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COMMENTARY

Air pollution and human health

Agus Dwi Susanto
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Pollution is still the main environmental problem in
the world. Air, water, soil, chemical, metal, and work-
related pollution are often found in the environment.
Among these pollutants, air pollution is the most
important cause of death." Air pollution is a complex
mixture of gases and particles whose source and
composition are varied by place and time.? Air pollution
has occurred since prehistoric times, which began
when humans came to know fire. Concerns about the
effects of air pollution have a long history. Complaints
about its impact on human health and the environment
were first voiced by the citizens of Athens and ancient
Rome. During the industrial revolution, urban air
quality deteriorated due to the widespread use of coal
in factories in Britain, Germany, the United States, and
other countries that were leading to a “smog era”.
Although there has been a major impact of air pollution
on public health, various initial laws and regulations for
controlling pollution are generally weak and ineffective.
After the Great Smog air pollution in London in 1952,
people became more aware of its detrimental impact
on human health, so strict laws enforcement was made
to reduce pollution. Therefore, cities in industrialized
countries were cleaner.?

Air pollution is classified according to its source,
chemical composition, size, and place of emission.
Classification of air pollution by source is divided into
primaryand secondary. Primary pollutants arereleased
directly from certain sources into the atmosphere.
The examples of primary pollutants are sulfur dioxide
(S0,), carbon monoxide (CO), and particulate matter
(PM). Meanwhile, secondary pollutants are the result
of chemical reactions between primary pollutant and
gases. Examples of secondary pollutants are ozone
(05) and nitrogen dioxide (NO,). Classification of air
pollution based on the place of emission is divided
into outdoor and indoor air pollution. Classification of
pollutants based on chemical composition and size of
pollutantsis divided into gases and particles (PM).* The

source of air pollution can be from nature and human
activities including combustion or dissemination of
dust. Natural events that contribute to pollution
include volcanic activity, forest fires, and storms.
The main sources of anthropogenic air pollution are
the act of industrialization and urbanization, and it
includes emissions from vehicles, factories, and power
plants. Activities at home also become a source of air
pollution such as cooking and heating in the house
with fossil fuels (charcoal) and biomass (wood, animal
dung, and crop wastes) on an open fire or traditional
stoves.®

The World Health Organization (WHO) notes that
currently 92% of the world’s population breathe poor
air quality.® Numerous long-term studies related to
air pollution show that people living in more polluted
areas have a greater risk of premature death compared
to residents living in regions that have lower air
pollution.? Globally, in 2015 there was an estimation
of 9 million premature deaths due to pollution. This
number is three times higher than the accumulated
deaths from acquired immunodeficiency syndrome,
tuberculosis, and malaria.” WHO data records that
there are 7 million deaths each year related to outdoor
air pollution and indoor air pollution.” Currently, air
pollution is a major environmental problem. Air
pollution is now clearly proven to be an important
global risk factor for disease. Research in the last
decade in many cities around the world shows that
death linked to air pollution increased as the increasing
air pollution level. Some studies have also shown in
detail the effects of air pollution on human health.?
Air pollution can negatively impact the respiratory or
pulmonary system, cardiovascular system, digestive
system, skin, reproductive system, and cancer.?

Short-term or acute air pollution exposure is
associated with the increase of respiratory symptoms,
doctor and emergency visits, asthma medications
usages, asthma attacks, heart attacks, hospital care,
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and risk of death.? Long-term exposure to air pollution
is also associated with health problems, especially
respiration, such as acute respiratory infections,
decreased lung function, asthma, chronic obstructive
pulmonary disease (COPD), lung cancer, pulmonary
fibrosis, cardiovascular disease, and cerebrovascular
disease.* In the respiratory system, WHO data shows
that air pollution around the world contributes 29%
of all diseases and deaths from lung cancer, 17% of
all diseases and deaths due to acute respiratory
infections, and 43% of all diseases and deaths due to
COPD."™ Infection in the respiratory system is the most
frequent health impact due to air pollution that comes
from natural events and human activities. Burhan et al"
mentioned that air pollution increased due to forest
fires and volcanic activity. The increase in pollutants
has implications for the lung and respiratory immune
system, and thisincreases the growth of bacteria. These
conditions explain the increase of infections in the
respiratory system due to air pollution from fire smoke
and volcanic ash.™ Besides, the risk of lung cancer
due to air pollution is associated with PM. In 2013, PM
was classified as a cancer-causing ingredient by the
WHO’s International Agency for Research on Cancer.™
Morbidity and mortality of air pollution associated with
lung cancer are in line with an increase of PM2.5 level
through epigenetic and microenvironmental changes.
The possible mechanism is the activation of tumor-
associated signaling pathway mediated by microRNA
dysregulation, DNA methylation, and an increase in the
number of cytokines and inflammatory cells.®

Air pollution is a serious problem in Indonesia
today, and this condition causes 50% morbidity in all
parts of Indonesia.” Several studies in Indonesia show
that air pollution is related to lung and respiratory
health problems. The acute impact of air pollution due
to smoke from forest fires in Sumatera, Indonesia in
2015 showed an increase in respiratory symptoms by
71.4% and decreased lung function by 72.6%." Study in
2015 found a prevalence of COPD in non-smokers in
Indonesia was 6.9%. One of the main factors in COPD
non-smokers in Indonesia is exposure to indoor and
outdoor air pollution.™ In 2002, WHO estimated COPD
deaths related to the use of solid fuels (for populations
over 30 years old) in Indonesia around 12,160 people.™
Regarding data on air pollution and lung cancer in
Indonesia, a study in Persahabatan Hospital and
Dharmais Hospital showed 4% of lung cancer cases
were related to air pollution in 2013.%
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Air pollution is reported to be associated with
cardiovascular and cerebrovascular diseases. The risk of
this diseases is associated with PM with size of less than
10 and 2.5 microns (PM10 and PM2.5). PM can penetrate
the airway and alveoli and then enter the blood vessels
causing cardiovascular and cerebrovascular disorders.
According to WHO data, air pollution worldwide is
contributed to 24% of all deaths from stroke, 25% of all
deaths and illnesses from ischemic heart disease.” A
meta-analysis shows that each increase of 10 pg/m? in
PM2.5is associated with an absolute increase of 0.63% of
cardiovascular mortality.” According to another meta-
analysis, all air pollution (except O;) was identified as a
potential factor contributing to myocardial infarction,
with an increase in daily relative risk of 0.7% and 1.7%
per 10 pg/m? increase in PM10 and PM2.5.” Long-term
exposure to air pollution is also associated with chronic
ischemic heart disease and heart failure, especially
patients with a history of coronary artery disease.™
Higher risk of atrial fibrillation when exposed to air
pollution such as PM2.5 is also reported.” A growing
body of evidence has raised concerns about the harmful
effects of pollutants inhaled over the past decade in
the central nervous system.” Several studies have
shown that PM, NO, and CO pollutant exposures are
associated with increased hospital visits and increased
stroke mortality.?® Cohort study of the Women’s Health
Initiative in postmenopausal women found daily
NO, and NOx exposure associated with a high risk of
hemorrhagic stroke. Moreover, the ambient levels of
PM10, PM2.5, SO,, and O, are not associated with stroke
risk (hemorrhagic stroke and ischemic stroke).”

WHO states that air pollution affects pregnant
women, fetuses, and children. Ambient air pollution
exposure is associated with adverse birth outcomes,
suchaslow birthweight, pre-termbirths, fetaldeathand
small gestational age births, and neurodevelopmental
disorders.#" In children, exposure to air pollution is
associated with the risk of acute respiratory infections,
decreased lung function, risk of cancer, mental and
motor development disorders, and cognitive disorders
in children and adolescents.* Stunting in children needs
attention because it has to do with exposure to air
pollution. A review by Pun et al?? in 2019 reported that
an increase of up to 13% of stunting in children was
associated with an increase in ambient air pollution
exposure, and an increase in up to 90% stunting in
children was associated with an increase in household
air pollution.
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Indonesian Society of Respirology at media
conference in 2019 stated that air pollution has
proven implied human health including respiratory
or pulmonary system, cardiovascular system,
cerebrovascular system, cancer risk, and woman
and children’s health. To minimize the effect of air
pollution especially outdoor air pollution on human
health, the participation from all stakeholders are
needed. Prevention is a major aspect that should be
done to minimize the effect of air pollution on human
health.” Some of the prevention activities were making
regulations to reduce air pollution emission including
regulation of no-smoking area, regulation of threshold
limit values for vehicle emissions, emission monitoring,
maintenance for vehicle, enforcement for industrial
emission, project on mass rapid transportation in some
big cities, andincreasing energy fromrenewable source.
To protect human health from air pollution, further
research is being conducted on health vulnerability.
Collaboration between professional organization,
non-governmental, and governmental organization
on media educations, workshops, and symposiums
need to be done to increase people awareness of air

pollution.
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