pollution and cataloged them with respect to cardiovascu-
lar, respiratory, cancer, diabetes, hospitalization, neurological, and
pregnancy-birth endpoints. Pollutant associations with cardiovascular indica-
tors, lung function, respiratory symptoms, and low birth weight are more likely
to be significant than with disease incidence, heart attacks, diabetes, or neuro-
logical endpoints. Carbon and PM, , are most likely to be significant for cardio-
vascular outcomes, carbonand O, for respiratory outcomes, NO, for neurological
outcomes, and PM  for birth and pregnancy outcomes. Long-term exposure to
low-level air pollution is associated with the development of COPD, even below
current European Union (EU) and US limit values and possibly World Health
Organization (WHO) guidelines, according to a large European study, where
COPD incidence was 1.17 per 5 ug/m?* for PM, , 1.11 per 10 ug/m* for NO,, and
1.11 per 0.5 ug/m? (Liu et al. 2021).

Noncommunicable diseases. A comprehensive systematic review and
meta-analysis looking at association between ambient air pollution and blood
pressure showed significant associations of long-term exposures to PM, _ with
hypertension (Yang et al. 2018). Stratified analyses showed a generally stronger
relationship among studies of men, Asians, North Americans, and areas with
higher air pollutant levels. Another systemic review and meta-analysis found
that long-term ambient PM  exposure was associated with higher hyperten-
sion prevalence and elevated blood pressure in children and adolescents.
Current cumulative evidence appears to suggest that type 2 diabetes
mellitus-related biomarkers increase with increasing exposure duration and
concentration of air pollutants (Li et al. 2019). Long-term exposure to air pollu-
tion was also found to be associated with increased risk of diabetes in a Chinese
population, particularly in individuals who were younger, overweight, or obese
(Yang, Qian, Li, et al. 2018). PM,, PM,
withincreased diabetes prevalence. In amulticenter European study (ELAPSE),
long-term air pollution exposure was associated with incidence of stroke and
coronary heart disease, even air pollutant concentrations lower than current
limit values (Wolf et al. 2021). The incidence of stroke was associated with

and PM,, were significantly associated



PM,_ (110 per 5 pug/m? increase), NO, (1.08 per 10 pug/m? increase), and black
carbon (1.06 per 0.5 10°/m increase), while coronary heart disease incidence
was associated only with NO,.

Environmental exposures may increase the risk of autoimmune diseases. Air
pollution is a potential contributor to diseases such as rheumatoid arthritis and
systemic lupus erythematosus. A retrospective observational study (Adami et al.
2022) concluded that long-term exposure to air pollution was associated with
higher risk of developing autoimmune diseases, in particular, rheumatoid arthri-
tis, connective tissue diseases, and inflammatory bowel diseases. Every
10 ug/m?’ increase in PM, concentration was associated with an incremental
7 percent risk of having autoimmune disease. Exposure to PM, above 30 ug/m?
and PM, _ above 20 ug/m?® was associated with a 12 percent and 13 percent higher
risk of autoimmune disease, respectively.

A recent pooled analysis of seven European cohorts investigated the relation-
ship between long-term low-level air pollution exposure and lung cancer inci-
dence (Hvidtfeldt, Severi, et al. 2021). A significantly higher risk for lung cancer
with higher exposure to PM, . was found with risk estimates elevated for sub-
jects with exposure even below the EU limit value of 25 pig/m?. Another European
study (ELAPSE) addressed the potential association between specific elemental
components of PM,, and lung cancer incidence (Hvidtfeldt, Chen, et al. 2021)
and found a positive association. Chen et al. (2022) assessed the associations of
bladder cancer incidence with residential exposure to pollutants in a pooled
cohort and found a positive though statistically nonsignificant association
between PM, _ and bladder cancer incidence. So et al. (2021) observed positive
linear associations between liver cancer incidence and exposure to NO,, PM, ,
and black carbon and liver cancer incidence.

Prenatal exposure to air pollution and child stunting, wasting, and under-
weight. Goyal and Canning (2018) explored the relationship between exposure
to ambient PM, _in utero and child stunting by pooling data from the Bangladesh
Demographic and Health Survey conducted between 2004 and 2014 and calcu-
lating children’s exposure to ambient PM, _ in utero using high resolution satel-
lite data. They found significant increases in the relative risk of child stunting,
wasting, and underweight with higher levels of in utero exposure to PM, .. Over
half of all children in the sample were exposed to ambient PM, , levels exceeding
46 ng/m?and had a relative risk of stunting of over 1.13 times that of children in
the lowest quartile of exposure. While there is debate on the specific timing of
exposure most relevant to child morbidity and mortality, the effects of prenatal
and neonatal exposure to ambient PM levels have been found to be significant
and lasting due to high sensitivity during fetal development and early life
(Goldizen, Sly, and Knibbs 2018). Another study from Bangladesh investigated
the differences in the associations of ambient and household PM,, in the timings
and magnitudes of prenatal and postnatal exposures across males and females
and found that (1) the use of solid fuels was associated with respiratory illness
among girls but not boys, (2) prenatal exposure to ambient PM, _was associated
with stunting in boys but not girls, and (3) postnatal exposure was associated
with stunting in both males and females (Kurata, Takahashi, and Hibiki 2020).
Psychological complications, autism, retinopathy, fetal growth, and low birth
weight seem to be related to long-term exposure to air pollution as well
(Manisalidis et al. 2020).
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EFFECTS OF INDOOR HOUSEHOLD AIR POLLUTION
ON HEALTH

According to WHO, indoor air pollution from burning of biomass fuel has
emerged as one of the top 10 global threats to public health: it accounts for
2.7 percent of the global burden of disease (Alim et al. 2014). Levels of exposure
are reported to be higher for women and children, who spend most time indoors
during cooking. Indoor air pollution is the second largest global environmental
contributor to morbidity and causes more than 5 million premature deaths from
illnesses. Indoor air pollution is also associated with reduced work productivity,
material damages, and increased health system expenses.

PM is a principal component of indoor air pollution in homes. PM originates
from a variety of human-made and natural sources. Natural sources include pol-
len, spores, bacteria, plant and animal debris, and suspended crustal materials.
Human-made sources consist of industrial emissions and combustion by-prod-
ucts from incinerators, motor vehicles, and power plants. Indoor sources include
cigarette smoking, cooking, wood and other biomass burning in stoves and fire-
places, cleaning activities that resuspend dust particles (for example, sweeping),
and penetration of outdoor particles into the indoor environment (Wallace et al.
2003). The contribution of indoor sources to personal exposure to PM, _and
ultrafine particles seems to be greater than from outdoor traffic sources. Cooking
was identified as one of the major indoor activities affecting exposure to aero-
sols. Indoor air-pollution-mediated health concerns mainly include mortality
rates and incidences of respiratory and nonrespiratory diseases. Significant rela-
tionships between exposure to major indoor air pollutants and various short-
term and long-term respiratory health outcomes such as wheezing,
breathlessness, cough, phlegm, asthma, COPD, lung cancer, and, more rarely,
lung function decline have been found (Bentayeb et al. 2013). The elderly (indi-
viduals over 65 years) are especially vulnerable to these effects.

Short-term effects of indoor air pollution

Studies of school-age children in Seattle found that PM, _ originating from indoor
sources was more potent in decreasing pulmonary function than was
outdoor-derived PM. A California study found significant decreases in lung func-
tion associated with indoor PM. While this study found associations between
ambient PM and lung function, it found stronger associations for indoor than out-
door central site PM concentrations (McConnell et al. 2003). A longitudinal study
0f 150 inner-city preschool children with asthma, conducted as a part of the Johns
Hopkins Center for Childhood Asthma (Baltimore Indoor Environment Study of
Asthma in Kids [BIESAK] Study) investigated the impact of indoor PM, . and PM, |
on asthma morbidity (Breysse et al. 2010). The mean indoor PM, , concentration
in the BIESAK study was roughly twice as high as the indoor PM, | concentration,
and the indoor PM concentrations were significantly higher than the respective
average ambient measurements made over the same time period. For every 10 ug/
m? increase in indoor PM, _ |- concentration, there was a 6 percent increase in the
number of days of cough, wheeze, or chest tightness, after adjusting for age, race,
sex, socioeconomic status, season, indoor fine PM, and ambient fine and coarse
PM concentrations. In adjusted models, higher indoor coarse PM concentration
was also significantly associated with increased incidence of symptoms severe
enough to slow a child’s activity, wheezing that limited speaking ability, nocturnal



symptoms, and rescue medication use. In a panel study, children were given neu-
robehavioral tests following short-term (same day and up to 2 days before) and
,» PM,, and black carbon in school
and at their residence (Saenen et al. 2016). Repeated neurobehavioral test perfor-

long-term exposure (365 days) to indoor PM

mances of the children reflected slower Stroop Test (a measure of selective atten-
tion) and Digit-Symbol Test (visual information processing speed) performances
with increasing short-term PM, , exposure inside the classroom.

Burning of biomass fuel (cow dung, crop residue, dried leaves, wood, and so
forth) in the kitchen releases smoke, which may impact the respiratory functions
of women cooking indoors. One study showed significant association between
biomass fuel use and respiratory involvement among rural women in Bangladesh
(Alim et al. 2014). The prevalence of respiratory involvement (at least one among
nine symptoms and two diseases) was significantly higher among biomass users
than among gas users (29.9 percent versus. 11.2 percent). The biomass fuel usage
elevated symptoms and diseases significantly. Akther et al. (2019) measured real-
time PM,, PM, , PM,, PM,, PM, , NO,, and VOC from the indoor air of houses at
four residential locations in Dhaka to investigate their association with lung
function. A negative association between ultrafine particles and peak flow rate
measurements of the residents living in these houses indicated that inhalation of
ultrafine particles had a great impact on reduced lung efficiency. There was also
a strong correlation between indoor and outdoor PM__, suggesting indoor air

2.5
was affected by outdoor air.

Long-term effects of indoor air pollution

The primary cause of COPD in women is indoor air pollution exposure, while
tobacco smoking is the leading cause in men (Shetty, D’Souza, and Anand 2021). A
systematic review and meta-analysis evaluated the correlation between the indoor
air pollution and deaths related to COPD and COPD prevalence in South Asia from
1985 until June 2020. The results have concluded that long-term exposure to
indoor pollution had a significant effect on COPD deaths as well as its symptoms.
The odds ratio was in a range of 1.05 (randomized controlled trials) to 7.87
(cross-sectional studies) for all the studies mentioned. Another pooled analysis
showed that exposure to indoor air pollution due to solid biomass fuels increased
risk of COPD by 2.65 and chronic bronchitis by 2.89 times more compared to non-
biomass fuels. Exposure to indoor air pollution is known to affect respiratory and
cardiovascular health, but little is known about its effects on cognitive func-
tion. Concentrations of indoor PM arising from burning peat, wood, or coal in res-
idential open fires were measured by Maher et al. (2021) to assess its effects on
cognitive function in a sample of nearly 7,000 older people. Highest indoor
PM,, concentrations (60 ug/m?, that is, 2.4 times the WHO-recommended
24-hour mean) occurred when peat was burned, followed by burning of coal (30
ug/m?) and wood (17 pg/m?). The study found that exposure to PM was greater for
individuals spending around five hours per day indoors with a coal-burning open
fire for six months compared to those commuting via heavily trafficked roads for
one hour per day for one year. After accounting for relevant confounders such as
socioeconomic status, the study found a negative association between open fire
usage and cognitive function as measured by cognitive tests such as word recall
and verbal fluency tests. The negative association was largest and statistically
strongest among women, a finding explained by the greater exposure of women to
open fires in the home because they spent more time at home than men. Higher
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PM,, and lower ventilation rates, as assessed by carbon dioxide concentration,
were associated with slower response times and reduced accuracy (fewer correct
responses per minute) on the Stroop Test (a measure of selective attention) and
attention deficit for 8 out 10 test metrics (Laurent et al. 2021).
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APPENDIX B

Tables, Figures, and Map

TABLE B.1 Distribution of the sample, by study site

PERSISTENT MAJOR CONSTRUCTION
RESPONDENT TYPE TRAFFIC AND TRAFFIC BRICK KILNS COMPARATOR TOTAL
In households with children (<10 years) 1,238 (253) 1,157 (255) 1,198 (254) 1,377 (251) 4,970
In h hol ith elderl lati
n households with elderly population 487 (94) 424 (83) 502 (100) 577 (98) 1,990
(65+ years)
In mixed households 1,295 (280) 1,309 (288) 1,214 (272) 1,472 (276) 5,290
Total 3,020 (627) 2,890 (626) 2,914 (626) 3,426 (625) 12,250

Source: Original compilation for this publication. World Bank.
Note: The table shows the number of individuals from household types by location. Numbers of households are in parentheses.

TABLE B.2 Scoring mechanism to assess the likelihood of a lower respiratory tract infection

SERIAL

NUMBER QUESTION SCORE (IF YES)
1 Did you suffer from a cough in the past 14 days? 2

1a Is/was your cough productive (with sputum)? 2

1b Is the sputum thick/heavy? 1

1c Was the sputum unclear (rusty/green/yellow)? 1

1d Did you expel any blood with the cough? 2

2 Have you experienced any shortness of breath or heaviness in the chest in the past 14 days? 2

2a Is/was your breathing accompanied with a wheezing sound? 3

Scoring restricted to individuals who have responded positively to experiencing a cough or breathing problem
(question 1 or 2)

3 Was your cough or breathing problem accompanied by a fever? 1
3a Did you experience chills with the fever? 1
3b Did the fever last for more than 5 days? 1
4 Did you experience any body aches or weakness along with the cough or breathing problem? 1

Source: World Bank.
Note: The table shows the set of questions used to predict the likelihood of a respondent experiencing a respiratory infection using a 14-day recall.
Individuals with a score of six or above are considered to have a strong likelihood of experiencing or having experienced a respiratory infection.
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TABLE B.3 Means tests of exposure to pollutants, by location

PERSISTENT
TRAFFIC VERSUS

COMPARATOR

MAJOR CONSTRUCTION  BRICK KILNS
AND TRAFFIC VERSUS
COMPARATOR

VERSUS
COMPARATOR

PERSISTENT
TRAFFIC VERSUS
BRICK KILNS

MAJOR CONSTRUCTION
AND TRAFFIC VERSUS
BRICK KILNS

See figure 3.1

PM, (ug/m?)

sokok

PM, . (ug/m?)

Fokok
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PM,, (ug/m?)

sokok

%Xk

NO, (ppb)
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*k

VOC (ppb)

ook

sokok

See figure 3.2

PM, , (ug/m?3)
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ook

kX%

PM,, (ug/m?)

Fokk

*k

Source: World Bank.
Note: Test statistics are derived using standard t-tests. PM = particulate matter. PM numbers indicate the size of particles: PM,

indicates particles of 1 micrometer, and so forth. NO, = nitrogen dioxide. ppb = parts per billion. ug/m?* = micrograms per cubic
meter. VOC = volatile organic compound.
*x ¥ and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

TABLE B.4 Prevalence of cough and breathing difficulties

MEAN (%)
Productive cough 42.9
Expelled thick sputum 56.8
Color of sputum (of individuals with thick sputum)
Clear 71.8
Rusty 77
Green 3.0
Yellow 17.5
Blood with cough 2.5
Breathing difficulty with wheezing sounds 56.5

Source: World Bank.
Note: The proportions presented on the table’s dimensions are restricted to individuals who reported
experiencing a cough or breathing difficulties in the 14 days preceding the survey.

TABLE B.5 Means tests of short-term illnesses, by location, demographic characteristics, and
socioeconomic status

PERSISTENT
TRAFFIC VERSUS
COMPARATOR

MAJOR CONSTRUCTION
AND TRAFFIC VERSUS
COMPARATOR

BRICK KILNS

VERSUS TRAFFIC VERSUS

COMPARATOR

PERSISTENT

BRICK KILNS

MAJOR CONSTRUCTION
AND TRAFFIC VERSUS
BRICK KILNS

See figure 3.4

Cough

*k

Hokok

Breathing difficulties

k%

Fever

Body aches

General weakness

Eye issues

*k

Throat issues

Fkk

*okok
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TABLE B.5, continued

Appendix B

PERSISTENT MAJOR CONSTRUCTION BRICK KILNS PERSISTENT MAJOR CONSTRUCTION
TRAFFIC VERSUS AND TRAFFIC VERSUS VERSUS TRAFFIC VERSUS AND TRAFFIC VERSUS
COMPARATOR COMPARATOR COMPARATOR BRICK KILNS BRICK KILNS
Nose ISSUeS * KKk KKk seokok
Skin issues *okk *okk *okk *kok *k
See figure 3.5 See figure 3.6
0-5 YEARS 0-5 YEARS 0-5 YEARS
VERSUS 6-19 VERSUS 20-64 VERSUS 65+ MALE
YEARS YEARS YEARS VERSUS FEMALE
Cough *okk *okk *okk
Breathing difficulties ok ork
Fever *ohk Hkk Kok
Eye ISSUeS K%k K%k KKk
Nose issues *okok Kokk Kokk Kokk
Skln ISSUES seokok *kkk *kkk K%k
Throat issues ok ok ok ok
See figure 3.7
POOREST POOREST POOREST POOREST
VERSUS POOR VERSUS MID VERSUS RICH VERSUS RICHEST
Cough *kk * *okk
Breathing difficulties
Fever x ork
Eye issues *x
Nose issues b
Skin issues *x ok

Throat issues

*x

Source: World Bank.

Note: Test statistics are derived using standard t-tests.
*x % and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

TABLE B.6 Means tests of proportion of individuals with respiratory infections,

by location and demographic characteristics

PERSISTENT MAJOR CONSTRUCTION BRICK KILNS PERSISTENT MAJOR CONSTRUCTION
TRAFFIC VERSUS AND TRAFFIC VERSUS VERSUS TRAFFIC VERSUS AND TRAFFIC VERSUS
COMPARATOR COMPARATOR COMPARATOR BRICK KILNS BRICK KILNS
See figure 3.8
kK * *okk
See figure 3.9
0-5 YEARS VERSUS 0-5 YEARS VERSUS 0-5 YEARS VERSUS MALE VERSUS
6-19 YEARS 20-64 YEARS 65+ YEARS FEMALE

Fokk

*okok

*

Source: World Bank.

Note: The table presents the proportion of individuals who scored at least 5 in the Respiratory Infection Score, suggesting a

likely presence of a respiratory infection but not substantiated by radiological tests and, hence, not clinically proven. Test

statistics are derived using standard t-tests.
*xx *x and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

]
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TABLE B.7 Means tests of NCDs by location, demographic characteristics, and socioeconomic status

MAJOR
PERSISTENT MAJOR CONSTRUCTION BRICK KILNS PERSISTENT CONSTRUCTION AND
TRAFFIC VERSUS AND TRAFFIC VERSUS VERSUS TRAFFIC VERSUS TRAFFIC VERSUS
COMPARATOR COMPARATOR COMPARATOR BRICK KILNS BRICK KILNS
See figure 3.12
Allergies K%k K%k Kk *
Diabetes *
Heart disease
Hypel’tenSIOﬂ *kkk *kkxk kK *k
History of stroke *x
Chronic respiratory illnesses ok * *x
See figure 3.13 See figure 3.14
0-5 YEARS 0-5 YEARS
VERSUS 6-19 0-5 YEARS VERSUS VERSUS MALE VERSUS
YEARS 20-64 YEARS 65+ YEARS FEMALE
A”ergles k%% *kkk *kkk *kkk
Diabetes Kk Kk Kk
Heart disease *x ok ok
Hypertension pork pork ork
History of stroke ok ok ok
Chronic respiratory illnesses Hork Hork
POOREST POOREST POOREST POOREST
VERSUS POOR VERSUS MID VERSUS RICH VERSUS RICHEST

See figure 3.15

Allergies

Diabetes

Heart disease

Hypertension

History of stroke

Chronic respiratory illnesses

Source: World Bank.

Note: Test statistics are derived using standard t-tests. NCD = noncommunicable disease.
*k K% and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

TABLE B.2 Correlates of having a productive cough, breathing difficulties, and likely respiratory infection

(14-day recall)

LOWER RESPIRATORY TRACT

PRODUCTIVE COUGH BREATHING DIFFICULTIES INFECTION
ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD

ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR
Base: Comparator
Persistent traffic 0.806 1.48 1.417** 2.00 0.748** 2.52
Major construction and traffic 0.996 0.03 1.6571*** 2.94 0.929 0.66
Brick kilns 1.027 0.22 1177 1.05 0.943 0.61
PM, 1.025%* 2.08 1.128* 1.72 1.081* 1.71
PM 1.005 0.08 1.066 1.02 1.033 0.69

10

Base: Age 20-64 years

continued
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TABLE B.8, continued

LOWER RESPIRATORY TRACT

PRODUCTIVE COUGH BREATHING DIFFICULTIES INFECTION
ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD

ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR
0-5 years 1.597* 1.94 1.703* 1.70 1.979%* 3.67
6-19 years 0.738 1.59 0.659* 173 0.836 1.28
65+ years 2.699%** 6.71 2.970%** 6.98 2.304%* 6.71
Male 0.883 1.25 1107 0.80 0.891 1.42
Base: Outdoor low-skilled work
None (Children < 5 years) 0.879 0.48 0.661 1.22 0.533*** 3m
Indoor low-skilled work 0.870 0.62 0.653 1.62 0.726* 1.88
indoor skilled work 0.854 0.70 0.710 1.32 0.6471%** 2.62
Homemaker 0.854 0.78 0.831 0.79 0.697** 2.38
Student 0.654 1.45 0.620 1.30 0.483%** 3.22
Other 0.786 mm 0.687 1.59 0.645%** 2.71
Household size 0.951* 1.81 0.977 0.64 0.946** 2.40
Improved source of fuel 1.005 0.05 0.858 1.24 0.988 0.15
Hours spent outdoors 1.023** 2.29 1.015 1.20 1.015* 1.81
Base: Poorest
Poor 0.749** 218 0.656*** 2.66 0.746*** 2.87
Mid 0.736** 2.26 0.791 1.58 0.745%** 2.81
Rich 1.055 0.42 0.674** 2.47 0.827* 1.83
Richest 1150 1.04 0.912 0.57 0.942 0.56
Allergies 2.887%** 12.03 3.504%** 12.24 2.714%x* 13.83
Diabetes 1.663*** 3.07 1.774%** 3.14 1.627** 3.49
Hypertension 0.991 0.06 1.232 1.31 1.109 0.88
Heart disease 1.631** 2.40 3.376%** 6.26 1.736%** 3.24
Stroke 1.764%* 1.99 1130 0.38 1.682** 2.10
Pseudo R? 0.07 0n 0.06
N 12,190 12,190 12,190

Source: World Bank.

Note: The table shows adjusted odds ratios (AORs) from a logistic model. The binary dependent variable is whether a respondent has reported
experiencing a productive cough with a thick sputum had breathing difficulties and had a likely respiratory infection in the 14 days preceding the
survey. Robust standard errors are calculated using the Huber-White (1967) approach. Results are interpretable as percentage changes ([AOR - 1] *
100 = percentage change). PM = particulate matter. PM numbers indicate the size of the particles: PM indicates particles of 1 micrometer, and so
forth.

*x % and * represent significance below the 1 percent, 5 percent, and 10 percent levels.
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TABLE B.9 Heterogeneity analysis: productive cough (14-day recall)

MAJOR CONSTRUCTION AND PERSISTENT TRAFFIC VERSUS
PERSISTENT TRAFFIC TRAFFIC VERSUS BRICK KILNS VERSUS MAJOR CONSTRUCTION AND BRICK KILNS VERSUS MAJOR
VERSUS COMPARATOR COMPARATOR COMPARATOR TRAFFIC CONSTRUCTION AND TRAFFIC
ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD
ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR
Demographics
0-5 years 1.263 0.62 1.883* 1.82 0.994 0.02 0.670 113 0.526** 2.00
6-19 years 1.038 0.12 1.415 119 0.830 0.65 0.719 1.06 0.579* 1.87
65+ years 0.919 0.21 0.745 0.76 0.605 1.41 1.219 0.44 0.799 0.56
Male 0.819 0.84 1.005 0.02 1.230 0.97 0.806 0.90 1.230 0.95
Household size 1.054 0.65 1.217%** 2.70 1.197** 2.30 0.882 1.41 0.990 0.12
Comorbidities
Allergies 0.854 0.59 1.200 0.75 0.723 1.38 0.726 1.19 0.603** 215
Diabetes 0.859 0.31 0.912 0.20 0.522 1.44 0.952 0.10 0.594 1.09
Hypertension 1.228 0.47 1.201 0.44 1.198 0.47 1.051 0.10 1.010 0.02
Heart disease 0.269 1.64 1.064 0.12 1100 0.18 0.249* 1.75 1.030 0.06
Stroke 2.649 1.08 7.028** 2.39 0.681 0.39 0.377 1.26 0.090*** 2.72
Pseudo R? 0.07 0.07
N 12,190 8,782

Source: World Bank.

Note: The table shows adjusted odds ratios (AORs) from a logistic model. The binary dependent variable is whether a respondent has reported experiencing a productive cough with a thick sputum in the

14 days preceding the survey. Analysis of heterogeneity across study sites is reported for selected demographic characteristics and comorbidities with the comparator site and major construction and persistent
traffic as the base category. Results are restricted to persistent traffic, major construction and traffic, and brick kiln sites. Robust standard errors are calculated using the Huber-White (1967) approach methods.
Results are also interpretable as percentage changes ([AOR - 1] * 100 = percentage change).

*xx ¥ and * represent significance below the 1 percent, 5 percent, and 10 percent levels.



TABLE B.10 Heterogeneity analysis: breathing difficulties (14-day recall)

PERSISTENT TRAFFIC VERSUS BRICK KILNS VERSUS MAJOR

PERSISTENT TRAFFIC VERSUS MAJOR CONSTRUCTION AND BRICK KILNS VERSUS MAJOR CONSTRUCTION AND CONSTRUCTION AND
COMPARATOR TRAFFIC VERSUS COMPARATOR COMPARATOR TRAFFIC TRAFFIC
ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD
ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR
Demographics
0-5 years 1.212 0.35 3.320% 2.35 1.870 115 0.363** 2.42 0.561 1.44
6-19 years 0.760 0.64 1.225 0.49 1.258 0.55 0.620 1.24 1.019 0.05
65+ years 0.543 1.36 0.539 1.48 0.397** 213 1.012 0.03 0.742 0.66
Male 0.600* 1.76 0.861 0.53 0.863 0.50 0.690 1.40 1.009 0.04
Household size 0.773* 2.43 1150 1.50 1.028 0.25 0.673%** 3.87 0.896 1.02
Comorbidities
Allergies 1.647 1.56 2.279%* 2.67 1.317 0.86 0.730 112 0.578* 1.95
Diabetes 0.872 0.25 1.092 0.18 0.522 1.25 0.789 0.43 0.476 1.45
Hypertension 0.762 0.54 1.399 0.75 1.572 1.06 0.545 118 1.109 0.23
Heart disease 0.449 1.30 0.603 0.91 1.225 0.39 0.740 0.49 2.043 1.36
Stroke 0.617 0.49 1.301 0.31 0.602 0.49 0.483 0.79 0.458 0.79
Pseudo R? 0.1 0.1
N 12,190 8,776

Source: World Bank.

Note: The table shows adjusted odds ratios (AORs) from a logistic model. The binary dependent variable is whether a respondent has reported experiencing breathing problems in the 14 days preceding the
survey. Analysis of heterogeneity across study sites is reported for selected demographic characteristics and comorbidities with the comparator site and major construction and persistent traffic as the base
category. Results are restricted to persistent traffic, major construction and traffic, and brick kiln sites. Robust standard errors are calculated using the Huber-White (1967) approach methods. Results are also
interpretable as percentage changes ([AOR - 1] * 100 = percentage change).

*x % and * represent significance below the 1 percent, 5 percent, and 10 percent levels.
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TABLE B.11 Heterogeneity analysis: lower respiratory tract infection (14-day recall)

MAJOR CONSTRUCTION AND PERSISTENT TRAFFIC VERSUS
PERSISTENT TRAFFIC VERSUS TRAFFIC VERSUS BRICK KILNS VERSUS MAJOR CONSTRUCTION AND BRICK KILNS VERSUS MAJOR
COMPARATOR COMPARATOR COMPARATOR TRAFFIC CONSTRUCTION AND TRAFFIC
ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD ADJUSTED STANDARD
ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR ODDS RATIOS ERROR
Demographics
0-5 years 1.446 1.21 2.326%** 3.06 1.220 0.70 0.621* 1.68 0.521** 2.49
6-19 years 1.032 0.3 1.280 1.06 1.029 0.3 0.796 0.91 0.792 0.99
65+ years 1.139 0.39 1.067 0.20 0.677 1.24 1.063 0.17 0.618 1.39
Male 0.873 0.72 1.048 0.27 1.21 1.10 0.828 0.99 1154 0.80
Household size 1.020 0.30 1.229%** 3.48 1.184** 2.55 0.847** 2.43 0.963 0.53
Comorbidities
Allergies 1184 0.79 1.416* 1.75 0.999 0.00 0.848 0.77 0.701* 1.83
Diabetes 0.720 0.83 0.867 0.38 0.434** 2.15 0.845 0.39 0.523 1.52
Hypertension 1.230 0.62 0.805 0.61 0.993 0.02 1.563 m 1.247 0.59
Heart disease 0.632 0.83 1.795 1.26 1.612 1.05 0.346* 1.90 0.900 0.23
Stroke 0.907 0.14 2.220 1.21 0.355 1.33 0.416 1.28 0.152** 2.38
Pseudo R? 0.06 0.07
N 12,190 8,782

Source: World Bank.

Note: The table shows adjusted odds ratios (AORs) from a logistic model. The binary dependent variable is whether a respondent is likely to have a respiratory infection as calculated using relevant symptoms
(using a 14-day recall) and methods outlined in Appendix B Table B.2. Analysis of heterogeneity across study sites is reported for selected demographic characteristics and comorbidities with the comparator site
and major construction and persistent traffic as the base category. Results are restricted to persistent traffic, major construction and traffic, and brick kiln sites. Robust standard errors are calculated using the
Huber-White (1967) approach methods. Results are also interpretable as percentage changes ([AOR - 1] * 100 = percentage change).

*E 4 and * represent significance below the 1 percent, 5 percent, and 10 percent levels.
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TABLE B.12 Means tests of depression, by location and demographic

characteristics (14-day recall)

MAJOR MAJOR
CONSTRUCTION PERSISTENT ~ CONSTRUCTION
PERSISTENT AND TRAFFIC  BRICK KILNS TRAFFIC AND TRAFFIC
TRAFFIC VERSUS VERSUS VERSUS VERSUS  VERSUS BRICK
COMPARATOR COMPARATOR  COMPARATOR  BRICK KILNS KILNS
See figure 3.17
*k *x
See figure 3.18
0-5 YEARS VERSUs O3 YEARS 0-5 YEARS  MALE VERSUS
o EARS VERSUS 20-64 VERSUS EmALE
YEARS 65+ YEARS
*k Hokok Fokk *

Source: World Bank.

Note: Prevalence of depression has been determined using the WHO-5 depression screening tool.
Test statistics are derived using standard t-tests.
*Ek K% and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

TABLE B.13 Correlates of depression (14-day recall)

ADJUSTED ODDS RATIOS STANDARD ERROR
Base: Comparator
Persistent traffic 1.050 0.40
Major construction and traffic 0.955 0.37
Brick kilns 0.762** 2.46
PM, 1.202%%* 3.79
PM,, 1.017 0.35
Base: Age 15-35 years
36-49 years 1.069 0.68
50-64 years 1.395%** 3.10
65+ 2.8771%** 7.95
Female (base: male) 1.357%** 3.80
Improved fuel (base: unimproved) 0.897 116
Household size 1.027 1.10
Hours spent outdoors 1.032%** 3.71
Base: Poorest
Poor 0.835* 1.69
Mid 0.736*** 2.82
Rich 0.637*** 3.93
Richest 0.583%** 4.37
Education (base: none)
Primary 0.607*** 4.59
Secondary 0.673*** 4.32
High school 0.675%** 2.91
High school and above 0.637** 21
Religious education 0.391* 1.85
Allergies 1.082 0.91
Diabetes 1134 0.91
Hypertension 1.251%* 2.06
Heart disease 1.377** 1.97

continued
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TABLE B.13, continued

ADJUSTED ODDS RATIOS STANDARD ERROR

Stroke 2.772%** 4.45
Cough (short term) 1.089 0.58
Breathing problems (short term) 1.5671%** 3.01
Fever (short term) 1.217* 2.05
Respiratory infection (short term) 1.263 1.36
Pseudo R? 0.070

N 8,034

Source: World Bank.

Note: The table shows adjusted odds ratios (AORs) from a logistic model. The binary dependent
variable is whether a respondent is depressed as per the WHO-5 scale. Robust standard errors are
calculated using the Huber-White (Huber 1967) approach. Results are interpretable as percentage
changes ([AOR - 11 * 100 = percentage change). PM = particulate matter. PM numbers indicate the
size of the particles. PM, indicates particles of 1 micrometer, and so forth.

*x ¥ and * represent significance below the 1 percent, 5 percent, and 10 percent levels.

MAP B.1
Location of continuous air-monitoring stations in Bangladesh

[ ] CAMS locations

District boundaries
Division boundaries
International boundaries

Bay of Bengal

1BRD 46628 |
MAY 2022

Source: Based on information from the Department of Environment, Ministry of Environment, Forest,
and Climate Change.

Note: Two additional continuous air-monitoring stations (CAMS) were set up in 2019/2020—in
Rangpur and Mymensingh—not shown in the map. The location of the CAMS are as follows: CAMS-1
Dhaka Sangshad Bhaban Shere-Bangla Nagar; CAMS-2 Dhaka Firmgate; CAMS-3 Dhaka Darus Salam;
CAMS-4 Gazipur; CAMS-5 Narayangonj; CAMS-6 Chattogram TV Station Khulshi; CAMS-7 Chattogram
Agrabad; CAMS-8 Khulna Baira; CAMS-9 Rajshahi Sopura; CAMS-10 Sylhet Red Crescent Campus; and
CAMS-11 Barishal DFO Office Campus (Clean Air and Sustainable Environment Project 2018).
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FIGURE B.1
Pollutant levels in outdoor conditions (natural units), by study site
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Source: World Bank.
Note: PM = particulate matter. PM numbers indicate the size of particles: PM, indicates particles of 1 micrometer, and so forth. NO, = nitrogen
dioxide. ppb = parts per billion. pg/m?* = micrograms per cubic meter. VOC = volatile organic compound.

FIGURE B.2
Pollutant levels in indoor conditions, by study site
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Source: World Bank.
Note: PM = particulate matter. PM numbers indicate the size of particles: PM, indicates particles of 1 micrometer, and so forth. NO, = nitrogen
dioxide. ppb = parts per billion. pg/m? = micrograms per cubic meter. VOC = volatile organic compound.
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FIGURE B.3

Pollutant levels in outdoor and indoor conditions, by study site
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Source: World Bank.

Note: PM = particulate matter. PM numbers indicate the size of particles: PM, indicates particles of 1 micrometer,

and so forth. PMs are presented as a percentage above (or below) the World Health Organization’s 2021 Air
Quality Guidelines over a 24-hour period (see glossary).
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APPENDIX C

Variables and Analytical Technique

SURVEY INSTRUMENT AND VARIABLES

The structured questionnaire administered during the survey comprised
both individual- and household-level questions. Individual-level questions
were directed at each member of the household. For members below 10 years of
age, the mother or primary caregiver furnished the requisite information.
The primary female member of the household responded to household-level
questions.

The primary questions of interest revolved around the individual’s physical
and mental health conditions. On physical health, self-reported information was
collected on two fronts. Based on available literature and using a 14-day recall
period, we collected short-term symptoms of exposure to air pollution such as
experiencing a cough or breathing difficulties; fever; redness, burning sensa-
tions, wateriness, or itchiness of the eyes; nasal issues such as runniness and/or
blockage, whether accompanied by headaches, itchiness, dryness, or general
irritation; rashes, hives, itching, acne, or dermatitis on the skin; and soreness,
pain or ache, itchiness, or dryness of the throat. The information related to cough
is further detailed through additional questions related to whether the cough
was productive (inclusive of sputum), the consistency and color of the sputum,
and the presence of blood. The information on breathing difficulties was further
qualified depending on whether the individual hears a wheezing sound when
breathing. In consultation with trained medical professionals, a scoring mecha-
nism was developed to predict whether an individual was experiencing a respi-
ratory infection using a series of cascading questions. The questions and relevant
score, including the cutoff, are detailed in appendix B, table B.2. Next, using a
12-month recall, the questionnaire also accumulated individual-level illness data
on a battery of both communicable and noncommunicable diseases that were
confirmed to have been diagnosed by a trained physician.

Mental health was measured using the five-item World Health Organization
Well-Being Index (WHO-5), which is an instrument comprising five simple,
noninvasive questions designed to assess subjective psychological well-being.
Since its creation in 1998, the WHO-5 has been translated into more than
30 languages and has been widely used in research studies globally (Topp et al.
2015). The scale consists of a Likert-style questionnaire, with the highest
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possible score of 100 representing perfect well-being. Topp et al.’s (2015) com-
prehensive systematic review of studies (n = 18) utilizing the WHO-5 demon-
strated the instrument to have high clinical validity. The review indicated that
a score threshold of < 50 has utility in assigning a “screening diagnosis” of
depression, with a sensitivity of 0.87 and specificity of 0.76. A Bangla version of
the WHO-5 has recently been culturally adapted (internal consistency:
o = 0.754) and validated against previously validated instruments in Bangladesh
(divergent validity: r = —0.443, p < 0.01 with the Bangla version of Perceived
Stress Scale-10; and convergent validity: r = 0.542, p < 0.01 with the Bangla ver-
sion of Warwick-Edinburgh Mental Well-Being Scale) using rigorous transcul-
tural translation and validation procedures (Faruk et al. 2021). Accordingly, the
study uses the Bangla version of the WHO-5 with an operationalized cutoff of
<50 to determine populations with a screening diagnosis of depression.

Additional individual-level information includes a roster comprising
demographic, educational, and occupational characteristics as well as time-
use with regard to the average number of hours spent in air-conditioned and
non-air-conditioned environments and outdoors on a typical day. The survey
collated information on an additional array of individual and household
characteristics. A composite socioeconomic index, accounting for survey-site
specific characteristics, was created from physical household attributes—
wall and roof material, area per capita, and availability of a separate kitchen—
and a roster of durable assets was created using methods outlined in the
Bangladesh Demographic and Health Survey (NIPORT and ICF 2020).
Quintiles of the continuous index are used for analysis. Information was also
collected on whether the household used improved sources of energy for
cooking along with water, sanitation, and hygiene (WaSH) attributes such as
accessibility to sanitary facilities, type of water used, hygiene-oriented
behavior such as hand washing, and others.

ANALYTICAL TECHNIQUES

This paper models the correlates of physical and mental health outcomes
reported in sections “Correlates of productive cough, breathing difficulties, and
respiratory infections” and “Correlates of depression,” using the following
binary specification:

eﬂ,wj + By + P+ X'y +OT + g

ij Bo; + By + @b+ X'y + O + g

_1+e

i=1...n
j=0...100,

(CD

where the probability of binary outcome Y =1 is modeled for the i individual
living in the j® primary sampling unit. The study sites* (with the comparator
location as the base category) and the particulate matter are denoted by o, and
Y;- @' represents a vector of demographic characteristics such as age and gender,
while the set of comorbidities is denoted by X’. @ represents a vector of
individual- and household-level characteristics such as usual activity and socio-
economic status, time use and so forth. & is the Huber-White (1967) robust idio-
syncratic error term.



The study hypothesizes that variation and composition of the pollutant par-
ticles will vary by each study site and have differential effects, particularly across
demographic characteristics and in the presence of comorbidities across each of
the study sites. To assess the heterogeneity of effects, we extend equation C.1 to
have the study sites to interact with the two sets of attributes:

eﬁ,wj + By + PP+ XY + yHD)B; + YHX')By + O + &

07 14 P Bty + O XV @B+ (X )b+ O+ e

i=1...n
j=0...100,

(C.2)

where the coefficients of the interacted terms (8, and B,) represent the differen-
tial effects on demographic characteristics and comorbidities between the study
sites 1 through 3 against the comparator. A second set of results are derived using
equation B.2, where study sites 1 and 3 are benchmarked against site 2 for
comparison.

The results presented are adjusted odds ratios (AORs) and can be interpreted
as percentage changes.2 All analysis was conducted using STATA v17.1 and
Tableau 2021.8.4.

NOTES

1. Study sites include persistent traffic, major construction and traffic, brick kilns, and
comparator.

2. (AOR - 1) *100 = percentage change. For example, an AOR of 1.66 is interpretable as a
66 percent increase over the base category.
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lobally, air pollution has been identified as a major risk factor for

premature mortality and morbidity; it caused an estimated 6.7 million
deaths in 2019. The burden of disease falls particularly heavily on low-
and middle-income countries, where the exposure levels tend to be
significantly higher.

Bangladesh is among the hardest hit. The country was ranked as the
most polluted country in the world between 2018 and 2021; its capital,
Dhaka, was ranked as the second-most polluted city. In 2019, air pollution
was the second-largest risk factor for deaths and disability in the country.
Four of the top five causes of total deaths were directly associated
with air pollution—stroke, ischemic heart disease, chronic obstructive
pulmonary disease, and lower respiratory tract infection. The most
vulnerable populations are children, the elderly, and people with underlying
health conditions. Higher rates of mortality and morbidity are further
compounded by substantial associated economic costs.

Global evidence on the relationship between air pollution and adverse
health events has been widely available. Data points specific to Bangladesh,
however, have been comparably sparse, and the quality of the available
evidence has been limited. Breathing Heavy: New Evidence on Air Pollution
and Health in Bangladesh addresses this paucity by combining primary
data from Bangladesh and global evidence to establish the relationship
between air pollution and reduced health.

The evidence, in particular, identifies the urgent need for new initiatives
to strengthen the health sector. These initiatives include bolstering public
health response mechanisms along with health care service delivery,
expanding the scope and accuracy of air pollution data, and understanding
better the issues surrounding air pollution and its effects on health through
further research.

With climate change projected to further exacerbate air quality, it is
increasingly critical for countries like Bangladesh to implement adaptation
and mitigation measures. This seminal work will be of value to policy
makers, practitioners, and subject matter experts as they address the
growing challenges in policy dialogue under the overall framework of the
government’s Mujib Climate Prosperity Plan Decade 2030.
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