AIR POLLUTION: THE INVISIBLE KILLER

Air pollution and climate change are “two sides of the same coin.” The air quality in
densely populated regions is likely to worsen with current development trajectories,
creating a catastrophicimpact on human health. “Air pollution is denying billions of their
rights.” Air pollution is invisible yet- more widespread, and almost the entire world
population is at health risk from air pollution.

Air Pollution: Definition and Types

Air pollution refers to the presence of harmful substances in the air that we breathe,
including particulate matter, ozone, nitrogen oxides, sulfur dioxide, and carbon monoxide.
These pollutants can have negative impacts on human health, including respiratory and
cardiovascular diseases, and can also damage the environment. Air pollution is caused by
human activities such as the burning of fossil fuels for energy and transportation, industrial
activities, agriculture, and deforestation. It can also be caused by natural events such as
dust storms and wildfires. The World Health Organization (WHO) sets guidelines for safe
levels of air pollution, and many countries have their own air quality standards. Major air
pollutants include particulate matter (PM,s and PMy,), carbon monoxide (CO), ozone (0s),
lead, sulfur dioxide (SO,) and nitrogen oxides (NOx), that are termed as the criteria air
pollutants (CAP). Among the pollutants, particulate matter PM,s is the most critical one and
generally monitored globally for assessing air quality status (1).

Air pollution is of two distinct types - indoor air pollution (IAP), and ambient or outdoor air
pollution (AAP). The Lancet Commission on pollution and health termed outdoor air
pollution, as the “modern form of pollution” that has become the most severe; nearly
offsetting the combined impact of indoor air and water pollution (2).

Major Sources of Air Pollution

Air pollution may originate from primary or secondary sources. Primary air pollutants are
directly emitted to the atmosphere, and secondary pollutants are formed through chemical
reactions and microphysical processes from precursor gases in the atmosphere. Air
pollutants generate from a natural, anthropogenic or mixed origin sources; most of the
pollution takes place due to the human actions. Cigarette smoking is also considered as air
pollution (3). Some of the major sources of air pollution include:

%+ Transportation: Cars, buses, trucks, and other vehicles emit pollutants such as
carbon monoxide, nitrogen oxides, and particulate matter.

% Industry: Industrial activities such as manufacturing, construction, and mining can
release pollutants into the air, including sulfur dioxide, nitrogen oxides, and
particulate matter. Brick industry is particularly responsible for the polluted air in
Dhaka city.
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% Agriculture: Agricultural activities such as the use of fertilizers and pesticides and
raising of livestock can release pollutants into the air, including ammonia and
particulate matter.

% Power Generation: The burning of fossil fuels such as coal, oil, and natural gas to
generate electricity releases pollutants.

% Household activities: The use of certain products and appliances, such as cleaning
supplies and wood-burning stoves, can release pollutants into the air.

#% Natural sources: Dust storms, wildfires, volcanic eruptions and other natural

Fertilizer

Oil & Gas Industry, Power Plants, Sewage Treatment

Figure 1: Major sources of air pollution: mobile (cars, buses, planes, trucks, and trains, etc.)
stationary (power plants, oil refineries, industrial facilities, and factories, etc.) area (agricultural
areas, cities, and waste burning facilities), and natural (wind-blown dust, wildfires, and volcanoes,
etc.). (Source: NPS.gov)
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Figure 2: Numbers of deaths attributable to total air pollution in 2019 (4).

More than one in every nine fatalities

worldwide are caused by air pollution. Tropospheric 95%
) ) yairp Ozone Uncertainty
In 2019, air pollution was responsible | Country (ppb) Intervals*
for 6.7 million deaths as well as India
. . Qatar 67.2 623t072.4
and China continue to endure the Navsad 670 T
epa i .5t0 68.
highest burdens of disease. More than P
. . India 66.2 66.0 to 66.3
90% of the world’s population still
. . Bangladesh 64.6 63.9 t0 65.3
lives in areas where PMys -
. . Bahrain 64.0 51.7t075.9
concentrations don’t satisfy the WHO .
S . Pakistan 63.3 62.8t0 63.8
guideline for healthy air. Box ,
. . Kuwait 62.1 57.6 to 67.1
represents the top 10 countries with _ _
the hichest Iraq (Islamic Republic of) 59.5 58.8 t0 60.2
e highest average ozone exposures
. & ) g. P ] Republic of Korea 579 56.4 t0 59.3
in 2019 were in Asia and the Middle ) )
, . Saudi Arabia 58.2 57.71058.6
East. According to State of Global Air

Saint Petersburg
Minsk
Warsaw Kyiv Kharkiv

Moscow

Katowice Dushanbe

Budapest Tashkent
Di:':“"d ® @ Ashgabat Almaty Beijing Kyoto-Osaka-Kobe
. Toronto nen ®0 G
Chicago Paris Calarasi ® Shanghal Nagoya
fossArigdl L ®  New York ° Bucharest @ anghai Seoul
0s Angeles i a
a' Dallas Madrid Istanbul ® ) Chengdu [ ] Py Tokyo
Tiuana '@ L] i Barcelona Ol
Havana  ingston ) Alexandria & Tehran @ ohika ]
Monterrey ® Port-au-Prince Cairo Baghdad . Jieyang
Guadalaj L ] Santo Domingo
uaGalajare L ] we Bamako  Kano Karachi . Kolkata & Sungziol
Mexied Clty Rio Piedras [San Juan] . . Addis Ababa Mumbai ® Quezon City [Manila]
Bogota ® Abidjan 1L 5] Beni Kampala Bangkok Ho Chi Minh City
Quito ’ Fortaleza Rt Lagos @ * Nairobl . Port Moresby
Guayaquil @ Recife G Singapore
°® Kinshasa @ o ® Dar es Salaam .. . i
PM i tima @ Belo Horizonte  Luanda o '
25 concentration EL Alto [La Paz] ® ° Harare Surabaya »
, ° Rio de Janeiro Mbuli-Mayi Jakarta Suva
Less than 5 (pg/m?) Santa Cruz de la Sierra g ® Maputo Brisbane
) 3 a0 Paulo
Between 5 and 10 (ug/m?®) Cordoba ... Nosarls ) ° ® Auckland
Between 10 and 15 (ug/m?) . & libubasti Perth o »
@ Between 15 and 25 (ug/m’) Santlago Montevideo Pretoria Melb Sydney
Durban elbourne
@ Between 25 and 35 (ug/m’) R Cape Town

. Greater than 35 (ug/m*) Johannesburg

Figure 3: Population-weighted annual average pollutant concentrations in the five most populous
cities in each region in 2019 (5).

2020 ozone exposures vary from a low of about 12.2 ppb to a high of 67.2 ppb across the
globe. About 80% of air pollution’s burden is attributed to noncommunicable diseases (6).
For example, PM,s, household air pollution, and ozone together contribute as much as 40%
of deaths from COPD, a highly debilitating lung disease. Air pollution also contributes to as
much as 30% of lower-respiratory infection as well as 20% of infant mortality in the first
month of life. Water pollution, lead, toxic occupational hazards were responsible for 1.4
million, 900,000 and 870,000 premature deaths respectively (7).
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Air Pollution Scenario of Bangladesh

Key Facts (Health Effects Institute, 2022)

> In 2019, air pollution was one of the top five risk factors for death in Bangladesh,
causing around 20% of all deaths (approximately 174 thousand).

» Ambient particulate matter (PM) was the second leading risk factor for deaths, while
household air pollution (HAP) ranked first.

Key Statistics

a 100% of Bangladesh's population lives in places where PM levels
exceed the WHO interim Target for Healthy Air (35 g/m).

34% of outdoor PM comes from fossil-fuel combustion (i.e., coal, oil and
gas)

gi) 18% of deaths due to air pollution are in children under 5.
Source: Sate of Global Air (8)

Health Impacts (Health Effects Institute, 2022)

=% Air pollution is among the top 5 risk factors for death in Bangladesh.
%+ Bangladesh has 145 deaths per 100,000 people because of air pollution, which is
higher than the global average (86 deaths per 100,000).

% Children under the age of five account for 18% of total air-pollution-related deaths

in Bangladesh, while adults over the age of 70 account for 22%.
=% In Bangladesh, air pollution shortened life expectancy by 2.9 years.

Percentage of deaths due to Air pollution in Bangladesh in 2019 (8)

® = 8 6 M o

34% 25% 33% 61% 33% 44% 20%

of stroke of diabetes of ischemic of COPD of lung of lower of neonatal
deaths death heart deaths cancer respiratory deaths
disease deaths infection
deaths deaths

USAID $Yicddr,b

FROM THE AMERICAN PEOPLE rat T




AIR POLLUTION: THE INVISIBLE KILLER

Sources of PM, s and Associated Health Burden in Bangladesh in 2019 (8)
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GOOD NEWS: Aiming to protect environmental health, The Ministry of Environment,
Forest and Climate Change officially published the Air Pollution (Control) Rules 2022 based
on section 20 of the Bangladesh Environment Conservation Act, 1995.

Health and Economic Burden of Air Pollution

In 2015, the Lancet commission on pollution and health indicated that a total of 261,000
people in Bangladesh died from pollution related disease which is twelve times more than
deaths from HIV, TB and malaria combined (9).

The major health impacts of air pollution
includes cardiovascular disease (10),
stroke (11) and respiratory diseases (12)
such as lung cancer (13, 14) childhood
asthma (15) and atopic dermatitis (16).
Perinatal exposure has been demonstrated
to have a negative impact on

neuropsychological  development in
children (17). Risk of diabetes has also been found to be increased substantially with PM, s
exposure in a moderate rate above WHO guideline value of 10 ug/m?3. Ambient PM,s is also
a major risk for premature death; average global life expectancy at birth reduced by ~1 year
globally with reductions of ~1.2-1.9 years in more polluted countries of Asia and Africa (18).
Air pollution also negatively impacted embryo development at genetic and epigenetic level
and thus influenced the reproductive capacity of exposed populations; however, the direct
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contribution from PM,s is yet to be explored (19). Maternal exposure to ambient fine

particulate material has been identified as a risk factor for adverse pregnancy outcome (20);
exposure to PM,s was found to be

associated with preterm birth (PTB), low Global Alliance on Health and
birth weight and small-for-gestational age Pollution (GAHP) estimated that
(SGA) births (21). The most vulnerable pollution in the air, water and soil

regions for PM2.5 associated preterm birth was responsible for 26.6% of all
were found to be South and East Asia, North

Africa/Middle East and West sub-Saharan
Africa (20).

Air pollution-related healthcare costs are projected to increase from USD 21 billion to USD
176 billion and welfare costs associated with the premature deaths from outdoor air
pollution  from USD 3 trillion to
Usb 18 - 25 Pollution is costly-Welfare losses due to trillion between
2015 and 2060 pollution are estimated at $4.6 trillion per globally (22). The

CESCEEIELNNYEN  year 6.2% of global economic output (GAHP) meteorological
conditions and PM,s  suggests

deaths in Bangladesh.

that, climate change will have significant impact on PM,;s (23) and thus the future global
mortality burden of air pollution is likely to increase even if the air pollution can be
controlled to certain extent (24).

4,000,000

Total pollution deaths of the
highest ten countries (25) 3,000,000
2,000,000

1,000,000

l mE B

Africa  Americas  Eastern Europe  Southeast Western
Mediterranean Asia Pacific

Figure 4: Deaths from combined pollution risk factors by
WHO region (25).

About 62% of global pollution-related deaths occur in
Southeast Asia and Western Pacific that reflecting the situation of India and China (26).
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icddr,b Research on Air Pollution

icddr,b and the University of Chicago collaborate on a joint study of USD 1.5 million under
the GEOHealth Hub (https://geohealth.urb-bd.org/). The research team established a
research hub in Bangladesh, called the Bangladesh Center for Global Environmental and
Occupational Health. The program aimed to improve understanding of the interactions

between the environment and health, with a particular focus on low- and middle-income
countries. The icddr,b team worked on indoor air pollution and explored feasibility of
improved cooking systems to minimize the air pollution and reduce the health burden from
the pollution.

Under the GEOHealth team has produced multiple journal articles and conference

roceedings. The study "Association of TR
proceecing / s

household air pollution with cellular

and humoralimmune responses among
women in rural Bangladesh" has
assessed the impact of household air

pollution on the immune system of

Household air pollution

women in rural Bangladesh (27). The

Chemokines
)

study likely measured exposure to o §%§§§8§’8
household air pollution using methods A N oo
such as monitoring levels of particulate ; N\l‘ it
matter 2.5 or specific air pollutants A 0 4 AT

(black carbon and carbon monoxide) Figure 5. Graphical representation of the research (27)
and measured immune profile using

personal monitors RTI MicroPEM and Lascar CO logger respectively and analyzed by flow
cytometry, plasma Ig by immunoassay analyzer. These values were likely compared
between women with high and low levels of exposure to household air pollution to
determine the relationship between exposure and immune function. Publications from the
study are available at: https://geohealth.urb-bd.org/Publications.

The climate change and health initiative at icddr,b has recently completed another
important study on outdoor air pollution. The study published at the journal of Climate
change and Health has identified that, air pollution levels remain in ‘Unhealthy’ to
‘Extremely Unhealthy’ levels for almost half of the year in Dhaka city and a certain increase
in the prevalence of low birth weight (LBW) and preterm births (PTB) is evident with
increasing cumulative air pollution exposure. The study further found significant gender
differentiated impact on LBW and PTB due to air pollution where female fetuses are at
higher risk of LBW and males are more prone to PTB; suggesting second trimester exposure
could potentially be the most vulnerable period of pregnancy (28).
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icddr,b provides real time data and information on air pollution levels for Mohakhali and
surrounding areas Dhaka city. icddr,b believes that the information is critical from a public
health perspective and should enhance research capacity and program implementation.
To air quality data is available at icddr,b's climate change and health resources website
(https://cch.icddrb.org/) and under iQAir website’s climate change and health_icddrb,
Dhaka (https://www.igair.com/bangladesh/dhaka/climate-change-and-health icddrb).

Air Pollution Data Source

There are many sources of air pollution data, including:

+ Government agencies: such as the Environmental Protection Agency (EPA) in the
United States, the European Environment Agency (EEA) in Europe and the
Department of Environment (DoE), Ministry of Environment, Forest and Climate
Change (MoEFCC) in Bangladesh. The DoE’s Clean Air and Sustainable Environment
(CASE) project presently operate 11 Continuous Air Monitoring Stations (CAMs) in
Bangladesh with a plan to expand.

+ Non-profit organizations: such as the World Health Organization (WHO) and the
International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b) which
provides location specific data and information on air pollution levels.

+ Crowd-sourced data platforms: such as AirVisual and PurpleAir, which use
sensors and user-submitted data to provide real-time air quality information in
cities and communities around the world.

+ Satellite data: such as that provided by NASA's Ozone Monitoring Instrument (OMI)
and the European Space Agency's Sentinel-5P satellite, which provides global air
quality data and maps.

The Clean Air and Sustainable Environment (CASE) project (http://case.doe.gov.bd/) run by
Department of Environment (DoE), Ministry of Environment, Forest and Climate Change
(MOEFCC). The World Bank funded CASE project has started in 2014 and reports data by Air
Quality Index (AQI). AQI constitutes of six air quality parameters: Particulate matter (PM,s
and PMy), Sulfur dioxide (SO,), Nitrogen Dioxide (NO,), Ozone (0s), and Carbon monoxide
(CO) that have been used to prepare Ambient Air Quality Standard (AAQS) for Bangladesh.
In Dhaka city, the project has three Continuous Air Monitoring Stations (CAMs) at Mirpur Dar
us Salam, Farmgate and National Parliament building.

Major Global and Country specific Air pollution data source links:
1. Climate Change and Health, icddr,b: https://cch.icddrb.org/air-polution
The Clean Air and Sustainable Environment (CASE) project: http://case.doe.gov.bd/
World Bank's Air Quality Data: https://data.worldbank.org/indicator
Our World in Data: https://ourworldindata.org/air-pollution
Global Health Data Exchange: https://ghdx.healthdata.org/
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Recommendation

Air pollution in Bangladesh is a major public health concern. To mitigate the health impacts
of air pollution in Bangladesh, it is recommended to take a multi-faceted approach and
real-time monitoring system that includes reducing emissions from transportation and
industry, increasing the use of clean energy sources, and promoting public awareness
about the dangers of air pollution and ways to reduce exposure. Additionally, collaborating
with neighboring countries to address regional air pollution can also help to improve air
quality in Bangladesh.
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About the https://cch.icddrb.org website

Monitoring the growing impacts of climate change (CC) on health in Bangladesh
requires various data on climate change, health, and population outcome. To bring
together relevant data sources and essential links, to provide a more up-to-date
climate change and health scenario in the Global and Bangladesh context in a single
web-based platform, a resource website “https://cch.icddrb.org” has been developed
under the USAID's Research for Decision Makers (RDM) Activity. The website provides
essential resources and relevant data sources for health professionals to enhance their
understanding of climate change and utilize the knowledge in health research and
intervention design, which may minimize the negative impacts of climate change.

The website shows real-time data and interactive graphs on climatic parameters such
as hourly, daily, and monthly temperature, humidity, and air pollution (Air Quality
Index, PM2.5) through an integrated iQAir device. The website also generates dynamic
graphs on the meteorological parameters collected from Bangladesh Meteorological
Department (BMD). The website showcases icddr,b works on climate change and
health. We believe the resources website should enable researchers, program
managers, and policymakers with essential data and discussion to measure and

monitor climate change's impact on health and design interventions that may
minimize such negative impacts.

This knowledge brief was produced with the support of the United States Agency for International Development
(USAID) under the terms of USAID's Research for Decision Makers (RDM) Activity cooperative agreement no. AID-388-A-
17-00006. Views expressed herein do not necessarily reflect the views of the US Government or USAID. icddr,b is also
grateful to the Governments of Bangladesh, Canada, Sweden and the UK for providing unrestricted/institutional
support.
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