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Abstract: Air pollution has been a major environmental issue worldwide from the last few decades.
It is a man-made issue that has a serious harmful impact on the environment and the health of
humans. There are different sources of emission, but industrial processes and motor vehicles
contribute to a chief part of air pollution. It has acute as well as chronic effects on the health of
humans and affects different organs. It is thought the main environmental risk factor in the
incidence and progression of several diseases such as lung cancer, asthma, Alzheimer's and
Parkinson's diseases. Long-term exposure to air pollution has different toxicological impacts on
humans such as respiratory and cardiovascular diseases, neuropsychiatric complications, eye
irritation and skin diseases. As per the study by the World Health Organization (WHO), nitrogen
oxides (NOx), carbon monoxide (CO), ozone (Os), sulfur dioxide (50Oz), volatile organic compounds
(VOCs) and heavy metals are the major air contaminants. These pollutants are different in their
properties, composition and time of disintegration. The aim of this study is to review the different
sources, types, impacts, challenges and mitigation of air pollution in detail.

Keywords: air pollution;, human health; environment; carbon monoxide (CO); sulfur
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1. Introduction

Air pollution refers to the existence of detrimental elements in the air that can be harmful to the
environment and the health of humans. These elements are known as air contaminants. Air pollution
can be either natural or man-made (Bhardwaj and Vikram, 2023). It may exist in gas, solid and liquid
(Chambers, 2013). It can be categorized based on the sources and the nature of the pollutants
involved. It is the major cause of climate change (Bhardwaj, 2023). It originates in one nation, but its
impact may be felt in other nations. It is a severe and pervasive issue that impact the environment,
public health and economy. Rapid urbanization has contributed to increased air pollution,
particularly in developing countries where industrial growth and higher populations have let to
elevated emissions from transportation, industries and energy consumption (Liang et. al., 2019).

There are various types of air contaminants that originate from different sources and have
different impacts on human health and the environment. These contaminants can be categorized into
criteria and non-criteria (Grifin, 2007). Criteria contaminants are those contaminants whose
concentration limit has been set between poor or acceptable air quality such as NOx, PMuo, benzene,
SOz, lead (Pb), Os and CO. While non-criteria contaminants are those contaminants that are
designated as toxic substances by the authority. The concentration of air contaminants is increasing
with the increasing of populations and urbanization (Andrew, 2014). Some air contaminants are as
follows:

(i) Particulate matter (PMw and PMo:s): They are tiny particles suspended in the air. They can be
liquid or solid. They can be natural (dust and pollen) or human-made (smoke and soot). They
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arise from various sources such as vehicle exhausts, industrial processes and natural activities.

They are classified based on size (PM25 and PM). PM:2s includes fine particles of 2.5 micrometers

or smaller while PMuo includes coarse particles with a diameter of 10 micrometers. They can

enter into the lungs and bloodstream.

(ii) Nitrogenous oxides (NOx): They are emitted primarily from vehicles, power plants and
industrial activities. They contribute to the formation of smog and acid rain and impact
respiratory health. They contribute to the development of ground-level Os and particulate
matter.

(iii) Sulfur dioxide (SO2): This gas is mainly released by industrial processes and burning fossil
fuels. It can react with other mixtures in the atmosphere to form fine particles and secondary
pollutants. It can lead to respiratory issues and acid rain.

(iv) Volatile organic compounds (VOCs): These organic chemicals are released from various sources
like vehicle emissions and industrial processes such as paints, varnishes carpets, etc. They can
contribute to the development of ground-level ozone and smog. They can cause respiratory
difficulties.

(v) Carbon monoxide (CO): It is an odourless and colourless gas and emitted by the incomplete
burning of carbon-containing fuels. The main causes of CO include industrial processes and
vehicle emissions. It can be deadly in high concentrations, as it hinders the blood’s capacity to
transport oxygen (Oz).

(vi) Ozone (Os): Ground-level Os is a secondary contaminant formed by the reaction of VOCs and
NOx in the presence of sunlight. High concentrations of Os can cause respiratory issues and other
health problems.

(vii) Heavy metals: Metals like Pb, mercury (Hg) and cadmium (Cd) are emitted into the air through
various industrial processes such as Pb battery manufacturing, mining and coal-fired power
plants (Alam et. al., 2023). These metals can be harmful even in trace amounts, when inhaled or
ingested (Bhardwaj and Sharma, 2021; Bhardwaj et.al., 2023). Pb exposure can cause adverse
health effects, particularly in children. Hg can accumulate in the environment and pose health
risks, particularly to neurological health.

(viii) Persistent organic pollutants (POPs): These are toxic and volatile chemicals that stay in the
environment for a long time (Bhardwaj et. al., 2018). They can bioaccumulate in living organisms
and can have long-term impacts on human health and the environment. They include substances
like dioxins and polychlorinated biphenyls (PCBs).

(ix) Ammonia (NHb): It is released from agricultural activities such as fertilizer application and
livestock waste. It contributes to the development of fine particulate matter and can damage
ecosystems.

Air pollution was first reported in the 13t century in London. As per the report of the Clean Air
Act (CAA), there are two categories of air quality standards. The primary standard has the standard
limits of pollutants for the protection of the health of the children and community while the
secondary standard has the standard limits of pollutants to protection against crops, buildings and
vegetation. Smeets (1982) stated that the European Commission (EC) has set the air quality standard
in 1980 for suspended particulates and SO Grambsch (2001) stated that the United States
Environmental Protection Agency (USEPA) has set the air quality standard for Os, CO, NOx, Pb and
particulate matter.

Due to anthropogenic activities as well as the long-range atmospheric transport mechanism,
these air contaminants are transported to the polar region also and can be stored in snow/ice for
several years (Bhardwaj et. al., 2019; Bhardwaj and Jindal, 2020; Bhardwaj et. al., 2021). So, the polar
regions are known as the receivers of air contaminants. Organochlorine pesticides (OCPs),
polybrominated diphenyl ethers (PBDEs) and PCBs were reported in the air samples collected from
Antarctica (Hao et. al., 2019). “Grasshopper” and “Cold Finger” mechanisms for the transportation
of air contaminants to the polar region have been presented by Lebedev et. al., (2015) and Bhardwaj
et. al,, (2018) in their study (Figure 1). We reviewed different sources, types, impacts, challenges and
mitigation of air pollution very well in this study.
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Figure 1. The Long-range Transport Mechanism (Grasshopper Effect) for Air Contaminants.

2. Sources of air pollution

The sources of air pollution can vary based on geographical location. These may be remote and
local (Arnold et. al., 2016). They include transportation (cars, trucks and airplanes), industrial
facilities, agricultural activities, construction, waste burning and natural sources like volcanic
eruptions and wildfires. Emissions from thermal power plants, refineries and petrochemicals are the
major traces of air pollution. Dust from construction sites and faulty vehicles contribute to air
pollution.

Air contaminants are mainly released from the burning process (Friedrich and Reis, 2013). The
burning of wood could be the source of polycyclic aromatic hydrocarbons (PAHs). VOCs are directly
released from various sources and these sources may be anthropogenic as well as natural. NOx is
released from static as well as mobile sources and falls with rain in the form of nitric acid (HNOs)
(Ojumu, 2013). Marelle et. al., (2016) stated that the resident sources of air pollution influence the
atmospheric composition.

3. Impact of air pollution on human health

Air pollution can be harmful to the health of humans and living organisms. The impacts of air
pollution are multifaceted and significant and have long been known to have a hostile impact. The
impacts can include respiratory diseases, cardiovascular issues, aggravation of existing health
conditions, reduced air quality, damage to crops and ecosystems and climate change. The changes in
the air contaminants impact the balance of radiation and influence polar climate warming (Shindell
and Faluvegi, 2009). The harmful effects of air pollution are far-reaching and can manifest in various
ways:

(i) Respiratory problems: Air with high concentrations of PMioand PM2s can lead to respiratory
issues such as asthma, bronchitis, reduced lung function and chronic obstructive pulmonary
disease (COPD). The presence of NO: in the air also causes respiratory disease.
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(ii) Cardiovascular issues: Long time exposure to air pollution has been connected to heart disease
and the risk of heart attacks.

(iii) Cancer risk: Air contaminants like formaldehyde (CH20) and benzene (CsHs) are known
carcinogens and long-time exposure to them can increase the risk of cancers.

(iv) Neurological effects: Some studies reported the link between air pollution and neurological
disorders. High levels of pollutants have been associated with cognitive decline and increased
risk of conditions like Alzheimer’s and Parkinson’s disease. Ingested high concentrations of Pb
can damage the brain.

(v) Adverse pregnancy outcomes: Exposure to air pollution during pregnancy can lead to low birth
weight, preterm birth, and developmental issues in children.

(vi) Affecting children’s health: Children are more susceptible to the effects of air pollution.
Exposure to air pollution can lead to respiratory issues, developmental problems and lifelong
health implications. The developing nervous system can stop in children due to air pollution.

(vii) Harm to ecosystems: Air pollution can damage plant life, aquatic ecosystems and forests. Acid
rain, caused by air contaminants like SO2 and NOx, can damage vegetation, water bodies and
soil (Sivaramanan, 2015).

(viii) Climate change: Some air contaminants like CO: contribute to climate change, leading to
widespread environmental and ecological impacts.

(ix) Reduced quality of life: Air pollution can have social and economic consequences. It affects the
quality of life. It increases healthcare costs due to increased illness and hospitalizations. It
decreases productivity. CO decreases the Oz delivery into humans and causes severe headaches
or death (Rose et. al., 2017).

(x) Disproportionate impact on vulnerable communities: Air pollution exacerbates social
inequalities, as marginalized and lower-income communities are often disproportionately
affected and face several health problems.

4. Mitigation of air pollution

The efforts to control air pollution involve regulatory measures, technological advancements to
decrease emissions, transitioning to cleaner energy sources, and public awareness and participation
in reducing individual contributions to air pollution. It involves a range of strategies and actions at
various levels like individual, community, industrial and governmental. There are some effective
ways to reduce and control air pollution:

(i) Promotion of clean energy sources: Encouraging and investing in renewable energy sources
such as wind, hydroelectric power and solar can significantly reduce emission from traditional
fossil fuel-based energy production.

(ii) Improving industrial processes: Implementing cleaner production technologies, using low-
emission fuels, and installing pollution control devices in industries can reduce harmful
emissions.

(iii) Enhanced vehicle emission control: Promoting electric vehicles, improving public
transportation and adopting stricter vehicle emission standards can significantly reduce vehicle
emission.

(iv) Better urban planning: Designing cities to prioritize public transportation, pedestrian-friendly
areas, and efficient traffic management can reduce congestion and vehicular emissions.

(v) Regulations and policy implementation: Implementing and enforcing strict emission standards
and regulations for industries and vehicles to control and reduce pollutant emissions.
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(vi) Waste management and recycling: Efficient waste management practices such as proper
disposal and recycling, can reduce the release of air contaminants from landfills and incineration
(Gupta et. al., 2023).

(vii) Afforestation and green spaces: Creating green spaces and planting trees can absorb
contaminants and help in improve air quality. Trees act as natural filters and contribute to
cleaner air.

(viii) Public awareness and education: Educating the community about the health impacts of air
pollution and promoting individual actions to reduce emissions, such as using energy-efficient
appliances and reducing personal vehicle use, can make a significant difference.

(ix) International cooperation: Collaborating across borders to address transboundary air pollution
is crucial. International agreements and collaborations can help mitigate the impact of pollutants
that cross national boundaries.

(x) Monitoring and research: Continuous monitoring of air quality and investing in research and
innovation for cleaner technologies are vital to understanding the sources and effects of air
pollution and developing effective mitigation strategies.

5. Challenges in the mitigation of air pollution

Several challenges persist in addressing and mitigating air pollution worldwide. Some of the
key challenges include:

(i) Complexity of sources: The sources of air pollution are diverse. The coordination efforts to
control toxic gases generated from the different sources is complex.

(ii) Urbanization and population growth: Rapid urbanization and population growth lead to
increased vehicular traffic, industrial activities, and energy consumption, resulting in higher
emissions and exacerbating air pollution problems.

(iii) Lack of awareness and education: Many people are not fully aware of the health impacts of air
pollution or the measures that can be taken to reduce it. Awareness and education campaigns
are necessary to engage and inform the public.

(iv) Technological and infrastructural challenges: Upgrading infrastructure and implementing
cleaner technologies require substantial investment and time. This transition often faces
resistance due to cost implications and technological limitations.

(v) Political and regulatory hurdles: Implementing effective policies and regulations to control
emissions often faces political and economic challenges. Balancing environmental concerns with
economic interests can be a significant obstacle.

(vi) Global nature of issue: Air pollution doesn’t respect political or geographical boundaries.
Cross-border transport of pollutants adds complexity, as addressing air quality often requires
international cooperation and agreements.

(vii) Climate change and air quality: Climate change and air quality are closely linked. Some
measures to reduce greenhouse gas emissions might inadvertently increase air pollution,
necessitating a balanced approach to tackle both issues simultaneously.

(viii)Environmental justice: Air pollution disproportionately affects marginalized communities and
low-income areas. Achieving equity in addressing air quality issues in a challenge due to social,
economic, and political factors.

(ix) Monitoring and data collection: Adequate monitoring systems to track air quality and collect
data on pollutants levels are crucial. However, setting up comprehensive and accurate
monitoring systems can be challenging, especially in developing regions.

(x) Innovative solutions and research: Finding innovative, cost-effective solutions to mitigate air
pollution while continuing research into new technologies and strategies is an ongoing
challenge.

6. Conclusions and Recommendations

Over the last few decades, air pollution is a most important concern for developing as well as
developed nations. The environment of these countries is now changing due to several anthropogenic
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activities such as mining, construction, vehicular emissions, etc. Air pollution negatively affects the
health of humans and other wildlife animals and may lead to death. Health consequences such as
respiratory issues, cardiovascular diseases, and neurological problems are linked to air pollution. Air
pollution can also affect the environment of the polar regions after travelling long distances.
Understanding and controlling air pollution is crucial in mitigating its impact on the environment
and the health of humans.

Now, researchers are focusing on this issue and they are concerned about the health impacts
through air pollution. They are in favour of strict cleaner air policies and regulations. Advancements
in clean energy technologies, electric vehicles, and pollution control devices in industries have shown
promise in reducing air pollution levels. During the COVID-19 pandemic, air pollution was reduced
in many regions due to lockdowns, but it was a temporary phase because at this time industrial
activities and vehicular emissions were decreased. Researchers want to a sustainable solution for this
issue and suggest several recommendations to minimize the problem of air pollution.

These recommendations are as follows.

e  Regular monitoring of air contaminants and their harmful effects is necessary worldwide.

e  More sophisticated instruments are required for the analysis of air contaminants in trace levels.

e  Several awareness programs related to the health impact of air pollution should be conducted
by the government/authority for the people.

e International collaborations and agreements should be increased to address transboundary air
pollution.

e Addressing the challenges of air pollution requires concerted efforts from communities,
individuals, governments and industries to implement comprehensive strategies, regulations,
and technological advancements.
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